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ABSTRACT 

Aim and objectives: 

The aim of this in vitro study was to investigate the ability of selected lactobacilli strains used 

in commercially available probiotic products, to inhibit growth of oral mutans streptococci  

The objectives were to evaluate the inhibition of S. mutans (Standard MTCC and clinical 

strains) by probiotic cell free supernatant and live cells and to evaluate the  inhibition of S. 

mutans by probiotic combinations. 

Methodology: 

Lawn cultures of S. mutans were made on MHA plates supplemented with 5% sheep blood 

agar. Sterile cotton swabs were dipped in the broth cultures of S. mutans and the inoculums 

were seeded in three different directions to form lawn cultures. Plates were allowed to dry for 

10 minutes, wells of 8mm diameter were punched using sterile cork borer.25, 50, 100, 150µl 

of the 48hrs broth cultures and cell free supernatants of the probotic strains were added and 

the plates were incubated at 37°c at 5% CO2 .Diameter of zone of inhibition around the wells 

was measured in mm using HiAntibiotic zone scale after 24hrs of inhibition. 

Lawn cultures of S. mutans were made in MSA plates supplemented with 5% sheep blood 

agar. Sterile cotton swabs dipped in fresh broth cultures of S. mutans is inoculated and seeded 

to lawn culture and the plates were allowed to dry for 10 mins .Wells of 8mm diameter were 

punched using sterile cork borer and 200µl of 48 hrs broth cultures and cell free supernatant 

combinations of probiotic strains were added in the presence of 5% CO2 .Diameter of zone of 

inhibition was measured around the wells using HiAntibiotic zone scale in mm after 

incubation of 24 hrs. 

S. mutans were incorporated in the molten agar at 0.5% w/v and poured into sterile petriplates 

and allowed to solidify. Wells of 8mm diameter were punched using sterile cork borer 

25,50,100,150µl of broth cultures and cell free supernatant of the probiotic strains were added 

in the wells using sterile microtips. The diameter of zone of inhibition was measured in mm 

using  HiAntibiotic zone scale after incubation of 48 hrs in the presence of 5% CO2 at 37°c . 

Results: 

Results showed that L. fermentum and L. rhamnosus demonstrated the largest zones of 

clearance for both clinical and standard MTCC strains of Mutans streptococci. The weakest 

zone of inhibition of  mutans streptococci was displayed by L acidophilus and L.amylovorus. 

Both cell free supernatant and live cells of probiotic strains of  L. fermentum and  

L. rhamnosus could significantly inhibit clinical and standard MTCC strains of Mutans 

streptococci. The probiotics in higher concentrations such as in 100µl, 125µl, 150µl were able 

to significantly inhibit Mutans streptococci when compared to lower concentrations. The 

combinations of various probiotic strains better inhibited pathogenic mutans streptococci 

rather than individual strains. 

Conclusion: 

The present study concluded that live probiotics and/or cell-free probiotics are capable of 

inhibiting S. mutans. The probiotic strains in combinations better inhibited S. mutans than 

individual strains. 

Keywords: 

Probiotics, S. mutans, zone of inhibition, culture. 
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Introduction 

1 

 

Dental Caries and periodontitis are widespread disorders.More than 1000 

bacterial species have been identified from the human mouth. These microorganisms 

are easily grown and produce dental plaque in the mouth environment, due to the 

constant influx of nutrients through; saliva, food intake, warm temperatures and 

moisture.  

  Bacterial genera are pioneers in the creation of dental caries and periodontal 

disease. Streptococcus spp., Actinomyces spp., Veillonella spp., Fusobacterium spp., 

Porphyromonas spp., Prevotella spp., Treponema spp., Neisseria spp., Haemophilus 

spp., Eubacterium spp., Lactobacillus spp., Bifidobacterium spp., Capnocytophaga 

spp., Peptostreptococcus spp., Staphylococcus spp., and Propionibacterium spp. are 

the predominant genera detected in the oral cavity. Diseases such as dental caries and 

periodontal disease are directly linked to oral microbiota. 

Streptococcus mutans is the most commonly implicated initiator and plaque-

resident bacterium, that begins demineralization and the metabolism of simple 

carbohydrates. This produces acid as a by-product, which leads to tissue loss and 

further bacterial penetration
7
.This bacterium is considered to be the initiator of 

biofilm formation by its adherence and accumulation on the tooth surface which is 

promoted by its synthesis of insoluble, extracellular polysaccharides. It also produces 

numerous bacteriocins that kill other species, favouring 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. 

The current methods for minimizing the incidence of Dental caries focus on 

prevention techniques such as proper oral hygiene, drinking water fluoridation and 

application of dental sealants 



 

Introduction 

2 

 

Probiotics are defined as living microorganisms, principally bacteria, that are 

safe for human consumption and, when ingested in sufficient quantities, have 

beneficial effects on human health, beyond basic nutrition
12

. This definition has been 

approved by the United Nations Food and Agriculture Organization (FAO) and the 

World Health Organization (WHO) 

The vast majority of probiotic bacteria belong to the genera Lactobacillus, 

Bifidobacterium, Propionibacterium and Streptococcus.
9
 Lactobacilli have been used 

as probiotics for a number of disease applications, and are generally regarded as safe 

for human use, making them an ideal candidate for the development of a therapeutic 

agent. 

Several clinical studies have already demonstrated the effectiveness of certain 

probiotics in the treatment of systemic and infectious diseases such as acute diarrhoea 

and Crohn’s disease
9
. Other studies have suggested potential applications in the 

treatment of cardiovascular disease, urogenital infections, oropharyngeal infections 

and cancers
12

. Studies have also shown that probiotic bacteria, are not only associated 

with intestinal health, but they can also affect a wide range of other health factors; 

oral ecology, anticariogenic effects, modulation of gut immunological mechanisms, 

mucin production, down-regulation of inflammatory responses, secretion of 

antimicrobial substances, competition with other flora, including potential pathogens 

by competitive blocking of adhesion sites at epithelial and mucosal surfaces, 

inhibition of epithelial invasion by the regulation of intestinal permeability, inhibition 

of pathogens, mucosal adherence and stimulation of immunoglobulin A production 

and the production of anti-microbial substances, such as organic acids, hydrogen 

peroxide and bacteriocins
73

. Probiotics may also prove useful in addressing problems 

arising from the excessive use of antibiotics, specifically the appearance of bacterial 
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resistance. To date, however, the potential beneficial effects of probiotics for oral 

pathogens have had only limited study. 

Probiotics are added in a culture concentrate to products such as; beverages or 

food (e.g. fruit juice), inoculated into prebiotic fibers or milk-based dairy products 

(e.g. milk, milk drinks, yoghurt, yoghurt drinks, cheese, kefir, bio-drinks), as 

concentrated and dried cells packaged as dietary supplements in non-dairy products, 

(e.g. Powders, capsules, gelatin tablets)
14

 

The mechanisms by which probiotics exert their effects  may involve 

modifying gut pH, antagonizing pathogens through production of antimicrobial 

compounds, competing for pathogen binding and receptor sites as well as for 

available nutrients and growth factors, stimulating immunomodulatory cells and 

producing lactase. 

Probiotic bacteria have been shown to influence the immune system through 

several molecular mechanisms. In caries, there is an increase in acidogenic and acid 

tolerating species such as mutans streptococci and lactobacilli
1
. Use of probiotics and 

molecular genetics to replace and displace these cariogenic bacteria with 

noncariogenic bacteria have shown promising results.  

The aim of this study was to investigate the ability of selected lactobacilli 

strains, used in commercially available probiotic products, to inhibit growth of oral 

mutans streptococci both clinical and non-clinical in vitro. 
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AIM: 

The aim of this study was to investigate the ability of selected lactobacilli 

strains used in commercially available probiotic products, to inhibit growth of oral 

mutans streptococci in vitro. 

OBJECTIVES: 

-To evaluate the inhibition of S. mutans by probiotic cell free supernatant and live 

cells. 

-To evaluate the inhibition of clinical strains of  S. mutans by probiotic cell free 

supernatant and live cells. 

-To evaluate the  inhibition of S. mutans by probiotic combinations.
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Näse L (2001)
43

 evaluated the effect of long-term consumption of a probiotic 

bacterium, Lactobacillus rhamnosus GG, in milk on dental caries and caries risk in 

children. They concluded that, milk containing the probiotic LGG bacteria may have 

beneficial effects on children's dental health. 

Ahola AJ et al (2002)
2
 did a study on short-term consumption of probiotic-containing 

cheese and its effect on dental caries risk factors. They found the results from logistic 

regression showed a trend indicating that probiotic intervention might reduce the risk 

of caries. 

Comelli EM et al (2002)
16

 did a selection of dairy bacterial strains as probiotics for 

oral health. The findings encourages further research with selected non-pathogenic 

dairy bacterial strains with the aim to decrease the cariogenic potential 

of dental plaque. 

Gorbach SL et al (2002)
24 

suggested that probiotics could enhance oral vaccine 

administration  and that they may help treatment against Helicobacter pylori 

infection, but further studies are needed. 

Wei H et al (2002)
70

 did a study on stability and activity of specific antibodies against 

Streptococcus mutans and Streptococcus sobrinus in bovine milk fermented with 

Lactobacillus rhamnosus strain GG  treated at ultra-high temperature.  From the 

anticariogenic point of view it may be beneficial to add bovine-specific antibodies 

against mutans streptococci to probiotic LGG-containing milk products. 

Montalto M et al (2004)
42

 did probiotic treatment that increases salivary counts of 

lactobacilli in a double-blind, randomized, controlled study. He concluded that the 

increased salivary counts of lactobacilli may indicate the need to closely monitor 

https://www.ncbi.nlm.nih.gov/pubmed/?term=N%C3%A4se%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11799281
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahola%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=12446187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comelli%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=12120707
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorbach%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=12408431
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11860550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montalto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14755153
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the dental health of patients undergoing long-term probiotics treatment, even when 

this treatment is administered in a form that avoids direct contact with the oral cavity. 

Caglar E et al (2005)
13

 did a study on bacteriotherapy and probiotics role on oral 

health. He concluded that probiotics are one of these new agents which are widely 

used for their therapeutic action.  

Lima LM et al (2005)
37

 did an in vitro evaluation of probiotics microorganisms 

adhesion to an artificial caries model. The amount of L. acidophilus in the 

artificially carious dentin was significantly superior compared to L. casei suggesting 

an inferior adhesion potential for this microorganism. 

Anderson MH et al (2006)
3
 did a comprehensive study  on  probiotic approach 

to caries management. They found that  Streptococcus mutans was significantly 

inhibited by regular intake of food containing probiotics. 

Connor O et al(2006)
17

 concluded a lacticin 3147 enriched food ingredient, reduces 

Streptococcus mutans isolated from the human oral cavity in saliva. He also 

concluded that a food grade preparation of lacticin 3147 was effective in the 

inhibition of oral Strep. mutans. 

Tong H et al (2006)
66 

established a genetic system for ecological studies of 

Streptococcus oligofermentans. Properties suggest that S. oligofermentans may have a 

potential to be used as  'probiotics' for caries prevention. 

Bonifait L et al (2009)
11

 suggested that probiotics could be useful in preventing and 

treating oral infections, including dental caries, periodontal disease and halitosis. 

Hillman JD et al (2009)
28

 conducted a study on spontaneous lactate dehydrogenase 

deficient mutant of Streptococcus rattus for use as a probiotic in 

the prevention of dental caries. The results presented indicate that daily application of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Caglar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15888102
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lima%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=15915155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=16708790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17064375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonifait%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19840501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hillman%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=19426263
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JH145, a naturally occurring LDH-deficient variant of S. rattus, can compete with S. 

mutans for its habitat on the tooth surface. 

Stamatova I et al (2009)
62

 found  that introduction of probiotic bacteria in the mouth 

calls for ascertainment of their particular safety. Since acid production from sugar is 

detrimental to teeth, care must be taken not to select strains with high fermentation 

capacity. 

Stecksén et al (2009)
63

 did a cluster-randomized study on effect of long-term 

consumption of milk supplemented with probiotic lactobacilli and fluoride on dental 

caries and general health in preschool children. It was concluded that daily 

consumption of milk containing probiotic bacteria and fluoride reduced caries in 

preschool children with a prevented fraction of 75%. Additional beneficial health 

effects were evident. 

Zahradnik RT et al (2009)
72

 did a preliminary assessment of safety and effectiveness 

in humans of  ProBiora3, a probiotic mouthwash. They concluded that,the probiotic 

mouthwash was able to substantially affect the levels of dental pathogens in saliva 

and periodontal pathogens in subgingival plaque. 

Chen F et al(2010)
15

 did a novel technology for the prevention and treatment 

of dental caries: a patent survey. They concluded that introduction of new anti-

caries agents and the development of dentotropic delivery systems will be the future 

focus of this research field. 

Jagat B et al (2010)
29

 reviewed the background and conceptual framework of the use 

of pre and probiotics in reducing dental caries. They showed that the effects of 

probiotics on caries prevention are aimed at decreasing the number of mutans 

streptococci. Primarily probiotic Lactobacillus and Bifidobacterium strains have been 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Stamatova%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20178208
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zahradnik%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=19486429
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20230309
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used along with few more strains. Most of the studies have shown a tendency towards 

decreased number of Mutans streptococci in the saliva regardless of the product or 

strain used. 

Pamela H et al (2010)
47

 investigated the ability of a selection of lactobacilli strains, 

used in commercially available probiotic products, to inhibit growth of Oral mutans 

streptococci and C. albicans in vitro. They concluded that probiotic strains showed a 

significant but some what varying ability to inhibit growth of oral mutans streptococci 

and Candida albicans. 

Arezoo T et al(2011)
5
 investigated the ability of biofilm formation  among mutans 

and non mutans oral streptococci and to determine the effect of  Lactobacillus 

acidophilus as a probiotic strain on the adhesion of selected streptococcal strains on 

the surfaces.    

Behboud J al(2011)
8
 isolated  and identified the  potential probiotic bacteria from 

traditional dairy products of Ardabil region in Iran and showed that traditional dairy 

products of these regions can be used as a good source of potentially probiotic 

bacteria . 

