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ABSTRACT

Objective: The aims of this study were to (i) evaluate the effect of short-term
consumption of probiotic powdered milk containing Lactobacillus paracasei SD1 on the level of
salivary mutans streptococci and lactobacilli, and (ii) investigate the oral persistence of
Lactobacillus paracasei SD1 after short-term consumption of probiotic powdered milk in treated
cleft patients with fixed orthodontic appliances. Material and method: From 32 subjects at the
beginning of the study, two of them were excluded. Thirty cleft lip and cleft palate patients
remaining in the study who had been undergoing treatment with fixed orthodontic appliances at
the Dental Hospital, Faculty of Dentistry, Prince of Songkla University were divided into two
groups; randomized and control groups. The randomized sampling group, consisting of 15
subjects in the probiotic group (8 females, 7 males) with mean age 19.01+ 4.24 years, received
10g/50ml/day of probiotic powdered milk containing Lactobacillus paracasei SD1, while the 15
subjects in the control group (11 females, 4 males) with mean age 19.42+ 3.11 years received
10g/50ml/day of control milk. Both groups were advised to drink the provided milk at breakfast
time for 30 days. Salivary mutans streptococci, lactobacilli counts, plaque index (PI) and salivary
pH were performed for pre-milk consumption as initial (I), immediately after post-milk
consumption as TO at one week intervals for 4 weeks, where post-milk consumption was recorded
as T1, T2, T3, T4. The number of decayed, missing, and filled tecth (DMFT) was performed at
initial and T4. The oral persistence of Lactobacillus paracasei SD1 was then investigated by a
genotypic study using an arbitrarily primed polymerase chain reaction (AP-PCR) at TO-T4.
Results: A statistically significant (p < 0.001) decrease of salivary mutans streptococci and an

increase of lactobacilli (p < 0.001) were found at TO-T4 in the probiotic group, while no statistical

A\



significance was found in the control group. Between the groups, a statistically significant (p <
0.05) decrease of salivary mutans streptococci and an increase of lactobacilli (p < 0.05) were
found at TO-T4. There were no statistically significant changes among all cases of the control and
probiotic groups in the salivary pH and plaque index of post-milk consumption periods and there
were no changes of DMFT in both groups throughout the study. The genotype patterns of
Lactobacillus paracasei SD1 were found at TO-T4 in the probiotic group. Conclusion: The short-
term consumption of probiotic powdered milk containing Lactobacillus paracasei SD1 could
decrease the salivary levels of mutans streptococci and increase lactobacilli in cleft patients who
undergoing treatment with fixed orthodontic appliances. Moreover, Lactobacillus paracasei SD1
genotype patterns were found in all cases of the oral cavity over the post-milk consumption

period.

vi



ACKNOWLEDGEMENT

I would like to hereby express my sincere gratitude to all those who have
helped me so much to make the preparation of this thesis successful. First and foremost of all, to
my major advisor, Asst. Prof. Wipapun Ritthagol, who always provided me with invaluable
advice and guidance from the start to its completion. To my co-advisor, Prof. Dr. Rawee
Teanpaisan, who excellently gave me guidance, suggestion, encouragement, supervision and
support in experimental works from the preliminary to the concluding level. And last but not
least, to Asst. Prof. Dr. Sukanya Tianviwat for her kindness and assisstance in giving me good
advice in statistically analysis works.

I would like to warmly thank to Mr. Wisut Chaethong, Mr. Arkom Wannun, and
Miss Nuntiya Phahumanto, and Oral health science graduate students who devoted their worth
time for. Without them, this thesis could not be completed.

I would like to take the opportunity to thank those people who spent their time
and shared their knowledge for helping me to complete my thesis with the best possible result:
Assoc. Prof. Dr. Chairat Charoemratrote, Assoc. Prof. Dr. Chidchanok Leethanakul, Assoc. Prof.
Supanee Suntornlohanakul, Asst. Dr. Bancha Samraujbenchakul, and Asst. Dr. Udom
Thongudomporn.

I also give gratitude to all of my patients who participated in this study. They’re
not only my patients, but also the great teachers.

Not forgetting also the support of the entire staff of the Orthodontic clinic,
Department of Preventive Dentistry, and staff of Department of Stomatology, Prince of Songkla
University for their help and support through the thesis.

Finally, my graduation would not be achieved without best wish from my dad
and mom, who help me for everything and always gives me greatest love, will power and support
until this study completion. And the last gratefully special thanks to my relation and my friends

for their help and encouragement.

Chontira Saetang

vii



CONTENTS

Page
CONTENT viii
LIST OF TABLES ix
LIST OF DIAGRAMS/ FIGURES X
LIST OF ABBREVIATIONS AND SYMBOLS xi
CHAPTER
1. INTRODUCTION
- Background and rationale 1
- Review of literatures 3
- Objective of research 14
2. RESEARCH METHODOLOGY
- Subjects 15
- Study design 15
- Probiotic and control milks 16
- Data records and collections 16
- Data analysis 21
- Statistical analysis 21
3. RESULTS 22
- Microbial evaluation 23
- Salivary pH value 27
- Plaque index value 28
- The number of decayed, missing, and filled teeth (DMFT) 29
- The oral persistence of Lactobacillus paracasei SD1 30
4. DISCUSSIONS 31
5. CONCLUSIONS 34
REFERENCES 35
APPENDICES 42

VITAE 51

viii



Table

LISTS OF TABLES

Distribution of subjects in the probiotic and the control group
Salivary microbial parameters and dental health status at initial data
Distribution of salivary mutans streptococci scores at pre and
post-milk consumption (within the group)

Distribution of salivary lactobacilli scores at pre and

post-milk consumption (within the groups)

Distribution of salivary mutans streptococci score at pre and
post-milk consumption (between the groups)

Distribution of salivary lactobacilli score at pre and

post-milk consumption (between the groups)

Distribution of salivary pH value at pre and post-milk consumption
(between the groups)

Distribution of plaque index scores at pre and post-milk consumption

(between the groups)

