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Abstract
Aims: The objective of this study was to characterize the inhibitory effects of
Weissella cibaria isolates on volatile sulphur compounds (VSC) production both in
vitro and in vivo.

Material and Methods: We isolated and identified three hydrogen peroxide-
generating lactobacilli from children’s saliva, and assessed their inhibitory effects on
VSC production and Fusobacterium nucleatum proliferation. Clinical studies were
conducted with 46 subjects in order to measure the VSC of their mouth air.

Results: These lactobacilli were identified as W. cibaria. These isolates inhibited the
production of VSC by F. nucleatum (po0.05). The concentration of F. nucleatum was
decreased by 5-log cycles as a result of exposure to the W. cibaria strains (po0.05),
whereas the catalase-treated W. cibaria cultures exerted no evident inhibitory effects
on F. nucleatum replication. In the clinical studies, gargling with one isolate resulted in
a significant reduction in the levels of H2S and CH3SH by approximately 48.2%
(po0.01) and 59.4% (po0.05), respectively.

Conclusions: These results indicate that W. cibaria isolates possess the ability to
inhibit VSC production under both in vitro and in vivo conditions, demonstrating that
they bear the potential for development into novel probiotics for use in the oral cavity.
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Oral malodour, also known as halitosis, is
a widespread problem, which is believed
to affect a large proportion of the popula-
tion. It is estimated that more than 50%
of the population in North America and
about 25% of the population in Japan
have halitosis (Tessier & Kulkarni 1991,
Miyazaki et al. 1995, Bosy 1997). Vola-
tile sulphur compounds (VSC), which
include hydrogen sulphide (H2S) and
methyl mercaptan (CH3SH), both of
which comprise about 90% of the VSC
contents in breath, have generally been
used as indicators for halitosis (Tonzetich
1971). These compounds are believed
to be produced by Gram-negative anae-
robic bacteria, including Fusobacterium
nucleatum, Porphyromonas gingivalis,
Prevotella intermedia, and Treponema
denticola (Persson et al. 1990, De
Boever & Loesche 1995). Cysteine and

methionine are the sulphur-harbouring
amino acids known to function as sub-
strates for these bacteria, and they can
be catabolysed into VSC, in particular,
H2S and CH3SH.

Several studies have demonstrated
that, among the many known oral bac-
teria, F. nucleatum produces copious
VSC (Pianotti et al. 1986, Claesson
et al. 1990, Persson et al. 1990). F. nucle-
atum has been isolated in cases of skin
ulcers, peritonsillar abscesses, septic
arthritis, and endocarditis, and is also
naturally present as a microfloral compo-
nent in the mouths of healthy or humans
with diseases. This microorganism is not
only predominant in terms of its numbers
in the oral cavity, but also possesses the
capacity to form aggregates with other
bacteria, and to function as a bridge
between the primary and secondary set-

tlers on the surfaces of the teeth (Bolstad
et al. 1996).

Many authors have reported that anti-
microbial compounds, including metal
salts and chlorhexidine, can reduce or
inhibit halitosis via interaction with sul-
phur in the VSC precursors, as well as
via the inhibition of VSC-producing
bacteria (Yaegaki & Suetaka 1989,
Young et al. 2001, Roldan et al. 2004,
Fine et al. 2005). However, some of
these agents exhibit only temporary
effects, or are associated with undesir-
able side effects when used in the oral
cavity for long periods. Lactic acid
bacteria are known to be normal flora
in the mouth, intestine, and vagina
(Ahrne et al. 1998). They are considered
to perform an opportunistic function in
the development of dental caries via the
generation of lactic acid (Babaahmady
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et al. 1998). However, some lactic acid
bacteria have been shown to protect the
gastrointestinal systems of humans and
animals from a variety of pathogenic
infections (Gill et al. 2001), and these
organisms have been extensively stu-
died for their possible utility in probio-
tics. Recently, Burton et al. (2005) have
reported that probiotic bacterial strains,
which were originally sourced from the
indigenous oral microbiotas of healthy
humans, might have potential applica-
tions as adjuncts for both the prevention
and treatment of halitosis.