Anita K et al (2012)
4
 compared the ability of ordinary and probiotic chocolate to 

induce or inhibit the growth of S. mutans; they suggested that probiotic chocolate is 

able to inhibit the growth of S. mutans rather than ordinary chocolate. 

Sareen M et al(2012)
53

 reviewed probiotics and their implications in dentistry.  

Probiotic approach has shown promising results in oral cavity with respect to control 

of chronic disease such as dental caries, periodontitis, and recurring problems like 

halitosis and candidial infections. The application of probiotic strategies may, in near 

future provide an end to many infections occurring in oral cavity. 
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Shyamali S et al (2012)
57

 investigated the potential of probiotics to prevent and treat 

dental caries and oral candidiasis . They concluded that probiotic bacteria are capable 

of inhibiting the selected oral pathogens, S. mutans and C. albicans, holding promise 

for the future development of a probiotic therapeutic to treat and prevent oral/dental 

diseases. 

Baca-Castañón ML et al (2014)
6
 compared the antimicrobial Effect of  

Lactobacillus reuteri on cariogenic bacteria Streptococcus gordonii, Streptococcus 

mutans, and periodontal diseases Actinomyces naeslundii and Tannerella forsythia. 

They showed that L. reuteri was shown to have an inhibitory effect against S. mutans, 

followed by T. forsythia and S. gordonii, and a less significant effect against  

A. naeslundii. Regarding the effect shown by L. reuteri on the two major pathogens, 

we consider its potential use as a possible functional food in the prevention or 

treatment of oral diseases. 

Bhalla M et al (2014)
10

 estimated the Mutans streptococci  in saliva before and after 

consumption of probiotic curd among school children, The study showed marked 

reduction in salivary Mutans streptococci counts in saliva after 1 hour and on the 7
th 

day in the probiotic group. Results were found to be statistically significant (P ≤ 0.05) 

when the differences in the reduction of Mutans streptococci counts with probiotic 

curd and normal curd at 1 hour and on the 7
th

 day were compared. 

Vuotto C et al (2014)
68

 investigated the effects of probiotics to counteract biofilm-

associated infections. They concluded that the application of probiotics is 

continuously widening, with new evidence accumulating to support their effect on 

the prevention and treatment of other disease conditions, including several oral 

diseases, such as dental caries, periodontal diseases and oral malodor, as well as 

genitourinary and wound infections. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Baca-Casta%C3%B1%C3%B3n%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=25422124
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhalla%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25767764
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vuotto%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25257882
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Yadav M et (2014)
71

 evaluated the probiotic milk on salivary Mutans streptococci 

count: in an vivo, microbiological study; their results showed that daily consumption 

of milk containing  probiotic bacteria can reduce the levels of Mutans streptococci 

and may contribute to the prevention of dental caries. 

Kistler JO et al (2015)
35

 developed an oral biofilm model using the Calgary Biofilm 

Device (CBD) seeded with a natural saliva inoculum and analysed by next generation 

sequencing. They concluded that diverse oral biofilms were successfully grown and 

maintained using the CBD. Biofilms derived from the same panel of volunteers were 

highly reproducible. This model could be used to screen both antimicrobial-

containing oral care products and also novel approaches aiming to modify plaque 

composition, such as pre- or probiotics. 

Savabi O et al(2015)
54

 compared the effects of biosurfactant produced by 

Lactobacillus casei on gtfB, gtfC, and ftf gene expression level in S. mutans by real-

time RT-PCR.  They concluded that the considerable down regulation of all three 

genes in the presence of the prepared biosurfactant compared  to untreated controls is 

indicative of successful inhibition of influential genes in bacterial adhesion 

phenomena. In view of the importance of glucosyltransferase gene products for 

S.mutans attachment to the tooth surface which is the initial important step in biofilm 

production and dental caries. Further research in this field may lead to an applicable 

alternative for successful results with least adverse side effects in dental 

caries prevention. 

Shimada A et al (2015)
56

 investigated the distribution of oral LAB among Japanese 

preschool children with various prevalence levels of caries; and to reveal the 

characteristics of these isolated LAB species. They suggest that these specific 

Lactobacillus species, especially those with easily agglutinated properties and acid 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Yadav%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25631721
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kistler%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=25880819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Savabi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25538917
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25918670
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resistance, affect the dental caries scores of preschool children, and that these 

properties may provide useful information for research into the prevention of dental 

caries. 

Srivastava S et al (2015)
61

 estimated the role of probiotic curd on salivary pH and 

Streptococcus mutans count, over a period of 7 days. They concluded that short-term 

consumption of probiotic curds showed marked salivary pH elevation and reduction 

of salivary S. mutans counts and thus can be exploited for the prevention of enamel 

demineralization as a long-term remedy keeping in mind its cost effectiveness. 

Terai T et al (2015)
65 

screened new probiotic candidates with potential oral health 

benefits and no harmful effects on the oral cavity. These bacteria did not produce 

volatile sulfur compounds or water-insoluble glucan, had higher antibacterial activity 

against periodontal bacteria, and had higher adherence activity to oral epithelial cells 

or salivary-coated hydroxyapatite in vitro.  They also evaluated the risk of primary 

cariogenicity and infective endocarditis of the selected oral isolates. As a result, 

Lactobacillus crispatus, Lactobacillus fermentum, Lactobacillus gasseri, and 

Streptococcus miti were selected because they showed no cariogenic potential in an 

artificial mouth system and a lower risk of experimental infective endocarditis in a rat 

model. These candidates are expected as new probiotics with potential oral health 

benefits and no adverse effects on general health. 

Walker GV et al (2015)
69

 evaluated Salivaricin E and abundant dextranase activity 

which may contribute to the anti-cariogenic potential of the probiotic candidate 

Streptococcus salivarius JH. Streptococcus salivarius strain JH is a potential probiotic 

candidate that produces multiple proteinaceous antimicrobials (bacteriocins), the 

inhibitory spectrum of which includes Streptococcus mutans, one of the principal 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27042577
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causative agents of dental caries. The multiple bacteriocin and dextranase activities of 

strain JH support its candidature for development as an oral probiotic. 

Ghasempour M et al (2016)
23

 compared the effect of milk and yoghurt on 

Streptococcus sobrinus counts and caries score in rats and they concluded that both 

milk and yoghurt significantly reduced caries score of fissured surfaces compared 

with controls. 

Jørgensen MR et al (2016)
32

 reviewed and summarized the available literature on 

the prevention of childhood caries through biofilm engineering with probiotic bacteria 

in early childhood. They concluded that probiotic supplements were better than 

placebo in preventing early childhood caries. 

Janczarek M et al (2016)
30

 reviewed the role of probiotics in prevention of oral 

diseases. They concluded that mechanisms of cariogenic pathogen inhibition 

using probiotics are still not well understood. The new research trend is based on 

application of probiotics which can naturally displace cariogenic bacteria in the oral 

cavity and influence oral health in adults and children. The results of studies also 

confirmed the beneficial role of probiotics in reduction of the bacterial population in 

periodontitis and halitosis. Long-term observation and a properly designed study 

protocol will allow us to answer many questions concerning substitution of one strain 

of bacteria by another. 

Kim YJ et al (2016)
34 

investigated  the effect of L. lactis on cariogenic biofilm and to 

analyze inhibitory mechanisms, , the antibacterial activity of the spent culture medium 

(SCM) from both L. lactis against S. mutans was investigated, and the expression of 

glucosyltransferases (gtfs) of S. mutans was then analyzed by real-time RT-PCR. 

Also, the sucrose fermenting ability L. lactis was examined.  L. lactis showed the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghasempour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26759594
http://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%B8rgensen%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=27505986
http://www.ncbi.nlm.nih.gov/pubmed/?term=Janczarek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27594560
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=27435538
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antibacterial activity and inhibited the expression of gtfs,  L. lactis inhibits the uptake 

of  sucrose and gtfs expression of S. mutans, whereby the development of cariogenic  

biofilm may be inhibited. In conclusion, L. lactis may be a useful probiotic 

for prevention of dental caries. 

Mishra R et al (2016)
41

 compared  the antimicrobial efficacy of probiotics in 

reducing salivary Candida albicans counts with commonly used antimicrobial agents 

like 0.2% chlorhexidine and herbal rinse; they concluded that the number of colony 

forming units where reduced after rinsing with CHX containing probiotics. 

Rodríguez G et al(2016)
49

 compared  milk supplemented with probiotic lactobacilli 

with standard milk for the increment of caries in preschool children after 10 months  

of intervention; they concluded that, the regular long-term intake of probiotic-

supplemented milk may reduce caries development in high-caries preschool children. 

Salehi et al (2016)
52

 evaluated the effects of Lactobacillus reuteri-derived 

biosurfactant on the gene expression profile of essential adhesion genes (gtfB, gtfC 

and ftf) of Streptococcus mutans.  He concluded that inhibition of these genes by the 

extracted L. reuteri  biosurfactant shows the emergence of a powerful alternative to 

the presently practicing alternatives. In view of the importance of these gene products 

for S. mutans attachment to the tooth surface, which is the initial important step in 

biofilm production and dental caries, they believed that the biosurfactant prepared in 

this study could be considered as a step ahead in dental caries prevention.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27274151
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26747421
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Materials and Methods 

Microbial isolates: 

Streptococcus mutans MTCC 497 (Serogroup C, original Source: carious dentine.) 

Streptococcus oralis MTCC 2696 

Lactobacillus rhamnosus MTCC 8712 (original Source: curd.) 

Lactobacillus fermentum MTCC 8711 (original Source: curd.) 

Lactobacillus amylovorus MTCC 8129 (original Source: seera, fermented food.) 

Lactobacillus acidophilus MTCC 10307 (Type B, original Source: food.) 

Oral isolates of  S.mutans (Procured from Sree Balaji Dental College & Hospital) 

Culture Media: 

Mutans Sanguis Agar 

DeMan, Rogosa and Sharpe (MRS) agar 

Brain Heart Infusion Broth 

Lactobacillus MRS Broth 

Brain Heart Infusion Agar (BHIA) 

Armamentarium: 

Digital bacteriological incubator (Technico laboratories Pvt Ltd.) 

Anaerobic jar (McIntosh and Fildes anerobic jar.) 

Sterile disposable periplates (90mm) (HiMedia Laboratories Pvt Ltd.) 

Anerobic gas packs (HiMedia Laboratories Pvt Ltd.) 
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Antibiotic zone scale (HiMedia Laboratories Pvt Ltd.) 

Mcfarland Opacity standard set 

Vortex mixture (Remi CM101) 

Electronic balance 

Cooling centrifuge (Remi) 

Laminar airflow cabinet 

Hiflexi loop 4 (sterile disposable loops.) 

Stericult sterile collecting device 

Micropippets (100-1000ul variable) (Eppendorf research.) 

Micropippets (20-200ul variable) (Eppendorf research.) 

Micropippets (1-10ul variable) (Eppendorf research.) 

Micropippets (2-20ul variable) (Thermo scientific.) 

Microtips (0.2-10ul) (Tarson products Pvt Ltd.) 

Microtips (10-200ul) (Tarson products Pvt Ltd.) 

Microtips (100-1000ul) (Tarson products Pvt Ltd.) 
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METHODOLOGY 

 

Standard microbial isolates used in the study: 

 

Freeze-dried culture of the following bacterial isolates (figure 1). 

   

Streptococcus mutans MTCC 497(Serogroup C,original Source:carious dentine) 

 

Streptococcus oralis MTCC 2696 

 

Lactobacillus rhamnosus MTCC 8712 (original Source: curd) 

 

Lactobacillus fermentum MTCC 8711 (original Source: curd) 

 

Lactobacillus amylovorus MTCC 8129 (original Source: seera, fermented food) 

 

Lactobacillus acidophilus MTCC 10307 (Type B, original Source: food) 

 

     Were procured from the Microbial Type Culture Collection (MTCC), Institute of  

 

Microbial Technology & Gene bank (IMTECH), Chandigarh. 

 

      Also, stock cultures of oral isolates of S. mutans isolated from the 

unstimulated saliva of children with dental caries that had been identified, confirmed 

and maintained in the Department of Microbiology, Sree Balaji Dental College & 

Hospital, Chennai was used for the study (figure 14). 

 

Preparation of Mutans Sanguis Agar: 

 

Ingredients: 

 

Caesin enzymatic hydrosylate -15 g 

 

Yeast extract - 5 g 

 

L-cystine - 0.2 g 

 

Sodium sulphite - 0.1 g 

 

Sodium chloride - 5 g 

 

DiSodium phosphate - 0.8g 

 

Sodium bicarbonate - 2 g 

 



 

Materials and Methods 

17 

 

Sodium acetate - 12 g 

 

Sucrose - 50 g 

 

Agar - 12 g (pH 7.3±0.2) 

 

      The dehydrated medium was procured from HiMedia Pvt Ltd, India. Ninety 

eight grams of the dehydrated medium was suspended in 1000 ml of distilled water. 

The medium was dissolved completely by boiling. The medium was sterilized by 

autoclaving at 121ºC at 15 lbs pressure for 15 minutes. 20 ml of the medium was 

poured into sterile disposable petriplates. Sterility check was performed for each lot 

by incubating a representative plate at 37ºC. The plates were stored at 4º C until use. 

 

Preparation of deMan, Rogosa and Sharpe (MRS) agar: 

 

Ingredients Gms / Litre: 

 

Proteose peptone 10g 

 

Beef extract 10g 

 

Yeast extract 5g 

 

Dextrose 20g 

 

Polysorbate 80 1g 

 

Ammonium citrate 2g 

 

Sodium acetate 5g 

 

Magnesium sulphate 0.1g 

 

Manganese sulphate 0.05 g 

 

Dipotassium phosphate 2g 

 

Agar 12g 

 

Final pH (at 25°C) 6.5±0.2 
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The dehydrated medium was procured from HiMedia laboratories Pvt Ltd, 

India. The dehydrated medium (67.15g) was suspended in 1000 ml of distilled water. 

The medium was dissolved completely by boiling. The medium was sterilized by 

autoclaving at 121ºC at 15 lbs pressure for 15 minutes. 20 ml of the medium was 

poured into sterile disposable petriplates. Sterility check was performed for each lot 

by incubating a representative plate at 37ºC. The plates were stored at 4º C until use. 