Page

22

23

24

25

26

26

27

28

ix



LISTS OF DIAGRAMS/ FIGURES

Diagram

1 Clinical procedure

Figure

1 10 g per pack of powdered milk

2 Plaque scoring system by Quigley and Hein

3 The pH-indicator strip for determination of salivary pH value

4 A; Mitis salivarius bacitracin agar for determination of mutans streptococci,

B; MRS agar for determination of lactobacilli

5 Salivary pH value at pre and post-milk consumption
6 Plaque index value at pre and post-milk consumption
7 DMFT at pre and post-milk consumption

8 The oral persistence of Lactobacillus paracasei SD1

Page
17

16
18

19

20
27
28
29
30



LISTS OF ABBREVIATIONS AND SYMBOLS

ml = milliliter

ul = microliter

etal. = and others

g = gram

h = hour

CFU = colony forming unit

PBS = phosphate buffer saline

min = minute

rpm = revolutions per minute

M = molar

°C = Celsius

ng = nanogram

Fig = figure

DMFT = the number of decayed, missing, and filled teeth
PI = plaque index

AP-PCR = an arbitrarily primed polymerase chain reaction
Initial (I) = pre-milk consumption

TO = immediately post-milk consumption
Tl = 1 week post-milk consumption

T2 = 2 weeks post-milk consumption

T3 = 3 weeks post-milk consumption

T4 = 4 weeks post-milk consumption

% = percent

/ = per



CHAPTER 1

INTRODUCTION

Background and rationale

Cleft lip and palate (CLP) is a common congenital craniofacial abnormality that
requires a multidisciplinary team approach for comprehensive treatment. Patients with cleft lip
and palate generally display poor oral hygiene and higher caries prevalence.] This may be due to
the difficulty in achieving adequate plaque control associated with dental anomalies and defects
from the lips and palate.

Numerous dental and skeletal abnormalities such as hypodontia, supernumerary
teeth, abnormality in tooth size and shape, discrepancy in skeletal base relationships and
malalignment of teeth are encountered in patients with cleft lip and palate. To develop the arches
and to align the teeth, several phases of orthodontic treatment are in almost all cases unavoidable.
Fixed and removable orthodontic appliances facilitate the colonization of cariogenic mutans
streptococci (MS) and the late colonizer lactobacilli (LB), hence providing a negative impact on
caries susceptible patients with cleft lip and palate when they undertake orthodontic treatment.’

Patients who undergo orthodontic therapy have oral ecological changes such as a
low pH environment, increased retentive sites for microorganism, and increased retention of food
particles, which may lead to increased proportions and absolute numbers of saliva S. mutans and
lactobacilli.”” Mutans streptococci have been associated in particular with early demineralization
while lactobacilli are implicated more with lesion progression and cavitation.” High saliva counts
of lactobacilli seemed to reflect conditions that enhanced the risk of colonization of mutans
streptococci that may cause enamel demineralization and dental caries, and recent systematic
reviews have examined methods to prevent this side-effect in orthodontic treatment. Apart from
fluoride exposure, very limited evidence was found and it was concluded that more high-quality
clinical research would be needed to give evidence-based advice on the optimal caries-preventive

strategy during orthodontic treatment.



Probiotics are bacterial cultures or living microorganisms which, upon ingestion
in certain numbers exert health benefits beyond inherent general nutrition and support a good and
healthy intestinal bacterial flora.’ Hence, they are viable bacteria that beneficially affect the host
by improving the intestinal microbial balance. These bacteria have to belong to the natural flora in
order to be able to resist acid and bile, to survive during intestinal transit, to adhere to the
intestinal mucosa, and to produce antimicrobial substances in order to retain the characteristics
that contribute to their beneficial health effects.”

Traditionally, probiotics have been associated with gut health. However, during
the last decade several investigators have also suggested the use of probiotics for oral health
purposes. Recently, Nase et al. showed that long-term consumption of milk containing
Lactobacillus rhamnosus GG (LGG) caused a significant reduction in caries risk in day-care
children.” Cildir et al. found that short-term consumption of fruit yogurt containing bifidobacteria
caused a statistically significant reduction of salivary mutans streptococci during consumption of
yoghurtm and was a the key reduction of salivary mutans streptococci in orthodontic patients
during daily consumption of yoghurt containing probiotic bacteria such as strains of lactobacilli
or bifidobacteria, and it can occupy a space in a biofilm that otherwise would be colonized by a
pathogen. Caglar et al. found daily chewing on gums containing two strains of Lactobacillus
reuteri ATCC 55730 and ATCCPTA 5289 reduced the levels of salivary mutans streptococci
signiﬁcantly.ll Caglar et al. demonstrated that a short-term daily ingestion of lozenges or straws
containing L. reuteri ATCC 55730 for 3 weeks reduced the level of salivary mutans streptococci
in young adults.” Although there are many advantages yet also has several limitations, Yli-
Knuuttila H. et al. have shown that L. rhamnosus GG and two different L. reuteri strains have
been reported to colonize the oral cavity of 48—100% of volunteers consuming products con-
taining L. rhamnosus GG and L. reuteri.” " However, after a 14-day trial period, the occurrence
of LGG in the oral cavity decreased gradually, indicating that no permanent colonization had
occurred and that the oral persistence of LGG was only temporary. It may be that they did not
cause potential strains for specific oral ecology. For these reasons, should be finding potentially
probiotic microbial strains for specific oral ecology. Lactobacillus paracasei SD1 was a normal
flora that was isolated from caries-free children; the advantage of this strain includes 1) growth
inhibition of pathogenic strains; S. mutans and S. sobrinus, 2) less acidic produce than the other

strains, and 3) ability to adhere to oral epithelial cells.



Thus, this strain may be useful for a potentially probiotic microbial strain for
oral cavities.

Previous studies have suggested that probiotic supplements in dairy products
may affect the oral microbial ecology. However, the possible effect of Lactobacillus paracasei
SD1 on the oral cariogenic microbial flora and the effect in orthodontic cleft patients have not
previously been reported. The aim of the present study was to investigate the effect of short-term
consumption of powdered milk containing Lactobacillus paracasei SD1 on the levels of salivary
mutans streptococci and lactobacilli in fixed orthodontic cleft patients and investigate the
persistence of Lactobacillus paracasei SD1 in the oral cavity after short-term consumption of

powdered milk containing Lactobacillus paracasei SD1.

