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Effect of chewing gums containing the probiotic bacterium
Lactobacillus reuteri on oral malodour
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Abstract

Objective. To evaluate the effect of chewing gums containing probiotic bacteria on oral malodour. The null hypothesis was
that no difference would be displayed compared with placebo gums. Materials and methods. Twenty-five healthy young
adults with self-reported malodorous morning breath completed this randomized double-blind placebo-controlled cross-
over trial. The design included run-in and wash-out periods interspersed by two intervention periods of 14 days each. The
subjects were instructed to chew one gum in the morning and one in the evening containing either two strains of probiotic
lactobacilli (L. reutert DSM 17938 and L. reureri ATCC PTA 5289) or placebo. The outcome measures were (i) organoleptic
scores (0—5) by a certified test panel, (ii) concentration of volatile sulphur compounds (VSC) measured with a Halimeter and
(iii) concentration of VSC after a cysteine rinse. Registrations were made at baseline and after each intervention period.
Differences between the groups were assessed by non-parametric paired statistics and chi-square test. Results. The median
organoleptic score was similar (score 2) in both groups at baseline. After 14 days of treatment, the organoleptic scores were
significantly lower in the probiotic group compared with the placebo group (p < 0.05). Assessments of the VSC levels displayed
no significant differences between the groups, either before or after rinsing with L-cysteine. No adverse effects were registered.
Conclusion. The results demonstrated that probiotic chewing gums may have some beneficial effect on oral malodour
assessed by organoleptic scores. The results indicate that the probiotic gum may affect bacteria that produce malodourous
compounds other than VSCs.
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Introduction

Oral malodour is an unpleasant, but common condi-
tion that may affect up to 30% of the population [1].
The majority of all cases are caused by malodourous
compounds that come from the oral cavity itself. The
malodourous compounds may also be produced by
nasal, oro-pharyngeal and pharyngeal infections, as
well as by respiratory, gastro-intestinal and metabolic
conditions [2,3]. In addition, dietary sources such as
spicy food and tobacco also contain compounds that
can be perceived as unpleasant or malodourous.
Within the oral cavity, malodourous compounds
can be produced by a combination of anaerobic

bacteria, food residues, exfoliated epithelial cells
and salivary proteins that accumulate in the fissures
of the tongue. Thus, a positive relation between mal-
odour and amount of tongue coating has been dem-
onstrated [4—6]. For these relations, the morphology
of the tongue with fissures may create an environment
that favours the growth of anaerobic bacteria that
produce volatile compounds as a result of their met-
abolic degradation [6,7]. Among oral pathological
conditions that can cause oral malodour, chronic
periodontitis is considered the most common factor
[3,8]. In general, amino acids are the main substrate
for the production of oral malodourous compounds.
As freshly secreted human saliva contains low levels
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of free amino acids, halitosis occurs as a result of
bacterial putrefaction by several anaerobic species
found in the oral cavity. This leads to decomposition
of proteins, peptides and amino acids and the gener-
ation of volatile sulphur compounds (VSC) such as
hydrogen sulphide, foul smelling amines (putrescine
and cadaverine) and indole and skatole from aromatic
amino acids [5,9,10].

The current treatment options of oral malodour
focus on reducing the total bacterial numbers by
mechanical measures such as brushing, flossing
and tongue scraping, antibacterial agents and
complex binding of malodourous compounds by
zinc [7,11,12]. As these strategies have a relative
short-termed effect, it has been postulated that bac-
teriotherapy in order to replace halitosis-associated
species may create a more long-lasting effect [13].
Preliminary reports from studies with bacteriocin-
producing S. salivarius and Weissella cibaria have
suggested a reduction of the VSC levels [14,15],
but further studies are needed. Therefore, the aim
of the present study was to evaluate the effect of
chewing gums containing two probiotic lactobacilli
strains on oral malodour in a group of young adults.
The null hypothesis was that no differences would be
obtained when compared with a similar use of pla-
cebo chewing gums. A second aim in the preparatory
phase was to evaluate four different clinical methods
for assessment of oral malodour.

