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Brushing with a toothbrush is effective for removing oral biofilms. However, tooth-
brushes can be a source of infectious diseases after use. Recently, the environmental
impacts of plastics, such as marine pollution, have become an issue. This includes the
disposal of plastic toothbrushes. Consequently, bamboo toothbrushes, with a low envi-
ronmental impact, have become widely-used as alternatives. Although there are many
reports on the hygiene of plastic toothbrushes after use, there are few reports on bam-
boo toothbrushes. Thus, we compared the hygiene of bamboo toothbrushes with those
of plastic and biomass plastic toothbrushes after use and storage. Three types of tooth-
brushes were immersed in bacterial cultures and washed, and the number of bacteria
on the toothbrushes after 12 and 24 h of storage was examined. The number of bacteria
on the bamboo toothbrushes immediately after immersion was significantly higher than
on the other two types, but this number was 95-99% lower after 12-24 h of storage.
No differences were observed for different bacterial species (Actinomyces oris and Strep-
tococcus mutans)or different storage conditions(wet and dry). However, pre-wetting
before immersion significantly reduced the number of bacteria on the bamboo tooth-
brushes. These results indicate that the hygienic conditions of bamboo toothbrushes af-

Keywords: ter 12-24 h of storage were comparable to those of plastic or biomass toothbrushes.
bamboo toothbrush, plastic, SDGs,

Actinomyces oris,

Furthermore, pre-wetting the bamboo toothbrushes before use improved hygiene im-
mediately after use. Bamboo toothbrushes are a better choice as they provide equiva-

Streptococcus mutans lent hygiene to that of plastic toothbrushes and also have a low environmental impact.

Introduction by the attachment of initial colonizers to the tooth sur-

The formation of oral biofilms is thought to be import-
ant in the pathogenesis of oral infections such as dental
caries and periodontal disease. Oral biofilms are formed

Correspondence to:

Ttaru Suzuki

E-mail: suzukiitaru@nihon-u.ac.jp
doi : 10.5466/ijoms.22.23

face, followed by the attachment and aggregation of a
wide variety of oral bacteria to form mature biofilms(1).
Although brushing with a toothbrush can remove oral
biofilms (2, 3), various bacteria have been reported to ad-
here to toothbrushes following use. These include Entero-
bacteriaceae and Micrococcaceae(4), Streptococcus, Actino-
myces, Porphyromonas, and Fusobacterium (5), which are
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Table 1. Characteristics of the test toothbrushes

. . length | 620 |\viath Thickness| Bristle | totalsurface | p iy | prictle
material bristles (mm) length (mm) | (mm) length | area ofthe hol hard
mm (mm) mm mm (mm) bristles (mmz) ole araness
natural |, o 610] 180 | 25 | 10 10 1369 19 | Regular
bamboo
biomassplastit PBT | 158 | 25 | 11 11 1349 24 | Regular
plastic PBT 157 25 11 10 1401 24 Regular

PBT: polybutyleneterephthalate

associated with oral infections, Staphylococcus aureus(S.
aureus), which is associated with nosocomial infections,
Candida albicans(C. albicans), which is associated with
oral candidiasis(6), Klebsiella pneumoniae, which is asso-
ciated with the development of respiratory tract infec-
tions, and Streptococcus pyogenes, which is associated with
the development of pharyngitis (7). Moreover, Ryan et al.
reported that microflora from the environment may ad-
here to toothbrushes after storage(8). Interestingly, her-
pes simplex virus type 1 has also been detected (9).

In a study that investigated toothbrush storage meth-
ods after use, microorganisms grew easily on toothbrush-
es that retain moisture, forming a self-contained ecosys-
tem (10). Therefore, toothbrushes may become a source
of infection depending on how they are used and stored
(11, 12). Currently, toothbrushes of various shapes and
sizes are being marketed, influenced by various research
reports and changes in consumer brushing objectives(3).

