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ABSTRACT

Introduction: Streptococcus mutans (S mutans) is the major pathogen involved in caries
development which is the most common childhood infection. Lactobacilli and
Bifidobacteria are commonly used as probiotics and are added to fermented food such as
yoghurt, and have been linked to reducing caries risk in children. Objectives. to
investigate the effect of probiotic-containing yogurt on salivary levels of S. mutans,
gingival inflammation and plaque accumulation in children and to evaluate the possible
inhibitory effect of two probiotic bacterial strains (Lactobacillus rhamnosus and
Bifidobacterium animalis) against S. mutans invitro. Methodology: This study was
performed with 30 children; who were given yohgurt containing probiotic (group 1) or
control yoghurt (group 2) daily for a period of 6 weeks, Septococcal mutans count,
gingival index (Gl) and plaque index (Pl) were assessed throughout the 6 weeks of
intervention and 2 weeks post-intervention. Lactobacillus rhamnosus and
Bifidobacterium animalis were tested against S. mutans invitro. Results. There was a
statistically significant decrease (p<0.001) in S. mutans count and Gl in the intervention
group as compared to the control group. The Pl showed a statistically significant
decrease in both groups 2 weeks after the intervention. Lactobacillus rhamnosus had an
inhibitory effect whereas B. animalis had no inhibitory effect on the tested S mutans
strains invitro. Conclusion: The use of probictic yoghurt decreases the salivary S
mutans count and improves oral dental health in children. Further research should
assess the long term effect of plain and probiotic yoghurt on oral health conditions. The
addition of alternate probiotic strains to yoghurt such as Lactobacillus rhamnosus
should also be considered

INTRODUCTION

Dental caries is the most prevalent chronic disease
in children®. Children are specifically at risk of
developing dental caries since the host defense systems
are in the process of being developed, tooth surfaces are
newly erupted and may be showing hypoplastic defects
and they are experiencing the dietary transition between
breast/bottle feeding and solid foods. The intensity of
caries in preschool children is due to frequent sugar
consumption’ and the pathogenesis of the disease
involves the interaction over time among cariogenic
microorganisms, a diet rich in fermentable
carbohydrates and host factors, like secretion rate and
buffering capacity °,
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Sreptococcus mutans (S. mutans) is considered the
major pathogen involved in caries development *.

Dental caries still continues to be the most
prevalent oral infectious disease. Thus, there is a rising
need for novel caries prevention strategies in addition to
the existing conventional measures which are mainly
dependant on physical and chempotherapeutic agents °.

Probiotic  bacteria, are defined as "live
microorganisms which when administered in adequate
amounts confer a health benefit on the host"®.
Lactobacilli and Bifidobacteria are generally regarded
as cariogenic’® so the idea of probiotics being beneficial
from a dental point of view may appear controversial.
The existing clinical studies, however, support the idea
of beneficial rather than harmful effects on oral health.
Lactobacilli administration appears to decrease salivary
counts of S mutans and its addition to milk has been
shown to reduce caries risk in children®'*,

Probiotics are commonly consumed as part of
fermented foods with specially added active live
cultures; such as in yoghurt or as dietary supplements.
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The main mechanism of probiotic action in caries
prevention is to replace and displace cariogenic bacteria,
mainly S mutans, with non cariogenic bacteria resulting
in control of plaque biofilm formation. The number of
products containing Probiotics entering the market is
increasing. These products usually contain Lactobacilli
or Bifidobacteria **,

The present study aimed to investigate the effect of
probiotic-containing yogurt on salivary levels of S
mutans, gingival inflammation and plaque accumulation
in children and to evaluate the possible inhibitory effect
of two probiotic bacterial strains (Lactobacillus
rhamnosus and Bifidobacterium animalis) against S
mutans invitro.

METHODOLOGY

The present study was carried out in two phases in
the period from July 2015 to October 2015. The first
phase was in vivo in which the effect of probiotics
added to yoghurt on the S mutans count and the
periodontal health was assessed. The second was in
vitro in which the inhibitory effect of the probiotics
Lactobacillus rhamnosus and Bifidobacterium animalis
on the S mutans was assessed using the disc diffusion
method.