Review of the literatures

Every day human beings ingest a large number of living microorganisms,
predominantly bacteria. Although these organisms are naturally present in food and water, they
can also be deliberately added during the processing of foods such as sausages, cheese, yogurt
and fermented milk products. For several decades now, bacteria called probiotics have been
added to some foods because of their beneficial effects for human health."” The bacteria in yogurt
and fermented milk products constitute the most important source of probiotics for humans. The
vast majority of probiotic bacteria belong to the general Lactobacillus, Bifidobacterium,
Propionibacterium and Streptococcus groups. Several clinical studies have already demonstrated
the effectiveness of certain probiotics in the treatment of systemic and infectious diseases such as
acute diarrhea and Crohn disease.” Other studies have suggested potential applications in the
treatment of cardiovascular disease, urogenital infections, oropharyngeal infections and
cancers.”° Probiotics may also prove useful in addressing problems arising from the excessive
use of antibiotics, specifically the appearance of bacterial resistance. To date, however, the

potential beneficial effects of probiotics for oral pathology have had only limited study.



Probiotics

Probiotics are bacterial cultures or living microorganisms which, upon ingestion
in certain numbers, exert health benefits beyond inherent general nutrition and support a good and
healthy intestinal bacterial flora , that beneficially influence the health of the host when used in
adequate numbers.” This definition has been approved by the United Nations Food and
Agriculture Organization (FAO) and the World Health Organization (WHO).17 The establishment
of standards and guidelines constituted an essential step in the acceptance of probiotics as
legitimate health related products. To be called a probiotic, a bacterial strain must be fully
characterized. The genus and species of the microorganism must be identified according to
internationally accepted methods, and its nomenclature of Bacterial Names."” In addition, both in
vitro and in vivo studies must be conducted to demonstrate the mechanism of action of the
probiotic, to allow prediction of its scope of applicability and its potential side effects. The FAO
and the WHO have recommended that probiotic bacterial strains are characterized by their
spectrum of resistance to antibiotics, their metabolic and hemolytic activities, and their capacity
to produce toxins, their infectious power in immunosuppressed animal models and their side
effects in humans.

The idea of probiotics dates back to the first decade of 1900 when the Ukrainian
bacteriologist and Nobel Laureate Ilya Metchnikof (1908) studying the flora of the human
intestine developed a theory that senility is caused by poisoning of the body by the products of
some of these bacteria. To prevent the multiplication of these organisms he proposed a diet
containing milk fermented by lactobacilli which produce large amounts of lactic acid and for a

time this diet became widely popular.19

Mechanisms of probiotic action

Probiotic organisms are thought to act through a variety of mechanisms
including:™"™
1. Competition with potential pathogens for nutrients or enterocyte adhesion sites
2. Degradation of toxins

3. Production of antimicrobial substances

4. Local and systemic immunomodulation



Some of the hypothetical mechanism of probiotics action in the oral cavity:22
* Direct interaction in dental plaque
* Involvement in binding of oral micro-organisms to proteins
* Action on plaque formation and on its complex ecosystem by competing and
intervening with bacterial attachments
* Involvement in metabolism of substrate and production of chemicals that inhibit
oral bacteria
Indirect probiotic actions are also featured such as”
1. Modulating systemic immune function
2. Effect on local immunity
3. Effect on non-immunologic defense mechanisms
4. Regulation of mucosal permeability
5. Probiotics as an antioxidants and produce antioxidants
6. Prevent plaque formation by neutralizing the free electrons
Ideal properties of a probiotic intended for use in disorders of the mouth:'*'*"* %
1. Binding to dental surfaces
2. Production of antimicrobial substances against oral pathogens such as organic
acids, hydrogen peroxide and bacteriocins
3. Alteration of environmental conditions of the mouth; modified the surrounding
environment by modulating the pH and/or the oxidation—reduction potential,
which may compromise the ability of pathogens to become established
4. Reduction of the inflammatory response; stimulating nonspecific immunity and
modulating the humoral and cellular immune response
One mechanism of action of probiotics is suggested to be their modulation of
host immune response. Immune inductive sites in the oral cavity are within the diffuse lymphoid
aggregates of the Waldeyer’s ring. Lingual and pharyngeal tonsils and adenoids contain most of
the lymphatic tissue. The role of these anatomic structures as inductive sites of mucosal immunity
has been shown by intranasally delivered vaccines.” Dendritic cells scattered in mucosal surfaces
are pivotal in the front-line bacterial recognition (antigen presentation) and in activating T-cell
responses. Depending on the signals from dendritic cells either immune tolerance or active

immune response toward a specific antigen may occur.”” A marked production of interleukin-10



by dendritic cells in gut mucosa has been registered after administration of a probiotic mixture””
However, more studies on activation of the oral immune inductive sites after probiotic
administration are needed before further conclusions can be drawn. Such investigations might
even cast light on probiotic effects in general and substantiate their specific applications in the

future.

Probiotic strains in the oral cavity

Microorganisms generally considered as probiotics may not have oral cavity as
their inherent habitat and, subsequently, their possibility to confer benefit on oral health is then
questionable. Paster et al” in an attempt to determine bacterial diversity in the human
subgingival plaque by using culture-independent molecular methods have estimated that the total
species diversity in the oral cavity ranges between 500 and 600 species. This number was further
extended by Kazor et al.” who detected 200 additional unknown species on the dorsum of the
tongue, making the number of species in the mouth to reach 700. Lactobacilli make
approximately 1% of the cultivable oral microflora.”

The most common lactobacilli species recovered from saliva in a study by
Teanpaisan and Dahlen’ were L. fermentum, L. rhamnosus, L. salivarius, L. casei, L. acidophilus
and L. plantarum. Three of them, L. rhamnosus, L. casei, L. acidophilus are probiotic strains
commonly used in dairy products. A similar diversity in the oral lactobacilli flora was observed
by Colloca et al. * who found L. fermentum, L. plantarum, L. salivarius and L. rhamnosus to be
the predominant species in healthy human mouth.

