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Abstract: Aim: to evaluate the possible inhibitory effect of selected Probiotic bacterial strains against
Streptococcus mutans (SM) and to identify the most suitable Dairy product in which most potent Probiotic strain
will exhibit inhibitory activity against SM. Material & Methods: Six Probiotic strains including (Lb reuteri
ATCC 23272, Lb rhamnosus ATCC7469, Lb acidophilus ATCC 4356, Lb acidophilus TISTR 450, Lb
plantarum ATCC 14917 and Bifi bifidium DSM 20082) were tested against SM. Bioyoghurt, stirred fermented
milk and kareish cheese were prepared and tested as delivery vehicle for most potent Probiotic strain. Results:
All Probiotics in Group 1-6 significantly reduce % survival rate of SM at all ratio subgroups i.e. A- C (ratio of
3:1, 1:1 and 1:3 SM: Probiotic strain, respectively), with exception of Group 6 at ratio subgroup A. With
exception of Groups 4 & 5 at ratio subgroup A, statistically significant difference between all Probiotics in the
inhibitory activity against SM at all tested ratio subgroups (A-C). Lb reuteri ATCC 23272 displayed strongest
inhibitory activity followed by Lb. rhamnosus ATCC7469, Bifi. bifidium DSM 20082, Lb. plantarum ATCC
14917 then Lb. acidophilus ATCC 4356 and last Lb. acidophilus TISTR 450 displayed weakest inhibitory
activity. Lb reuteri ATCC 23272 on stirred fermented milk showed strongest inhibitory activity against SM,
followed by Bio-yoghurt then kareish cheese, with statistically significant difference between them.
Conclusion: Different Probiotics under study reduce the oral carriage of SM with varying degrees. Stirred
fermented milk containing Lb reuteri ATCC 23272 is considered the best Probiotic delivery vehicle for dental
caries prevention.
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1- Introduction oral environment are competition of binding sites,
Dental caries remains the most prevalent production of antimicrobial substances and
chronic disease in children. It can be controlled by activation and regulation of the immune response
several strategies used either alone or in ®),
combination. These strategies include approaches For some decades now, bacteria known as
that involve altering the bacterial flora in the oral Probiotics have been added to various foods
cavity, modifying the diet, increasing the resistance because of their beneficial effects for human health.
of tooth enamel to acid attack or reversing the Probiotics are commonly consumed as part of
demineralization process®. fermented foods with specially added active live
Despite the use of conventional physical cultures; such as in yogurt or as dietary
and  chemotherapeutic  agents  for  caries supplements. The number of products containing
management, dental caries still continues to be the Probiotics entering the market is increasing. These
most prevent oral infectious disease. Clearly, products usually contain  lactobacilli  or
additional caries prevention approaches which can bifidobacteria. The application of Probiotics
augment the existing ones (e.g.fluoride, brushing, strategies may, in the near future, provide an end to
flossing, etc.), are clearly desirable . many infections occurring in oral cavity ©.
Probiotic bacteria, defined as "live The present study aimed to evaluate the
microorganisms which when administered in possible inhibitory effect of some Probiotic
adequate amounts confer a health benefit on the bacterial strains against caries producing SM and to
host" (FAO/WHO 2001), are suggested to play a identify most suitable dairy product in which the
role in the maintenance of oral health ®*. Such most potent Probiotic strain will exhibit inhibitory
health promoting bacteria are added to different activity against SM.

commercial dairy products such as milk, cheese
and yogurt as well as chewing gums and fruit
drinks. Possible actions of probiotic bacteria in the
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2- Materials and methods
Microorganisms and culture conditions:

SM isolated from Egyptian child saliva,
identified using Biolog system " were used in the
study. The isolate was grown in Trypticase soy
broth supplemented with 0.5% yeast extract
(TSBY) incubated at 37°C in anaerobic incubator
with 5% CO,.

Cells were harvested during the
exponential growth phase by centrifugation at 1000
RPM, washed twice with Phosphate buffer saline
(PBS), resuspended in the same buffer and
subjected to a low-intensity ultrasonic treatment to
disper?g bacterial aggregates according to Nikawaa
etal., .

Six Probiotic strains provided by Cairo
Microbiological Resources Centre, Ain -Shams
University, were used in the study includes Lb
reuteri ATCC 23272, Lb rhamnosus ATCC7469,
Lb acidophilus ATCC 4356, Lb acidophilus TISTR
450, Lb plantarum ATCC 14917 and Bifi bifidium
DSM 20082.