In 2015, the United Nations adopted “Transforming
Our World: The 2030 Agenda for Sustainable Develop-
ment,” which includes the Sustainable Development Goals
(SDGs) (13). One of the SDGs was “By 2025, prevent and
significantly reduce all forms of marine pollution, includ-
ing marine sedimentation and eutrophication, especially
pollution from land-based activities.” This goal describes
the marine pollution caused by marine plastics and the
concerns about the impact on ecosystems caused by the
uptake and ingestion of marine plastics by marine organ-
isms (14).

The contribution of plastic toothbrushes to marine pol-
lution has been reported in many studies. Okano et al. re-
ported five plastic toothbrushes per 100 m in a survey of
persistent drifting debris ashore in Japan(15). According
to a report by the United Nations Environment Pro-
gramme (UNEP), the total amount of plastic waste per

capita in Japan in 2014 was the second largest in the
world (16). In addition to discarded trash, microplastics
are also considered a problem(17), and microplastics are
released by the daily use of plastic toothbrushes(18). In
Japan, the “Law Concerning the Promotion of Resource
Recycling of Plastics”™ was enacted in 2021, which stipu-
lates that the emission of microplastics must be con-
trolled by manufacturers of specific plastic-using prod-
ucts(19).

Given this, several alternatives to plastic toothbrushes
are available, including bamboo toothbrushes. There is an
abundance of bamboo in Japan, so it has been used for
various functions, including and a fuel for biomass power
generation (20). Bamboo toothbrushes have been shown
to have a lower life cycle impact assessment than plastic
or electric toothbrushes(21, 22). In other words, they are
considered to have a lower environmental impact.

There have been numerous reports on toothbrush hy-
glene. However, to the best of our knowledge, there have
been no reports on the hygiene of bamboo toothbrushes.
Therefore, the purpose of this study was to investigate
the hygienic conditions of bamboo toothbrushes after use
and storage In an in vitro experimental system using bac-
teria that have been reported to be present in the oral
cavity and are potential causes of oral infections and in-
fective endocarditis.

Materials and Methods
Test toothbrushes

Three types of toothbrushes were used in this study:
bamboo toothbrushes (Astep Inc.), biomass plastic tooth-
brushes (Company A), and plastic toothbrushes (Company
A). The characteristics of the toothbrushes are presented
in Table 1. All toothbrushes were commercially available,
not the type used in medical institutions. New and un-
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opened toothbrushes were used in the experiments.

Test strains

Actinomyces oris(A. oris)strain MG1(23), an initial col-
onizer, and Streptococcus mutans(S. mutans)strain UA159
(24), a cariogenic bacterium, were used in this study.

Immersion of toothbrushes in bacterial culture

The method of immersing each toothbrush in the bac-
terial culture was based on several reports with some
modifications (25, 26, 27). First, each strain was incubated
in brain heart infusion (BHI)liquid medium at 37°C for
16-18 h under 5% CO, After centrifugation of the cul-
ture medium at 3000 X g for 10 min at 4°C, the pellet was
washed with sterile phosphate buffer solution (PBS)and
centrifuged again under the same conditions. After cen-
trifugation, the supernatant was removed and the pellet
was suspended in sterile PBS and used for subsequent
experiments. The bacterial culture was then adjusted to
ODgy=0.1 in sterile PBS and placed in a sterilized beaker.

Each unopened toothbrush was immersed in the adjust-
ed bacterial solution for 3 min such that the head (25
mm)and neck (10 mm)were immersed. In an additional
experiment, bamboo toothbrushes were immersed in
sterile distilled water (DW)for 5 s before immersion in
the bacterial culture to reproduce wet conditions before
toothbrush use.

After immersion, each toothbrush was removed from
the beaker and rinsed with sterile DW for 3 s to remove
the excess bacterial culture. This method mimicked the
washing of each toothbrush under running water and
was based on the method described by Kim et al.(28).
After washing, each toothbrush was placed in a dry or
wet environment for 12 or 24 h. The storage environment
in this study was established according to Katsuno et
al.(29). Each toothbrush was placed upright in a disin-
fected box in a room(room temperature 27°C, humidity
40-50%)and covered with a lid to prevent falling bacte-
ria from adhering to it. The box was not sealed to ensure
constant ventilation. On the other hand, the wet environ-
ment was conducted in a sealed box with the humidity
adjusted to 70-80%. At 0 h(immediately after immersion
[baseline]), and after 12 and 24 h of storage, the tooth-
brushes were collected, disassembled into bristles and
bodies directly or with sterile pliers, and immersed in 10
ml of sterile PBS. The bristles were then vortexed for 30

s to remove adhering bacteria and used as samples for
quantification.

