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Effect of Probiotic Chocolate in the Reduction
of Streptococcus Mutans Count
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ABSTRACT

 This study is aimed to evaluate the effect of chocolate containing probiotic organism on
the growth of Streptococcus mutans. Lactobacillus fermentum ,Lactobacillus  delbrueckii,
Bifidobacterium bifidum and Bifidobacterium longum were the probiotic organisms used in the
study and dark chocolate was used as carrier. Dark chocolate was sterilized and the probiotics
were incorporated in the dark chocolate according to the WHO/FDA guidelines. The probiotic
organisms were incorporated in dark chocolate singly as well as in combination and was divided
into seven groups. For comparison of the efficacy of the probiotic chocolate combinations, probiotic
combinations (without chocolate) was assessed by agar well diffusion technique and the diameter
of the zone of inhibition (in mm) around the wells were recorded. The antibacterial efficacy of the
probiotic formulations (with and without chocolate) were compared to evaluate whether the
chocolate could / could not alter the efficacy of the formulations. Sterile plain chocolate was used
as control. The assay was performed in triplicates.  The highest inhibitory effect was depicted by
Bifidobacterium Longum when used alone and with probiotic chocolate. Lactobacillus fermentum,
Bifidobacterium longum and Bifidobacterium bifidum proved to be best than all the probiotics in the
study either alone or in combination. In the present study the least effect was shown by the
probiotic chocolate with only Lactobacillus delbrueckii.  All the probiotics used in our study had
inhibitory effect on Streptococcus mutans and was found to be high in the presence of chocolate.
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INTRODUCTION

Dental caries can be defined as
destruction of the tissues of the tooth by bacterial
fermentation of dietary carbohydrates.

Streptococcus mutans  plays a major role in dental
caries, metabolizing sucrose to lactic acid1 using
the enzyme,   glucansucrase2. Acidogenicity and
aciduric nature are the common features of caries-
promoting bacteria. S.mutans is considered to be
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part of the “normal” flora of the human mouth. They
are gram-positive cocci, which grow at temperatures
between 18-40 degrees Celsius.

 Sucrose is the only sugar that S. mutans
can use to form glucan, a sticky polysaccharide3.  It
has the ability to catabolize carbohydrates and to
produce acids. It has the ability to survive in low
pH4. The concept of using probiotics is a novel step
in combating dental caries.

 Probiotics are defined as: “live micro-
organisms which, when administered in adequate
amounts, confer a health benefit on the host” (WHO
2001)5. Lilly and Stillwell in 1965 described
Probiotics as “substances secreted by one
microorganism, which stimulates the growth of
another” and thus was contrasted with the term
antibiotic 6. Though numerous probiotic strains exist,
the most common bacteria used as probiotics are
lactobacilli and bifidobacteria. Prebiotics are
generally defined as not digestible food ingredients
that beneficially affect the host by selectively
stimulating the growth and/or activity of one or a
limited number of bacterial species already
established in colon, and thus, in effect, improve
host health. The term Synbiotic refers to a
combination of probiotics and prebiotics

In literature, there are very few studies that
have evaluated the effect of probiotic chocolate on
streptococcus mutans. Therefore, the purpose of
this study is to investigate the antagonistic effect of
selected probiotic organism such as Lactobacillus
fermentum, Lactobacillus delbrueckii,
Bifidobacterium bifidum and Bifidobacterium
longum against Streptococcus mutans, the
important cariogenic agent with chocolate as a
carrier for probiotic. The null hypothesis is that the
probiotic chocolate does not have any effect on
Streptococcus mutans.

MATERIALS AND METHODS

Lyophilized cultures of Lactobacillus
fermentum MTCC9748, L. delbrueckii sub species
lactis MTCC91, a standard strain of S. mutans
MTCC497 were obtained from the Microbial Type
Culture Collection and Gene bank (MTCC), Institute
of Microbial Technology (IMTECH), Chandigarh,

India. Pure cultures of Bifidobacterium bifidum, B.
longum were obtained from the Department of Dairy
Science, Madras Veterinary College, TANUVAS,
Chennai. Fresh broth cultures of the Lactobacillus
species were prepared in MRS broth, while the
Bifidobacterium species and S. mutans were
prepared in BHIB supplemented with sterile human
serum, and the bacterial cell density was adjusted
to 1 × 108 CFU/mL corresponding to 0.5 Mcfarland
scale.  Overnight cultures were used for the study,
as bacteria exhibits maximum activity during log
phase, the stage of rapid multiplication against
S.mutans.