Materials and methods
Subjects

Within the Faculty of Health Sciences in Copenha-
gen public notices were used to recruit healthy
volunteers with self-perceived bad breath on awak-
ening for an initial interview and screening. The
inclusion criteria were (i) subjective feeling of bad
breath in the mornings, (i) age between 19-30 and
(ii1) being a non-smoker. The exclusion criteria were
(1) ongoing treatment with antibiotics, (ii) xerosto-
mia, (iii) periodontal disease or rampant decay with
excessive open caries lesions or (iv) any known
chronic illnesses. After screening, the study group
consisted of 30 young adults (20 females and
10 males) within the age range of 19-25 years and
with a mean age of 22 years. Prior to participation, all
subjects received verbal and written information and
signed a consent form. Two subjects were excluded
at baseline because the organoleptic score was
judged to be less than one. During the course of
the study, three subjects dropped out due to reloca-
tion (two cases) and lack of adherence to the protocol
due to a stressed life situation (one case). Thus, the
final results were based on 25 persons. The protocol
was approved by the Ethical Committee in the
Capital Region of Denmark (H-D-2008-073).
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Study design

The prospective study was designed as a double-
blind placebo-controlled randomized cross-over trial.
After inclusion, subjects were randomly assigned to
one of the two study groups by throwing a dice. Group
A (n = 16) was given the active chewing gums and
group B (n = 12) received the chewing gum without
any added bacteria. Registrations were conducted at
baseline and after 2 weeks. After a 3-week wash-
out period, the baseline registrations were renewed
before the second intervention period of 2 weeks.

Intervention

Probiotic and placebo chewing gums had identical
taste, size and colour with a base consisting of isomalt,
hydrogenated palm oil, sucrose esters of fatty acids,
peppermint oil, menthol flavour and sucralose. In
addition, the probiotic chewing gum contained Lacto-
bacillus reuteri DSM 17938 and Lactobacillus reutert
ATCC PTA 5289—both at the concentration of
1 x 10® CFU/chewing gum. Both gums were produced
and provided by BioGaia AB (Lund, Sweden). The
participants were instructed to chew the assigned gum,
one piece in the morning and one piece in the evening
for 10 min at least 1 h after food intake. The chewing
gums were packed in identical pots and labelled by a
colour code. All clinical registrations were carried out
without knowledge of the respective group assignment.

Organoleptic measurements

Prior to experiment, the organoleptic panel, consist-
ing of three certified organoleptic judges (UWE,
Bristol, UK), evaluated four different clinical meth-
ods for assessment of oral malodour on a group of
female volunteers (z = 20) with a clinical diagnosis of
oral malodour. The test persons were placed in a chair
in a relaxed position and asked to have their mouth
closed for 1 min before assessment. In the first
method, the subject was asked to lean backwards
and to open her mouth to a sub-maximum position
(<50 mm) while the organoleptic judge assessed the
level of oral malodour at a distance of maximally 5 cm
(open mouth method). In the second method, the
subject was asked to count to 10 in English while the
organoleptic judge assessed the level of oral malodour
at a distance of 10 cm (counting method). The third
method was similar except that the subject was asked
to say ‘HA-HA-HA’ in a medium loud voice (HA-
HA-HA method). In the fourth method, the score was
given while the subjects were asked to breathe their
expiration air through a 30 cm glass tube from a
distance of 5 cm at the end of the tube (glass tube
method). For all methods, score 0 was given for no
odour; 1 for barely noticeable odour; 2 for slight
odour; 3 for moderate odour; 4 for strong odour;
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and 5 for extremely strong odour, according to a 0—
5 scale and preferably by use of integers only [9]. For
each volunteer (V) and method (M), the mean score
(7 v), the standard deviation between the three judges
(SDy) and the percentage relative standard deviation
(%RSDy) were calculated. Afterwards the combined
mean score and standard deviation for the method
(i.e. 7 m and SDyy) was calculated as: Y 7 v/n and
> SDy/n. In ascending order the scores were:
0.8 £ 0.5 (open mouth), 1.4 + 0.5 (counting),
1.5 + 0.5 (HA-HA-HA) and 2.0 = 0.6 (glass tube)
revealing a significant difference among the methods
(p < 0.001). In terms of relative standard deviation
for each method (i.e. %RSD,; calculated as
> %RSDy/n) the results were 79 + 47% (open
mouth), 43 £ 21% (counting), 42 + 27% (HA-HA-
HA) and 32 £+ 26% (glass tube), which was also
significantly different among methods (p < 0.01).
According to these results only the glass tube method
produced an acceptable inter-examiner precision,
defined here as when two times RSDy; (.e.
%RSDy/100) of the mean (7 ) was less or equal
to the square root of the mean:

