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ARTICLE INFO ABSTRACT
Article type: Background: One of the most important factors in inducing the logarithmic growth of
Original Article Streptococcus mutans, is a diet containing fermentable carbohydrates such as sucrose.
Objectives: The aim of the current research was to compare the ability of ordinary and
Article history: probiotic chocolate to induce or inhibit the growth of S. mutans.
Received: 19 Dec 2011 Materials and Methods: Lactobacillus rhamnosus, L. plantarum and L. acidophilus as pro-
Revised: 23 Feb 2012 biotic strains, were cultivated on MRS agar for 24 hours at35° Cin 5% CO,. S. mutans which
Accepted: 09 Apr 2012 is a dominant factor in causing dental plaque, was isolated from 20 samples of dental
plaque and caries lesions in adults on Streptococcus selective agar medium, and diag-
Keywords: nosed by routine biochemical tests. The antimicrobial effect of three probiotic strains on
Streptococcus mutans S. mutans was evaluated by the deferred cross-streak method and susceptibility through
Probiotics the disk diffusion test. The antimicrobial effect of the probiotic supernatant powder was
Dental Caries determined by a dilution method. Probiotic strains were added to dark chocolate with

a concentration of 10 CFU/mL and their antimicrobial effect on S. mutans was evaluated
by the disk diffusion susceptibility method. Survival of the probiotic strains in chocolate
and pH shifts were studied in different environmental storage conditions.
Results: The results showed that S. mutans was the dominant strain in all of the 20 dental
plaque samples. L. plantarum showed the most antimicrobial effect on S. mutans with the
maximum diameter of growth inhibitory zone, 35 mm and 78 x 78 mm in the disk diffusion
method and deferred cross-streak method, respectively. Probiotic supernatant powder in-
hibited S. mutans strains in concentrations of 500-700 and 100-300 mg/ml at t=0and t=24,
respectively. Comparing the results in terms of maintenance and storage of probiotic choco-
late, it showed that the best condition to keep this chocolate is at 4° C (refrigerated) with a
probiotic survival of 25 to 30 days. The pH level during this period decreased from a pH of 5 to
4. Probiotic chocolate containing L. rhamnosus was shown to have the greatest antimicrobial
effect on S. mutans with a maximum diameter of growth inhibitory zone of 75 mm during 59
days storage at an ambient temperature and 4° C.
Conclusions: These results suggest that probiotic chocolate is able to inhibit the growth
of S. mutans rather than ordinary chocolate.
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1. Background

More than 1000 bacterial species have been identified
from the human mouth. These microorganisms are easily
grown and produce dental plaque in the mouth environ-
ment, due to the constant influx of nutrients through;
saliva, food intake, warm temperatures and moisture.
Dental plaque can be considered as a microbiota with ap-
proximately 4 x 10'° organisms, consisting on average of
more than 400 species in each gram of plaque removed
from the teeth. These live together within a biofilm com-
munity through the exploitation of very specific ecologi-
calniches (1). Bacterial genera are pioneers in the creation
of dental cavities and periodontal disease. Streptococcus
spp., Actinomyces spp., Veillonella spp., Fusobacterium spp.,
Porphyromonas spp., Prevotella spp., Treponema spp., Neisse-
ria spp., Haemophilus spp., Eubacterium spp., Lactobacillus
spp., Bifidobacterium spp., Capnocytophaga spp., Peptostrep-
tococcus spp., Staphylococcus spp., and Propionibacterium
spp. are the predominant genera detected in the oral cav-
ity. Diseases such as dental caries and periodontal disease
are directly linked to oral microbiota (1).

Streptococcus mutans is the most commonly implicated
initiator and plaque-resident bacterium, that begins de-
mineralization and the metabolism of simple carbohy-
drates, this produces acid as a by-product, which leads
to tissue loss and further bacterial penetration (2, 3). This
bacterium is considered to be the initiator of biofilm for-
mation by its adherence and accumulation on the tooth
surface which is promoted by its synthesis of insoluble,
extracellular polysaccharides. It also produces numer-
ous bacteriocins that kill other species, favoring its own
competition in dental biofilm, as it has a high efficiency
in catabolizing carbohydrates and producing acids, and
the ability to tolerate low pH (1).