Sterilization of dark chocolate
Dark chocolate (Morde Foods Pvt Ltd,

Maharastra, India) was sterilized by tyndallization
with slight modifications7 to remove the vegetative
bacteria and their spores, if any. Chocolate was
heated in a water bath at 100ˆ C for 3 hours and
then stored at 37ˆC for 24 hours. The process was
repeated for three consecutive days. The heated
chocolate was cul-tured on MRS agar, Columbia
agar supplemented with 5% blood and Eosin
methylene blue (EMB) agar (HiMedia laboratories,
Mumbai, India) and incubated at 35ˆC with and
without 5% CO2 for 24-48 hours to ensure the
absence of any microorganisms in the chocolate.

Preparation of Probiotic Chocolate
Preparation of the probiotic chocolate was

carried according to the WHO/FDA guidelines which
stated that probiotic bacteria should be present at
a concentration of 108 CFU/g in probiotic food
substances. 100 mL of probiotic bacteria inoculum
with 108 CFU/mL (matched with McFarland 0.5) was
added to 100 g of 68% dark chocolate (chocolate
without any milk or nutrition bar, containing cocoa,
cocoa butter, carbohydrate 64.6%).

Antibacterial activity of the probiotic chocolate
by agar well diffusion technique
               The efficacy of the probiotic chocolate
combinations and probiotic combinations without
chocolate was assessed by agar well diffusion
technique and the diameters of the zone of inhibition
(in mm) around the wells were recorded. Wells of
eight mm diameter were punched out on BHIA plates
and seeded with S. mutans MTCC497 using sterile
cork borers. The probiotic combinations and
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probiotic chocolate combinations were added to
the respectively labeled wells in BHIA medium and
incubated at 35ˆ C in 5% CO2 for 24 hours. After
overnight incubation, the diameters of the zone of
inhibition around the wells were measured and
recorded in millimeters (mm) (Fig 1).  The
antibacterial efficacies of the probiotic formulations
(with and without chocolate) were compared to
evaluate whether the chocolate could / could not
alter the efficacy of the formulations. Sterile plain
chocolate was included as negative control. The
assay was performed in triplicates. The seven
groups were divided into two subgroups based on
the presence or absence of chocolate (Table 1)

RESULTS

The zones of inhibition obtained for all
probiotic strains with, and without chocolate against

Streptococcus mutans were calculated and
tabulated. Between the species under study, the
highest inhibitory effect was depicted by
Bifidobacterium Longum when used alone and with
probiotic chocolate. The combination of
Lactobacillus fermentum, Bifidobacterium longum
and Bifidobacterium bifidum proved to be better
than all the probiotics in the study either in presence
or absence of chocolate. In the present study, the
least effect was shown by the probiotic chocolate
with only Lactobacillus delbrueckii.(Table 2)

Statistical analysis
The values were statistically analysed

using ONE-WAY ANOVA. The results showed that
there was statistical significant difference between
the probiotic strains [P<0.001].(Table 3)

DISCUSSION

 Dental caries can be prevented by various
methods. Recently, probiotics has gained
importance in the prevention of dental caries.
Probiotics are incorporated in foods and beverages,
especially fruit juices, and fermented milk products
like curd, yoghourt drinks, cheese, lassi, ice-cream,
kulfi, whey beverages and probiotic in the form of
powder, capsules and gelatin tablets, which are
currently prescribed by physicians in conjunction
with antibiotic therapy8.

Table 1: Experimental groups

Groups

I L.fermentum
II L.delbrueckii
III B.bifidum
IV B.longum
V L.fermentum+L.delbrueckii
VI B.bifidum+B.longum
VII L.fermentum+B.bifidum+B.longum

Table 2: diameter (mm) of the zone of inhibition

Probiotic Probiotic             Diameter (mm) of the
formulation strain               Zoneof inhibition

With Chocolate Without Chocolate

1 2 3 1 2 3
I L.fermentum 12 11 13 13 12 13
II L.delbrueckii 10 10 11 11 11 10
III B.bifidum 14 13 13 12 13 12
IV B.longum 13 14 14 13 13 14
V L.fermentum+L. 13 12 13 15 14 14

delbrueckii
VI B.bifidum+ 15 14 15 13 12 12

B.longum
VII L.fermentum+ 18 18 16 15 15 16

B.bifidum+B.longum
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In this study, Chocolate was selected as a
vehicle for Lactobacillus and Bifidobacterium6.
Instead of plain candies containing only sugar,
which decompose and create feasible environment
for growth of S. mutans, dark chocolate was used
due to the presence of flavonoids, which possess
various therapeutic properties and a prebiotic effect
enhancing the antibacterial activity of probiotic
chocolate.