2RSDy.7
Glass tube method = fM;{M <1

M

Clinical procedures

The participants were instructed not to eat or drink and
to avoid any oral hygiene measures on the morning of
the tests and to refrain from eating spicy food on the
evening before. Their breath was then assessed by two
different methods; (i) by the certified organoleptic panel
consisting of a minimum of two judges at all examina-
tions and (ii) by measurements of the concentration of
volatile sulphur compounds (VSC) before and after a
standard cysteine challenge [16]. Due to high inter-
examiner precision the glass tube method was used to
determine organoleptic scores in all tests regarding the
gums and according to the 0-5 scale for the degree of
oral malodour [9]. The score from each organoleptic
judge was hidden from the other judge(s) until an
average score was calculated. Secondly, the concentra-
tion of VSC was measured using a Halimeter (Interscan
Instruments, Chatsworth, CA) according to Rosenberg
and co-workers [17,18]. After the initial measurements
of the breath, the participants were instructed to rinse
with 10 ml of L-cysteine suspension for 1 min to create a
standardized malodour. The breath was then measured
with the Halimeter, 10 min after rinsing with the
suspension.

Statistical methods

All data were processed by the IBM SPSS Statistics
software (version 19.0, Chicago, IL). Differences

between the four organoleptic methods were deter-
mined by the Kruskal-Wallis rank-sum test. Differ-
ences between the groups were assessed with
Chi-square tests (organoleptic scores) and with the
non-parametric Wilcoxon signed-rank test (VSC-
recordings). A p-value less than 0.05 was considered
as statistically significant.

Results

The distribution of the organoleptic scores at baseline
and follow-up is presented in Table I. There were no
differences between the groups at baseline (median
score 2), but after 14 days of intervention, signifi-
cantly lower organoleptic scores in the probiotic test
group were observed (p < 0.05). The concentration of
VSC in unprovoked and provoked breath is shown
in Table II. The VSC levels showed a wide range,
both in the provoked and unprovoked state. However,
the assessments did not display any significant differ-
ences between the groups, neither before nor after the
intervention. No adverse effects from chewing the
gums were registered.

Discussion

This study was undertaken to investigate the possible
influence of bacteriotherapy on oral malodour.
Although the volunteers were included on the basis
of self-perceived bad breath on awakening, it should
be noted that not all subjects displayed objective signs
of malodour at the baseline registration. Furthermore,
they were young adults and did not suffer from
periodontal disease or dry mouth. Thus, the findings
from this partly pseudo-halitosis study group may not
be representative for elderly or for patients with severe
bad breath or halitosis caused by more complex oral
conditions.

Measurements of volatile sulphur compounds are
commonly used for detection of halitosis, but as oral
malodour may comprise agents other than VSCs, this

Table I. Percentage distribution of organoleptic scores (0-5) before
and after use of probiotic lozenges containing L. reuteri (test) or
placebo in young healthy adults (z = 25).

Organoleptic score

0-1 1-2 2-3 3-5 p-value
Test BL — 36% 32% 32%
Placebo BLL — 40% 28% 32% NS
Test FU 28% 12% 32% 28%
Placebo FU 8% 28% 28% 36% < 0.05

BL, baseline; FU, follow-up; NS, not statistically significant.
p-values were obtained by chi-square test.
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Table II. Halimeter recordings before and after use of probiotic chewing gum containing L. reuteri (test) or placebo in young healthy adults

(n = 25). Values in table denote mean (SD).