 

Preparation of Brain Heart Infusion Broth: 

 

Ingredients Gms / Litre: 

 

Calf brain, infusion from 200.000 

 

Beef heart, infusion from 250.000 

 

Proteose peptone 10.000 

 

Dextrose 2.000 

 

Sodium chloride 5.000 

 

Disodium phosphate 2.500 

 

Final pH (at 25°C) 7.4±0.2 

 

      The dehydrated medium was procured from HiMedia laboratories Pvt Ltd, 

India. The dehydrated medium (3.7g) was suspended in 100 ml of distilled water. The 

medium was dissolved completely by boiling. Five ml of the medium was poured into 

screw capped glass bottles. The medium was sterilized by autoclaving at 121ºC at 15 

lbs pressure for 15 minutes. The bottles were stored at 4º C until use. 
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Preparation of Lactobacillus MRS Broth: 

 

Ingredients Gms / Litre 

 

Protease peptone 10.000 

 

Beef extract 10.000 

 

Yeast extract 5.000 

 

Dextrose 20.000 

 

Polysorbate 80 1.000 

 

Ammonium citrate 2.000 

 

Sodium acetate 5.000 

 

Magnesium sulphate 0.100 

 

Manganese sulphate 0.050 

 

Dipotassium phosphate 2.000 

 

Final pH (at 25°C) 6.5±0.2 

 

      

The dehydrated medium was procured from HiMedia laboratories Pvt Ltd, 

India. The dehydrated medium (5.5g) was suspended in 100 ml of distilled water. The 

medium was dissolved completely by boiling. Five ml of the medium was poured into 

screw capped glass bottles. The medium was sterilized by autoclaving at 121ºC at 15 

lbs pressure for 15 minutes. The bottles were stored at 4º C until use. 

 

Preparation of Blood Agar plates: 

 

Brain Heart Infusion Agar (BHIA): 

 

Ingredients: 

 

Calf brain infusion - 200 g 

 

Beef heart infusion - 250 g 

 

Peptone - 10 g 
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Glucose - 2 g 

 

Sodium chloride - 5 g 

 

Sodium Hydrogen phosphate - 2.5 g 

 

Agar - 15 g (pH 7.4±0.2) 

 

      Fifty two grams of the dehydrated medium was suspended in 1000 ml of 

distilled water. The medium was dissolved completely by boiling. The medium was 

sterilized by autoclaving at 121ºC at 15 lbs pressure for 15 minutes. The medium was 

cooled to 45 - 50º C and 5 ml of defribinated sheep blood was added aseptically. 20 

ml of the medium was poured into sterile disposable petriplates. Sterility check was 

performed for each lot by incubating a representative plate at 37ºC. Preprepared blood 

agar plates were procured from JC diagnostics and were stored at 4º C until use 

(figure 13). 

 

Revival of Streptococcus mutans & Streptococcus oralis: 

 

      The freeze dried cultures of Streptococcus mutans & Streptococcus oralis was 

reconstituted with 500 μl of sterile saline. Ten microliters of each of the reconstituted 

bacterial culture was pipetted out using sterile microtips, micropipette and was seeded 

on sterile mutans sanguis agar plates and blood agar plates. The inoculum was 

streaked using sterile Hi-FlexiLoop 4 on the agar surface for isolation. The plates 

were incubated at 37˚C with 5% CO2 in a candle Jar (figure 4) for 24 hours. After 

incubation, the colony morphology of  S.mutans & S. oralis was observed (figure 15). 

 

Revival of Lactobacillus: 

 

     For the revival of Lactobacillus count, 500 μl of sterile saline was added to 

each ampoule of the freeze dried cultures of Lactobacillus rhamnosus MTCC 8712,  

L. fermentum MTCC 8711, L. amylovorus MTCC 8129, L. acidophilus MTCC 10307. 
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Ten microlitres of the reconstituted bacterial culture was pipetted out using sterile 

microtips, micropipette (figure 9) and were seeded on sterile MRS agar plates. The 

inoculum was streaked on the agar surface using a sterile Hi-FlexiLoop 4 by spread 

plate method. The plates were incubated at 37˚C in a McIntosh & Fildes anerobic jar 

with gaspak for 48 hours. After incubation, the colony morphology of the 

Lactobacillus species on the MRS plates were observed (figure 17-20). 

 

Inoculum preparation - S. mutans & S. oralis: 

    

   Isolated colonies of S. mutans & S. oralis from blood agar plate cultures were 

suspended in sterile Muller Hinton Broth (MHB) in individual test tubes and the cell 

densities were adjusted to 1. 5 x108 cfu/ml using 0.5 Mcfarland standard (figure 7). 

 

Preparation of probiotic broth cultures (live bacterial cells). 

    

   Isolated colonies of Lactobacillus rhamnosus MTCC 8712, Lactobacillus 

fermentum MTCC 8711, Lactobacillus amylovorus MTCC 8129, Lactobacillus 

acidophilus MTCC 10307 from MRS agar plate cultures were suspended in sterile 

MRS Broth in individual 15 ml screw capped sterile glass vials and incubated for 48 

hours at 37˚C in a McIntosh & Fildes anerobic jar with gaspak. Two sets of probiotic 

cultures were prepared (one for live cells and the other for cell free supernatants) 

(figure 21). 

Preparation of probiotic cell free supernatants and broth culture (live bacterial 

cells): 

 

      One set of the 48 hours probiotic cultures of L. rhamnosus MTCC 8712, L. 

fermentum MTCC 8711, L. amylovorus MTCC 8129 and L. acidophilus MTCC 

10307 was transferred onto sterile 15 ml polypropylene tubes with conical bottom  

and were used for the preparation of cell free supernatant. The supernatant was 

collected from each Lactobacillus strain by pelleting at 4000 rpm for 30 minutes at 
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4°C. The supernatant was filtered using a 0.2 μm syringe filter in  sterile screw 

capped vials and used for the assay. 

 

 

Inhibition of S. mutans & S. oralis by probiotic cell free supernatant and live 

cells: 

 

1. Agar well diffusion technique on blood agar plates: 

Lawn culture of S. mutans & S. oralis and the clinical isolates of S. mutans 

(SBSM1, & SBSM2) was made on separate MHA plates supplemented with 5% 

sheep blood agar (figure 22-25).Briefly, ETO sterilised cotton swabs were dipped in 

the fresh broth cultures of S. mutans (cell density adjusted to 1.5 x108 cfu/ml) and 

excess of broth was drained by pressing against the  inner walls of the test tube and 

the inoculum was seeded in three different directions to form a  lawn culture. The 

plates were allowed to dry at RT for 10 mins. Wells of 8 mm diameter were punched 

using sterile cork borer (figure 5) and 25, 50, 100, 150 μl of the 48 hour broth cultures 

and cell free supernatants of the probiotic strains of Lactobacillus were added in the 

respectively labeled wells and the plates were incubated at 37°C at 5% CO2 for 24 

hours. After incubation, the diameter of the zone of inhibition around the wells were 

measured using HiAntibiotic zonescale C (figure 10) and recorded in millimeters 

(mm). The assay was performed in triplicate and the mean values were tabulated and 

stastically analyzed using one way ANOVA and Tukey’s HSD post hoc test with p 

value < 0.05. 

2. Inhibition of S. mutans by probiotic combinations: 

 

S. mutans was tested for inhibition by the probiotic supernatants and live 

cultures of the following probiotic combinations: 
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Two probiotic strains: 

1. L. amylovorus (100μl) + L. acidophilus (100μl) 

 

2. L. amylovorus (100μl) + L. rhamnosus (100μl) 

 

3. L. amylovorus (100μl) + L. fermentum (100μl) 

 

4. L. fermentum (100μl) + L. rhamnosus (100μl) 

 

5. L. fermentum (100μl) + L. acidophilus (100μl) 

 

6. L. rhamnosus (100μl) + L. acidophilus (100μl) 

 

Three probiotic strains: 

 

6. L. amylovorus (50μl) + L. acidophilus (50μl) + L. fermentum (50μl) 

 

7. L. amylovorus (50μl) + L. acidophilus (50μl) + L. rhamnosus (50μl) 

 

8. L. amylovorus (50μl) + L. rhamnosus (50μl) + L. fermentum (50μl) 

 

10. L. fermentum (50μl) + L. rhamnosus (50μl) + L. acidophilus (50μl) 

 

Four probiotic strains: 

 

11. L. fermentum (50μl) + L. rhamnosus(50μl) + L. acidophilus(50μl) + 

L.amylovorus(50μl) 

 

Procedure: 

Lawn culture of S. mutans MTCC 497 and the clinical isolates of S. mutans 

(SBSM1, & SBSM2) was made on separate MHA plates supplemented with 5% 

sheep blood agar. Briefly, ETO sterilised cotton swabs were dipped in the fresh broth 

cultures of S. mutans (cell density adjusted to 1.5 x108 cfu/ml) and excess of broth 

was drained by pressing against the inner walls of the test tube and the inoculum was 

seeded in three different directions to form a lawn culture. 

 

The plates were allowed to dry at RT for 10 mins. Wells of 8 mm diameter 

were punched using sterile cork borer and 200 μl of the 48 hour broth cultures and 
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cell free supernatants of the probiotic combinations of Lactobacillus strains were 

added in the respectively labeled wells and the plates were incubated at 37°C at 5% 

CO2 for 24 hours. After incubation, the diameter of the zone of inhibition around the 

wells were measured using HiAntibiotic zonescale-C and recorded in millimeters 

(mm) (figure 26). The assay was performed in triplicate and the mean values were 

tabulated and stastically analyzed using one way ANOVA and Tukey’s HSD post hoc 

test with p value < 0.05. 

 

 

3. Agar well diffusion technique on MSA plates: 

 

S. mutans was tested for inhibition by the probiotic supernatants and live 

cultures of the following probiotic strains: L. rhamnosus MTCC 8712, L. fermentum 

MTCC 8711, L.amylovorus MTCC 8129 and L. acidophilus MTCC 10307. MSA agar 

(15% (w/v)) was prepared and autoclaved, after which it was cooled to 55°C.  

S. mutans (MTCC 497, SBSM1& SBSM2) were incorporated in the molten agar at a 

concentration of 0.5% (v/v) overnight culture and were poured into sterile petriplates 

and were allowed to solidify. Wells of 8 mm diameter were punched using sterile cork 

borer and 25, 50, 100, 150 μl of the 48 hour broth cultures and cell free supernatants 

of the probiotic strains of Lactobacillus were added in the respectively labeled wells 

and the plates were incubated at 37°C at 5% CO2 in a candle jar for 48 hours. After 

incubation, the diameter of the zone of inhibition around the wells was measured 

using HiAntibiotic zonescale-C and recorded in millimeters (figure 23). The assay 

was performed in triplicate and the mean value were tabulated and stastically 

analyzed using one way ANOVA and Tukey’s HSD post hoc test with p value < 0.05. 



 

 

PROCEDURAL FLOW CHART 

 

REVIVAL OF PROBIOTIC STRAINS 

To the freeze dried culture of L. rhamnosus, L. fermentum, L. amylovorus, L. 

acidophilus 500µl of sterile saline solutions were added. 

10µl of the reconstitued bacterial culture was pipetted out using sterile microtips 

and seeded on sterile MRS agar plates. 

Agar plates were incubated at 37°c for 48 hrs. in McIntosh and Flides anaerobic jar 

with gaspak . 

Colony morphology of the lactobacillus were observed and suspended in MRS 

broth and incubated for 48 hrs then divided into two sets of probiotic cultures. 

Live bacterial cell broth 

culture of probiotics were 

prepared from 48 hrs culture 

of strains. 

Cell free supernatant was collected 

by pelleting at 4000 rpm for 30 

minutes at 4°c and filtered using 

syringe filter of 0.2µm diameter . 



 

 

 

INHIBITION OF S. mutans BY INDIVIDUAL PROBIOTIC STRAINS IN AGAR WELL 

DIFFUSION TECHNIQUE ON BLOOD AGAR PLATES.

Lawn cultures of S. mutans was made on MHA plates supplemented with 5% sheep 

blood agar. 

Sterile cotton swabs were dipped in the broth cultures of S. mutans and the inoculums 

were  seeded in three different directions to form  lawn cultures. 

Plates were allowed to dry for 10 minutes, wells of 8mm diameter were punched 

using sterile cork borer. 

25, 50, 100, 150µl of the 48hrs broth cultures and cell free supernatants of the 

probotic strains were added and the plates were incubated at 37°c at 5% CO2. 

Diameter of zone of inhibition around the wells was measured in mm using 

HiAntibiotic zone scale after 24hrs. 

Each sample was tested 3 times and the mean values were tabulated and statistically 

analyzed using one way ANOVA and Tukey’s HSD post hoc test with p value <0.05. 



 

 

 

INHIBITION OF S. mutans BY PROBIOTICS STRAINS IN COMBINATIONS. 

Lawn culture of S. mutans was made in MHA plates supplemented with  

5% sheep blood agar . 

Sterile cotton swabs dipped in fresh broth cultures of S. mutans is inoculated and seeded 

to lawn culture and the plates were allowed to dry for 10 mins . 

Wells of 8mm diameter were punched using sterile cork borer and 200µl of 48 hrs broth 

cultures and cell free supernatant combinations of probiotic strains were added in the 

presence of 5% CO2 . 

Diameter of zone of inhibition was measured around the wells using HiAntibiotic 

zonescale  in mm after incubation of 24 hrs. 

 

Each sample was tested 3 times and the mean values were tabulated and statistically 

analyzed using one way ANOVA and Tukey’s HSD post hoc test with p value <0.05. 



 

 

 

INHIBITION OF S. mutans BY INDIVIDUAL PROBIOTIC STRAIN BY AGAR WELL 

DIFFUSION TECHNIQUE ON MSA PLATES.

S. mutans were incorporated in the molten agar at 0.5% w/v and poured into sterile 

petriplates and allowed to solidify. 