Weissella is a lactic acid bacterial
species, and was formerly included in
the genus Lactobacillus. Weissella cibar-
ia is a Gram-positive, non-spore forming,
non-motile, heterofermentative, and cat-
alase-negative bacillus, which is gener-
ally isolated in fermented foods, and
also exists in humans (Bjorkroth et al.
2002). W. cibaria has never, as yet,
been associated with any evidence of
pathogenicity.

The objective of this study, then, was
to determine the inhibitory effects, if
any, generated by W. cibaria isolates on
the production of VSC by F. nucleatum.
Additional clinical studies were also
conducted in order to determine the
inhibitory effects of solutions containing
W. cibaria on morning bad breath in a
series of healthy adults.

Material and Methods

Isolation of hydrogen peroxide-

generating lactobacilli

The oral examinations were conducted
with 460 kindergarten children of ages
between 4 and 7 years, all of whom
lived in Gwangju, South Korea. We
obtained saliva samples from children
who had little supragingival plaque and
no oral diseases including dental caries.
These samples were then serially diluted
with sterile 0.9% NaCl solution and
spread onto MRS (Difco, Detroit, MI,
USA) or Rogosa (Difco) agar plates.
After 48 h of incubation at 371C, the
colonies were selected and subcultured
on fresh MRS agar plates. The lactoba-
cilli were successively transferred to
MRS agar plates several times until
pure colonies were obtained. Each of
the lactobacilli was then tested with
regard to its ability to generate hydrogen
peroxide using a modified version of the
method described by Eschenbach et al.
(1989). Each of the lactobacilli was
plated onto MRS agar, which contained

0.25 mg/ml of TMB (3,30,5,50-tetra-
methylbenzidine, Sigma, St Louis, MO,
USA) and 0.01 mg/ml of peroxidase
(Sigma), and was incubated at 371C
for 48 h, after which the isolates were
exposed to the ambient air. The horse-
radish peroxidase in the medium
induced the oxidation of TMB in the
presence of hydrogen peroxide, hydro-
gen peroxide-generating bacteria, result-
ing in the formation of blue colonies.
Because the peroxidase was unstable,
these plates were used within 3 days of
their preparation.

The levels of hydrogen peroxide in
the spent culture supernatants of 140
lactobacilli isolates were determined
spectrophometrically by the o-dianisi-
dine horseradish peroxidase method
(Tomas et al. 2004). Three strains that
generated substantial levels of hydrogen
peroxide, were designated as CMU,
CMS2, and CMS3, and were identified
via a standard biochemical test, using
the API CH50 system (Biomerieux,
Marcy, l’Etoile, France), and also by
16S rDNA sequence analysis.

Bacterial strains and culture conditions

Four VSC-producing anaerobic bacteria
were examined, including F. nucleatum
ATCC 10953, P. gingivalis A7A1-28,
T. denticola ATCC 35405, and Pre-
votella loescheii ATCC 15930. Each
species was from a laboratory stock
culture. F. nucleatum, P. gingivalis,
and P. loescheii were grown in BHI
broth (Difco) that had been enriched
with 0.5% yeast extract, 5mg/ml haemin
(Sigma), and 1m/ml menadione (Sig-
ma), at 371C for 24 h under anaerobic
conditions (85% N2, 10% H2, 5% CO2).
T. denticola was grown in GM-1 broth
(Blakemore & Canale-Parola 1976) at
371C for 72 h under anaerobic condi-
tions. The isolates were maintained in
MRS broth. All of the strains were
maintained as 20% glycerol stock at
� 801C. Before use in each experiment,
the strains were propagated twice in the
appropriate broth.