Subjects:

Thirty children were enrolled in the study; children
from 4 to 6 years with no recent history of use of any
drugs that may affect oral health were included in this
study. Exclusion criteria included children with
systemic conditions that could affect the oral cavity;
children who were subjected to antibiotic treatment in
the last two weeks before the examination; children
using any oral hygiene aid other than routine teeth
brushing; and children with known or suspected allergy
to dairy products. The study sample was selected from
an orphanage (Al Amal Orphange in ElQobba, Cairo,
Egypt) over the period of 8 weeks.

A written consent for the participation of the children in
the study was given by the guardians.
1. Phase one (in vivo) phase

The study consisted of a 6 week intervention period
and a 2 week post intervention period. The subjects
were divided into two intervention groups; group [;
included 15 children who received plain probiotic-
containing yohgurt (Activia®) which contains
Bifidobacterium animalis and group II which included
15 children who were given plain (control) yoghurt
(Danone®). Each child was given 1 cup of assigned
yoghurt daily and for 6 weeks. For each group, saliva
samples were collected; microbiological assessment,
plaque index (PI) and gingival index (GI) were
measured at: Baseline before yoghurt administration,
after 2 weeks of yoghurt administration, after 6 weeks
of yoghurt administration. Administration of yoghurt
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was then stopped and after 2 weeks the same variables
were measured.
a. Saliva Sampling:

For collecting un-stimulated saliva, a sterile hard
plastic container was given to each child and the child
was asked to tilt his head slightly forward and spit the
saliva into it. Saliva was collected over a period of 5
minutes by repeatedly spitting **.

b. Determination of S. mutans counts

Saliva samples were immediately transferred in
their sterile plastic cups on ice to the Medical
Microbioogy Department laboratory at Ain Shams
University for microbiological assessment. The selective
medium Mitis Salivarius Bacitracin agar (MSB) was
formulated by adding 20% sucrose and 1 ml of Chapman
Tellurite solution (BBL™ Tellurite Solution 1%) and
Bacitracin solution to the Mitis Salivarius Agar (Difco™
Mitis Salivarius Agar) medium *°. Bacitracin solution
was prepared by adding 2, 10 Units bacitracin disks
(Bioanalyse™ Bacitracin 10 U) dissolved in 1 ml sterile
water'®. This method was modified so that the prepared
bacitracin solution was added directly to the MSB
instead of spreading the solution onto the surface of the
medium. This modification of the medium yielded
better results as regards the recovery of S mutans.

Using a sterile disposable calibrated loop, 0.1 ml of
saliva was spread onto modified MSB agar medium for
selective recovery and enumeration of S mutans. The
plates were incubated at 37°C anaerobically in re-
sealable plastic pouches *° added to it anaerobic gas
generating sachets (Oxo0id™ AnaeroGen™) for 72
hours. After anaerobic incubation, the colonies were
counted manually to determine the number of bacteria
(cfu) per mL whole saliva on each agar medium.
Colonies suspected of being those of S mutans were
confirmed by examination for typical colonial
morphology and Gram stain, fresh isolates had typically
raised convex granular frosted appearance ' onto the
Mitis Salivarius Bacitracin plates. Biochemical tests as
positive fermentation of Mannitol were performed for
verification of the colonies of Smutans.

Fig. 1: S mutans colonies growing on Mitis
Salivarius Bacitracin agar
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c. Determination of Plague Index (Pl) and Gingival
Index (GI)

Children were seated upright and indices were
measured using periodontal probe and results were
scored and tabulated using the Silness-L oe periodontal
indices:

d. Plaque I ndex

18Six teeth were examined and scored. Each of the
four surfaces of the teeth (buccal, lingual, mesial and
distal) was given a score from 0-3. The scores from the
four areas of the tooth were added and divided by four
in order to measure the PI for the tooth with the
following scores and criteria; 0: No plaque, 1: A film of
plaque adhering to the free gingival margin and adjacent
area of the tooth. The plaque may be seen in situ only
after application of disclosing solution or by using the
probe on the tooth surface, 2: Moderate accumulation of
soft deposits within the gingival pocket, or the tooth and
gingival margin which can be seen with the naked eye
and 3: Abundance of soft matter within the gingival
pocket and/or on the tooth and gingival margin.