Wells of 8mm diameter were punched using sterile cork borer 25,50,100,150µl of 

broth cultures and cell free supernatant of the probiotic strains were added in the 

wells using sterile microtips. 

The diameter of zone of inhibition was measured in mm using  HiAntibiotic zone 

scale after incubation of 48 hrs in the presence of 5% CO2 at 37°c . 

Each sample was tested 3 times and the mean values were tabulated and statistically 

analyzed using one way ANOVA and Tukey’s HSD post hoc test with p value 

<0.05. 



 

 

 

 

REVIVAL OF S. mutans 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Freeze dried culture of S. mutans reconstituted with 500µl of sterile solutions. 

10µl of  bacterial culture was pipetted out using sterile microtips and seeded in 

two different agar plates. 

Seeded on sterile Mutans sanguis 

agar plates. 

Seeded on sterile 5%sheep blood 

agar   plates. 

Both the agar plates were incubated at 37° with 5% CO2 in a candle jar for 

24hrs. 

Colony morphologies were observed for S. mutans. 

Isolated colonies of S. mutans were suspended in sterile Muller Hinton Broth 

and the cell densities were adjusted to 1.5×10
8
. 
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Diameter of zone of inhibition of S. mutans (MTCC 497, SBSM1 & SBSM2) by  

L. rhamnosus in blood agar.( Table 1) 

 

 

 

 

Culture 
Probiotic 

strain 
Diameter of the zone of inhibition (mm) 

S. mutans 

MTCC 497 

(Standard 

strain) 

 25µl 50µl 100µl 150µl 

 

L. rhamnosus 

Live cells 

14 17 20 20 

14 17 19 20 

14 16 19 20 

Mean ± SD     

L. rhamnosus 

Cell free 

supernatant 

13 14 16 17 

13 15 16 17 

13 14 16 18 

 Mean ± SD     

SBSM 1 

(clinical 

strain) 

 

L. rhamnosus 

Live cells 

8 10 13 18 

8 9 12 17 

9 10 14 19 

Mean ± SD     

L. rhamnosus 

Cell free 

supernatant 

8 8 17 20 

8 9 17 19 

8 8 16 19 

 Mean ± SD     

SBSM2 

(clinical 

strain) 

 

L. rhamnosus 

Live cells 

8 8 14 18 

8 8 14 18 

8 8 13 17 

Mean ± SD     

L. rhamnosus 

Cell free 

supernatant 

8 8 16 19 

8 8 17 20 

8 8 16 19 

 Mean ± SD     
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Diameter of zone of inhibition of S. mutans (MTCC 497, SBSM1 & SBSM2) by  

L. fermentum in blood agar. (Table 2) 

 

 

 

 

Culture Probiotic 

strain 

Diameter of the zone of inhibition (mm) 

S. mutans 

MTCC 497 

(Standard 

strain) 

 25µl 50µl 100µl 150µl 

 

L. fermentum 

Live cells 

11 12 15 16 

11 11 14 15 

11 12 15 15 

Mean ± SD     

L. fermentum 

Cell free 

supernatant 

9 11 13 15 

9 11 13 15 

9 10 13 15 

 Mean ± SD     

SBSM 1 

(clinical 

strain) 

 

L. fermentum 

Live cells 

8 8 8 10 

8 8 8 10 

8 8 9 10 

Mean ± SD     

L. fermentum 

Cell free 

supernatant 

8 8 8 11 

8 9 8 10 

8 8 8 11 

 Mean ± SD     

SBSM2 

(clinical 

strain) 

 

L. fermentum 

Live cells 

8 8 8 12 

8 9 8 12 

8 8 8 11 

Mean ± SD     

L. fermentum 

Cell free 

supernatant 

8 9 10 14 

8 8 10 15 

8 9 11 14 

 Mean ± SD     
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Diameter of zone of inhibition of S. mutans (MTCC 497, SBSM1 & SBSM2) by 

L. acidophillus in blood agar. (Table 3) 

 

 

 

 

Culture Probiotic 

strain 

Diameter of the zone of inhibition (mm) 

S. mutans 

MTCC 497 

(Standard 

strain) 

 25µl 50µl 100µl 150µl 

 

L. acidophilus 

Live cells 

12 14 15 15 

11 13 15 15 

12 14 15 16 

Mean ± SD     

L. acidophilus 

Cell free 

supernatant 

12 13 14 14 

11 12 14 14 

11 12 13 14 

 Mean ± SD     

SBSM 1 

(clinical 

strain) 

 

L. acidophilus 

Live cells 

8 8 15 17 

8 8 14 17 

8 9 15 17 

Mean ± SD     

L. acidophilus 

Cell free 

supernatant 

9 11 16 18 

8 12 16 19 

9 11 16 18 

 Mean ± SD     

SBSM2 

(clinical 

strain) 

 

L. acidophilus 

Live cells 

8 9 15 19 

8 9 15 20 

8 8 14 18 

Mean ± SD     

L. acidophilus 

Cell free 

supernatant 

8 9 14 17 

8 8 13 17 

8 9 15 18 

 Mean ± SD     
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Diameter of zone of inhibition of S. mutans (MTCC 497, SBSM1 & SBSM2) by 

L. amylovorus in blood agar. (Table 4) 

 

 

 

 

Culture Probiotic 

strain 

Diameter of the zone of inhibition (mm) 

S. mutans 

MTCC 497 

(Standard 

strain) 

 25µl 50µl 100µl 150µl 

 

L. amylovorus 

Live cells 

11 13 14 15 

10 12 14 14 

11 12 14 15 

Mean ± SD     

L. amylovorus 

Cell free 

supernatant 

12 13 16 16 

12 13 15 16 

12 13 16 17 

 Mean ± SD     

SBSM 1 

(clinical 

strain) 

 

L. amylovorus 

Live cells 

8 8 10 12 

8 8 11 13 

8 8 10 12 

Mean ± SD     

L. amylovorus 

Cell free 

supernatant 

8 8 10 14 

8 8 10 14 

8 8 10 15 

 Mean ± SD     

SBSM2 

(clinical 

strain) 

 

L. amylovorus 

Live cells 

8 9 10 12 

8 8 10 12 

8 9 11 12 

Mean ± SD     

L. amylovorus 

Cell free 

supernatant 

8 8 8 12 

8 8 8 12 

8 8 9 13 

 Mean ± SD     
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Diameter of zone of inhibition of S. mutans by combination of probiotic strains in 

blood agar. (Table 5) 

 

S. mutans 

MTCC 

497 

(standard 

strain) 

 

Probiotic 

strain 

Diameter of the zone of 

inhibition (mm)  

Live cells 
Cell free 

supernatant 

L. amylovorus 

+ 

L. acidophilus 

 

11 11 

11 11 

12 11 

Mean ± SD   

L. amylovorus 

+ 

L. fermentum 

 

10 10 

11 10 

10 11 

Mean ± SD   

L. amylovorus 

+ 

L. rhamnosus 

 

13 12 

13 13 

13 12 

Mean ± SD   

L. fermentum 

+ 

L. rhamnosus 

 

13 11 

12 11 

13 11 

Mean ± SD   

L. fermentum 

+ 

L.  acidophilus 

 

12 9 

12 9 

12 8 

Mean ± SD   

L. rhamnosus+ 16 12 
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L.  acidophilus 16 12 

17 12 

Mean ± SD   

L. amylovorus 

+ 

L. 

acidophilus+ 

L. rhamnosus 

12 15 

13 16 

13 16 

Mean ± SD   

L. amylovorus 

+ 

L. 

acidophilus+ 

L. fermentum 

9 12 

10 12 

10 13 

Mean ± SD   

L. 

acidophilus+ 

L. rhamnosus+ 

L. fermentum 

11 15 

12 16 

11 15 

Mean ± SD   

L. amylovorus 

+ 

L. rhamnosus+ 

L. fermentum 

9 15 

9 16 

10 16 

Mean ± SD   

L. 

acidophilus+ 

L. amylovorus 

+ 

L. rhamnosus+ 

L. fermentum 

15 14 

15 14 

16 14 

 Mean ± SD   
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Diameter of zone of inhibition of S.mutans in MSA plates (Table 6) 

 

Culture Probiotic 

strain 

Concentrations 

S. mutans 

MTCC 

497 

(Standard 

strain) 

 25µl 50µl 100µl 150µl 

 

L. rhamnosus 

Live cells 

8 8 12 14 

8 9 12 14 

8 9 12 14 

Mean ± SD     

L. rhamnosus 

Cell free 

supernatant 

8 9 12 14 

8 10 12 14 

8 9 12 14 

Mean ± SD     

 

L. amylovorus 

Live cells 

8 8 8 9 

8 8 9 10 

8 8 9 9 

Mean ± SD     

L. amylovorus 

Cell free 

supernatant 

8 8 9 10 

8 8 10 11 

8 8 10 10 

Mean ± SD     

 

L. fermentum 

Live cells 

9 14 15 15 

9 14 15 15 

10 14 15 16 

Mean ± SD     

L. fermentum 

Cell free 

supernatant 

15 15 16 18 

15 15 16 17 

14 15 16 18 

Mean ± SD     

 

L. acidophilus 

Live cells 

8 9 10 12 

8 9 10 12 

8 9 11 12 

Mean ± SD     

L. acidophilus 

Cell free 

supernatant 

8 9 10 12 

8 8 10 12 

8 9 10 12 

Mean ± SD     
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Table 7 

Independent Samples Test for diameter of zone of inhibition of S. mutans (MTCC 497, SBSM1 & SBSM2) 

by L. rhamnosus in blood agar. 

  Levene's Test 

for Equality 

of Variances t-test for Equality of Means 

  

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

LRhamnos50microl Equal 

variances 

assumed 

.000 1.000 4.950 4 .008 2.33333 .47140 1.02450 3.64216 

Equal 

variances not 

assumed 

  

4.950 4.000 .008 2.33333 .47140 1.02450 3.64216 

LRhamnosus100microl Equal 

variances 

assumed 

16.000 .016 10.000 4 .001 3.33333 .33333 2.40785 4.25882 

Equal 

variances not 

assumed 

  

10.000 2.000 .010 3.33333 .33333 1.89912 4.76755 

Lrhamnos150microl Equal 

variances 

assumed 

16.000 .016 8.000 4 .001 2.66667 .33333 1.74118 3.59215 

Equal 

variances not 

assumed 

  

8.000 2.000 .015 2.66667 .33333 1.23245 4.10088 

SBSM125microl Equal 

variances 

assumed 

16.000 .016 1.000 4 .374 .33333 .33333 -.59215 1.25882 

Equal 

variances not 

assumed 

  

1.000 2.000 .423 .33333 .33333 
-

1.10088 
1.76755 

SBSM50microl Equal 

variances 

assumed 

.000 1.000 2.828 4 .047 1.33333 .47140 .02450 2.64216 
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Equal 

variances not 

assumed 

  

2.828 4.000 .047 1.33333 .47140 .02450 2.64216 

SBSM100microl Equal 

variances 

assumed 

.400 .561 -5.500 4 .005 -3.66667 .66667 
-

5.51763 

-

1.81570 

Equal 

variances not 

assumed 

  

-5.500 3.200 .010 -3.66667 .66667 
-

5.71522 

-

1.61811 

SBSM150microl Equal 

variances 

assumed 

.400 .561 -2.000 4 .116 -1.33333 .66667 
-

3.18430 
.51763 

Equal 

variances not 

assumed 

  

-2.000 3.200 .134 -1.33333 .66667 
-

3.38189 
.71522 

SBSM2100microl Equal 

variances 

assumed 

.000 1.000 -5.657 4 .005 -2.66667 .47140 
-

3.97550 

-

1.35784 

Equal 

variances not 

assumed 

  

-5.657 4.000 .005 -2.66667 .47140 
-

3.97550 

-

1.35784 

SBSM2150microl Equal 

variances 

assumed 

.000 1.000 -3.536 4 .024 -1.66667 .47140 
-

2.97550 
-.35784 

Equal 

variances not 

assumed 

  

-3.536 4.000 .024 -1.66667 .47140 
-

2.97550 
-.35784 
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Table 8 

Independent Samples Test for diameter of zone of inhibition of S. mutans (MTCC 497, SBSM1 & SBSM2) 

by L. fermentum in blood agar. 

  Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

  

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Lfermentum50microl Equal 

variances 

assumed 

.000 1.000 2.121 4 .101 1.00000 .47140 -.30883 2.30883 

Equal 

variances 

not assumed 

  

2.121 4.000 .101 1.00000 .47140 -.30883 2.30883 

Lfermentum100microl Equal 

variances 

assumed 

16.000 .016 5.000 4 .007 1.66667 .33333 .74118 2.59215 

Equal 

variances 

not assumed 

  

5.000 2.000 .038 1.66667 .33333 .23245 3.10088 

Lfermentum150microl Equal 

variances 

assumed 

16.000 .016 1.000 4 .374 .33333 .33333 -.59215 1.25882 

Equal 

variances 

not assumed 

  

1.000 2.000 .423 .33333 .33333 
-

1.10088 
1.76755 

SecondSBSM150microl Equal 

variances 

assumed 

16.000 .016 
-

1.000 
4 .374 -.33333 .33333 

-

1.25882 
.59215 

Equal 

variances 

not assumed 

  
-

1.000 
2.000 .423 -.33333 .33333 

-

1.76755 
1.10088 

SecondSBSM1100microl Equal 

variances 

assumed 

16.000 .016 1.000 4 .374 .33333 .33333 -.59215 1.25882 
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Equal 

variances 

not assumed 

  

1.000 2.000 .423 .33333 .33333 
-

1.10088 
1.76755 

SecondSBSM1150microl Equal 

variances 

assumed 

16.000 .016 
-

2.000 
4 .116 -.66667 .33333 

-

1.59215 
.25882 

Equal 

variances 

not assumed 

  
-

2.000 
2.000 .184 -.66667 .33333 

-

2.10088 
.76755 

SecondSBSM250microl Equal 

variances 

assumed 

.000 1.000 -.707 4 .519 -.33333 .47140 
-

1.64216 
.97550 

Equal 

variances 

not assumed 

  

-.707 4.000 .519 -.33333 .47140 
-

1.64216 
.97550 

SecondSBSM2100microl Equal 

variances 

assumed 

16.000 .016 
-

7.000 
4 .002 -2.33333 .33333 

-

3.25882 

-

1.40785 

Equal 

variances 

not assumed 

  
-

7.000 
2.000 .020 -2.33333 .33333 

-

3.76755 
-.89912 

SecondSBSM2150microl Equal 

variances 

assumed 

.000 1.000 
-

5.657 
4 .005 -2.66667 .47140 

-

3.97550 

-

1.35784 

Equal 

variances 

not assumed 

  
-

5.657 
4.000 .005 -2.66667 .47140 

-

3.97550 

-

1.35784 
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Table 9 

 

Independent Samples Test for diameter of zone of inhibition of S. mutans (MTCC 497, SBSM1 & SBSM2) 

by L. acidophillus in blood agar 

  Levene's Test 

for Equality 

of Variances t-test for Equality of Means 

  

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

LAcidophillus25microl Equal 

variances 

assumed 

.000 1.000 .707 4 .519 .33333 .47140 -.97550 1.64216 

Equal 

variances not 

assumed 

  

.707 4.000 .519 .33333 .47140 -.97550 1.64216 

LAcidophillus50microl Equal 

variances 

assumed 

.000 1.000 2.828 4 .047 1.33333 .47140 .02450 2.64216 

Equal 

variances not 

assumed 

  

2.828 4.000 .047 1.33333 .47140 .02450 2.64216 

LAcidophillus100microl Equal 

variances 

assumed 

16.000 .016 4.000 4 .016 1.33333 .33333 .40785 2.25882 

Equal 

variances not 

assumed 

  

4.000 2.000 .057 1.33333 .33333 -.10088 2.76755 

LAcidophillus150microl Equal 

variances 

assumed 

16.000 .016 4.000 4 .016 1.33333 .33333 .40785 2.25882 

Equal 

variances not 

assumed 

  

4.000 2.000 .057 1.33333 .33333 -.10088 2.76755 

ThirdSBSM125microl Equal 

variances 

assumed 

16.000 .016 
-

2.000 
4 .116 -.66667 .33333 

-

1.59215 
.25882 
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Equal 

variances not 

assumed 

  
-

2.000 
2.000 .184 -.66667 .33333 

-

2.10088 
.76755 

ThirdSBSM150microl Equal 

variances 

assumed 

.000 1.000 
-

6.364 
4 .003 -3.00000 .47140 

-

4.30883 

-

1.69117 

Equal 

variances not 

assumed 

  
-

6.364 
4.000 .003 -3.00000 .47140 

-

4.30883 

-

1.69117 

ThirdSBSM1100microl Equal 

variances 

assumed 

16.000 .016 
-

4.000 
4 .016 -1.33333 .33333 

-

2.25882 
-.40785 

Equal 

variances not 

assumed 

  
-

4.000 
2.000 .057 -1.33333 .33333 

-

2.76755 
.10088 

ThirdSBSM1150microl Equal 

variances 

assumed 

16.000 .016 
-

4.000 
4 .016 -1.33333 .33333 

-

2.25882 
-.40785 

Equal 

variances not 

assumed 

  
-

4.000 
2.000 .057 -1.33333 .33333 

-

2.76755 
.10088 

ThirdSBSM250microl Equal 

variances 

assumed 

.000 1.000 .000 4 1.000 .00000 .47140 
-

1.30883 
1.30883 

Equal 

variances not 

assumed 

  

.000 4.000 1.000 .00000 .47140 
-

1.30883 
1.30883 

ThirdSBSM2100microl Equal 

variances 

assumed 

.400 .561 1.000 4 .374 .66667 .66667 
-

1.18430 
2.51763 

Equal 

variances not 

assumed 

  

1.000 3.200 .387 .66667 .66667 
-

1.38189 
2.71522 

ThirdSBSM2150microl Equal 

variances 

assumed 

.400 .561 2.500 4 .067 1.66667 .66667 -.18430 3.51763 

Equal 

variances not 

assumed 

  

2.500 3.200 .082 1.66667 .66667 -.38189 3.71522 
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Table 10 

 

Independent Samples Test for diameter of zone of inhibition of S. mutans 

(MTCC 497, SBSM1 & SBSM2) by L. amylovorus in blood agar. 

  Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

  

F Sig. t Df 

Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Lamylovorus25microl Equal 

variances 

assumed 

16.000 .016 
-

4.000 
4 .016 -1.33333 .33333 

-

2.25882 
-.40785 

Equal 

variances 

not 

assumed 

  

-

4.000 
2.000 .057 -1.33333 .33333 

-

2.76755 
.10088 

Lamylovorus50microl Equal 

variances 

assumed 

16.000 .016 
-

2.000 
4 .116 -.66667 .33333 

-

1.59215 
.25882 

Equal 

variances 

not 

assumed 

  

-

2.000 
2.000 .184 -.66667 .33333 

-

2.10088 
.76755 

Lamylovorus100microl Equal 

variances 

assumed 

16.000 .016 
-

5.000 
4 .007 -1.66667 .33333 

-

2.59215 
-.74118 

Equal 

variances 

not 

assumed 

  

-

5.000 
2.000 .038 -1.66667 .33333 

-

3.10088 
-.23245 

Lamylovorus150microl Equal 

variances 

assumed 

.000 1.000 
-

3.536 
4 .024 -1.66667 .47140 

-

2.97550 
-.35784 

Equal 

variances 

not 

assumed 

  

-

3.536 
4.000 .024 -1.66667 .47140 

-

2.97550 
-.35784 
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FourthSBSM100MICROL Equal 

variances 

assumed 

16.000 .016 1.000 4 .374 .33333 .33333 -.59215 1.25882 

Equal 

variances 

not 

assumed 

  

1.000 2.000 .423 .33333 .33333 
-

1.10088 
1.76755 

FourthSBSM1150MICROL Equal 

variances 

assumed 

.000 1.000 
-

4.243 
4 .013 -2.00000 .47140 

-

3.30883 
-.69117 

Equal 

variances 

not 

assumed 

  

-

4.243 
4.000 .013 -2.00000 .47140 

-

3.30883 
-.69117 

FourthSBSM250microl Equal 

variances 

assumed 

16.000 .016 2.000 4 .116 .66667 .33333 -.25882 1.59215 

Equal 

variances 

not 

assumed 

  

2.000 2.000 .184 .66667 .33333 -.76755 2.10088 

FourthSBSM2100microl Equal 

variances 

assumed 

.000 1.000 4.243 4 .013 2.00000 .47140 .69117 3.30883 

Equal 

variances 

not 

assumed 

  

4.243 4.000 .013 2.00000 .47140 .69117 3.30883 

FourthSBSM2150microl Equal 

variances 

assumed 

16.000 .016 
-

1.000 
4 .374 -.33333 .33333 

-

1.25882 
.59215 

Equal 

variances 

not 

assumed 

  

-

1.000 
2.000 .423 -.33333 .33333 

-

1.76755 
1.10088 
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Table 11 

 

Independent Samples Test for diameter of zone of inhibition of S. mutans by combination of probiotic 

strains in blood agar. 

  Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

  

F Sig. t df 

Sig. 

(2-

tailed

) 

Mean 

Differen

ce 

Std. 

Error 

Differen

ce 

95% 

Confidence 

Interval of the 

Difference 

  Lower Upper 

LAMYLOVORUSANDLACIDO Equal 

variances 

assumed 

16.00

0 
.016 1.000 4 .374 .33333 .33333 

-

.59215 

1.2588

2 

Equal 

variances 

not 

assumed 

  

1.000 
2.00

0 
.423 .33333 .33333 

-

1.1008

8 

1.7675

5 

lamyandlferment Equal 

variances 

assumed 

.000 
1.00

0 
.000 4 

1.00

0 
.00000 .47140 

-

1.3088

3 

1.3088

3 

Equal 

variances 

not 

assumed 

  

.000 
4.00

0 

1.00

0 
.00000 .47140 

-

1.3088

3 

1.3088

3 

LamylandLrhamnosus Equal 

variances 

assumed 

16.00

0 
.016 2.000 4 .116 .66667 .33333 

-

.25882 

1.5921

5 

Equal 

variances 

not 

assumed 

  

2.000 
2.00

0 
.184 .66667 .33333 

-

.76755 

2.1008

8 

LFermentandLrhamnosus Equal 

variances 

assumed 

16.00

0 
.016 5.000 4 .007 1.66667 .33333 .74118 

2.5921

5 



 

Results 

41 
 

Equal 

variances 

not 

assumed 

  

5.000 
2.00

0 
.038 1.66667 .33333 .23245 

3.1008

8 

LfermentumandLacidophil Equal 

variances 

assumed 

16.00

0 
.016 

10.00

0 
4 .001 3.33333 .33333 

2.4078

5 

4.2588

2 

Equal 

variances 

not 

assumed 

  

10.00

0 

2.00

0 
.010 3.33333 .33333 

1.8991

2 

4.7675

5 

LrhamnoandLacidophilus Equal 

variances 

assumed 

16.00

0 
.016 

13.00

0 
4 .000 4.33333 .33333 

3.4078

5 

5.2588

2 

Equal 

variances 

not 

assumed 

  

13.00

0 

2.00

0 
.006 4.33333 .33333 

2.8991

2 

5.7675

5 

LamylovorusandLacidophilusandL

rhamnos 

Equal 

variances 

assumed 

.000 
1.00

0 

-

6.364 
4 .003 -3.00000 .47140 

-

4.3088

3 

-

1.6911

7 

Equal 

variances 

not 

assumed 

  

-

6.364 

4.00

0 
.003 -3.00000 .47140 

-

4.3088

3 

-

1.6911

7 

LamyloandLacidoandLferment Equal 

variances 

assumed 

.000 
1.00

0 

-

5.657 
4 .005 -2.66667 .47140 

-

3.9755

0 

-

1.3578

4 

Equal 

variances 

not 

assumed 

  

-

5.657 

4.00

0 
.005 -2.66667 .47140 

-

3.9755

0 

-

1.3578

4 

LacidoandLrhamnosandLferment Equal 

variances 

assumed 

.000 
1.00

0 

-

8.485 
4 .001 -4.00000 .47140 

-

5.3088

3 

-

2.6911

7 

Equal 

variances 

not 

assumed 

  

-

8.485 

4.00

0 
.001 -4.00000 .47140 

-

5.3088

3 

-

2.6911

7 
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LamyloandLrhamnoandLFerment Equal 

variances 

assumed 

.000 
1.00

0 

-

13.43

5 

4 .000 -6.33333 .47140 

-

7.6421

6 

-

5.0245

0 

Equal 

variances 

not 

assumed 

  
-

13.43

5 

4.00

0 
.000 -6.33333 .47140 

-

7.6421

6 

-

5.0245

0 

LacidoandLamyloandLrhamnoand

Lferment 

Equal 

variances 

assumed 

16.00

0 
.016 4.000 4 .016 1.33333 .33333 .40785 

2.2588

2 

Equal 

variances 

not 

assumed 

  

4.000 
2.00

0 
.057 1.33333 .33333 

-

.10088 

2.7675

5 

 



 

Results 

43 
 

 

Table 12 

Independent Samples Test for diameter of zone of inhibition of S.mutans in MSA plates 

  Levene's 

Test for 

Equality 

of 

Variances t-test for Equality of Means 

  

F Sig. t df 

Sig. 

(2-

tailed

) 

Mean 

Differenc

e 

Std. Error 

Differenc

e 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

SecondLRhamnos50microl Equal 

variance

s 

assumed 

.00

0 

1.00

0 
-1.414 4 .230 -.66667 .47140 

-

1.9755

0 

.64216 

Equal 

variance

s not 

assumed 

  

-1.414 
4.00

0 
.230 -.66667 .47140 

-

1.9755

0 

.64216 

SecondLamylovorus100microl Equal 

variance

s 

assumed 

.00

0 

1.00

0 
-2.121 4 .101 -1.00000 .47140 

-

2.3088

3 

.30883 

Equal 

variance

s not 

assumed 

  

-2.121 
4.00

0 
.101 -1.00000 .47140 

-

2.3088

3 

.30883 

SecondLamylovourus150micro

l 

Equal 

variance

s 

assumed 

.00

0 

1.00

0 
-2.121 4 .101 -1.00000 .47140 

-

2.3088

3 

.30883 

Equal 

variance

s not 

assumed 

  

-2.121 
4.00

0 
.101 -1.00000 .47140 

-

2.3088

3 

.30883 
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SecondLfermentum25microl Equal 

variance

s 

assumed 

.00

0 

1.00

0 

-

11.31

4 

4 .000 -5.33333 .47140 

-

6.6421

6 

-

4.0245

0 

Equal 

variance

s not 

assumed 

  
-

11.31

4 

4.00

0 
.000 -5.33333 .47140 

-

6.6421

6 

-

4.0245

0 

SecondLfermentum150microl Equal 

variance

s 

assumed 

.00

0 

1.00

0 
-4.950 4 .008 -2.33333 .47140 

-

3.6421

6 

-

1.0245

0 

Equal 

variance

s not 

assumed 

  

-4.950 
4.00

0 
.008 -2.33333 .47140 

-

3.6421

6 

-

1.0245

0 

 

Table 13 : ANOVA test for zone of inhibition of probiotic combinations 

Descriptives 

 

N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence Interval 

for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

L Amylo + L acido 3 11.0000 .00000 .00000 11.0000 11.0000 11.00 11.00 

L amylo + L 

fermentum 
3 10.3333 .57735 .33333 8.8991 11.7676 10.00 11.00 

L Amylo + L 

Rhamnosus 
3 12.3333 .57735 .33333 10.8991 13.7676 12.00 13.00 

L fermentum + L 

rhamnosus 
3 11.0000 .00000 .00000 11.0000 11.0000 11.00 11.00 

L fermentum + L 

acidophilus 
3 8.6667 .57735 .33333 7.2324 10.1009 8.00 9.00 

L rhamnosus + L 

acidophillus 
3 12.0000 .00000 .00000 12.0000 12.0000 12.00 12.00 

L amylovorus + L 

achidophillus + L 

rhamnosus 

3 15.6667 .57735 .33333 14.2324 17.1009 15.00 16.00 
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L amylovorus + L 

acidophillus + L 

fermentum 

3 12.3333 .57735 .33333 10.8991 13.7676 12.00 13.00 

L acidophillus + L 

rhamnosus + L 

fermentum 

3 15.3333 .57735 .33333 13.8991 16.7676 15.00 16.00 

L amylovorus + L 

rhamnosus + L 

fermentum 

3 15.6667 .57735 .33333 14.2324 17.1009 15.00 16.00 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