Coaggregation assays

Three lactobacilli isolates were tested
with regard to their capacity to coaggre-
gate with anaerobic bacteria including
F. nucleatum, P. gingivalis, T. dentico-
la, and P. loescheii. These isolates were
grown in MRS broth at 371C for 18 h
under anaerobic conditions. The anae-
robic bacteria were cultured in the

appropriate broth for 24–72 h. Coaggre-
gation experiments were conducted via
the spectrophotometric assay (Handley
et al. 1987) with some modifications.
The cells were harvested by centrifuga-
tion at 4000 � g for 15 min., washed
three times with coaggregation buffer
(Cisar et al. 1979), and re-suspended in
coaggregation buffer at a concentration
of approximately 109 cells/ml. An equal
volume (1 ml) of bacterial cells of a
coaggregation pair was mixed together
by vortexing for 10 s, and incubated at
371C with gentle agitation at 110 rpm.
The tubes were then removed after
30 min, and were allowed to stand for
3 min in order to precipitate the aggre-
gates. The supernatant fluid (0.5 ml)
was removed carefully, and its optical
density was measured at 660 nm with
a spectrophotometer (U2000, Hitachi,
Nissei, Japan). The percentage of coag-
gregation was calculated using the equa-
tions of Handley et al. (1987).

In vitro studies — VSC analysis of
incubated bacterial culture

We investigated the capacities of the
isolates to inhibit VSC production of F.
nucleatum. After coaggregation, 1 ml of
the coaggregation buffer was discarded,
and 2 ml of the test medium (growth
medium (pH 7.0) containing 0.1%
cysteine, 0.2% FeSO4, and 0.1 M MES
(2-morpholinoethanesulphonic acid)) was
carefully added in a sterile tube that was
sealed with a silicon plug without break-
ing the aggregates in order to detect H2S
production (Padron & Dockstader 1972,
Langendijk et al. 1999). The test tubes
were then incubated at 371C for 24 h
under anaerobic conditions. H2S produc-
tion was assessed by determining the
degree of appearance of insoluble black
iron sulphide (FeS) precipitates in the test
tubes. In order to determine the effects
exerted by the hydrogen peroxide that
was generated by the isolates; a test
medium containing 1000 U/ml of cata-
lase (Sigma) was used. In addition, a
sample of the vapour above the culture
was removed using a gas-tight syringe,
and was analysed via portable gas chro-
matograph (Oral Chroma CHM-1, Abil-
it, Osaka, Japan). In order to determine
the effects exerted by all of these factors
on the proliferation of F. nucleatum, the
cultures were serially diluted and plated
onto CVE agar (erythromycin-crystal
violet agar) for F. nucleatum (Walker
et al. 1979), and on MRS agar for the
lactobacilli isolates. The experimental
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values were statistically analysed using
the Mann–Whitney test.

Clinical studies — VSC analysis of mouth

air

Forty-six healthy subjects (28 males and
18 females) between the ages of 20 and
30, all of whom were dental school
students at the Chonnam National Uni-
versity in Gwangju, South Korea, and
had volunteered to participate in the
study, were enrolled. All of the test
subjects were instructed to refrain from
smoking, drinking, and eating, after they
had brushed their teeth in the evening,
until the next morning when the VSC
analyses were conducted. The VSC ana-
lyses were conducted before and after
gargling of the test solution containing
isolate CMU. The test solution was pre-
pared by the centrifugation, washing,
and suspension of the culture (109 CFU/
ml) in sterile distilled water. Sterile
distilled water was used as negative
control. Commercial lactic acid bacteria
including Lactobacillus casei and Weis-
sella confusa were isolated from yogurts
in a market and used as a placebo rinse.
Like the test solution, placebo was pre-
pared by centrifugation, washing, and
suspension of the culture (109 CFU/ml)
with sterile distilled water.

On the first day, the VSC analyses
were conducted in the morning, before
the subjects had brushed their teeth
(7:00–8:00 hours). After the analysis,
the subjects gargled twice a day with
15 ml of the test solution for 2 min. In
brief, gargling was carried out first in the
afternoon (between 14:00 and 15:00
hours), and then again in the evening
(between 19:00 and 20:00 hours), at
least 30 min after the subjects had last
brushed their teeth. The next morning,
the VSC analyses were conducted, and
the volunteers were questioned with
regard to whether they had experienced
any adverse oral symptoms, and then the
oral soft tissue examinations were per-
formed. VSC analyses with negative
control or placebo were also tested as
described above.