Evaluation of the number of adherent bacteria

Next, the number of bacteria adhering to the tooth-
brushes was quantitatively evaluated. Each sample con-
taining adherent bacteria was serially diluted 10 to 1000
times using sterile PBS, and 100 ul of each sample con-
taining adherent bacteria was seeded on BHI agar or Mi-
tis Salivarius (MS)agar in triplicate. BHI agar medium
was used to quantify A. oris, and MS agar was used to
quantify S. mutans. The number of colonies formed on
the agar was measured and the average number of ad-
herent bacteria was calculated.

Statistical analysis

Three independent experiments were performed. One-
way analysis of variance (ANOVA)was used for the sta-
tistical analysis of differences in the number of adherent
bacteria among the three types of toothbrushes and at
different storage times, followed by multiple comparisons
using the Tukey or Games-Howell method. Student’s
t-test was used for statistical analysis of the differences
in the number of adherent bacteria between the dry and
wet bamboo toothbrushes. The significance level for each
test was set at 0.05. Excel (Microsoft Excel 2019; Micro-
soft Co., Albuquerque, NM, USA)and SPSS(IBM SPSS
Statistics 28; IBM Corporation, Armonk, NY, USA) were
used for data analysis.

Results
Differences in the amount of bacteria on each toothbrush
n a dry environment

First, we investigated differences in the number of oral
bacteria on each toothbrush when stored in a dry envi-
ronment. For A. oris, the highest number of adherent
bacteria was observed on the bamboo toothbrush at base-
line (0 h), followed by the biomass plastic and plastic
toothbrushes; however, the differences were not statisti-
cally significant. The number of adherent bacteria after
12 h and 24 h of storage was lower than the number of
adherent bacteria at 0 h for all toothbrushes; however,
the differences were only statistically significant for the
bamboo toothbrush. In addition, the number of adherent
bacteria after 24 h of storage was lower than the number
of adherent bacteria after 12 h of storage for all tooth-
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Fig. 1. (a)Number of Actinomyces oris on toothbrushes stored under dry conditions.(b) Number of Streptococcus mutans bacteria
on toothbrushes stored under dry conditions. The vertical axis indicates the number of CFU per 100 ul and the horizontal
axis indicates the storage time(0 h, 12 h, 24 h). Black bars indicate bamboo toothbrushes, white bars indicate biomass
plastic toothbrushes, and grey bars indicate plastic toothbrushes. Data are expressed as mean * standard deviation(SD)
for the three independent experiments. Statistical analysis of the differences in the number of adherent bacteria between
the three toothbrushes and storage time is performed using one-way ANOVA, followed by multiple comparisons using
either the Tukey or the Games-Howell method. *P < 0.05, **P < 0.01.

Table 2. Percentage reduction of bacteria on toothbrushes stored under dry conditions.

brushes; however, no statistically significant differences
were observed (Fig. 1a).

We calculated the percentage decrease in the number
of A. oris on each toothbrush from baseline(0 h)to 12 h
of storage and from baseline (0 h)to 24 h of storage. The
reduction rates of A. orzs on the bamboo toothbrush were
9849% and 99.82% after 12 h and 24 h of incubation, re-
spectively. The reduction rate of A. oris on the biomass
plastic toothbrush was 91.41% and 100% after 12 h and
24 h of storage, respectively. The percentage reduction of
A. oris on the plastic toothbrush was 92.11% and 100%
after 12 h and 24 h of storage, respectively (Table 2).