Each strain was grown in brain-heart
infusion broth (BHI: Difco), harvested during the
exponential growth phase by centrifugation at 1000
RPM, washed twice with PBS (pH 6.8) and
resuspended in the same buffer. The optical
densities of the bacterial suspensions were
measured in a 1.0-ml cuvette with a 1 cm light
path, and the suspensions were adjusted to a final
concentration of 1.0x10® colony forming unit
(CFU)/ml before use ©.

Inhibitory effect of Probiotic bacterial strains:

Bacteriological assay was conducted according
to Nikawa et al., ®. The suspensions of SM and
Probiotics and PBS were mixed in sterile test tubes
and divided to 7 groups; Group (1- 6): SM mixed
with (Lb. reuteri ATCC-23272, Lb. rhamnosus
ATCC- 7469, Bifi. bifidium DSM- 20082, Lb.
plantarum ATCC- 14917, Lb. acidophilus ATCC-
4356 and Lb. acidophilus TISTR- 450
respectively).

According to the ratio of mixing, previous
groups were subgrouped to: Subgroup (A- C): ratio
of mixing was 3:1, l:land 1:3 SM: tested
Probiotics respectively. Group 7(Control): SM
was mixed with the same amount of PBS. Then 100
pl were added to 10 ml of BHI broth and vortex
mixed for 10 s, followed by incubating for 90 min
at 37° C with gentle shaking.

Afterwards each  suspension  was
centrifuged at 1000 RPM, washed twice with PBS,
and plated on Mitis Salivarius Agar Base
supplemented with 1% Potassium Tellurite solution
modified by adding 0.2 units/ml Bacitracin and
20% sucrose (MSB) @ and sealed in anaerobic jar
with Gas Generating Kit incubated in electric
incubator at 37°C for 24 hrs to determine the
number CFU of SM.
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The % survival rate of SM was obtained using the
formula mentioned by Nikawa et al., ©:

CFUof SH incubated with probiotic st .

CFU of SM mcubated with PBS

The assays were carried out on two independent
occasions, with quadruplicate samples on each
occasion.
Production of dairy products containing Lb.
reuteri ATCC 23272:

Kareish cheese was made according to
Francois et al., “® with some modifications:
reconstituted skim milk (14% wi/v) was pasteurized
at 65+1°C for 30 mins, and then cooled to 32+1°C.
The heat treated milk was inoculated with Lb.
reuteri ATCC 23272 (3% in milk at 32+1°C) until
curding. The formed curd was ladled into wooden
frames lined with muslin cloth and 1% salt was
dispersed. Resultant cheese was stored in
refrigerator (5x£1°C) for 24 hrs.

Low-fat bio yoghurt was prepared using
(14% wiv) reconstituted skim milk powder
according to El-Batawy, “ with some
modifications: The reconstituted milk was heated at
90°C for 10 min, cooled to 42°C and inoculated
with 3% mixed starter culture; (1.5% yoghurt
starter culture Strep thermophilus & Lb. delbrueckii
subsp. bulgaricusl:1) and 1.5% Lb. reuteri ATCC
23272. The inoculated milk were aseptically
transferred into 100 ml plastic containers, and
incubated at 42°C till coagulation (pH 4.7), then
cooled to 4°C.

Stirred  bio  fermented milk  was
manufactured by the method of Farahat and El-
Batawy, 2 with some modifications: reconstituted
milk was prepared by reconstitute 14% skim milk
powder in water. The mix was heated to 85°C for
10 min, and cooled to 45°C. Lb. reuteri ATCC
23272 was added at the rate of 3% (w/v). The mix
was filled into 2 kg plastic cups and incubated at
43°C. Incubation was terminated till pH 4.5. At this
point, the fermented milk was stirred, filled into
250g plastic cups and stored in a refrigerator
(5+1°C) for 1 day. Three replicates were done for
each product.

Anti- SM activity test:

The antimicrobial activity test for dairy
product prepared with Lb reuteri ATCC 23272 was
performed using an agar diffusion test ® with some
modifications: The SM was subcultured and grown
in TSBY incubated in anaerobic jar and 100 pl of
overnight SM were plated on MSB supplemented
with 1% Potassium Tellurite modified by adding
0.2 units/ml Bacitracin and 20% sucrose. Plates
were air dried for 15 min and filter disc (6mm in
diameter) impregnated with 30 pl of each extract
product. After incubation at 37°C for 24 hrs, zone
of inhibition was measured.