A portable gas chromatograph (Oral
Chroma) was used to assess the level of
VSC in mouth air. Before each analysis,
the subjects were instructed to keep their
mouth closed and to breathe through
their noses for a period of 30 s. A 1 ml
disposable syringe was inserted into the
centre of each subject’s oral cavity
through the lips and teeth, while the
mouth was kept closed. Subsequent to

the aspiration of 1 ml of oral air with a
syringe, 0.5 ml of the air was injected
into the gas chromatograph. The mea-
surement was repeated three times for
each subject. Descriptive studies were
conducted using SPSS version 12.0, and
the significance of the differences was
assessed via a paired t-test.

Results

Identification of hydrogen peroxide-

generating lactobacilli

The almost complete 16S rDNA se-
quences (1451, 1483, and 1483 nucleotide
(nt)) were determined, and sequence
searches of GenBank and ribosomal data-
base project libraries showed that all of
the selected strains had a high level of
16S rDNA similarity (100%) to the refer-
ence strain of the species, W. cibaria
LMG 17699T (accession no. AJ295989),
and were hence designated as W. cibaria
CMU, CMS2, and CMS3. The levels of
hydrogen peroxide produced by these
strains are shown in Table 1. These strains
were the highest producers, and for this
reason they were selected for the current
study.

Coaggregation of the W. cibaria isolates

The coaggregation assay showed that
F. nucleatum coaggregated most strongly
with the three W. cibaria strains, fol-
lowed by T. denticola, P. loescheii, and
P. gingivalis (Table 2). As all three of
the W. cibaria strains were determined
to coaggregate most efficiently with

F. nucleatum, we decided to use F. nucle-
atum in further study.

Inhibitory effects on the VSC production

of F. nucleatum

All three of the W. cibaria strains were
shown to inhibit the production of H2S
by F. nucleatum, as is shown in Figs
1b–d, respectively, with no black pig-
ment being observed in the culture
supernatants, whereas black pigments
were observed in the cultures that had
been treated with 1000 U/ml catalase
(Figs 1e–g). Therefore, it appears that
the inhibitory effects exerted by the
W. cibaria strains were abolished as a
result of the addition of catalase.

The control assay containing only
F. nucleatum had a very strong odour
and produced a very high concentration
of VSC above the maximum detection
level (342.2 ng/10 ml of H2S; 616.1 ng/
10 ml of CH3SH). W. cibaria CMU
and W. cibaria CMS2 completely
(99.9%) inhibited the production of
H2S, and reduced CH3SH production

Table 1. Levels of hydrogen peroxide pro-
duced by three isolates

Strains Hydrogen
peroxide (mM)

Weissella cibaria CMU 3.91
W. cibaira CMS2 2.98
W. cibaria CMS3 1.62

Table 2. Coaggregation reactions between the Weissella cibaria isolates and the volatile sulphur
compounds (VSC)-producing anaerobic bacteria

Strains Coaggregation (%)

CMU CMS2 CMS3

Fusobacterium nucleatum ATCC 10953 88.9 � 2.7 89.3 � 2.7 84.9 � 3.1
Porphyromonas gingivalis A7A1-28 33.3 � 1.3 28.3 � 1.3 31.4 � 1.3
Treponema denticola ATCC 35405 68.9 � 2.9 73.1 � 0.9 61.6 � 3.2
Prevotella loescheii ATCC 15930 66.0 � 3.0 66.5 � 5.4 31.7 � 2.9

Values are expressed as the means � SD from three separate experiments.