Probiotic refers to microorganisms with a positive ef-
fect on health by assisting with food and nutrient diges-
tion and having a direct antagonistic effect against spe-
cific groups of organisms to decrease their numbers or
effect on their metabolism and to stimulate immunity
(1, 4-6). Probiotics are added in a culture concentrate to
products such as; beverages or food (e.g. fruit juice), inoc-
ulated into prebiotic fibers or milk-based dairy products
(e.g. milk, milk drinks, yoghurt, yogurt drinks, cheese, ke-
fir, bio-drinks), as concentrated and dried cells packaged
as dietary supplements in non-dairy products, (e.g. Pow-
ders, capsules, gelatin tablets) (5, 7).

Several studies have shown that probiotic bacteria, are
not only associated with intestinal health, but they can
also affect a wide range of other health factors; oral ecolo-
gy, anticariogenic effects, modulation of gut immunolog-
ical mechanisms, mucin production, down-regulation of
inflammatory responses, secretion of antimicrobial sub-
stances, competition with other flora, including poten-
tial pathogens by competitive blocking of adhesion sites
at epithelial and mucosal surfaces, inhibition of epithe-
lial invasion by the regulation of intestinal permeability,
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inhibition of pathogens, mucosal adherence and stimu-
lation of immunoglobulin A production and the produc-
tion of anti-microbial substances, such as organic acids,
hydrogen peroxide and bacteriocins (5, 8-12).

All products, both food and beverages, which contain
fermentable carbohydrates (sugars and some starches)
have the potential to cause tooth decay. Chocolate, which
contains carbohydrates are no more or less responsible for
tooth decay than any other carbohydrate containing foods
such as bread, raisins, crackers, and fruit. However, choco-
late in the form in which itis usually consumed, milk choco-
late or candy bars, contains large amounts of sugar which is
a known cause of tooth decay and may well counteract the
effects of antibacterial agents (1, 5, 13). S. mutans being the
sole target species in caries development, more efforts have
been directed towards inhibiting the known mechanisms
of caries development such as; use of antibacterial agents
like fluoride treatment, polyphenols from plant stimulant
beverages like cocoa, coffee, and tea to reduce biofilm for-
mation and acid production by S. mutans and S. sanguinis.
Sugar substitutes (e.g. sorbitol and xylitol) that are not fer-
mented by oral bacteria and do not cause a fall in plaque pH.
Bacteriotherapy is a fascinating approach in oral infectious
disease management (1).

2. Objectives

In this study, the potential of probiotic chocolate to in-
hibit the growth of S. mutans, which is a dominant factor
causing dental plaque, was investigated.

3. Materials and Methods

This research was carried out in the Microbiology Lab-
oratory, North Tehran Branch, Islamic Azad University,
Tehran, Iran, during 2010 to 2011. All data reported in this
study are from triplicate measurements.

3.1. Bacterial Strains and Culture Conditions
3.1.1. Probiotic Strains

Three probiotic strains; Lactobacillus rhamnosus PTCC 1637,
L. plantarum PTCC 1058 and L. acidophilus PTCC 1643, were
obtained from the Persian Type Culture Collection (PTTC)
of the Iranian Research Organization for Science and Tech-
nology in Tehran, Iran. Bacterial strains were cultivated in
(Fluka and Catalogue no. 69966, Sigma-Aldrich) for 24 hours
at35° Cin 5% CO,and 95% air atmosphere (14).

3.1.2. Streptococcus mutans Strain

S. mutans, a common dental plaque microorganism,
was isolated from 20 samples of gingival dental plaque
and caries lesions in adults which were obtained from
the Sadeghieh Dental Center in Tehran under the super-
vision of qualified dentists and cultured on Streptococcus
selective agar medium (Merck, Germany) and incubated
at 35° C and 5% CO, for 48-72 hours. Classic physiological
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characteristics were tested according to Bergey’s Manual
of Determinative Bacteriology (15).