e. Gingival I ndex:

19°Gix teeth were selected for examination; 0: No
inflammation, 1: Mild inflammation (slight redness,
edema, probing with a blunt probe does not induce
bleeding), 2: Moderate (edema, redness, glazing,
probing with a blunt probe induces bleeding and the
marginal gingival is swollen). 3: Severe (marked
redness, edema, spontaneous bleeding or ulceration).

2. Phase Two (in-vitro):

Antimicrobial effect of probiotics on S
mutans: 6 S mutans strains that were previously
isolated from the children were grown on MSB as
before, then the strains were re-isolated on M17 broth
(Conda Laboratories, Madrid)® to be used in the
inhibition test. The probiotic strain Lactobacillus
rhamnosus ATCC7469 was cultivated on the culture
media MRS-Clindamycin [deMan, Rogosa and Sharpe
agar (MRS; Oxoid, United Kingdom) + 0.5 ppm filter
sterilized  clindamycin]®. The probiotic  strain
Bifidobacterium animalis N 173010 was cultivated on
LP-MRS [MRS agar supplemented with 2g/l lithium
chloride and 3g/l sodium proprionate]?. The inhibitory
effects of tested probiotics on S mutans was done using
the “Disc Diffusion Assay" % as follows: Treptone Soya

agar (TSA, Difco, Detroit, MI USA) was poured into
sterile petri dishes (15ml each) and 50ul of Treptone
Soya broth containing S. mutans were dispersed on the
surface of each agar plate. Sterile filter paper discs 6
mm in diameter were impregnated with the tested
probiotic  strains (Lactobacillus rhamnosus and
Bifidobacterium animalis) and standard 6 mm discs
containing saline (20ul/disc) were used as controls.
Discs from each group were placed on the inoculated
agar surface and the plates were incubated at 37°C for
24 h. At the end of the incubation period antimicrobial
activity was evaluated by measuring the zones of
inhibition %,

3. Statistical Analysis:

Data were presented by mean, standard deviation
(SD), Independent t test and its non parametric
alternative (Mann Whitney) were used to compare
between groups. Anova for repeated measures was used
to compare between follow up periods within groups
and for non parametric data Fridman test was used
followed by Wilcoxon signed rank test with bonferioni
correction. The significance level was set at P < 0.05.
Statistical analysis was performed with IBM® SPSS®
Statistics Version 20 for Windows.

RESULTS

Analysis of data gathered for both theintervention
(Group 1) and the control (Group 11) groups showed
thefollowing results:

) S. mutanscount:

At week 6 and week 8, a statistically significant
decrease was found in the S mutans count (cfu/ml) in
Group 1
compared to Group II as shown in table 1 and Fig. 2.

Within Group I there was a statistically significant
decrease in S, mutans count (cfu/ml) at week 2 and a
statistically significant increase at week 6 and week 8.
There was also a statistically significant decrease in S
mutans count between week 0 and week 6, 8. Group II
showed a statistically significant decrease at week 2 and
a statistically significant increase at week 6 and a
statistically non significant decrease at week 8 (Table 1;
Fig. 3&4)

Table 1. Comparison between S. mutans count between Group | and |1 and within each group

S. mutans count Group | Group 1 p*
Mean+ SD Mean+ SD
Week 0 563.3+419.87% 552.33+377.98% 0.884
Week 2 59.8+ 86.03 103.66+ 158.96 0.983
Week 6 194+ 90.45% 604.66+ 172.72 <0.001
Week 8 330+ 184.972 470+142.422 0.006
p# <0.001 <0.001

* Mann whitney test

# a. Fridman test followed by wilcoxon signed rank test with bonferioni correction

Egyptian Journal of Medical Microbiology

37




Salem et al. / Assessment of the Effect of Probiotic Yoghurt, Volume, 25 / No. 2 / April 2016 35-41

S. mutans count
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Fig. 2: Comparison between the S mutans count between Group I and II

1) Gingival Index:

A higher value was found in the GI of Group I at week 0 which was statistically significant and at week 2 which
was statistically non-significant. At week 6 and 8, Group I showed a lower value compared to Group II which was
statistically non-significant as shown in table (2).