3 14.0000 .00000 .00000 14.0000 14.0000 14.00 14.00 

Total 33 12.5758 2.29170 .39893 11.7632 13.3884 8.00 16.00 

 

 

Table 14 :   ANOVA Tukey HSD test for zone of inhibition of probiotic 

combinations 

Multiple Comparisons 

LAMYLOVORUSANDLACIDO 

Tukey HSD 

     

(I) Groups (J) Groups 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower 

Bound Upper Bound 

L Amylo + L acido L amylo + L fermentum .66667 .37605 .783 -.6776 2.0110 

L Amylo + L 

Rhamnosus 
-1.33333 .37605 .053 -2.6776 .0110 

L fermentum + L 

rhamnosus 
.00000 .37605 1.000 -1.3443 1.3443 

L fermentum + L 

acidophilus 
2.33333* .37605 .000 .9890 3.6776 

L rhamnosus + L 

acidophillus 
-1.00000 .37605 .279 -2.3443 .3443 

L amylovorus + L 

achidophillus + L 

rhamnosus 

-4.66667* .37605 .000 -6.0110 -3.3224 

L amylovorus + L 

acidophillus + L 

fermentum 

-1.33333 .37605 .053 -2.6776 .0110 
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L acidophillus + L 

rhamnosus + L 

fermentum 

-4.33333* .37605 .000 -5.6776 -2.9890 

L amylovorus + L 

rhamnosus + L 

fermentum 

-4.66667* .37605 .000 -6.0110 -3.3224 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

-3.00000* .37605 .000 -4.3443 -1.6557 

L amylo + L fermentum L Amylo + L acido -.66667 .37605 .783 -2.0110 .6776 

L Amylo + L 

Rhamnosus 
-2.00000* .37605 .001 -3.3443 -.6557 

L fermentum + L 

rhamnosus 
-.66667 .37605 .783 -2.0110 .6776 

L fermentum + L 

acidophilus 
1.66667* .37605 .008 .3224 3.0110 

L rhamnosus + L 

acidophillus 
-1.66667* .37605 .008 -3.0110 -.3224 

L amylovorus + L 

achidophillus + L 

rhamnosus 

-5.33333* .37605 .000 -6.6776 -3.9890 

L amylovorus + L 

acidophillus + L 

fermentum 

-2.00000* .37605 .001 -3.3443 -.6557 

L acidophillus + L 

rhamnosus + L 

fermentum 

-5.00000* .37605 .000 -6.3443 -3.6557 

L amylovorus + L 

rhamnosus + L 

fermentum 

-5.33333* .37605 .000 -6.6776 -3.9890 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

-3.66667* .37605 .000 -5.0110 -2.3224 

L Amylo + L 

Rhamnosus 

L Amylo + L acido 1.33333 .37605 .053 -.0110 2.6776 

L amylo + L fermentum 2.00000* .37605 .001 .6557 3.3443 

L fermentum + L 

rhamnosus 
1.33333 .37605 .053 -.0110 2.6776 

L fermentum + L 

acidophilus 
3.66667* .37605 .000 2.3224 5.0110 

L rhamnosus + L 

acidophillus 
.33333 .37605 .997 -1.0110 1.6776 

L amylovorus + L 

achidophillus + L 

rhamnosus 

-3.33333* .37605 .000 -4.6776 -1.9890 



 

Results 

47 
 

L amylovorus + L 

acidophillus + L 

fermentum 

.00000 .37605 1.000 -1.3443 1.3443 

L acidophillus + L 

rhamnosus + L 

fermentum 

-3.00000* .37605 .000 -4.3443 -1.6557 

L amylovorus + L 

rhamnosus + L 

fermentum 

-3.33333* .37605 .000 -4.6776 -1.9890 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

-1.66667* .37605 .008 -3.0110 -.3224 

L fermentum + L 

rhamnosus 

L Amylo + L acido .00000 .37605 1.000 -1.3443 1.3443 

L amylo + L fermentum .66667 .37605 .783 -.6776 2.0110 

L Amylo + L 

Rhamnosus 
-1.33333 .37605 .053 -2.6776 .0110 

L fermentum + L 

acidophilus 
2.33333* .37605 .000 .9890 3.6776 

L rhamnosus + L 

acidophillus 
-1.00000 .37605 .279 -2.3443 .3443 

L amylovorus + L 

achidophillus + L 

rhamnosus 

-4.66667* .37605 .000 -6.0110 -3.3224 

L amylovorus + L 

acidophillus + L 

fermentum 

-1.33333 .37605 .053 -2.6776 .0110 

L acidophillus + L 

rhamnosus + L 

fermentum 

-4.33333* .37605 .000 -5.6776 -2.9890 

L amylovorus + L 

rhamnosus + L 

fermentum 

-4.66667* .37605 .000 -6.0110 -3.3224 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

-3.00000* .37605 .000 -4.3443 -1.6557 

L fermentum + L 

acidophilus 

L Amylo + L acido -2.33333* .37605 .000 -3.6776 -.9890 

L amylo + L fermentum -1.66667* .37605 .008 -3.0110 -.3224 

L Amylo + L 

Rhamnosus 
-3.66667* .37605 .000 -5.0110 -2.3224 

L fermentum + L 

rhamnosus 
-2.33333* .37605 .000 -3.6776 -.9890 

L rhamnosus + L 

acidophillus 
-3.33333* .37605 .000 -4.6776 -1.9890 

L amylovorus + L 

achidophillus + L 

rhamnosus 

-7.00000* .37605 .000 -8.3443 -5.6557 
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L amylovorus + L 

acidophillus + L 

fermentum 

-3.66667* .37605 .000 -5.0110 -2.3224 

L acidophillus + L 

rhamnosus + L 

fermentum 

-6.66667* .37605 .000 -8.0110 -5.3224 

L amylovorus + L 

rhamnosus + L 

fermentum 

-7.00000* .37605 .000 -8.3443 -5.6557 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

-5.33333* .37605 .000 -6.6776 -3.9890 

L rhamnosus + L 

acidophillus 

L Amylo + L acido 1.00000 .37605 .279 -.3443 2.3443 

L amylo + L fermentum 1.66667* .37605 .008 .3224 3.0110 

L Amylo + L 

Rhamnosus 
-.33333 .37605 .997 -1.6776 1.0110 

L fermentum + L 

rhamnosus 
1.00000 .37605 .279 -.3443 2.3443 

L fermentum + L 

acidophilus 
3.33333* .37605 .000 1.9890 4.6776 

L amylovorus + L 

achidophillus + L 

rhamnosus 

-3.66667* .37605 .000 -5.0110 -2.3224 

L amylovorus + L 

acidophillus + L 

fermentum 

-.33333 .37605 .997 -1.6776 1.0110 

L acidophillus + L 

rhamnosus + L 

fermentum 

-3.33333* .37605 .000 -4.6776 -1.9890 

L amylovorus + L 

rhamnosus + L 

fermentum 

-3.66667* .37605 .000 -5.0110 -2.3224 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

-2.00000* .37605 .001 -3.3443 -.6557 

L amylovorus + L 

achidophillus + L 

rhamnosus 

L Amylo + L acido 4.66667* .37605 .000 3.3224 6.0110 

L amylo + L fermentum 5.33333* .37605 .000 3.9890 6.6776 

L Amylo + L 

Rhamnosus 
3.33333* .37605 .000 1.9890 4.6776 

L fermentum + L 

rhamnosus 
4.66667* .37605 .000 3.3224 6.0110 

L fermentum + L 

acidophilus 
7.00000* .37605 .000 5.6557 8.3443 

L rhamnosus + L 

acidophillus 
3.66667* .37605 .000 2.3224 5.0110 
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L amylovorus + L 

acidophillus + L 

fermentum 

3.33333* .37605 .000 1.9890 4.6776 

L acidophillus + L 

rhamnosus + L 

fermentum 

.33333 .37605 .997 -1.0110 1.6776 

L amylovorus + L 

rhamnosus + L 

fermentum 

.00000 .37605 1.000 -1.3443 1.3443 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

1.66667* .37605 .008 .3224 3.0110 

L amylovorus + L 

acidophillus + L 

fermentum 

L Amylo + L acido 1.33333 .37605 .053 -.0110 2.6776 

L amylo + L fermentum 2.00000* .37605 .001 .6557 3.3443 

L Amylo + L 

Rhamnosus 
.00000 .37605 1.000 -1.3443 1.3443 

L fermentum + L 

rhamnosus 
1.33333 .37605 .053 -.0110 2.6776 

L fermentum + L 

acidophilus 
3.66667* .37605 .000 2.3224 5.0110 

L rhamnosus + L 

acidophillus 
.33333 .37605 .997 -1.0110 1.6776 

L amylovorus + L 

achidophillus + L 

rhamnosus 

-3.33333* .37605 .000 -4.6776 -1.9890 

L acidophillus + L 

rhamnosus + L 

fermentum 

-3.00000* .37605 .000 -4.3443 -1.6557 

L amylovorus + L 

rhamnosus + L 

fermentum 

-3.33333* .37605 .000 -4.6776 -1.9890 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

-1.66667* .37605 .008 -3.0110 -.3224 

L acidophillus + L 

rhamnosus + L 

fermentum 

L Amylo + L acido 4.33333* .37605 .000 2.9890 5.6776 

L amylo + L fermentum 5.00000* .37605 .000 3.6557 6.3443 

L Amylo + L 

Rhamnosus 
3.00000* .37605 .000 1.6557 4.3443 

L fermentum + L 

rhamnosus 
4.33333* .37605 .000 2.9890 5.6776 

L fermentum + L 

acidophilus 
6.66667* .37605 .000 5.3224 8.0110 

L rhamnosus + L 

acidophillus 
3.33333* .37605 .000 1.9890 4.6776 
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L amylovorus + L 

achidophillus + L 

rhamnosus 

-.33333 .37605 .997 -1.6776 1.0110 

L amylovorus + L 

acidophillus + L 

fermentum 

3.00000* .37605 .000 1.6557 4.3443 

L amylovorus + L 

rhamnosus + L 

fermentum 

-.33333 .37605 .997 -1.6776 1.0110 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

1.33333 .37605 .053 -.0110 2.6776 

L amylovorus + L 

rhamnosus + L 

fermentum 

L Amylo + L acido 4.66667* .37605 .000 3.3224 6.0110 

L amylo + L fermentum 5.33333* .37605 .000 3.9890 6.6776 

L Amylo + L 

Rhamnosus 
3.33333* .37605 .000 1.9890 4.6776 

L fermentum + L 

rhamnosus 
4.66667* .37605 .000 3.3224 6.0110 

L fermentum + L 

acidophilus 
7.00000* .37605 .000 5.6557 8.3443 

L rhamnosus + L 

acidophillus 
3.66667* .37605 .000 2.3224 5.0110 

L amylovorus + L 

achidophillus + L 

rhamnosus 

.00000 .37605 1.000 -1.3443 1.3443 

L amylovorus + L 

acidophillus + L 

fermentum 

3.33333* .37605 .000 1.9890 4.6776 

L acidophillus + L 

rhamnosus + L 

fermentum 

.33333 .37605 .997 -1.0110 1.6776 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

1.66667* .37605 .008 .3224 3.0110 

L acidophillus + L 

amylovorus + L 

rhamnosus + L 

fermentum 

L Amylo + L acido 3.00000* .37605 .000 1.6557 4.3443 

L amylo + L fermentum 3.66667* .37605 .000 2.3224 5.0110 

L Amylo + L 

Rhamnosus 
1.66667* .37605 .008 .3224 3.0110 

L fermentum + L 

rhamnosus 
3.00000* .37605 .000 1.6557 4.3443 

L fermentum + L 

acidophilus 
5.33333* .37605 .000 3.9890 6.6776 

L rhamnosus + L 

acidophillus 
2.00000* .37605 .001 .6557 3.3443 
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L amylovorus + L 

achidophillus + L 

rhamnosus 

-1.66667* .37605 .008 -3.0110 -.3224 

L amylovorus + L 

acidophillus + L 

fermentum 

1.66667* .37605 .008 .3224 3.0110 

L acidophillus + L 

rhamnosus + L 

fermentum 

-1.33333 .37605 .053 -2.6776 .0110 

L amylovorus + L 

rhamnosus + L 

fermentum 

-1.66667* .37605 .008 -3.0110 -.3224 

*. The mean difference is significant at the 0.05 level.     