3.2. Bacterial Inoculum Cultures

Probiotic bacteria and S. mutans inoculum cultures
were performed in de Man, Rogosa and Sharpe (MRS)
broth medium and Streptococcus selective broth me-
dium, respectively and incubated at 35° C and 5% CO, for
48-72 hours. Bacterial cell density was adjusted on 0.2 at
600 nm (equal to 1 x 10° CFU/mL) for probiotic bacteria
and 0.6 at 600 nm (equal to 1 x 107 CFU/mL) for S. mutans
samples by UV-VIS scanning spectrophotometer, UV 2101
pc, Shimadzu (16).

3.3. Antimicrobial Tests

Antimicrobial activities of the probiotic bacteria strains
and their dried supernatant on isolated S. mutans strains
were evaluated by the deferred cross-streak technique
and serial broth dilution method, respectively as follow’s:

3.4. Deferred Cross - Streak Technique

According to Fang et al. 1996, probiotic strain inoculum
(equal to 1 x 10° CFU/mL) were streaked on the center of
the MRS agar plates covering a 1 x 2 cm area and incubat-
ed at 35° C and 5% CO, for 48-72 hours. This area was re-
moved after bacterial growth and incubated over chloro-
form for one hour to inactivate any remaining cells and
air dried for 45 min. The plate was inoculated with 100 pl
of S. mutans tested at 107 CFU/mL and incubated at 35° C
for 24 hours, then the inhibition zone around the probi-
otic growth was measured (17).

3.5. Serial Broth Dilution Method

Probiotic strains were cultured in MRS broth medium and
incubated at35° C and 5% CO, for 24 hours. Probiotic super-
natant powders were obtained by centrifuging at 10 000
rpm for10 min and dried at 59° C (18). Serial dilutions of pro-
biotic supernatant powder were prepared from 100 to 800
mg/mL in MRS broth medium, 1 mL of S. mutans inoculum
was added and incubated at 35°C and 5% CO, for 24 hours.
Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) effect of the probiotic su-
pernatant powder was evaluated on S. mutans by culturing
each dilution in MRS agar medium by the pour plate culture
method and incubated at 35° C for 24 hours (19).

3.6. Preparation of Probiotic Chocolate

According to the WHO(FDA, probiotic bacteria should
be present at 108 CFU/[g in probiotic food substances (20).
100 mL of probiotic bacteria inoculum with 108 CFU/mL
(according to McFarland 0.5) was added to 100 g of 68%
dark chocolate (chocolate without any milk or nutrition
bar, containing cocoa 55%, cocoa butter 33%, carbohydrate
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59.7 g, calcium 98.17 mg, fat 31.2 g, phosphorus 159.66 mg,
protein 7.6 g, iron 0.04 mg, copper 0.01 mg, zinc 0.23 mg)
that was sterilized by alternatively heating itat100° Cin
a bain-marie for 3 hours and then storing at 4° C for 24
hours (three days in total). The heated chocolate was cul-
tured on MRS agar, blood agar and Eosin methylene blue
agar EMB (Merck, Germany) and incubated at 35° C with
and without 5% CO, for 24-48 hours to ensure the absence
of any microorganisms in the chocolate.

3.7. Probiotic Chocolate Antimicrobial Effect on Strepto-
coccus mutans

The antimicrobial effect of the probiotic chocolate was
evaluated by the disk diffusion susceptibility method
(21). Blank discs were immersed in probiotic chocolate
and the weight of the chocolate absorbed on each disc
was calculated. Chocolate immersed discs were placed on
MRS agar medium seeded with S. mutans strain inoculum
culture and incubated at 35° C for 24 hours and the inhi-
bition zone around the discs were examined.