Next, the amount of S. mutans on each toothbrush was
examined. At baseline(0 h), the bamboo toothbrush had

12 h. dry 24 h. dry

Bamboo 98.49 99.82
A. oris Biomass 91.41 100
Plastic 92.11 100

Bamboo 95.51 98.46

S. mutans Biomass 96.63 95.59

Plastic 99.56 96.69

(%)

the highest number of S. mutans, followed by the biomass
plastic and plastic toothbrushes. The amount of S. mu-
tans on each toothbrush was approximately 2-3 times
higher than of the amount of A. oris, but the patterns
were similar. The number of S. mutans decreased be-
tween 0 h and 12 h and between 0 h and 24 h on all
toothbrushes with a statistically significant decrease for
the bamboo and biomass plastic toothbrushes. No statisti-
cally significant reduction in bacteria was observed be-
tween 12 h and 24 h on any toothbrush(Fig. 1b). The
percentage decrease in the amount of S. mutans on each
toothbrush from baseline (0 h)to 12 h of storage and from
baseline (0 h)to 24 h of storage was examined. The reduc-
tion rates of S. mutans on the bamboo toothbrushes were
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Fig. 2. (a)Number of Actinomyces oris on toothbrushes stored under wet conditions.(b) Number of Streptococcus mutans bacteria
on toothbrushes stored under wet conditions. The vertical axis indicates the number of CFU per 100 ul, and the horizon-
tal axis indicates the storage time (0 h, 12 h, 24 h). Black bars indicate bamboo toothbrushes, white bars indicate biomass
plastic toothbrushes, and grey bars indicate plastic toothbrushes. Data are expressed as the mean * standard deviation
(SD)in the three independent experiments. Statistical analysis of the differences in the number of adherent bacteria be-
tween the three toothbrushes and storage time is performed using one-way ANOVA, followed by multiple comparisons
using either the Tukey or the Games-Howell method. *P < 0.05, **P < 0.01.

Table 3. Percentage reduction of bacteria on toothbrushes stored under wet conditions.

9551 % after 12 h of storage and 9846 % after 24 h of
storage. The reduction rates for biomass plastic tooth-
brushes were 96.63% and 9559% after 12 h and 24 h of
storage, respectively. The reduction rate of S. mutans on
plastic toothbrushes was 99.56% after 12 h of storage and
96.69% after 24 h of storage (Table 2).

Differences in the amount of bacteria adhering to each
toothbrush in a wet environment

We investigated differences in the number of oral bac-
teria on each toothbrush when stored in a wet environ-
ment. Compared to baseline (0 h), the number of A. oris
bacteria was reduced after 12 h and 24 h of immersion
for all toothbrushes with statistically significant differenc-
es for the bamboo toothbrush. There was no statistically

12 h. dry 24 h. dry
Bamboo 98.74 97.64
A. oris Biomass 93.16 96.53
Plastic 97.07 95.02
Bamboo 97.18 96.83
S. mutans Biomass 95.45 94.60
Plastic 95.59 97.25
(%)

significant decrease in the number of bacteria after 24 h
of storage compared to after 12 h of storage for all tooth-
brushes (Fig. 2a). The reduction rates of A. oris after 12
h and 24 h of storage were 9874% and 97.64% , respec-
tively for the bamboo toothbrush. The reduction rates for
the biomass plastic toothbrushes were 93.16% and
96.53% after 12 h and 24 h of storage, respectively. The
reduction rates of the plastic toothbrush were 97.07%
and 95.02 % after 12 h and 24 h of storage, respectively
(Table 3).

The number of S. mutans cells on each toothbrush was
determined. Compared to baseline (0 h), all toothbrushes
showed a decrease in the number of adherent bacteria af-
ter 12 h and 24 h of storage with a statistically significant
decrease for the bamboo toothbrush only. As in the wet
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Fig. 3. (a)Number of Actinomyces oris on toothbrush bristles stored under dry conditions.
The vertical axis shows the number of CFU per 100 ul and the horizontal axis shows the storage time(0 h, 12 h, 24 h). Black
bars indicate the nylon 610(bamboo toothbrush), white bars indicate (biomass plastic toothbrush(PBT), and grey bars indicate
the PBT (plastic toothbrush). Statistical analysis of the differences in the number of adherent bacteria between the three bristle
materials and storage times is performed using one-way ANOVA, followed by multiple comparisons using either the Tukey or

Games-Howell method. **P < 0.01.