Koll-Klais ef al.”* observed a higher prevalence of homofermentative lactobacilli
in healthy mouths compared to samples from patients with chronic periodontitis. These findings
indicate that lactobacilli as members of resident oral microflora could play an important role in
the microecological balance in the oral cavity. These studies further demonstrated that lactobacilli
strains with probiotic properties may indeed be found in the oral cavity. Yet there is no evidence
whether these lactobacilli strains were detected due to the frequent consumption of dairy products
leading to temporary colonization only, or if the oral environment is their permanent habitat.

There are no long-term follow-up studies published to answer this question.



The most common probiotic strains

The most common probiotic strains belong to the general Lactobacillus and
Biﬁdobacterium.19
1. Lactobacillus species from which probiotic strains have been isolated include L.
acidophilus, L. johnsonii, L. casei, L. rhamnosus, L. gasser, and L. reuteri

2. Bifidobacterium strains include B. bifidum, B. longum and B. infantis

Application of probiotics to oral health

Probiotics and dental caries

Dental caries is a multifactorial disease of bacterial origin that is characterized
by acid demineralization of the tooth enamel.” Tt 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. Finally, 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.” ~ Comelli and colleagues36 reported that of 23 bacterial strains used in the
dairy industry, Streptococcus thermophilus and Lactobacillus lactis ssp. lactis 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.” In other
studies, one strain of L. rhamnosus and the species L. casei inhibited in vitro growth of 2
important cariogenic streptococci, S. mutans and S. sobrinus.”” More recently, Petti and
colleagues39 reported that yogourt containing S. thermophilus and L. bulgaricus had selective

bactericidal effects on streptococci mutans. Several clinical studies have demonstrated that



regular consumption of yogourt, milk or cheese containing probiotics led to a decrease in the
number of cariogenic streptococci in the saliva and a reduction in dental plaque.g’n’40 More
specifically, Nikawa and colleagues40 reported that consumption of yogourt 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.”’12

Nase and colleaguesg 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. These promising results suggest a

potentially beneficial application of probiotics for the prevention of dental caries.

Probiotics and periodontal disease

Periodontal disease is classified into 2 types: gingivitis and periodontitis.
Gingivitis is characterized by inflammation limited to the unattached gingiva, whereas
periodontitis is a progressive, destructive disease that affects all supporting tissues of the teeth,
including the alveolar bone. The main pathogenic agents associated with periodontitis are P.
gingivalis, Treponema  denticola, Tannerella  forsythia and  Aggregatibacter
actinomycetemcomitans. These bacteria have a variety of virulent characteristics allowing them to
colonize the subgingival sites, escape the host’s defence system and cause tissue damage. The
persistence of the host’s immune response also constitutes a determining factor in progression of
the disease.”’

In one recent study, the prevalence of lactobacilli, particularly Lactobacillus
gasseri and L. fermentum, in the oral cavity was greater among healthy participants than among
patients with chronic periodontitis.32 Various studies have reported the capacity of lactobacilli to
inhibit the growth of periodontopathogens, including P. gingivalis, Prevotella intermedia and A.
actinomycetemcomitans.32 Together, these observations suggest that lactobacilli residing in the

oral cavity could play a role in the oral ecological balance.



Krasse and colleagues42 assessed the beneficial effect of L. reuteri against
gingivitis. After 14 days of ingesting the probiotic incorporated into chewing gum, the oral cavity
of patients with a moderate to severe form of gingivitis had been colonized by L. reuteri and the
plaque index had been reduced. Although the exact mechanisms of action of L. reuteri remain to
be elucidated, previous studies have suggested at least 3 plausible possibilities: 1. L. reuteri is
known for its secretion of 2 bacteriocins, reuterin and reutericyclin, that inhibit the growth of a
wide variety of pathogens43_44, 2. L. reuteri has a strong capacity to adhere to host tissues, thereby
competing with pathogenic bacteri ; 3.The recognized anti-inflammatory effects of L. reuteri on
the intestinal mucosa, leading to inhibition of secretion of a direct or indirect beneficial effect of
this bacterium on people with periodontal disease.” ™ However, additional studies with larger
patient cohorts are needed to confirm the long-term potential of L. reuteri in preventing and/or
treating gingivitis.

Riccia and colleagues48 recently studied the anti-inflammatory effects of
Lactobacillus brevis in a group of patients with chronic periodontitis. The treatment, which
involved sucking on lozenges containing L. brevis over a period of 4 days, led to improvements in
the targeted clinical parameters (plaque index, gingival index, bleeding on probing) for all
patients. In that study, a significant reduction in salivary levels of prostaglandin E2 (PGE2) and
matrix metalloproteinases (MMPs) was also observed. The authors suggested that the beneficial
anti-inflammatory effects of L. brevis could be attributed to its capacity to prevent the production
of nitric oxide and, consequently, the release of PGE2 and the activation of MMPs induced by the
nitric oxide. However, L. brevis may also be antagonistic, leading to a reduction in the quantity of
plaque and therefore an improvement in the gingival index.

During the fermentation process in milk, Lactobacillus helveticus produces short
peptides that act on osteoblasts and increase their activity in bone formation.” These bioactive
peptides could thereby contribute to reducing the bone resorption associated with periodontitis.

Recently Shimazaki and colleagues50 used epidemiological data to assess the
relationship between periodontal health and the consumption of dairy products such as cheese,
milk and yogourt. The authors found that individuals, particularly nonsmokers, who regularly
consumed yogourt or beverages containing lactic acid exhibited lower probing depths and less
loss of clinical attachment than individuals who consumed few of these dairy products. A similar

effect was not observed with milk or cheese. By controlling the growth of the pathogens



10

responsible for periodontitis, the lactic acid bacteria present in yogourt would be in part
responsible for the beneficial effects observed. Longitudinal studies are required, however, to
clarify the observed relationship between regular consumption of products containing probiotics
and periodontal health.

Sunstar (Etoy, Switzerland) recently began marketing the first probiotic
specifically formulated to fight periodontal disease. Gum Perio Balance contains a patented
combination of 2 strains of L. reuteri specially selected for their synergetic properties in fighting
cariogenic bacteria and periodontopathogens. Each dose of lozenge contains at least 2 x 10° living
cells of L. reuteri Prodentis. Users are advised to use a lozenge every day, either after a meal or in
the evening after brushing their teeth, to allow the probiotics to spread throughout the oral cavity
and attach to the various dental surfaces. Additional studies are required to evaluate the long-term

effects of using these products.