Fig. 1. Inhibition of hydrogen sulphide pro-
duction by Fusobacterium nucleatum ATCC
10953, afforded by Weissella cibaria iso-
lates. (A) F. nucleatum only; (B–D) W.
cibaria CMU, CMS2, and CMS3 mixed with
F. nucelatum, respectively; E, F, and G,
W. cibaria CMU, CMS2, and CMS3 mixed
with F. nucleatum after catalase treatment,
respectively. Black pigmentation was a mar-
ker for H2S production.
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by approximately 99% (7.3 � 0.1 ng/
10 ml) and 91% (57.4 � 1.1 ng/10 ml),
respectively (po0.05). W. cibaria CMS3
also reduced the production of H2S and
CH3SH, by approximately 72% and 79%,
respectively (po0.05). W. cibaria CMU

and CMS3, which were treated with
catalase were not noted to exert any
inhibitory effects on H2S production by
F. nucleatum, but W. cibaria CMS2 still
evidenced strong inhibition (about 86%)
of H2S production (po0.05) even after

catalase treatment. However, all three of
the W. cibaria strains treated with cata-
lase reduced CH3SH production by 30%–
70% (po0.05) (Fig. 2).

The concentrations of F. nucleatum
decreased by 5-log cycles (2.1 � 102

� 1.2 � 101 CFU/ml, po0.05) in the
groups in which W. cibaria isolates
had been added, as compared with
the control group (2.6 � 107 � 2.7
� 105 CFU/ml), whereas the catalase-

treated W. cibaria cultures were deter-
mined to exert no apparent inhibitory
effects on the replication of F. nuclea-
tum (Fig. 3). These results demonstrated
that the hydrogen peroxide generating
W. cibaria isolates decreased F. nucle-
atum-mediated VSC production by inhi-
biting the replication of F. nucleatum.

Inhibitory effects on the VSC production

of mouth air

Figure 4 showed the distribution of VSC
concentrations (p.p.b.) measured in each
of the subjects, both before and after
they had gargled with the test solutions
containing W. cibaria CMU. On an aver-
age, this strain was found to effect a
reduction in the concentrations of H2S
and CH3SH by about 48.2% and 59.4%,
respectively (Table 3). The statistical
analysis showed that gargling with
W. cibaria CMU significantly reduced
the production of both H2S (po0.01)
and CH3SH (po0.05). However, when
sterile distilled water or commercial
lactic acid bacteria were used as a con-
trol rinse, there were no statistically
significant reductions in VSC concen-
trations.

Discussion

The Weissella genus was recently sepa-
rated from the Lactobacillus genus, as a
result of recent developments in DNA
technology (Stiles & Holzapfel 1997).
W. cibaria, which was initially described
by Bjorkroth et al. (2002), has been
isolated from a variety of sources, ran-
ging from fermented foods to human
faeces. However, thus far, this species
has not been reported in human saliva.

Among the variety of known oral
anaerobic bacteria, F. nucleatum has
been known to possess a powerful abil-
ity to coaggregate with other oral bac-
teria, and to contribute substantially to
VCS production in the oral cavity
(Claesson et al. 1990, Bolstad et al.
1996). This coaggregation ability may

(a) (b)

Fig. 2. Inhibitory effects of W. cibaria isolates on the production of H2S (a) and CH3SH (b)
by F. nucleatum ATCC 10953 before (&) and after (& ) catalase treatment. Fn represents
F. nucleatum. nSignificance of differences was defined as po0.05; nnW. cibaria CMU and
CMS2 completely inhibited the production of H2S by F. nucleatum (0.0 � 0.0 ng/10 ml),
po0.05; nnnValues are volatile sulphur compounds concentrations obtained above the
maximum detection level.

(a) (b)

Fig. 3. Inhibitory effects of W. cibaria isolates on the proliferation of F. nucleatum ATCC
10953 both before (a) and after (b) catalase treatment. &, Control group; , F. nucleatum in
mixed culture; & , W. cibaria in mixed culture. nSignificance of differences was defined as
po0.05.