Secretion of anti-microbial substances by
probiotics such as bacteriocins, bacteriocin like
substances (BLS) inhibits cell adhesion,
colonization and invasion of pathogenic bacteria,
especially the cariogenic bacteria9, 10. Bacteriocins
inhibit pathogenic organisms by acting as
colonizing peptides, which facilitates dominance

of producer in a particular niche 11; act as killing
peptide, which inhibits competing strains or
pathogens directly 12; act as signaling peptide which
either signals other bacteria through quorum
sensing on signaling cells of the immune system of
the host 13. S.mutans is found to produce a
bacteriocin called mutacin 1140 14. Therefore,
probiotic strain which will have an antagonist effect
to the mutacin produced by s.mutans will have a
better anti-cariogenic property.  Some of the
bacteriocins produced by Bifidobacterium are
bifidiocin I, bifidiocin B and bacteriocin like inhibitory
substances 15. Similarily Lactobacillus produces
lactacin F16.  In the oral cavity, the mechanisms of
action of probiotic containing dietary products when
consumed are hypothesized as follows:

1. Direct interaction in dental plaque which
interferes with the formation of biofilm,
disrupts plaque ecology and resulting in
competitive inhibition of the oral microbes
along with production of antimicrobial
substances.

2. Indirect action includes modulation of
systemic immunity, local immunity, non-
immunologic defense mechanisms, altered
mucosal permeability and colonization by
less pathogenic species17.

The enhancement of probiotic activity by
the organism under study may be due to the various
pre-biotic constituents in cocoa such as inulin and
flavonoids, which inhibit the growth of the potent
and prevalent cariogenic organisms, S.mutans.

Table 3: Statistical analysis

Probiotic strain S.mutans count
                                                   With Chocolate     Without Chocolate

Mean SD Mean SD

L.fermentum 12.00 1.00 12.67 .58
L.delbrueckii 10.33 .58 10.67 .58
B.bifidum 13.33 .58 12.33 .58
B.longum 13.67 .58 13.33 .58
L.fermentum+L.delbrueckii 12.67 .58 14.33 .58
B.bifidum+B.longum 14.67 .58 12.33 .58
L.fermentum+ 17.33 1.15 15.33 .58
B.bifidum+B.longum
P value <0.001**ˆ0.001**

Fig. 1:L.fermentum+B.bifidum+
B.longum with chocolate
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Polyphenols like flavonoids and proanthocyanidins
from plant stimulant beverages like cocoa, coffee
and tea were found to reduce biofilm formation and
acid production by S.mutans 4. Cocoa phenolics
are bioactive compounds possessing anti-oxidant,
anti-radical, antiplatelet, anti-inflammatory, anti-
carcinogenic and anti-cariogenic products and are
also considered to be prebiotics18.

Bifidobacterium was found to produce
more amounts of bacteriocins whereas only certain
species of Lactobacillus were found to produce
bacteriocins. The bacteriocins produced by the
lactobacillus are considered minimal when
compared to Bifidobacteria 19. This justifies wider
zone of inhibition in the Bifidobacteria group when
compared to the lactobacillus group. The results of
our study showed that the combination group
containing L. fermentum, B. bifidum and B. longum
was found to have the highest inhibitory effect on S.
mutans. This can be justified by the highest
production of  bacteriocins when the organisms
were used in combination than singly.

Although probiotics are found to inhibit the
pathogenic microorganisms by production of
bacteriocins, the exact mechanism of inhibition of
S. mutans by the probiotic organisms are yet to be
evaluated.

The results of our study showed that there
is a definite inhibitory effect of probiotic bacteria on
S.mutans, which is significantly enhanced by the
presence of chocolate, thus the null hypothesis is
rejected.

Further studies should be carried out to
evaluate the side effects of prescribing probiotic
chocolates. Randomized controlled trials should be
conducted before making recommendation of
probiotic chocolate. The shelf life of probiotic
chocolate was found to be lesser than the normal
chocolate, and the storage conditions should be
strictly followed in order to maintain the viability of
the probiotic bacteria 20.

Within the limitations of this study, it can
be concluded that probiotic chocolates containing
Lactobacillus fermentum, Lactobacillus delbrueckii,
Bifidobacterium bifidum  and Bifidobacterium
longum are found to  significantly inhibit the growth
of Streptococcus mutans. Dark chocolate with
probiotic combination of Lactobacillus fermentum,
Bifidobacterium bifidum  and Bifidobacterium
longum was found to have the highest inhibitory
effect on Streptococcus mutans. Further extensive
clinical studies are needed to augment the above
observations and findings of the role of probiotic
chocolate in inhibition and prevention of dental
caries.
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