 

 

Table 15 : ANOVA Tukey HSD test for zone of inhibition of probiotic 

combinations in various concentrations  

  

N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

  Lower 

Bound 

Upper 

Bound 

LRhamnos25mictol S Mutans 

MTCC 
3 13.0000 .00000 .00000 13.0000 13.0000 13.00 13.00 

SBSM1 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

SBSM2 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

Total 9 9.6667 2.50000 .83333 7.7450 11.5883 8.00 13.00 

LRhamnos50microl S Mutans 

MTCC 
3 14.3333 .57735 .33333 12.8991 15.7676 14.00 15.00 

SBSM1 3 8.3333 .57735 .33333 6.8991 9.7676 8.00 9.00 

SBSM2 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

Total 9 10.2222 3.11359 1.03786 7.8289 12.6155 8.00 15.00 

LRhamnosus100microl S Mutans 

MTCC 
3 16.0000 .00000 .00000 16.0000 16.0000 16.00 16.00 

SBSM1 3 16.6667 .57735 .33333 15.2324 18.1009 16.00 17.00 

SBSM2 3 16.3333 .57735 .33333 14.8991 17.7676 16.00 17.00 

Total 9 16.3333 .50000 .16667 15.9490 16.7177 16.00 17.00 

Lrhamnos150microl S Mutans 

MTCC 
3 17.3333 .57735 .33333 15.8991 18.7676 17.00 18.00 
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SBSM1 3 19.3333 .57735 .33333 17.8991 20.7676 19.00 20.00 

SBSM2 3 19.3333 .57735 .33333 17.8991 20.7676 19.00 20.00 

Total 9 18.6667 1.11803 .37268 17.8073 19.5261 17.00 20.00 

Lfermentum25microl S Mutans 

MTCC 
3 9.0000 .00000 .00000 9.0000 9.0000 9.00 9.00 

SBSM1 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

SBSM2 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

Total 9 8.3333 .50000 .16667 7.9490 8.7177 8.00 9.00 

Lfermentum50microl S Mutans 

MTCC 
3 10.6667 .57735 .33333 9.2324 12.1009 10.00 11.00 

SBSM1 3 8.3333 .57735 .33333 6.8991 9.7676 8.00 9.00 

SBSM2 3 8.6667 .57735 .33333 7.2324 10.1009 8.00 9.00 

Total 9 9.2222 1.20185 .40062 8.2984 10.1460 8.00 11.00 

Lfermentum100microl S Mutans 

MTCC 
3 13.0000 .00000 .00000 13.0000 13.0000 13.00 13.00 

SBSM1 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

SBSM2 3 10.3333 .57735 .33333 8.8991 11.7676 10.00 11.00 

Total 9 10.4444 2.18581 .72860 8.7643 12.1246 8.00 13.00 

Lfermentum150microl S Mutans 

MTCC 
3 15.0000 .00000 .00000 15.0000 15.0000 15.00 15.00 

SBSM1 3 10.6667 .57735 .33333 9.2324 12.1009 10.00 11.00 

SBSM2 3 14.3333 .57735 .33333 12.8991 15.7676 14.00 15.00 

Total 9 13.3333 2.06155 .68718 11.7487 14.9180 10.00 15.00 

LAcidophillus25microl S Mutans 

MTCC 
3 11.3333 .57735 .33333 9.8991 12.7676 11.00 12.00 

SBSM1 3 8.6667 .57735 .33333 7.2324 10.1009 8.00 9.00 

SBSM2 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

Total 9 9.3333 1.58114 .52705 8.1180 10.5487 8.00 12.00 

LAcidophillus50microl S Mutans 

MTCC 
3 12.3333 .57735 .33333 10.8991 13.7676 12.00 13.00 

SBSM1 3 11.3333 .57735 .33333 9.8991 12.7676 11.00 12.00 

SBSM2 3 8.6667 .57735 .33333 7.2324 10.1009 8.00 9.00 

Total 9 10.7778 1.71594 .57198 9.4588 12.0968 8.00 13.00 

LAcidophillus100microl S Mutans 

MTCC 
3 13.6667 .57735 .33333 12.2324 15.1009 13.00 14.00 

SBSM1 3 16.0000 .00000 .00000 16.0000 16.0000 16.00 16.00 
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SBSM2 3 14.0000 1.00000 .57735 11.5159 16.4841 13.00 15.00 

Total 9 14.5556 1.23603 .41201 13.6055 15.5057 13.00 16.00 

LAcidophillus150microl S Mutans 

MTCC 
3 14.0000 .00000 .00000 14.0000 14.0000 14.00 14.00 

SBSM1 3 18.3333 .57735 .33333 16.8991 19.7676 18.00 19.00 

SBSM2 3 17.3333 .57735 .33333 15.8991 18.7676 17.00 18.00 

Total 9 16.5556 2.00693 .66898 15.0129 18.0982 14.00 19.00 

Lamylovorus25microl S Mutans 

MTCC 
3 12.0000 .00000 .00000 12.0000 12.0000 12.00 12.00 

SBSM1 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

SBSM2 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

Total 9 9.3333 2.00000 .66667 7.7960 10.8707 8.00 12.00 

Lamylovorus50microl S Mutans 

MTCC 
3 13.0000 .00000 .00000 13.0000 13.0000 13.00 13.00 

SBSM1 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

SBSM2 3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00 

Total 9 9.6667 2.50000 .83333 7.7450 11.5883 8.00 13.00 

Lamylovorus100microl S Mutans 

MTCC 
3 15.6667 .57735 .33333 14.2324 17.1009 15.00 16.00 

SBSM1 3 10.0000 .00000 .00000 10.0000 10.0000 10.00 10.00 

SBSM2 3 8.3333 .57735 .33333 6.8991 9.7676 8.00 9.00 

Total 9 11.3333 3.35410 1.11803 8.7551 13.9115 8.00 16.00 

Lamylovorus150microl S Mutans 

MTCC 
3 16.3333 .57735 .33333 14.8991 17.7676 16.00 17.00 

SBSM1 3 14.3333 .57735 .33333 12.8991 15.7676 14.00 15.00 

SBSM2 3 12.3333 .57735 .33333 10.8991 13.7676 12.00 13.00 

Total 9 14.3333 1.80278 .60093 12.9476 15.7191 12.00 17.00 

 



 

Results 

54 
 

 

Graph 1: Zone of inhibition of probiotics in different concentration in blood agar. 

0
2
4
6
8

10
12
14
16
18
20

25µl 50µl 100µl 150µl

Zone of 

Inhibition

Concentration

L.rhamnosus

L.amylovorus

L.fermentum

L.acidophilus

 

 

Graph 2: Comparison between zone of inhibition of two different probiotic strains  

in blood agar 
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Graph 3: Comparison between zone of inhibition of multiple probiotic strains  

in blood agar 

 

 

Graph 4: Zone of inhibition of probiotics in different concentration in MSA Plates  
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Interpretation of results 

The order of zone of inhibition of S. mutans were as follows, 

L. fermentum> L. rhamnosus> L. acidophilus > L. amylovorus. 

 L. fermentum(live cells) in concentration of 100, 150µl significantly inhibits 

both strains of S. mutans (MTCC 497, SBSM1 & SBSM2) in blood agar. 

 L. fermentum (Cell free supernatant) in concentration of  100µl,150µl  inhibits 

the clinical strains of S. mutans (SBSM1 & SBSM2) better than the standard 

strain(MTCC497) in blood agar,but the results were not statistically 

significant. 

 L. rhamnosus (live cells) in concentration of 50, 100 and 150µl significantly 

inhibits both strains of S. mutans (MTCC 497, SBSM1 & SBSM2) in blood 

agar. 

 L. rhamnosus (Cell free supernatant) in concentration of 100µl and 150µl  

inhibits the clinical strains of S. mutans (SBSM1 & SBSM2) better than the 

standard strain(MTCC497) in blood agar, but the results were not statistically 

significant. 

 L. acidophilus and L.amylovorus in both cell culture broth and cell free 

supernatant inhibits the S.mutans only in higher concentrations but the results 

were not statistically significant. 

 The bacterial combination of L. fermentum, L. rhamnosus and L. fermentum,  

L. acidophilus inhibits the S. mutans significantly rather than individual 

strains. 
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Dental caries is a multifactorial disease of bacterial origin that is characterized 

by acid demineralization of the tooth enamel. It appears following changes in the 

homeostasis of the oral ecosystem leading to proliferation of the bacterial biofilm, 

composed notably of streptococci from the mutans group. To have a beneficial effect 

in limiting or preventing dental caries, a probiotic must be able to adhere to dental 

surfaces and integrate into the bacterial communities making up the dental biofilm. It 

must also compete with and antagonize the cariogenic bacteria and thus prevent their 

proliferation.
59

 

Various microorganisms are associated with the initiation and progression of 

dental caries, among which S. mutans is  the most prominent caries causing agent
18

.A 

number of research groups also has demonstrated that S. mutans is more frequently 

associated with dental caries.  

Several mechanisms have been suggested to contribute to the probiotic action 

in oral health such as secretion of antimicrobial substances, competition with other 

flora, including potential pathogens by competitive blocking of adhesion sites and 

stimulation of immunoglobin A production. There is also evidence of production of 

anti-microbial substances, such as organic acids, hydrogen peroxide and 

bacteriocins.
20

 

Probiotic bacteria have been used to modify microfloral ecosystems  and have 

already shown some success as a therapeutic for oral diseases, as described in a recent 

review by Saha S et al
51

.For the development of a more efficacious therapeutic; 

optimization and selection of probiotic strains needs to be undertaken.  
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The goal of the present research was to screen probiotic strains, chosen based 

on already demonstrated beneficial properties in other human disorders, to investigate 

their potential to inhibit S. mutans via probiotic by-products. 

              The study was conducted on standard strains of S.mutans on its selective 

medium(MSA) to see the effectiveness of probiotic strains in producing the zone of 

inhibition. 

The metabolism of food-grade sugars by the probiotic should result in low 

acid production. The advantage of incorporating probiotics into dairy products lies in 

their capacity to neutralize acidic conditions. For example, it has already been 

reported that cheese prevents demineralization of the enamel and promotes its 

remineralization.
58

 

Comelli et al
16

 reported that of bacterial strains used in the dairy industry; 

Lactobacillus  were the only ones with the capacity to integrate into a biofilm present 

on a hydroxyapatite surface and to interfere with development of the cariogenic 

species Streptococcus sobrinus. 

 More recently, it was demonstrated that isolates of W. cibaria had the 

capacity to inhibit, both in vitro and in vivo, biofilm formation by S. mutans and to 

prevent proliferation of this bacterial strain.
27

 

Petti et al
48

 reported that one strain of  L. rhamnosus and the species L. casei 

inhibited in vitro growth of  important cariogenic streptococci, S. mutans and S. 

sobrinus. 
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Several clinical studies have demonstrated that regular consumption of 

yoghurt, milk or cheese containing probiotics led to a decrease in the number of 

cariogenic streptococci in the saliva and a reduction in dental plaque
33

. 

Nikawa et al
45

 reported that consumption of yoghurt containing Lactobacillus 

reuteri over a period of 2 weeks reduced the concentration of S. mutans in the saliva 

by up to 80%. Comparable results were obtained by incorporating probiotics into 

chewing gum or lozenges. 

Näse et al
43

 published the results of a long-term (7-month) study of 594 

children 1 to 6 years of age that evaluated the effects on dental caries of consuming 

milk supplemented with a strain of  L. rhamnosus. The authors concluded that 

children consuming milk containing this probiotic, particularly those 3–4 years of age, 

had significantly fewer dental caries and lower salivary counts of  S. mutans than 

controls. 

The predominant strategy for caries prevention relies on influencing the re- 

and demineralization processes, mainly by using fluorides but also other factors 

involved in the caries process may be targeted. One alternative could be to promote 

colonization of caries inhibiting bacteria and in this aspect, probiotic bacteria 

constitute a novel concept that needs further exploration.
60

 

This invitro study was performed to compare the effect of four commercial 

probiotic lactobacilli strains on growth inhibition of Mutans streptococci. We selected 

these particular lactobacilli strains because they are found in dairy products, fruit 

drinks, drops, gruels, chewing gums and tablets on the market.  Two of the lactobacilli 

strains were fully identified with biochemical analysis using the API 50 CH system 
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while a satisfactory identification of the L. fermentum and L. rhamnosus strains  

required molecular genetics methods
26

. 

The agar overlay method used in our study has earlier been used to 

demonstrate the in vitro growth inhibition of different isolates of lactobacilli on 

pathogenic bacteria in the female urogenital region, Streptococcus pneumoniae, 

Haemophilus influenzae and Moraxella catarrhalis
31

.  

Kõll et al 
36

 used the deferred antagonism method to test the inhibitory 

capacity against Mutans streptococci. The same method was also used in our study 

where the lactobacilli were stab-inoculated on the surface of the bottom agar and 

pathogen suspensions are poured over the macrocolonies of lactobacilli. After 

incubation the width of the inhibition zones were measured. The main advantage with 

the deferred antagonism method is the more exact outcome while the agar overlay 

method enables assessment of different cell concentrations.
64

 

Inhibition assays were performed using two probiotic formulations: 1) cell 

supernatant (by-products) and 2) live cells. S. mutans was incorporated at 0.5% (w/v). 

This corresponded to bacterial concentrations of 1.04 × 107 ± 7.04 × 105 for  

S. mutans. 

Previous research
22

 has demonstrated that probiotic supernatant filtered of the 

cell contents showed inhibition of oral biofilm due to bacteriocin activity, such as 

reuterin, originating from probiotics. Hence, the first experimental approach 

undertaken was to use probiotic supernatant to determine whether a secreted factor 

produced during culturing could inhibit the oral pathogens that contribute to biofilm 

formation. The results demonstrated no detectable inhibition for S. mutans. The 

overnight probiotic cultures were further grown for an extended period of 48 hours to 
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confirm that probiotic supernatants contained enough secreted products for optimum 

function.  

Clearance zones demonstrated the ability of the supernatant or live probiotic 

formulation to inhibit the growth of the pathogens. As expected, a positive correlation 

between the area of the zones of clearance and the concentration of probiotic cells was 

observed.
19

 

An explanation for the lack of inhibition by probiotic supernatant may be due 

to a number of factors, for example, organic acids or bacteriocins produced by the 

probiotic may be unstable or degraded or are simply present in too low 

concentrations.
21

 

Zones of clearance were then evaluated and attempts were made to evaluate 

the colony forming unit required for a 1 mm inhibition by normalizing the results.  