(b) Number of Actinomyces oris on the head and neck of toothbrushes stored under dry conditions.

The vertical axis shows the number of CFU per 100 ul and the horizontal axis shows the storage time(0 h, 12 h, 24 h). The black,
white, and grey bars indicate bamboo (bamboo toothbrushes), plastic (biomass plastic toothbrushes), and plastic (plastic tooth-
brushes), respectively. Data are presented as the mean * standard deviation(SD)for three independent experiments. Statistical
analysis of the differences in the number of adherent bacteria between the three toothbrush body materials and storage times is
performed using a one-way ANOVA, followed by multiple comparisons using either the Tukey or the Games-Howell method.

*FP <001

Table 4a. Percent reduction of A. orzs on toothbrush bristles after storage under dry conditions

condition, there was no statistically significant decrease
in the number of bacteria between 0 h and 12 h of stor-
age and between 0 h and 24 h of storage for any of the
toothbrushes (Fig. 2b). The decrease in the number of S.
mutans on each bamboo toothbrush after 12 h and 24 h of
storage was 97.18% and 96.83% , respectively. The reduc-
tion rates for the biomass plastic toothbrush were 95.45%
and 94.60% after 12 h and 24 h of storage, respectively.
The plastic toothbrush showed a 95.59% reduction after
12 h of storage and a 97.25% reduction after 24 h of stor-
age (Table 3).

Differences in the amount of A. oris adhering to the bris-
tles, head, and neck of each toothbrush in a dry environ-

12 h. dry 24 h. dry
?by;‘::bful)‘)’ 94.96 94.46
(pll’zzc) 99.93 100
(%)

ment

We examined the number of A. oris on the bristles,
head, and neck of each toothbrush. The bamboo tooth-
brush bristles used in this study were made of nylon 610,
and the biomass plastic and plastic toothbrush bristles
were made of polybutyleneterephthalate (PBT). The
number of bacteria on the nylon 610 bristles at baseline (0
h)was significantly higher than that on the PBT bristles.
However, there was a significant decrease between base-
line(0 h)and 12 h and between baseline(0 h)and 24 h of
storage (Fig. 3a). The reduction in the number of adher-
ent bacteria was 94.96% after 12 h of storage and 94.46%
after 24 h of storage (Table 4a). Biomass plastic and plas-
tic toothbrushes—both with bristles made of PBT—
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Table 4b. Percent reduction of A. o7is on toothbrush body after storage under dry conditions

12 h. dry 24 h. dry
Bamboo 98.69 99.27
Biomass 92.95 99.05
plastic 98.91 98.73
(%)
showed similar trends. The number of bacterial cells on 70000 i
the bristles at baseline (0 h)did not differ significantly be- 60000 .
tween the two types of toothbrush. However, after 12 h _ 50000
= *%
and 24 h of storage, the decreases were statistically sig- g 40000
nificant (Fig. 3a). The reduction in the amount of adher- ésoooo
ent bacteria was 99.92-99.93% after 12 h of storage and © 20000
100% after 24 h of storage (Table 4a). 10000
The amount of A. oris on the head and neck of the 0
N not wet wet not wet wet
toothbrushes was also examined. For the bamboo tooth- Oh. 12h.

brushes, the amount of A. or:s that adhered to the head
and neck of the toothbrush at baseline (0 h)was signifi-
cantly higher than that of the biomass plastic and the
plastic toothbrushes. However, after 12 h and 24 h of
storage, the number of A. oris decreased significantly
(Fig. 3b). Interestingly, the number of A. oris on the
bamboo toothbrush before decomposition was higher
than that on the toothbrush after decomposition (Fig. 1a).
The reduction rates for A. oris were 98.69% and 99.27%
after 12 h and 24 h of storage, respectively (Table 4h).
The number of bacteria on the biomass plastic tooth-
brush at baseline (0 h)was significantly higher than that
on the plastic toothbrush. After 12 h and 24 h of storage,
the decrease was statistically significant (Fig. 3a). The re-
duction rate of A. oris was 92.95% after 12 h of storage
and 99.05% after 24 h of storage (Table 4b). The number
of A. oris in the plastic was significantly reduced after 12
h and after 24 h of storage(Fig. 3a). The reduction rates
for A. oris were 9891% and 9873% after 12 h and 24 h
of storage, respectively (Table 4b).