Probiotics and halitosis

Halitosis has many causes (including consumption of particular foods, metabolic
disorders, respiratory tract infections), but in most cases it is associated with an imbalance of the
commensal microflora of the oral cavi‘fy.51 More specifically, halitosis results from the action of
anaerobic bacteria that degrade salivary and food proteins to generate amino acids, which are in
turn transformed into volatile sulphur compounds, including hydrogen sulphide and methanethiol.
Kang and colleagues reported the capacity of various strains of W. cibaria to inhibit the
production of volatile sulphur compounds by F. nucleatum. They concluded that this beneficial
effect resulted from the production of hydrogen peroxide by W. cibaria, which inhibited the
proliferation of F. nucleatum. These authors also found that gargling with a solution containing
W. cibaria was associated with a net reduction in the production of hydrogen sulphide and
methanethiol and consequently a reduction in bad breath.” One recent study52 showed that certain
bacterial species, including Atopobium parvulum, Eubacterium sulci and Solobacterium moorei,
predominate on the dorsal surface of the tongue among people with halitosis. Conversely, another
species, Streptococcus salivarius, was detected most frequently among people without halitosis
and is therefore considered a commensal probiotic of the oral cavity. S. salivarius is known to

produce bacteriocins, which could contribute to reducing the number of bacteria that produce
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volatile sulphur compounds.53 The use of gum or lozenges containing S. salivarius K12 (BLIS
Technologies Ltd., Dunedin, New Zealand) reduced levels of volatile sulphur compounds among

patients diagnosed with halitosis.”

Administration of probiotics

Appropriate forms of administration of probiotic strains have been discussed in
several articles. Dairy products supplemented with probiotics are a natural means of oral
administration and easily adopted in dietary regime. However, for the purposes of prevention or
treatment of oral diseases, specifically targeted applications, formulas, devices, or carriers with
slow release of probiotics might be needed.

Montalto ef al. ° administered probiotic mix both in capsules and in liquid form
without observing statistically significant difference, however, in the S. mutans counts between
the two test groups. A specially designed straw with a reservoir containing probiotics has also
been presented by Caglar et al.”” who compared the effect of two non-dairy delivery methods, a
Life top straw (BioGaia AB, Stockholm, Sweden) and a lozenge on the effectiveness of L. reuteri
to reduce the number of S. mutans. Both means of administration showed significant reduction in
salivary S. mutans levels in half of the patients when compared with subjects who received
placebo.

A recent invention for caries prophylaxis is a chewing gum containing L. reuteri
Prodentis. Consumed twice daily this was marketed to regulate S. mutans counts in the oral
cavity.]9 The average content of L. reuteri was 10" CFU ml." However, we conclude that the most
suitable means of delivery and dosages of probiotics for various oral health purposes have not

been defined.

Residence time of probiotics in oral cavity

Residence time of probiotics in oral cavity after treatment withdrawal was
studied by Caglar et al.”" A reduced of S. mutans level was shown after a two-week use of a L.
reuteri-enriched yogurt; effects were observed during use and for a few days after
discontinuation. A loss of L. reuteri colonization was observed by Wolf et al.”’ two months after

having discontinued probiotic use. L. rhamnosus GG administration and oral cavity colonization
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was studied by Yli-Knuuttila et al.B; the authors concluded that permanent colonization in oral
cavity was unlikely (although possible in some cases) and suggested the probiotic to be used on a
regular basis. Binding strength of 17 Lactobacillus strains and 7 bifidobacteria strains to saliva
and oral mucous membrane was variable in different strains, according to a study by Haukioja et
al”such a strength variation caused an increased residence time of probiotic in oral cavity.
Latency time of probiotic S. salivarius K12, 4 tablets/day for 3 days, was assessed in several oral
cavity areas in a 35-day follow-up, by Horz et al.59; probiotic could be found on oral mucous
membrane, tongue and in stimulated saliva for more than 3 weeks, with a gradually reduced S.

salivarius K12 level being detected beginning 8 days after treatment withdrawal.

Safety aspects of probiotic

The issue of safety is of special concern during the past few years due to the
increased probiotic supplementation of different food products. From the safety point of view, the
putative probiotic microorganisms should not be pathogenic, should not have any growth-
stimulating effects on bacteria causing diarrhea, and should not have an ability to transfer
antibiotic resistance genes. The probiotics should rather be able to maintain genetic stability in
oral microflora.”

The increased probiotic consumption inevitably leads to increased
concentrations of these species in the host organism. Lactobacillus bacteremia is a rare entity, and
data on its clinical significance are mainly found through case reports. For the last 30 years there
have been approximately 180 reported cases.’ Clinical characteristics of Lactobacillus
bacteremia are highly variable, ranging from asymptomatic to septic shock-like symptoms. Any
viable microorganism is capable of causing bacteremia, however, especially in patients with
severe underlying diseases or in immunocompromised state. Nevertheless, the present literature
supports the conclusion that the incidence of Lactobacillus bacteremia is unsubstantial and that all
the cases where it has been registered are individuals with other systemic diseases such as
diabetes, cardiovascular diseases, gastrointestinal disorders, malignancies, or organ transplant
patients.@_63 However, it is evident that careful monitoring is needed in this regard in the future.

Several studies have been carried out in immunocompromised patients. In a

controlled study exposing 35 HIV-positive patients to L. reuteri, no clinically significant side
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effects were noted’ . Salminen et al.* found no increase in Lactobacillus bacteria in blood culture
samples when screening the Finnish population for the period 1990-2000. Specifically, their
study showed no increase related to the increasing probiotic use of LGG-containing commercial
dairy products during that period. Further, Salminen® has recently reported no adverse effects
caused by LGG ingestion or LGG treatment in general, on HIV positive patients. CD4+ cell
counts or viral load levels were analyzed and all these patients received highly active
antiretroviral therapy. Consequently, LGG-containing products are not likely to exert any major
health risks among HIV-positive patients.