3.8. Survival of Probiotic Strains in Chocolate

Three types of probiotic chocolate with three different
storage conditions were prepared in order to evaluate
the effects of different conditions on probiotic strains
survival in chocolate. The first and second types of choco-
late (in two series) were incubated at35° Cand 5% CO, for
15 days and 48 hours after inoculating probiotic strain
suspensions respectively. The third type was incubated at
room temperature for two hours. Then, the first and sec-
ond series of each type were incubated at4° Cand 24° C
(room temperature) respectively. Live bacterial cells were
enumerated by two methods; colony counting and deter-
mining optical density by a spectrophotometer assay at
600 nm. In the colony counting method, serial dilutions
of probiotic chocolate were prepared in a physiological
saline solution (8.5 g NaCl/1000 mL), seeded in triplicate
on agar MRS medium and incubated at 35° C and 5% CO,
for 24-48 hours (13). Live cell numbers of probiotic bacte-
ria were calculated using the following formula:

Live cells (CFU/g): number of colonies + (dilution factor
x the amount used to make that pour plate) (22).

Degree of survival (%) =N/NO x 100 [13]

Where:

N: log CFU[g in the chocolate after the definite time of
storage

No: log CFU/g in the newly produced chocolate

(In all of the cases N0 was equaled with log 108 CFU per
gram and N is the log of the number that resulted from
the live cell formula).

To determine the degree of survival of probiotic bacte-
ria after the pour plate, in which the probiotic chocolate
was stored in ambient and refrigerated temperatures, all
of the countable degrees of cell survival in which the di-
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lution of the pour plate were averaged and recorded as
the total degree of cell survival.

3.9. Acidity Tests

The pH changes in three types of probiotic chocolate,
with three different storage conditions were determined
by a pH meter (Mettler-Toledo, USA) (13).

4.Results

S. mutans as a common dental plaque microorganism
with minor differences in biochemical tests was dominant
in all 20 of the plaque samples. Four strains (1, 6, 10, 14),
based on minor differences in biochemical tests were ran-
domly selected and subsequent tests were focused on them
(Table1).S.mutans strains 12 and 14 were inhibited more than
the other strains by probiotic strains in the deferred cross-
streak method. The highest inhibitory effect on the four
Streptococci strains was obtained by L. plantarum PTCC 1058
(Table 2). Probiotic supernatant powders completely elimi-
nated S. mutans growth in concentrations 500-700 and 100-
300 mg/mLat t,and t,, respectively (Table 3). A supernatant
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powder of L. plantarum PTCC 1058 was more effective than

the others and among selected Streptococci strains, strains
14 and 5 were more sensitive, while 1 and 12 were more re-
sistant (Table 3).The results of the probiotic chocolate anti-
microbial effect on selected S. mutans strains showed that
probiotic chocolate containing L. rhamnosus PTCC 1637 had a
significant effect on S. mutans strains 12 and 14 after storage
in room temperature and 4° C for 59 days with a 75 mm in-
hibition zone (Figure and Table 4). Comparison of the inhibi-
tory zones caused by the three strains of probiotics (L. plan-
tarum PTCC 1058, L. rhamnosus PTCC 1637 and L. acidophilus
PTCC 1643) and probiotic chocolate containing L. plantarum
PICC1058, L. rhamnosus PTCC1637 and L. acidophilus PTCC 1643,
showed that the antimicrobial effect of probiotic chocolate
was greater than either probiotic strain alone. Chocolate
containing L. plantarum PTCC 1058 and L. acidophilus PTCC
1643 was more effective on S. mutans 14 and 12 (Table 5).

All of the results showed that the survival of L. planta-
rum PTCC 1058, L. rhamnosus PTCC 1637 and L. acidophilus
PTCC 1643 in the chocolate was high.