Amount of A. oris on bamboo toothbrushes when pre-wet-
ted with water

The results showed that at baseline (0 h), the number
of attached bacteria on the dry bamboo toothbrushes was
significantly higher than that on toothbrushes made of
other materials(Figs. 1-3).

Fig. 4. Number of Actinomyces oris bacteria on bamboo
toothbrushes pre-wetted with water.

The vertical axis shows the number of CFU per 100 pl, and
the horizontal axis shows the conditions and storage time (0 h,
12 h). Data are presented as the mean * standard deviation
(SD)for the three independent experiments. Statistical analy-
sis of the difference in the number of adherent bacteria be-
tween the two conditions is performed using the Student’s
t-test. *P < 005, **, P < 0.01.

Table 5. Percent reduction of A. o7is on wet or not wet bam-
boo toothbrushes

12 h.

not wet 99.37

wet 99.82
(%)

Next, we conducted an experiment in which bamboo
toothbrushes were immersed in sterile DW for 5 s imme-
diately before immersion in the bacterial solution to re-
produce the prewet conditions of the bamboo toothbrush-
es immediately before brushing. Immediately after
immersion(0 h), the number of A. oris was significantly
reduced in the pre-wetted condition compared with that
in the non-wetted condition. In the pre-wetted condition,
the number of A. o7is on the bamboo toothbrushes after

12 h of storage was significantly reduced compared to
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that at baseline (Fig. 4). The number of adherent bacteria
was 99.82% (Table 5).

Discussion

In recent years, toothbrushes made of various materi-
als have been manufactured and marketed as alternatives
to plastic toothbrushes. There have been several reports
of bacteria and viruses have been detected on tooth-
brushes after use(5-12). However, few studies have fo-
cused on toothbrushes made of alternatives to plastics.
Therefore, we investigated the differences in the number
of bacteria adhering to conventional plastic toothbrushes,
bamboo toothbrushes, and biomass plastic toothbrushes.

A. oris and S. mutans—the strains used in this study—
can cause infective endocarditis (30, 31). A. oris and S.
mutans are oral bacteria associated with oral infections.
A. oris is an early adherent, adhering to tooth surfaces
and serving as a scaffold for the formation of mature oral
biofilms, contributing to dental caries and periodontal dis-
ease. On the other hand, S. mutans contribute to caries
development by forming glucans. It has also been report-
ed to be detected on toothbrushes used in the actual oral
cavity (4, 5). Therefore, our experiments were conducted
using A. oris and S. mutans. The amount of A. oris and S.
mutans adhering to the bamboo toothbrushes was the
highest when stored in a dry environment in this study
(Fig. 1a, b). Bamboo has many holes in its cross-section
owing to the sparseness of its fibers, which makes it a
highly water absorbent material(32). On the other hand,
biomass plastic is a plastic partly comprising biomass as
the raw material, and its properties are not significantly
different from those of conventional plastics(31, 33). In
other words, the number of adhering bacteria was higher
on bamboo toothbrushes compared to plastic and biomass
plastic toothbrushes owing to water absorption by the
bacterial solution and adhesion of the bacteria between
the bamboo fibers. On the other hand, more adherent
bacteria were observed when S. mutans was used com-
pared to when A. oris was used. S. mutans utilizes gluco-
syltransferase (GTF)in the presence of sucrose to pro-
duce extracellular polysaccharides, contributing to the
formation of a strong biofilm on the tooth surface(34).
The experimental conditions of the present study in-
volved adhesion to materials that are quite different to
that of tooth surfaces, and the experiment was conducted
in an environment in which no sugar source was present.