An indirect proof of safety might be the results of studies investigating
lactobacilli species as live vectors in delivery of antigens at mucosal sites. Animal experiments
have shown that L. lactis, L. casei, L. plantarum, L. helveticus and recombinant L. plantarum are
capable of inducing both systemic and mucosal immune response against S. pneumoniae antigens
and tetanus toxin, respectively, delivered by an intranasal route.””’

The absence of acquired antibiotic resistances is another safety criterion to be
tested in potential probiotic candidates. Some probiotics are closely related to opportunistic
bacteria and this may also cause transferral of antimicrobial resistance genes in between
microorganisms.68 Several results from antibiotic susceptibility tests claim that the tet (W) and tet
(S) genes in some probiotic lactobacilli and bifidobacteria strains are responsible for gentamycin,
sulfamethoxazole, polymyxin B, and tetracycline resistance.” These investigations emphasize the
need for a minimal safety evaluation during the selection of strains for probiotic use. However,
further studies are also needed in this area because the increasing number of species that develop
resistance to commonly used antimicrobial drugs is of great global concern. Hence, before any
recommendations can be given for probiotic therapy in preventing and/or treating microbial
infections instead of using antibiotic or antifungal drugs, transferral of resistance genes needs to

be carefully investigated.
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Objectives of research

1.

To evaluate the effect of short-term consumption of powdered milk containing
Lactobacillus paracasei SD1 on the level of salivary mutans streptococci, and
lactobacilli in fixed orthodontic cleft patients

To investigate the persistence of Lactobacillus paracasei SD1 in the oral cavity
after short-term consumption of powdered milk containing Lactobacillus

paracasei SD1

Research Questions

Hypotheses

Does the short-term consumption of powdered milk containing Lactobacillus
paracasei SD1 can decrease salivary mutans streptococci and increase
lactobacilli in fixed orthodontic cleft patient?

Does the L. paracasei SD1 can colonize in the oral cavity after short-term

consumption of powdered milk containing Lactobacillus paracasei SD17?

Short-term consumption of powdered milk containing Lactobacillus paracasei
SD1 can decrease salivary mutans streptococci and increase lactobacilli in fixed
orthodontic cleft patient.

L. paracasei SD1 can colonize in oral cavity after short- term consumption of

powdered milk containing Lactobacillus paracasei SD1

Significance of the study

To use powdered milk containing Lactobacillus paracasei SD1 for reduction of

mutans streptococci in the orthodontic cleft patients.



CHAPTER 2

RESEARCH METHODOLOGY

Subjects

The study was approved by the Ethics Committee of the Faculty of Dentistry,
Prince of Songkla University. Subjects and/or their parents were informed consent to participate in
the study. Thirty two cleft lip and palate patients from the Orthodontic clinic, Dental hospital,
Faculty of Dentistry, Prince of Songkla University were recruited in this study based on the
following inclusion criteria:
1. All subjects were undergoing treatment with fixed orthodontic appliances for at least 3
months with attachments on at least 20 permanent teeth
2. No systemic disease and without orofacial clefting as part of a craniofacial syndrome
3.  No use of systemic antibiotics, antimicrobial drugs or any probiotic products within the
past 2 weeks
4. No history of milk allergy and/or lactose intolerance

5. No active untreated carious lesions

Study design

The prospective investigation was a double blinded randomized placebo controlled
study design. From 32 subjects at the beginning of the study, two of them were excluded. The 30
subjects remaining in the study were categorized into two groups, the probiotic and control group,
by randomized sampling. There were 15 subjects in the probiotic group (8 females, 7 males, with
mean age 19.01+ 4.24 years) and 15 subjects in the control group (11 females, 4 males, with mean
age 19.42+ 3.11 years). The study group received probiotic milk and the control group received
normal milk. All subjects were advised to drink the received milk at breakfast time for 30 days. No
tooth brushing was allowed for at least 1 hour after milk consumption. During the experimental
period, all subjects were instructed not to receive any other form of probiotic products and to

maintain their normal life style.
15
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Probiotic and control milks

The powdered milk used in this study was manufactured by the Faculty of Agro-
Industry, Prince of Songkla University and divided into two forms of 10 g per pack powdered
milk. The probiotic milk contained Lactobacillus paracasei SD1 at a concentration of 1.8x10’
colony forming units (CFU)/g, while the control milk was without viable bacteria (Fig.1). The
powdered milk was kept in a refrigerator. A pack of powdered milk mixed in 50 ml. water was

the daily intake at breakfast time by double blind randomized sampling for 30 days.

Fig.1: 10 g per pack of powdered milk

Data records and collections

Demographic data was taken for each of the subjects including their age, sex,
medical history, etc. Oral clinical examinations (The number of decayed, missing, and filled teeth,
plaque index, and salivary pH), salivary collection and culture were recorded at the following

times

Initial (I) = pre-milk consumption

T0 = immediately post-milk consumption
T1 =1 week post-milk consumption

T2 =2 weeks post-milk consumption

T3 =3 weeks post-milk consumption

T4 = 4 weeks post-milk consumption



Each parameter was recorded as follows:

1.
2.

Demographic data: at [

Microbial evaluation: at I, TO, T1, T2, T3, T4

Salivary pH value: at I, TO, T1, T2, T3, T4

Plaque index (PI): atI, TO, T1, T2, T3, T4

The number of decayed, missing, and filled teeth (DMFT): at I and T4

The arbitrarily primed polymerase chain reaction (AP-PCR): at TO, T1, T2, T3, T4

The summary of all procedures are demonstrated in Diagram 1.