The results concerning the survival of the probiotic
bacterium, L. rhamnosus PTCCi1637 in the third kind of
chocolate, maintained under refrigerated conditions
was higher than in the ambient condition. The total de-

Table 1. Biochemical Test Results on Isolated Strains of Streptococci From Dental Plaque
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Table 2. Inhibition Zones Caused by Three Probiotic Strains on Streptococcus mutans Strains by the Deferred Cross-Streak Method

Lactobacillus acidophilus PTCC1643 Lactobacillus plantarum PTCC1058  Lactobacillus rhamnosus PTCC 1637
1

50 x50 78 X 78 40 x 45
5 50 x50 78 X 78 60 X 65
12 70 x70 78 x78 65 X 65
14 60 X 60 78 x78 65 % 65
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Table 5. Evaluation of Antimicrobial Activity of Probiotic Strains and Probiotic Chocolates on Streptococcus mutans Strains by the Disk Diffusion Method

Jundishapur J Microbiol. 2012,5(4)
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Figure. Disk Diffusion Susceptibility Method to Evaluate the Antimicro-
bial Effect of Probiotic Chocolate Containing Three Strains on Streptococ-
cus mutans.

a) Probiotic chocolate containing L. plantarum PTCC 1058 and S. mutans five
seeded; b) Probiotic chocolate containing L. rhamnosus PTCC 1637 and S. mu-
tans one seeded; c) Probiotic chocolate containing L. rhamnosus PTCC 1637
and S. mutans five seeded; d) Probiotic chocolate containing L. acidophilus
PTCC1643 and S. mutans one seeded.

gree of survival of L. rhamnosus PTCC1637 cells after 25
days in the third chocolate in the refrigerated tempera-
ture was relatively higher (compared to the ambient tem-
perature) and more than 105.05% , the ultimate number
of live cells ranged between 3 x 10® to 20x10® CFU/g. The
total degree of survival of L. rhamnosus PTCC1637 cells in
this chocolate that were stored in ambient temperatures
was determined to be 33.15% and the ultimate number of
live cells evaluated ranged from 8 x 10210 x 10? CFU[g. The
results of the degree of cell survival in the two other pro-
biotic chocolate were approximately similar to the third
probiotic chocolate. All of the results that measured pH
in terms of storage of the probiotic chocolate after ap-
proximately three months showed that it had decreased
froma pHof 5 to 4.

5. Discussion

Based on the development of functional foods such as
probiotic chocolate and the acidifying properties of pro-
biotic bacteria and their relationship with tooth decay,
questions have arisen concerning the use of these foods.
This research aimed to investigate the induction or re-
duction of S. mutans growth as itis a dominant bacterium
producing dental plaque. In this research, S. mutans was
isolated in all of the dental plaque samples, with only
minor differences in biochemical tests. The antimicro-
bial effects of the probiotic bacteria were different on the
four selected S. mutans strains. Among all of the probiotic
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strains, L. plantarum PTCC 1058 had the maximum anti-
microbial effect on the S. mutans strains, with S. mutans
strains 14 and 12 being more sensitive than the others.

Results showed that the range of effectiveness of the
supernatant to eliminate S. mutans growth completely
at t = 0 and t = 24, was between 500 to 700 mg/mL and
100 to 300 mg/mL, respectively. According to Kang et al.
(2010), studies on three strains of L. reuteri demonstrated
a centrifuged supernatant inhibitory effect on periodon-
topathic and cariogenic bacteria, all three inhibited the
growth of the periodontopathic bacteria and S. mutans by
more than 90% (18). It is probably the production of some
compounds such as bacteriocin or biosurfactant, which
is the most likely reason for the antimicrobial effect of
the supernatant probiotic powder. Several reports have
documented the ability of probiotic bacteria to inhibit;
cell association, colonization and invasion by pathogenic
bacteria (17).

According to Bhushan and Chachra’s (2010) research,
some probiotic bacteria that express bacteriocins or bac-
teriocin-like inhibitory substances (BLIS), specifically pre-
vent the growth of cariogenic bacteria. Some food grade
and probiotic bacteria have the ability to colonize teeth
and influence the growth of supragingival plaque. Some
strains have been screened for suitable antagonistic ac-
tivity against relevant oral bacteria (23). Adhesion reduc-
tion can be an effective way of decreasing the cariogenic
potential of oral Streptococci (6). Some probiotic recombi-
nant strains were able to express antibodies by targeting
one of the major adhesions of S. mutans (antigen [/II) thus
reducing both the viable counts of S. mutans and the car-
ies score in a rat model (23).