Group I showed a statistically significant decrease in the GI through the follow up periods. There was significant
difference between week 0, week 6 and week 8 and between week 2 and week 8. Group II showed a statistically non-
significant difference between the follow up periods (Table 2 Fig 3&4)

Table 2. Comparison between Gl in Group | and |l and within each group

Gingival I ndex Group | Group |1 pP*
Mean + SD Mean = SD
Week 0 1.3+ 0.212 0.95+ 0.29 <0.001
Week 2 1.19+ 0.26* 1.09+ 0.22 0.267
Week 6 1.02+0.28"° 1.04+0.29 0.849
Week 8 0.98+ 0.28° 1.05+ 0.31 0.504
P# <0.001 0.26

*Independent t-test
# Anova for repeated measures, similar superscript letters indicate no significant difference.

[11. Plague I ndex:

Group I showed a statistically non-significant higher value of PI in group I at week 0, week 2, week 6 and week 8
(table 3). Both Group I and Group II showed a statistically significant decrease in the PI between the follow up periods
with significant difference between week 8 and the other follow up periods (Table 3 and Figure 3&4).

Table 3: Comparison between Pl in Group | and Il and within each group

Plaque I ndex Group | Group |1 p*
Mean + SD Mean +SD
Week 0 1.39+0.24% 1.29+0.31% 0.303
Week 2 1.66+0.37% 1.53+0.35% 0.341
Week 6 1.54+0.392 1.42+0.33% 0.375
Week 8 1.02+0.37 0.9+0.29 0.332
P# <0.001 <0.001

*Independent t-test
# Anova for repeated measures, similar superscript letters indicate no significant difference
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S. mutans count, Plaque index, Gingival index
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Fig. 3: Logarithmic scale comparing S. mutans, PI and
GI in Group |

S. mutans count, Plaque index, Gingival index
Group Il
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0.02
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Fig. 4: Logarithmic scale comparing S. mutans, Pl and
GI in group II

Disk diffusion method results:

The probiotic strain L. rhamnosus had a clear
inhibitory effect on the test strain S. mutans showing an
inhibition zone of 10-12 mm (mean 10.83 £ 0.9) in
diameter in the tested strains. S. mutans was resistant to
the probiotic strain B. animalis (Figure 5a&b)

a bl
Fig. 5. Antimicrobial activity of probiotic strain Lactobacillus
rhamnosus a: and probiotic Bifidobacterium animalis, b: by
Agar Disc Diffusion method

DISCUSSION

The use of probiotics in dentistry added to the
improvement of many aspects of oral health as
supported by many studies including anti-cariogenic
effect, the treatment of periodontal disease, a reduced
crevicular fluid volume and cytokine content. Probiotics

Egyptian Journal of Medical Microbiology

are also used in the treatment of halitosis and Candida
albicans 2* Many vehicles have been proposed for the
delivery of probiotics. The use of dairy products
particularly is desirable from a cariological point of
view due to their high natural contents of calcium and
phosphate that readily decrease the “critical pH” for
enamel dissolution and enhance remineralization. It is
also a more economical alternative for the average
consumer than tablets or capsules >

As regards the in vivo phase of the study, the
current study showed statistically significant (p < 0.001)
decrease in the count of S mutans at week 2 in both
groups decrease. However, at the end of yoghurt
administration (week 6) and 2 weeks post-intervention
(week 8), there was a statistically significant decrease
(p<0.001) in the S mutans count in the intervention
group as compared to the control group.