(a) (b)

Fig. 4. Distribution of H2S (a) and CH3SH (b) measured in each of the subjects before ( � )
and after ( � ) gargling with the test solution.
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constitute an important factor in the
establishment and maintenance of a
healthy oral floral system because of
the production of a microenvironment
around F. nucleatum, in which the inhi-
biting substances generated by the coag-
gregated bacteria would be affected. The
ability of the W. cibaria isolates to
coaggregate was found to be at its high-
est in reactions with F. nucleatum among
all of the tested anaerobic bacterial
strains (Table 2). Therefore, we expected
that this bacterial strain, because of its
potent ability to coaggregate with W.
cibaria isolates, might generate definite
results. Therefore, we selected F. nucle-
atum for use in further studies regarding
the inhibition of isolates on VSC produc-
tion and proliferation.

Three W. cibaria strains were deter-
mined to exhibit profound inhibitory
abilities with regard to VSC production.
The concentrations of F. nucleatum
were also reduced by 5-log cycles as a
result of the activity of all three
W. cibaria isolates, as compared with
the control group (Fig. 3). Therefore, we
were compelled to conclude that the
substances generated from the W. cibar-
ia isolates exerted reducing effects on
VSC production by inhibiting F. nucle-
atum proliferation.

Hydrogen peroxide is one of the
principal antibacterial materials, which
are associated with lactic acid bacteria
(Hiller et al. 1993) along with organic
acids and bacteriocins. Hydrogen per-
oxide has been shown to facilitate the
maintenance of a stable ecological sys-
tem, and also protects against invading
pathogens (Reid et al. 1990). The oral
anaerobic bacteria exhibit a higher

degree of susceptibility to hydrogen
peroxide than do other genera of aerobic
or facultative anaerobic bacteria (Leke
et al. 1999, Ohwada et al. 1999). Hydro-
gen peroxide has also been shown to
significantly reduce concentrations of
sulphur gas in vivo (Suarez et al. 2000).
In the present study, we found that
W. cibaria isolates generated a substan-
tial quantity of hydrogen peroxide,
which was sufficient to inhibit the pro-
liferation of F. nucleatum. Moreover, as
the final pH of the mixed cultures that
contained each of the W. cibaria isolates
was found to be quite high (above pH
5.5) (data not shown), we were able to
dismiss the possibility that organic acid
was responsible for the observed inhibi-
tion of F. nucleatum proliferation. The
inhibitory effects on VSC production
and F. nucleatum proliferation were
observed to be attenuated by treatment
of the W. cibaria isolates with catalase.
Therefore, we concluded that the hydro-
gen peroxide generated by the W. cibar-
ia isolates resulted in the attenuation of
VSC production by inhibiting F. nucle-
atum proliferation. Via its coaggrega-
tion with W. cibaria, F. nucleatum
might be killed by the hydrogen perox-
ide generated by W. cibaria.

Oral care procedures reducing anae-
robic bacteria could prevent halitosis as
well as other oral diseases. Many
attempts have been made to inhibit the
production of VSC with disinfectants or
metal salts. Chlorhexidine and zinc
chloride-containing mouthwashes have
been shown to be rather effective in the
reduction of oral malodour (Yaegaki &
Suetaka 1989, Carvalho et al. 2004,
Roldan et al. 2004). However, these

agents tend to be diluted by the saliva
and swallowed into the gullet together
with saliva, and thus their effects in the
oral cavity are rather short-lived (Rosen-
berg 2002). It has been reported that
probiotic bacteria originally derived
from the indigenous oral microbiota of
healthy humans might potentially be
applied as adjuncts for the prevention
and treatment of halitosis (Burton et al.
2005). Bacteria isolated from human
oral microflora would be able to prolif-
erate in the oral cavities of other
humans. Further, lactic acid bacteria
such as Lactobacillus acidophilus and
Lactobacillus casei have been deter-
mined to inhibit the in vitro proliferation
of anaerobic bacteria via the production
of a strong acid (Babaahmady et al. 1998).
However, in the oral cavity of a healthy
person, this strong acid would then nor-
mally be neutralised by the buffering
function of saliva. Furthermore, as this
strong acid can induce the development of
dental caries, the continuous administra-
tion of these bacteria may give rise to oral
hygiene problems (Babaahmady et al.
1998). The W. cibaria strains used in the
current study had been isolated from the
saliva of a group of healthy children,
and none of the members of this genus
have, thus far, been associated with any
pathogenicity. In the present study, the
W. cibaria isolates resulted in a higher
ecological pH than that which would
normally be observed in conjunction
with lactobacilli. These beneficial proper-
ties and effects observed in conjunction
with these isolates were encouraging with
regard to the utility of this species within
the context of probiotic use.