The results of the current study showed that L. rham-
nosus PTCC 1637 and L. acidophilus PTCC 1643 were less
effective on four selected S. mutans strains than L. plan-
tarum PTCC 1058. The results of the antimicrobial effects
of chocolates containing probiotics such as L. plantarum
PTCC 1058, L. acidophilus PTCC 1643 and L. rhamnosus PTCC
1637 showed that all three of the probiotic chocolates had
a remarkable antimicrobial effect on S. mutans (Figure
1and Table 4). Of the first and third probiotic chocolate
containing L. rhamnosus PTCC 1637, the largest inhibitory
zone was obtained on S. mutans 14 and 12, following 59
days storage in refrigerated and ambient temperatures.
There is some evidence that L. rhamnosus does not readily
ferment sucrose and is safer for the teeth than lactic acid
producing bacteria (24). Most of the research has shown
that this bacterium has a marked decreasing effect on the
colonization of S. mutans (25).

Cocoa is believed to protect against various medical
conditions, such as heart disease and cancer, as itis arich
source of catechins which are polyphenols of the flava-
nol group (26). Flavonoid structure has antibacterial ac-
tivity. Several researchers have demonstrated a synergy
between active flavonoids and chemotherapeutics (27).
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The results of the second probiotic chocolate including
L. acidophilus PTCC 1643 and L. plantarum PTCC 1058 (after
17 days stored in the refrigerator and ambient condi-
tions), showed the biggest inhibitory zone was caused
by probiotic chocolate containing L. plantarum PTCC 1058
on strains 14 and 12 (75 mm) and the smallest inhibitory
zone was evaluated on strains1and 5 (40 mm). Some inte-
grants in various chocolates such as inulin (prebiotic) or
the probiotic strain Bifidobacterium sp., or a combination
of these (synbiotics) can influence and selectively sup-
port the growth of probiotic strains which are conducive
to inhibiting the growth of human fecal bacteria such as
Salmonella sp and Enterococcus faecalis with their antibac-
terial effects (28). The results of probiotic bacteria sur-
vival in the different chocolate conditions showed that
the shelf-life of the first chocolate (containing L. rhamno-
sus PTCC 1637) in the refrigerated temperature is greater
than at ambient temperatures. The best condition was
obtained by keeping this chocolate at 4° C (refrigerated
conditions) with a probiotic survival of 25 to 30 days.

According to Maillard and Landuyta (2008), one of the
major challenges to incorporating probiotics into liquid
chocolate and chocolate related products on an indus-
trial scale, is that these products need to be maintained
at a temperature that does not kill the probiotics. This
requires a narrow temperature range lower than that
normally used in chocolate manufacturing, making it
difficult to achieve effective mixing and proper probiotic
dispersion (29). All products containing probiotics, must
be kept in a refrigerator in order to maintain their high-
est viable capacity. The expiry period for these products,
either juice or nutrition bar, is shorter than in products
without probiotics (30).

It is important that the probiotic is added to the prod-
uct in the correct stage of growth (31). Bacteria in the
logarithmic growth phase are more sensitive to environ-
mental stress compared to the lag phase. Also, environ-
mental factors play an important role in shifting the bac-
teria from the logarithmic phase to the stationary phase.
With the offering of probiotic products in the market,
consumers expect to gain beneficial effects from using
these products. To achieve this goal, the probiotic bac-
teria must stay alive till the end of its expiry period (31).
All of the results measuring pH in terms of storage of the
probiotic chocolate after approximately three months
showed that the pH during this term had decreased from
apHof5to4.

In conclusion, the results showed that probiotic strains
and probiotic chocolate can inhibit the growth of oral
isolates of S. mutans, but their capacity differed signifi-
cantly between the various strains. Further clinical stud-
ies are needed to verify whether or not the observed dif-
ferences can play an inhibiting role in the development
of complex oral dental plaque and biofilm.
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