- Salivary pH

Initial (1) Milk consumption Immediately post-milk 1, 2, 3 weeks post-milk 4 weeks post-milk
for 30 days consumption (T0) consumption (T1, T2, T3) consumption (T4)
» Demographic data » Oral exam. » Oral exam. » Oral exam.
> Oral exam. _p| - P - DMFT
-DMFT > Salivary collection > Salivary collection = [Pl
(TO) (T1, 72, T3) > Salivary collection
> Salivary collection - Mutans strep. - Mutans strep. (T4)
V) - Lactobacilli - Lactobacilli - Mutans strep.
- Mutans strep. - Salivary pH - Salivary pH - Lactobacilli
- Lactobacilli - AP-PCR - AP-PCR - Salivary pH

Diagram1: Clinical procedure
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Plaque Index (PI)

Plaque Index (PI): Using Quigley and Hein70, plaque index, 2 aspects of each
tooth was examined: buccal and lingual. Plaque was disclosed with 0.2% erythrosine solution.
Scores of 0 to 5 were given. Plaque score were expressed as the score number: A score of 0 or 1 is

considered low, a score of 2 or more is considered high (Fig.2).

5 4 3 ) 1 0
plaque

Plaque Scoring System for Quigley and Hein Score
No plaque 0
Flecks of stain at the gingival margin 1
Definite line of plaque at the gingival margin 2
Gingival third of surface 3
Two thirds of surface 4
Greater than two thirds of surface 5

Fig.2: Plaque scoring system by Quigley and Hein'’
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Salivary collection and bacterial culture

Unstimulated saliva of all subjects was collected for pH measurement. To
determine salivary pH value, the reactive strip of the pH-indicator strip (Merck universal indicator
strips) was submerged in non-stimulated saliva for 10 seconds; the color obtained was compared
with the chart (Fig.3).

Bacterial evaluation was performed using an oral rinse method. Briefly, samples
with sterile phosphate-buffered saline (PBS) an ten millimeters of sterile phosphate-buffered
saline (PBS; 0.1 M; pH 7.0) was held in the mouth for 1 min prior to collection in a sterile
container. Each rinse was centrifuged (4,000 rpm; 10 min), the supernatant was removed, and the
pellet was resuspended in 1 ml of PBS. The mixture was diluted with sterile phosphate-buffered
saline by serial dilution into 1:10, 1:100, 1:1000, 1:10,000 dilutions. A portion (10 ul) of each
dilution was placed on selective agar plates. Selective media consisted of (1) Mitis salivarius
bacitracin agar for determination of mutans streptococci was incubated in a candle jar (a
carbondioxide-rich environment) at 37°C for 48 h, (2) MRS agar for determination of lactobacilli
was incubated in an anaerobic chamber at 37°C for 48 h. The colonies were identified on the basis
of their morphology and counted under a microscope with 10 times magnification and the latter
were multiplied by the dilution factor to yield the CFU/ml. of the original oral rinse sample and
converted to logl0 value (Fig.4). All microbial evaluation was made in duplication at the same
time by the same examiner.

The procedures were performed pre-milk consumption as I, immediately post-
milk consumption as TO and one week interval for four weeks post-milk consumption as T1, T2,

T3, and T4.

Fig.3: The pH-indicator strip for determination of salivary pH value
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Fig.4: A; Mitis salivarius bacitracin agar for determination of mutans streptococci, B; MRS agar

for determination of lactobacilli

Genotype investigation of Lactobacillus paracasei SD1

After incubation in MRS agar, the colonies were identified as lactobacilli based
on their growth on MRS agar and colonial morphology. Then, 5 colonies / samples were collected
from the primary culture plates. After pure culture, all isolates were brought to DNA extraction
for identification for Lactobacillus paracasei SD1. DNA was extracted according to protocol of
the manufacturer. The genotypic study for Lactobacillus paracasei SD1 were performed using an
arbitrarily primed polymerase chain reaction’” (AP-PCR) with the primers ERICIR (5°-
ATGTAAGCTCCTGGGGATTCAC-3’) and ERIC2R (5-AAGTAAGTGACTGGGGTGAGCG-
3’). The reaction mixture in a 50 ul reaction volume consisted of 100 ng template DNA, 5 ml 10x
buffer, 1.0 unit Taqg DNA polymerase, 0.2 mM of dNTP, 1.0 uM of each primer and 2.5 mM
MgClL,. Amplification proceeded using a PCR System 2400 (Applied Biosystems) programmed as
follows: 35 cycles of denaturation at 95°C for 1 min, annealing at 35°C for 1 min and extension at
74°C for 2 min, with a final extension at 74°C for 5 min. PCR products were run on 7.5%
polyacrylamide gel, stained with silver staining. The genotype patterns were compared between

strains collected at each time interval (T0-T4) with the template of Lactobacillus paracasei SD1.
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Data analysis

1. Microbial evaluation: The mutans streptococci and lactobacilli counts were compared pre (I)
and post (T0, T1, T2, T3, T4) milk consumption

2. Salivary pH value: The salivary pH was compared pre (I) and post (T0, T1, T2, T3, T4) milk
consumption

3. Plaque index were reported and compared pre (I) and post (TO, T1, T2, T3, T4) milk
consumption

4. The DMFT were reported and compared pre (I) and post (T4) milk consumption

5. The oral persistence of Lactobacillus paracasei SD1 was reported the duration of the

persistence of this strain in the oral cavity (T0-T4)

Statistical analysis

All microbial evaluation was made in duplication at the same time by the same examiner

and calculated with averages to yield the CFU/ml.

Inferential test

The Shapiro-Wilk Test was conducted for proving normal distribution of data. All
numeric data are presented with means and standard deviation. The logl0 value of salivary
mutans streptococci and lactobacilli counts within each group were statistically analyzed with a
Paired t-test to compare pre and post-milk consumption but between the study and control groups
were analyzed with an independent t-test. The salivary pH, DMFT and plaque index were
statistically analyzed within the groups with the Wilcoxon Signed-Rank test and between the

groups with Mann-Whitney U-test. A p-value < 0.05 was considered statistically significant.



CHAPTER 3

RESULTS

From 32 subjects at the beginning of the study, two of them were excluded due
to one subject not drinking milk regularly and the other one could not return for a saliva
collecting sample at a specified time period. The 30 subjects remaining in the study were
categorized into two groups; 15 subjects in the probiotic group (8 females, 7 males, with mean
age 19.0+ 4.24 years) and 15 subjects (11 females, 4 males, with mean age 19.4+ 3.11 years) in
the control group (Table 1). All subjects completed the trial without any side effects reported. The
records of salivary microbial parameters (mutans streptococci, lactobacilli) and dental health
status (DMFT, salivary pH and plaque index) were demonstrated in Table 2 as initial data and
there were no statistically significant differences between the groups related to the levels of

salivary mutans streptococci and lactobacilli, DMFT, salivary pH and plaque index.