A difference in the number of bacteria was observed im-
mediately after toothbrushes were immersed in the bac-
terial solution. This suggests that differences between
tooth surfaces and toothbrush materials may influence
adhesion ability.

After immersion of the bamboo toothbrushes in the
bacterial solution for 12 h and 24 h, the number of adher-
ing bacteria was reduced by more than 98 % (Table 2).
Furthermore, the number of adherent bacteria was com-
parable to that of the plastic and biomass plastic tooth-
brushes (Fig. 1a, b). Bamboo possesses antimicrobial
properties against S. mutans, S. aureus, and C. albicans
(35, 36). The main components are furans and phenolic
compounds (36). This suggests that the antimicrobial ac-
tivity of bamboo significantly reduces the number of at-
tached bacteria. Spolidorio et al. reported that when S.
mutans was deposited on plastic toothbrushes and al-
lowed to stand, the amount of deposited bacteria in-
creased up to 2 h after immersion, but was not detected
after 8 h(34, 37). Furthermore, Wetzel et al. found that
the number of adherent S. mutans, Lactobacilli, or C. al-
bicans increased 2 h after children had used them; how-
ever, the authors reported a decrease in the number of
attached bacteria after 8 h(38). Bunetel et al. also report-
ed a significant decrease in the number of adherent S.
mutans 24 h after immersion in a S. mutans-containing
fluid (26). In other words, the results were consistent
with those of the plastic and biomass plastic experiments.
These results suggest that bamboo toothbrushes stored
in a dry environment are as hygienic as plastic or bio-
mass-based plastic toothbrushes after 12 h.

Interestingly, similar results were obtained when tooth-
brushes were stored in a wet environment (Fig. 2b). A
study using interdental brushes reported that storage in
humid environments affected bacterial growth(29). On
the other hand, it has been reported that there is no cor-
relation between the amount of microorganisms on tooth-
brushes after use and the storage method(39). Based on
the results of this study, it was concluded that high or
low humidity had no effect on the number of bacteria on
toothbrushes. However, it is possible that the humidity in
the boxes decreased during the experiment, which may
have affected the results.

A typical toothbrush consists of the head, neck, and
handle. The toothbrushes used in this study had a similar
structure. The materials of the toothbrush body and bris-
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tles were different. Therefore, to clarify whether differ-
ences in the bristles affect the amount of bacteria ad-
hered to the toothbrushes, toothbrushes were
deconstructed into the bristle and toothbrush body, and
the amount of bacteria adhered to each was quantitative-
ly determined. The bristles of the bamboo toothbrushes
used in this study were made of nylon 610, whereas those
of the biomass plastic and plastic toothbrushes were
made of PBT. On nylon 610, the amount of A. or7is that
adhered to the bristles immediately after immersion in
the bacterial solution was significantly higher than that
on PBT (Fig. 3a). In other words, the bristles of the bam-
boo toothbrush used in this study had a higher water ab-
sorption capacity than the bristles of the other two types
of toothbrush, suggesting that it may be more susceptible
to bacterial attachment. The reduction in the number of
A. oris on the nylon 610 bristles was approximately 94%
after 12-24 h of storage(Table 4a). In PBT, the bristles
of the biomass and plastic toothbrushes, the amount of A.
oris adhered to the bristles was significantly reduced af-
ter 12 and 24 h of storage (Fig. 3a). The reduction in the
number of A. oris after 12-24 h of incubation was ap-
proximately 100% (Table 4a). Nylon 610 and PBT are ex-
cellent drying materials, and it has been reported that
the drying rate is almost 100% after 100 minutes (40).
This suggests that storing the bristles in a dry environ-
ment may have thoroughly dried them, making it difficult
for the bacteria to exist as live cells. In contrast, quantifi-
cation of the number of A. oris on the head and neck of
the toothbrushes showed that the number of bacteria on
the bamboo toothbrushes immediately after immersion
was significantly higher than that on the biomass plastic
and plastic toothbrushes (Fig. 3b). Interestingly, the num-
ber of A. oris on the bamboo toothbrush before decompo-
sition was higher than that on the plastic toothbrush (Fig.
la and 3b). This result suggests that the number of A.
oris on the bamboo toothbrushes was higher than that on
the pre-degradation toothbrushes, because the bacteria
were detected in the holes where the bristles had been
implanted. The reason for the statistically significant de-
crease in the number of A. o7ss on all toothbrushes after
12-24 h of storage was similar, possibly due to the anti-
bacterial properties of bamboo and drying time (Fig. 3b).
These results indicated that the number of bacteria on
the bamboo toothbrush after immersion in the bacterial