Decrease in the S mutans counts was consistent
with studies that used probiotic curd ® and probiotic
milk % and fermented milk containing Bifidobacterium
probiotics which is the same probiotic strain used in our
study?’. The decrease in the S mutans counts in both
groups after 2 weeks was consistent with other studies
that assessed the effect of plain yoghurt on microbial
count.”®?, The ability of plain yogurt to decrease the
amount of S mutans count may be attributed to the
presence of some anti microbial products found in the
yoghurt that might be responsible for the inhibition of S
mutans proliferation %. The effect of plain yoghurt may
also be explained by the ability of casein and casein
derivatives to inhibit bacterial adherence and/or the
bactericidal activity of bacteriocins with selective
activity against S mutans that are present in dairy
products *.

This study showed a statistically significant (P <
0.001) decrease in the GI after the end of intervention
and two weeks post-intervention in the probiotic
yoghurt group. Similar results were reported by
Toiviainen et al.>%, On the other hand, the PI showed a
statistically significant decrease in both groups 2 weeks
after the intervention. The decrease in the intervention
group is similar to a study evaluating the efficacy of
probiotics in plaque reduction and gingival health
maintenance among school children *. The reduction in
the PI in the control group could also be explained by
the ability of plain yoghurt and its content of casein and
casein derivatives to inhibit bacterial adherence **

Toiviainen et al.* also examined the effect of
orally administered lozenges containing
Bifidobacterium animalis and Lactobacillus rhamnosus
on adults. He assessed the S mutans count, PI and GI
for only 4 weeks. The probiotic lozenge decreased both
PI and GI (p<0.05), however, no changes were observed
in the control group and no changes were found in S
mutans count. This could be explained by a potentiating
effect of naturally found probiotic bacteria in yoghurt on
the added probiotics as multi-strain probiotics appear to
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show greater efficacy than single strains. However,
whether this is due to synergistic interactions between
strains or a consequence of the higher probiotic dose is
unclear . In contrast, a study was done by Pinto et al. **
to assess how consumption of yoghurt containing
Bifidobacterium animalis subsp. lactis probiotic for a
period of 2 weeks affects salivary and dental plaque
levels of mutans Streptococci and Lactobacilli in
patients undergoing orthodontic treatment. The trial was
performed with 26 volunteers. There was no difference
between the yoghurt containing probiotic and the
control yoghurt for any of the studied variables. A
reduction in counts of total cultivable microorganisms
was observed in dental plaque samples after ingestion of
either yoghurts but not in saliva. The difference between
the result of this study and the current study may be due
to the longer duration of the current study and may also
be due to difference in the target population.

As regards the in vitro part of this study, the
probiotic strains chosen were B. animalis which is the
same strain found in the probiotic yogurt used in the in
vivo part of the current study and L. rhamnosus as one
of the most commonly studied Lactobacillus probiotic
strains. .Lactobacillus rhamnosus had an inhibitory
effect on the tested S mutans strains while B. animalis
had no inhibitory effect on S mutans in accordance to a
study testing the effect of five probiotic lactobacillus
strains on S. mutans 35, and other studies that tested the
effect of L. rhamnosus on S mutans **% One study
tested the effect of B. adolescentis on S. mutans by plate
count technique and showed an inhibitory effect *'. A
study examined the effect of Bifidobacterium on
periodontal pathogens and showed no inhibitory effect
on Sreptococcus sangius . The ability of the probiotic
bacteria B. animalis to exert an inhibitory effect on the
S mutans in vivo when added to the yogurt but not
when used alone in vitro may be explained by the
potentiating effect of plain yogurt bacteria and the
synergistic effect of multiple probiotic strains 33>

CONCLUSION

The use of probiotic yoghurt decreases the salivary
S mutans counts and improves oral dental health in
children. Further research should assess the long term
effect of plain and probiotic yoghurt on oral health
conditions on larger population samples using different
vehicles as other dairy products, tablets or lozenges. The
addition of alternate probiotic strains to yoghurt such as
Lactobacillus rhamnosus should also be considered.
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