As negative and positive controls sterile distilled
water and penicillin (Benzathine Penicillin G) were
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used respectively. The diameter of inhibition zones
was scored as mentioned by Pan et al., “®: 6 mm
equals no inhibition (-), 0 - 3 mm (weak, +), 3 - 6
mm (good, ++) and diameter > 6 mm (strong, +++).
Data were presented as mean and standard
deviation (SD) values. One-way ANOVA followed
by Tukey’s post-hoc were used for comparisons
between the groups. The significance level was set
at P < 0.05. Statistical analysis was performed with
IBM® SPSS® Statistics Version 20 for Windows.

3.Results

Inhibition effect of different Probiotics on
SM in different Groups (1-6) represented as
decrease in the % survival rate of SM regarding: (I)
Different ratio subgroups (A-C) of the same group

and (Il) Different groups at the same ratio
subgroup.

I. Comparison between % Survival rate of SM
in different ratio subgroups (A- C) of the same
Group:

Loss of viability of SM was noted via
incubation with Lb reuteri ATCC 23272 in a ratio-
dependent manner, i.e. highest inhibitory effect
shown in subgroup C, followed by subgroup B,
then subgroup A.% survival rate of SM in Group
(1-6) at different ratio subgroups were presented in
(Table 1, Fig 1). It can be observed that, subgroup
C showed the statistically significant lowest mean
% survival rate, followed by subgroups B & A
respectively .

Table (1): % survival rate of SM in different Groups at different ratio subgroups:

atio subgroup Subgroup A (ratio of 3:1) | Subgroup B (ratio of 1:1) Subgroup C (ratio of 1:3)

Group Mean % +SD Mean % +SD Mean % +SD
Group 1 82.8°¢ 2.7 579 0.8 119 0.8
Group 2 871 0.8 6057 1.9 1457 0.3
Group 3 90.4° 0.9 64.6° 1 21.9° 0.9
Group 4 94.3° 25 75.2¢ 1 455° 0.9
Group 5 96.1° 0.9 83.1°¢ 0.4 71.2°¢ 0.7
Group 6 98.52 0.6 89.2° 2 77.7° 1.2
Group 7 (control) 100° 0 100% 0 100° 0
P-value <0.001* <0.001* <0.001*

*: Significant at P <0.05, Different letters in the same column are statistically significantly different

subgroup A

Mean % survival rat
o8 888

.L__..l

subgroup 8 subgroup C

Group (1)

T =0
% 60

40
R
e 20
@
€ 0

subgroup A

subgroup B subgroup C

It_i

Group (2)

190



http://www.americanscience.org/

Nature and Science 2013;11 (12)

http://www.sciencepub.net/nature_

Group (4)

Group (5)

Figure (1): A bar chart representing mean % survival of SM in different ratio subgroups of different Groups.

I1. Comparison between % survival rates of SM
in different Groups at the same ratio subgroup:
Table 1, Fig (2): Group 1, subgroup A,
showed the statistically significant lowest mean %
survival rate, followed by Groups 2 & 3
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respectively. There was no statistically significant
difference between Groups 4 & 5(higher mean %
survival rates). There was no statistically
significant difference between Groups 6 & 7
(highest mean % survival rates).
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Figure (2): A bar chart representing % survival rate of SM in different Groups at ratio different subgroups.

subgroups (B & C) showed the

statistically significant lowest mean % survival
rate, followed by Groups 2, 3, 4, 5 & 6 respectively
with a statistically significant difference between
them. Group 7 showed 100% mean survival rate.

Group 6  Group 7

Evaluation of the inhibitory effect of different
delivery vehicles containing Probiotic Lb reuteri
on SM: were shown in (Table2, Fig3).

Table (2): Diameter of inhibition, mean values of inhibition zones of SM, score and description of control and different
delivery vehicle groups:

Tested material Negative control Positive control Fermented milk | Bioyoghurt Kareish Cheese
Diameter (mm) 6 16.3 13.3 11.3 9
Inhibition zone Mean +SD Mean +SD Mean +SD Mean | +SD Mean +SD
(mm) 0°¢ 0 10.3° 0.5 7.3° 0.5 53° 0.5 3¢ 0.8
Score - +++ +++ ++ +
Description No inhibition Strong Strong Good Weak

P-value <0.001, Significant at P < 0.05, Different letters in the same row are statistically significantly different
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Figure (3): Photograph showing inhibition zone of positive control, negative control and different dairy

products containing Lb reuteri on SM

Positive control group showed the
statistically significant highest mean inhibition
zone, followed by fermented milk, then

Bioyoghurt. Kareish cheese and negative control

showed statistically significant lower and lowest
mean inhibition zones respectively (Table 2, Fig,
4),
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Figure (4): Bar chart representing mean inhibition zone of control and different delivery vehicle groups.