solution decreased significantly after 12 h of storage and

was comparable to that of plastic and biomass plastic
toothbrushes. However, the number of bacteria on bam-
boo toothbrushes immediately after immersion in the
bacterial solution tended to increase more than that on
plastic and biomass plastic toothbrushes.

From these results, we concluded that immediately af-
ter use, bamboo toothbrushes were less hygienic than
other toothbrushes. Therefore, we investigated a method
to reduce the number of bacteria on bamboo toothbrush-
es immediately after immersion. The bamboo toothbrush-
es were pre-wetted with water prior to use. The number
of A. oris on bamboo toothbrushes immediately after im-
mersion was significantly reduced under pre-wet condi-
tions compared with non-wet conditions. Under pre-wet
conditions, the number of A. o7is on the bamboo tooth-
brushes after 12 h of incubation was significantly reduced
(Fig. 4). The reduction in adherent A. oris was 99.81 %
(Table 5). Because bamboo toothbrushes are water ab-
sorbent, it is possible that the concentration of bacteria
on the toothbrushes was reduced by the water. In other
words, pre-wetting bamboo toothbrushes with water im-
mediately before use may lead to improved hygiene im-
mediately after use. Sluijs et al. reported no significant
difference in plaque scores between dry and pre-wet
toothbrushes(41). In other words, there is a small possi-
bility that pre-wetting the toothbrush just prior to use
may have no effect on plaque removal. Therefore, studies
on the effects of wet bamboo toothbrushes on plaque re-
moval are required.

The use of a toothbrush is considered the most effec-
tive way to remove oral biofilms that are responsible for
the development of dental caries and periodontal diseases
(2). Several reports have been published on toothbrush
replacement periods. Raiyani et al. reported that tooth-
brushes should be replaced after 3 to 4 weeks because
toothbrushes used for 3 months were significantly more
contaminated than toothbrushes used for 1 month(42).
Suda et al. reported that the fibers of the bristles of a
toothbrush that had been used 3 times a day for 3 min
each time for 10 weeks became 2.5% thinner, which may
lead to a decrease in plaque removal effectiveness (43). In
other words, as the frequency of toothbrushing increases,
the number of toothbrushes used is also expected to in-
crease.

Currently, plastic toothbrushes are widely used; howev-
er, in view of the environmental impact of plastics, tooth-
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brushes with a lower environmental impact should be se-
lected(13-19). In this study, the hygienic conditions of
bamboo toothbrushes with a lower environmental impact
after 12-24 h of storage were comparable to those of
plastic or biomass toothbrushes. Furthermore, pre-wet-
ting the bamboo toothbrushes with water immediately
before use improved hygiene immediately after use. In
other words, the hygienic conditions of plastic, biomass
plastic, and bamboo toothbrushes after storage were
comparable; therefore, the use of bamboo toothbrushes
with a lower environmental impact may be effective in
achieving the SDGs from the perspective of the dental
field.

This research had several limitations. First, the tooth-
brushes tested in this study were only assessed after one
exposure to bacteria, simulating a single use only. Second,
the number of bacteria present on the toothbrushes was
not assessed between 0 h and 12 h. Third, the levels of
bacteria were not assessed in actual human oral cavities.
These three factors may limit the strength of the results.
In future studies, we plan to examine the use of bamboo
toothbrushes after multiple uses, 2-3 hours after immer-
sion, and in the actual human oral cavity.
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