The  order  of  zone  of  inhibition  of  S. mutans  in  our  study  was  as 

follows:  

L. fermentum> L. rhamnosus> L. acidophilus > L. amylovorus. 

L. rhamnosus, L. acidophilus > L. fermentum, L. rhamnosus > L. amylovorus, 

L. rhamnosus> L. fermentum, L. acidophilus > L. amylovorus, L. acidophilus >  

L. amylovorus, L. fermentum. 

All four strains > L. amylovorus, L. acidophilus, L. rhamnosus>  

L. acidophilus, L. rhamnosus, L. fermentum> L. amylovorus, L. acidophilus,  

L. fermentum> L. amylovorus, L. rhamnosus, L. fermentum. 

L. rhamnosus (live cells) in concentration of 50, 100 and 150µl significantly 

inhibits both strains of S. mutans (MTCC 497, SBSM1 & SBSM2) in blood agar, 
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L. rhamnosus (Cell free supernatant) in concentration of  100µl and 150µl  inhibits 

the clinical strains of S. mutans (SBSM1 & SBSM2) better than the standard 

strain(MTCC497) in blood agar, but the results were not statistically significant 

L. fermentum (live cells) in concentration of 100, 150µl significantly inhibits 

both strains of S. mutans (MTCC 497, SBSM1 & SBSM2) in blood agar, 

L. fermentum (Cell free supernatant) in concentration of  100µl  inhibits the clinical 

strains of  S. mutans (SBSM1 & SBSM2) better than the standard strain(MTCC497) 

in blood agar ,but the results were not statistically significant 

L. fermentum and L. rhamnosus demonstrated the largest zones of clearance as 

compared to the other tested strains, suggesting them as the most efficient strains for 

the inhibition of S. mutans, L. fermentum demonstrated the largest zone of clearance 

as compared to the other tested probiotic strains. Bacteria with fairly weak acid 

production, such as L. fermentum and L. rhamnosus proved to be effective against 

Mutans streptococci. This indicates that other inhibitory substances also may be 

involved in the process with H2O2 as being among the primary metabolites with 

inhibitory capacity against microbial pathogens. 

L. acidophilus and L. amylovorus in both cell culture broth and cell free 

supernatant inhibits the S. mutans only in higher concentrations but the results were 

not  statistically significant. 

With the exception of L. acidophilus and L. amylovorus, the other two 

probiotic strains displayed strong inhibitory capacities against both the streptococci 

isolates and these results were mainly in agreement with the recent observations of 

Simark-Mattsson et al
58

. 
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The final pH in the medium has been suggested to be an important factor for 

growth inhibition, either directly or due to the production of bacteriocins at low pH
38

. 

 Similar strain-dependant differences have previously been observed 

concerning the metabolic capacity to form acids from dietary sugars that differs 

significantly between various probiotic strains
39

.We found a similar tendency in the 

present experiments, the lactobacilli strains that caused the lowest pH after incubation 

(L. fermentum and L. rhamnosus) were also most effective in inhibiting MS. The 

weakest inhibition of  both mutans streptococci was displayed by L acidophilus which 

also had the weakest acid production in both systems. In the agar overlay method the 

lactobacilli is grown inside the MRS-agar and it is possible that this particular system 

is not optimal for L. acidophilus. 

In a similar study, Hasslof et al
25

 have demonstrated the inhibitory action on 

oral pathogens via probiotics. They investigated the ability of probiotic suspension but 

did not compare it to their cell free supernatants which could potentially have an 

effect on the aforementioned pathogens. The observation in the study percludes that if 

the inhibition of pathogens was not due to the substances released by the probiotics, it 

could be due to a competition of nutrients between the pathogens and the probiotics, 

for example sucrose.  

Since significant growth inhibiting differences between the probiotic 

lactobacilli were noted, the null hypothesis was rejected.  

The mechanisms of action behind the observed inhibition need to be 

investigated further. In vivo, several mechanisms may be involved in a successful 

probiotic inhibition of pathogens, namely: 1) inhibition of pathogenic molecules  

2) inhibition of ex-polysaccharide (EPS) secretion, responsible for dental plaque 
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formation which allows for accelerated growth of opportunistic organisms 3) blocking 

of pathogen adhesion sites 4) oral pH modulation and 5) nutrient competition
40,67

. For 

example, EPS is a component of oral biofilm that is essential for the growth of oral 

pathogens . A secreted probiotic product that could decrease the production of EPS 

could be beneficial for the prevention of biofilm formation and dental caries 

pathogenesis. Methods such as Fourier transform infrared spectrophotometry and high 

performance liquid chromatography can be used to quantify EPS levels, and hence 

may prove beneficial for future such investigations
50

.  

Moreover, research groups such as Noordin and Kamin
46

 were successful in 

demonstrating that probiotics reduced the accumulation of dental plaque/oral biofilm. 

However, modification of composition of the oral biofilm with an increased amount 

of non-cariogenic organisms and a decrease of pathogenic organisms could prove 

beneficial. Therefore, another approach to prevent/treat oral diseases via probiotic 

therapeutic could also be a modification of oral biofilm
44

. Hence, further research that 

demonstrates a decrease in a bacterial count of pure pathogenic strains and pathogenic 

strain incorporated in biofilm could prove beneficial. 

One concern with the inhibition of  S.mutans is the possibility that the 

observed inhibition was simply due to environmental changes by the probiotic 

bacteria, more specifically acid production
55

. Furthermore, S. mutans is an 

acidogenic/aciduric bacterium that thrives under acidic conditions.  

The efficacy of probiotics in combinations has been tested in antibiotic-

associated diarrhoea, Clostridium difficile colitis, infectious diarrhea, ulcerative 

colitis, Crohn’s disease, pouchitis, and irritable bowel syndrome, among other 

disorders. Results of the studies showed that probiotics work better in combinations
73

. 
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This is probably the first study to investigate the effects of probiotics in 

combination against Mutans streptococcus. No other study has been published to 

investigate the effects of probiotics in combinations against oral pathogens. The 

bacterial combination of L. fermentum, L. rhamnosus and L. fermentum,  

L. acidophilus inhibits the S. mutans significantly rather than individual strains. The 

results were highly significant when compared to individual strains and this is in 

accordance with the study by Zigra PI et al.
73

 

The present study successfully investigated probiotics capable of inhibiting S. 

mutans. The results demonstrate that live probiotics and/or cell-free probiotic 

supernatant are required for the inhibition of pathogens.  

This study is a semi-quantitative assay, which attempts to select probiotic 

bacteria capable of inhibiting mutans streptococci. Further experiments are needed to 

focus on the inhibition of probiotics in simulated conditions, biofilms and broth 

cultures and formulation for safety of the probiotic strains - a more quantitative 

approach. The successful delivery and residence time of probiotics in the oral cavity 

also remains an issue.  

 Although any conclusion from in vitro studies must be drawn with caution, 

findings in the study provide some further support to the hypothesis that probiotic 

lactobacilli may influence the homeostasis and microbial profile in the oral cavity. 
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Aim and objectives: 

The aim of this in vitro study was to investigate the ability of selected 

lactobacilli strains used in commercially available probiotic products, to inhibit 

growth of oral Mutans streptococci.  

The objectives were to evaluate the inhibition of S. mutans(Standard MTCC 

and clinical strains) by probiotic cell free supernatant and live cells and to evaluate the  

inhibition of S. mutans by probiotic combinations. 

Methodology: 

Inhibition of S. mutans by individual probiotic strains in agar well diffusion 

technique on blood agar plates. 

Lawn cultures of S. mutans  were  made on MHA plates supplemented with 

5% sheep blood agar. Sterile cotton swabs were dipped in the broth cultures of S. 

mutans and the inoculums were seeded in three different directions to form  lawn 

cultures. Plates were allowed to dry for 10 minutes, wells of 8mm diameter were 

punched using sterile cork borer.25, 50, 100, 150µl of the 48hrs broth cultures and 

cell free supernatants of the probotic strains were added and the plates were incubated 

at 37°c at 5% CO2 .Diameter of zone of inhibition around the wells was measured in 

mm using HiAntibiotic zone scale after 24hrs of inhibition. 

Inhibition of S. mutans  by probiotics strains in combinations. 

Lawn culture of S. mutans was made in MHA plates supplemented with 5% 

sheep blood agar. Sterile cotton swabs dipped in fresh broth cultures of S. mutans is 

inoculated and seeded to lawn culture and the plates were allowed to dry for 10 mins. 

Wells of 8mm diameter were punched using sterile cork borer and 200µl of 48 hrs 
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broth cultures and cell free supernatant combinations of probiotic strains were added 

in the presence of 5% CO2 .Diameter of zone of inhibition was measured around the 

wells using HiAntibiotic zone scale  in mm after incubation of 24 hrs. 

Inhibition of S. mutans by individual probiotic strain by agar well diffusion technique 

on MSA plates 

S. mutans were incorporated in the molten agar at 0.5% w/v and poured into 

sterile petriplates and allowed to solidify. Wells of 8mm diameter were punched using 

sterile cork borer. 25,50,100,150µl of broth cultures and cell free supernatant of the 

probiotic strains were added in the wells using sterile microtips. The diameter of zone 

of inhibition were measured in mm using  HiAntibiotic zone scale after incubation of 

48 hrs in the presence of 5% CO2 at 37°c . 

All samples were tested 3 times and the mean values were tabulated and 

statistically analysed using one way ANOVA and Tukey’s HSD post HOC test with p 

value <0.05. 

Results: 

Results showed that L. fermentum and L. rhamnosus demonstrated the largest 

zones of clearance for both clinical and standard MTCC strains of Mutans  

streptococci. The weakest inhibition of Mutans streptococci was displayed by L. 

acidophilus and L .amylovorus. Both cell free supernatant and live cells of probiotic 

strains of  L. fermentum and L. rhamnosus could significantly inhibit clinical and 

standard MTCC strains of Mutans streptococci.  
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The probiotics in higher concentrations such as in 100µl,125 µl,150 µl were 

able to significantly inhibit Mutans streptococci when compared to lower 

concentrations. The combinations of various probiotic strains better inhibited 

pathogenic Mutans streptococci rather than individual strains. 
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From the results of the study following conclusions can be arrived, 

 The L. fermentum and L. rhamnosus demonstrated the largest zones of 

inhibition  for both clinical and standard MTCC strains of Mutans 

streptococci. 

 The weakest inhibition of Mutans streptococci were displayed by  

L. acidophilus and L. amylovorus. 

 All the probiotics in higher concentrations such as in 100µl,125µl,150µl were 

able to significantly inhibit Mutans streptococci when compared to lower 

concentrations. 

 The combinations of various probiotic strains better inhibited pathogenic 

Mutans streptococci rather than individual strains. 
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METHODOLOGY 

 

 

                        

 

 

 

 

                        

  

(figure. 1) Standard strains of S. 

mutans, S. oralis and probiotics 

(MTCC) 

(figure. 2) Reagents used for 

preparing medium 

(figure. 3) McIntosh & Fildes 

anaerobic jar 

(figure. 4) Candle  jar 



 

                   

 

 

 

 

 

                    

 

 

 

 

 

 

 

           (figure. 5)   Cork borer     (figure. 6)  Anaerobic gas 

pack 

(figure. 8) Sterile cotton swab (figure. 7) Mcfarland standard set to 

adjust cell density  



                        

 

 

 

                          

 

 

 

 

 

 

 

(figure. 9) Micropipette,microtips (figure.10) HiAntibiotic  zonescale 

(figure. 11) Incubator (figure. 12) Cyclomixer 



                         

 

 

 

 

 

 

 

                          

 

  

 

 

 

 

   (figure. 13) Blood agar (figure. 14) Clinical strains of 

S.mutans 

(figure. 15) Colonies of S. 

mutans 



       

                         
 

 

  

                           
 

 

 

                              

 

(figure. 16) Colonies of S.oralis 

(figure. 17) Colonies of L.rhamnosus 

(figure. 18) Colonies of L. acidophilus 



  

                                

 

  

                                  

 

  

                                             

 

  

(figure. 19) Colonies of L. 

amylovorus 

(figure. 20) Colonies of  L. 

fermentum 

(figure.21) Broth culture of 

Probiotic strains 



ZONES OF INHIBITION OF S. mutans AND S. oralis BY PROBIOTIC STRAINS IN BLOOD AGAR. 

 

                            

 

 

 

                               

 

 

 

                             

 

 

(figure. 22b) Zone of inhibition by  

L. amylovorus 

(figure. 22a) Zone of inhibition by 

L. rhamnosus 

(figure. 22c) Zone of inhibition by  

L. fermentum 



                    

 

  

 

 

ZONES OF INHIBITION OF S. mutans AND S. oralis BY PROBIOTIC STRAINS IN MSA AGAR. 

 

                                  

 

  

                                 

 

 

(figure. 22d) Zone of inhibition by L. 

acidophilus 

(figure. 23a) Zone of inhibition by L. 

acidophillus 

(figure. 23b) Zone of inhibition by L. 

fermentum 

(figure. 23c)Zone of inhibition by L. 

amylovorus 



 

                                                    

 

 

 

ZONE OF INHIBITION OF CLINICAL STRAINS OF S. mutans (SBSM1) BY PROBIOTIC STRAINS. 

 

                       

 

 

 

                          

 

(figure. 23d) Zone of inhibition by L. 

rhamnosus 

(figure. 24a) Zone of inhibition by L. 

amylovorus 

(figure. 24b) Zone of inhibition by L. 

acidophilus 



 

 

                         

 

 

 

 

                      
  

 

 

 

 

 

 

 

 

 

 

(figure. 24d) Zone of inhibition by L. 

rhamnosus 

(figure. 24c) Zone of inhibition by L. 

fermentum 



ZONE OF INHIBITION OF CLINICAL STRAINS OF S. mutans (SBSM2) BY PROBIOTIC STRAINS. 

 

              

 

 

                 

 

 

                  

 

 

 

(figure. 25a) Zone of inhibition by 

L. amylovorus 

(figure. 25b) Zone of inhibition by 

L. fermentum 

(figure. 25c) Zone of inhibition by 

L. acidophillus 



 

 

                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(figure. 25d) Zone of inhibition by L. 

rhamnosus 



ZONE OF INHIBITION OF S. mutans BY COMBINATION OF PROBIOTIC STRAINS. 

 

                      

 

 

 

                      

 

 

 

 

                      

 

 

(figure. 26a) Zone of inhibition by L. acidophilus, rhamnosus + 

L. fermentum, rhamnosus + L. acidophilus , fermentum + L. 

amylovorus, fermentum, rhamnosus,  acidophilus 

 

 

(figure. 26c) Zone of inhibition by L. acidophilus, amylovorus + L. 

amylovorus, fermentum + L. amylovorus, L. rhamnosus 

(figure. 26b) Zone of inhibition by L. acidophilus, amylovorus, 

rhamnosus + L. amylovorus, fermentum, rhamnosus + L. amylovorus 

,acidophilus ,    fermentum + L. acidophilus , fermentum, rhamnosus 

 