4- Discussion

As shown in Figs (1, 2), loss of viability
of SM was noted via incubation with all probiotics
(Group 1-6) in a ratio-dependent manner. These
results are in agreement studies of Nikawa et al., ©
who stated that Lb reuteri showed a significant
growth inhibitory effect against SM, and Hasslof et
al., @ who studied strains of Lb. reuteri, Lb.
rhamnosus ,Lb. plantarum and Lb. acidophillus
La5 where the first three inhibited the growth of
SM completely at concentration ranging from 10°
to 10° CFU/mI, while a slight inhibition at
concentration corresponding to 10’ and 10°
CFU/ml was observed in the last.

The previous results also agree with in vivo
studies of Caglar et al., “® who concluded that
short-term daily ingestion of Lb. reuteri ATCC
55730 delivered by prepared straws or lozenges
reduced the levels of salivary SM in young adults,
Caglar et al., ®® who found that daily chewing
gums containing probiotic Lb. reuteri ATCC 55730
reduced the levels of salivary SM significantly,
and daily ingestion of Lb reuteri ATCC 55730
delivered via medical device reduced the levels of
salivary SM. Nase et al., “”, Ahola et al., “® and

193

Zaazou et al., ** concluded that Lb. rhamnosus
GG reduce SM counts significantly.

The results are in concordance with Caglar et
al., @, Caglar et al., @, Cildir et al., ®® and
Polka et al., ® who mentioned that, Bifidobacteria
strains significantly inhibit SM. However, early
administration of Bifi. lactis Bb-12 did not result in
permanent oral colonization of this Probiotic or
significantly affect SM colonization in the study of
Taipale et al., .

Fig (2) showed that ,with exception of
Group 6 at ratio of subgroup A, all other tested
Probiotics were significantly lower the SM CFU
and % survival rate of i.e. significantly inhibit the
growth of SM at different tested ratio. These
findings come in agreement with Simark-Mattsson
etal., ® and Hasslof et al., .

The previous results of Probiotics under study
were explained on the bases that, Probiotics secret
active molecules (e.g. bacteriocins, antibiotics, free
fatty acids, hydrogen peroxide) that control growth
and/or survival of surrounding microorganisms ")
Whether production of bacteriocin, or of other
factors, was the main source of lactobacillus-
mediated interference, remains to be determined
@9 The final pH in the medium has been suggested
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to be an important factor for growth inhibition,
either directly or due to the production of
bacteriocins at low pH @&

Similar strain-dependant differences have
previously been observed concerning the metabolic
capacity to form acids from dietary sugars that
differs significantly between various Probiotics %
%9 However, also some bacteria with fairly weak
acid production proved to be effective against SM.
This indicates that other inhibitory substances also
may be involved with hydrogen peroxide being
among the primary metabolites with inhibitory
capacity against microbial pathogens. The
antimicrobial glycerol derivative reuterin is another
example of a growth inhibitory substance produced
by Lb reuteri ©°%,

The most commonly consumed Probiotics
are fermented dairy products such as yogurt and
butter milk ©?. Probiotics can currently be
administered in the form of sachets or capsules, or
can be added to the food supply. Some data show
that adequate colonization may be achieved at a

lower dose if Probiotics are administered in food
(33)

Administration of Lb reuteri ATCC 23272
in three forms of dairy products to inhibit SM was
tested in this study using and the results are shown
in Table 3, Figs 3-4; positive control showed the
statistically significantly highest mean inhibition
zone, followed by fermented milk then Bio-
yoghurt. kareish cheese and negative control
showed statistically significantly lower and lowest
mean inhibition zones respectively.

Significant difference between tested
dairy products may be related to several factors as
previously discussed by Vinderola et al., ® who
stated that, mixed-strain cultures of lactic acid
starter and Probiotics are commonly used in the
manufacture of Probiotic fermented milks and
cheeses. In these bacterial combinations,
interactions among different strains can result in
stimulation, inhibition, or absence of effects on
microbial growth rate and metabolic activity. The
low pH values that Probiotics are submitted to
during the processing of dairy products, such as
yogurts and fermented milk, is also a matter of
concern. Since that with the exception of few
Lactobacillus and Leuconostoc species, lactic acid
bacteria are neutrophilic, that is, have optimum
growth pH between 5 -9©% |

Conclusion

In conclusion, it could be reported that,
different Probiotics under study displayed
inhibitory effect against SM with varying degrees.
Lb. reuteri ATCC 23272 is considered the
Probiotic with the most promising results SM.
Different dairy products could be used as Probiotic
delivery vehicle for inhibition of caries producing
bacteria and stirred fermented milk is the best
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Probiotic delivery vehicle for dental caries

prevention.
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