Oral malodour is caused by many
factors including VSC. The mechanism
of VSC production is complicated and
involved many factors including various
pathogenic bacteria. To verify our in
vitro results, we attempted a clinical
study with healthy adults to determine
the effects exerted by W. cibaria
CMU on the breath malodour. In this
clinical trial, the results showed that the
W. cibaria isolate significantly reduced
VSC level in the mouth. F. nucleatum
acts as a bridge-organism that facilitates
the colonization of other bacteria by
coaggregation, and contributes to VCS
production in the oral cavity. In this
study, we hypothesised that W. cibaria
strains with the ability to coaggregate
with F. nucleatum might have an advan-
tage over non-coaggregating organisms
which were more easily removed from
the oral environment by salivary flow,

Table 3. VSC concentrations (ppb) before and after the treatments and percentage of reduction
before and after for each treatment

Treatments Measurement VSC (ppb) Reduction (%)

before after

Distilled waterw H2S 326.4 � 32.2 288.5 � 36.4 11.6
(n 5 46) CH3SH 79.3 � 16.7 81.0 � 14.2 –
Lactobacillus caseiz H2S 316.2 � 70.6 312.0 � 84.2 1.3
(n 5 10) CH3SH 81.6 � 39.6 87.2 � 36.4 –
Weissella confusaz H2S 385.8 � 50.9 449.2 � 61.2 –
(n 5 10) CH3SH 80.7 � 37.4 82.0 � 36.2 –
W. cibaria CMU§ H2S 383.1 � 59.3 198.3 � 51.8 48.2n

(n 5 46) CH3SH 85.5 � 20.9 34.7 � 11.3 59.4nn

Values are expressed as means � SE.
n,nnSignificances of differences were defined as po0.01 and po0.05, respectively.
wNegative control.
zCommercial lactic acid bacteria were used as a placebo rinse.
§The test solution.
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and focussed on the ability of W. cibaria
strains to coaggregate with F. nuclea-
tum. Also, W. cibaria isolates efficiently
adhered to mouth epithelial cells (data
not shown). Furthermore, when one of
these strains was applied in the oral
cavity, it effectively reduced VSC con-
centrations. Even if W. cibaria isolates
effectively reduced VSC level in vivo,
the effects of this strain on other poten-
tial Gram-negative anaerobes such as
P. gingivalis and P. intermedia were
not determined in this study, which
limited the activity of this strain on
clinical oral halitosis, we could suggest
W. cibaria isolates as potential probiotic
candidates against halitosis. These iso-
lates might also constitute attractive
alternatives to chemicals in terms of
the inhibition of VSC production. How-
ever, the subjects of our in vivo study
were healthy dental school students, and
the morning breath was estimated.
Therefore, long-term studies would be
necessary for other groups of people
such as the elderly, smoking group or
patients having halitosis.

In conclusion, the present study indi-
cated that W. cibaria strains isolated
from human saliva were capable of
inhibiting the production of VSC, both
under in vitro and in vivo conditions.
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Clinical Relevance

It has been known that oral malodour
is associated with VSC produced by
various oral pathogenic bacteria. In

the present study, we evaluated the
inhibitory effects of W. cibaria iso-
lates on the VSC production both in
vitro and in vivo. Our results showed

that W. cibaria isolates successfully
inhibited the production of VSC by
F. nucleatum and also reduced VSC
concentration in the clinical study.
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