Unprovoked® Provoked
BL FU BL FU
Test (VSC ppb) 60 (59) 92 (110) 954 (600) 962 (583)
Placebo (VSC ppb) 81 (81) 76 (71) 1233 (572) 1011 (630)
» NS NS NS

“Unprovoked states that the breath was assessed before cysteine rinse and provoked after a cysteine rinse.
BL, baseline; FU, follow-up; VSC, volatile sulphur compounds; NS, not statistically significant differences between the groups (Wilcoxon

paired test).

method can fail to assess bad breath caused by non-
sulphide components [11]. The rationale of using L-
cysteine rinses was to provide a maximum substrate
for the VSC-producing bacteria and thereby eliminate
possible differences between the groups caused by
lack of substrate [16]. The compliance with the study
protocol was considered as good based on personal
interviews and continuous contact with the partici-
pants during the course of the study and no com-
plaints with respect to the protocol were evident.
Certified judges were used for the organoleptic mea-
surements and four methods were evaluated and
compared prior to testing the gums. By breathing
through a glass tube during organoleptic measure-
ments, one third of the subjects had scores of mod-
erate-to-strong oral malodour at baseline and another
third had scores of slight malodour. As described
above, the glass tube method may produce higher
values than the open mouth or counting method.
However, we argue that false positive findings of
oral malodour, if such exist, are a smaller problem
than false negative findings and, thus, the higher
precision obtained with the glass tube method was
preferred. We made no effort to assess the nature of
the malodourous compound, but a general impres-
sion among the three judges was that many cases of
moderate and strong oral malodour were due to
compounds other than VSC.

The novel finding in the present study was that daily
use of chewing gums containing probiotic lactobacilli
had a slight, but statistically significant, beneficial
effect on oral malodour in young adults when evalu-
ated by organoleptic scores. No effect was, however,
detected on the levels of VSC, which could be
explained by the fact that volatile sulphur compounds
measured by the Halimeter account for only 18-48%
of the organoleptic score [19]. Our findings were,
however, in some contrast to earlier findings after
daily intake of lozenges with bacteriocin-producing
S. salivarius K12 [14] or gargling with clinical isolates
of Weissella cibaria [15]. The latter were hydrogen-
peroxide generating strains from children and the two
studies indicate a possible role of broad-spectrum
bacteriocins in the inhibition of VSC. The two

probiotic L. reuteri strains used in this study are
also known to produce a specific bacteriocin called
reuterin but only in the presence of glycerol [20]. The
generally low levels of glycerol in the oral biofilm
might be one of the reasons for the negative results
of the VSC measurements. Nevertheless, it must be
assumed that unaltered levels of VSC, with and with-
out provocation with L-cysteine, suggest that the
amount of VSC-producing bacteria was unchanged
after exposure to the probiotic L. reuteri strains.

With the present and somewhat encouraging find-
ings on oral malodour in mind, it could be of interest
to further speculate on the mode of probiotic action.
The most widely used strategies in the treatment of
halitosis are comprehensive oral hygiene, including
tongue scraping and brushing, as well as the use of
mouth rinses containing antibacterial agents. Such
treatments may only provide a short-termed relief
of halitosis since the problem bacteria quickly will
repopulate the tongue and the oral biofilm [13]. The
use of benign, commensal probiotics could therefore
offer a complementary and more long-term treatment
strategy to combat bad breath. Probiotic bacteria can
grow in saliva and compete for binding sites in the oral
biofilm, although a permanent colonization is unlikely
in adults [21]. This may affect the local ecology and
prevent re-establishment of non-desirable bacterial
populations. Furthermore, the possibility of systemic
effects through modulation of the immune response
cannot be excluded [22]. Whether or not the bacterial
composition was altered in the present study remains
an open question, but long-term studies are needed to
evaluate the microbial profile of oral microbiota, with
special emphasis on non-VSC producing bacteria, to
further elucidate the research question. It should also
be underlined that the effect was not striking from a
clinical point of view, nor subjectively or objectively,
and the probiotics therapy may at its best only be an
adjunct to the current treatment options.

In conclusion, the results demonstrated that daily
use of probiotic chewing gum can have a slight ben-
eficial effect on oral malodour assessed by organolep-
tic scores. The results indicate that the regime may
affect bacteria that produce compounds other than
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the volatile sulphur compounds and thereby contrib-
ute to malodour. Thus, probiotic bacteria may have a
potential application as an adjunct to oral hygiene
improvement and antibacterial rinses for the manage-
ment of oral malodour.
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