Table 1: Distribution of subjects in the probiotic and the control group

Number of subjects Mean ages
Group
Male (%) Female (%) Total (%) (years + SD)
Probiotic 7 (46.7) 8(53.3) 15 (100) 19.01 +4.24
Control 4 (26.7) 11(73.3) 15 (100) 19.42 +3.11
Total 11 (36.7) 19 (63.3) 30 (100) 19.22 + 3.66

22
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Table 2: Salivary microbial parameters and dental health status at initial data

Control group Probiotic group
Parameters p-value Significant
Mean scores Mean scores

Mutans
\ 5.51+0.58 5.90+0.72 0.109 NS
streptocooci
Lactobacilli’ 6.40+0.53 6.34+0.51 0.776 NS
DMFT 5.842.62 6.33+3.33 0.753 NS
Salivary pH 6.58+0.46 6.51+0.43 0.859 NS
PI 2.96+0.38 3.04+0.47 0.885 NS

“The value in the table denotes the log10 CFU/ml.; PI, plaque index; NS, not significant

Microbial evaluation

1. Pre and post-milk consumption (within the group)

Mutans streptococci counts

After powdered milk consumption in the probiotic group, the salivary mutans
streptococci counts at post milk consumption periods (T0-T4) decreased statistically significant
(p < 0.001) when compared with the initial record. However, there were no statistically

significant differences demonstrated in the control group (Table 3).
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Table 3: Distribution of salivary mutans streptococci scores at pre and post-milk consumption

(within the groups)

Mutans streptococci
Groups p-value Significant
Mean scores

Control group

Initial 5.51+0.58
TO 5.59+0.59 0.058 NS
T1 5.54+0.57 0.110 NS
T2 5.68+0.57 0.085 NS
T3 5.51£0.52 0.512 NS
T4 5.58+0.53 0.109 NS

Probiotic

Initial 5.90+0.72
TO 4.92+0.66 <0.001 *x
T1 4.99+0.63 <0.001 *x
T2 5.06+0.62 <0.001 *x
T3 4.99+0.54 <0.001 *x
T4 5.05+0.59 <0.001 *x

“The value in the table denotes the logl0 CFU/ml.; ** p <0.001; NS, not significant
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Lactobacilli counts

In the probiotic group, the salivary lactobacilli counts at post milk consumption
periods (T0-T4) increased statistically significant (p < 0.001) when compared with the initial
record. However, there were no statistically significant differences demonstrated among the

subjects in the control group (Table 4).

Table 4: Distribution of salivary lactobacilli scores at pre and post-milk consumption (within the

groups)

Lactobacilli
Groups p-value Significant
Mean scores

Control group

Initial 6.40+0.53
TO 6.36+0.5 0.480 NS
T1 6.33+£0.51 0.207 NS
T2 6.34+0.63 0.155 NS
T3 6.35+0.55 0.197 NS
T4 6.33+£0.49 0.084 NS

Probiotic

Initial 6.34+0.51
TO 7.22+0.72 <0.001 *x
T1 7.20+0.66 <0.001 *x
T2 7.19+0.75 <0.001 *x
T3 7.12+0.62 <0.001 ok
T4 6.96+0.56 <0.001 ok

“The value in the table denotes the log10 CFU/mL., ** p <0.001; NS, not significant
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2. Pre and post-milk consumption (between the groups)

When comparing between the groups, there were no statistical significance at the
initial record but the decreased salivary mutans streptococci count and the increased lactobacilli
count at post milk consumption periods (T0-T4) were statistically significant (p < 0.05) (Table 5,

6).

Table 5: Distribution of salivary mutans streptococci score at pre and post-milk consumption

(between the groups)

Control group Probiotic group
Time p-value Significant
Mean scores Mean scores
Initial 5.51+0.58 5.90+0.72 0.109 NS
TO 5.59+0.59 4.92+0.66 0.007 *
T1 5.54+0.57 4.99+0.63 0.020 *
T2 5.68+0.57 5.06+0.62 0.019 *
T3 5.51+0.52 4.99+0.54 0.019 *
T4 5.58+0.53 5.05+0.59 0.018 *

“The value in the table denotes the log10 CFU/mL., * p < 0.05; NS, not significant

Table 6: Distribution of salivary lactobacilli score at pre and post-milk consumption (between the

groups)
Control group Probiotic group
Time p-value Significant
Mean scores Mean scores

Initial 6.40+0.53 6.34+0.51 0.776 NS

TO 6.36+0.5 7.22+0.72 0.001 *

T1 6.33+0.51 7.20+0.66 0.001 *

T2 6.34+0.63 7.194+0.75 0.007 *

T3 6.35+0.55 7.12+0.62 0.003 *

T4 6.33+0.49 6.96+0.56 0.003 *

“The value in the table denotes the log10 CFU/mL., * p < 0.05; NS, not significant
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Salivary pH value

There were no statistically significant changes of salivary pH within the groups

and between the group throughout the study (Table 7 and Fig 5).

Table 7: Distribution of salivary pH value at pre and post-milk consumption (between the groups)

Control group

Probiotic group

Time p-value Significant
Mean scores Mean scores
Initial 6.58+0.46 6.51+0.43 0.859 NS
TO 6.62+0.45 6.56+0.42 0.650 NS
T1 6.601+0.44 6.59+0.42 0.925 NS
T2 6.66+0.43 6.62+0.46 0.948 NS
T3 6.63+0.42 6.64+0.42 0.752 NS
T4 6.62+0.40 6.60+0.47 0.857 NS
NS; not significant
Salivary pH value
6.7
6.65
6.6
(]
3
Y 6.55
I
Q.
6.5
6.45
6.4
Initial TO T1 T2 T3 T4
e=g=mControl group 6.58 6.62 6.61 6.66 6.63 6.62
efll=Probiotic group 6.51 6.56 6.59 6.62 6.64 6.6

Fig 5: Salivary pH value at pre and post-milk consumption, no statistically significant changes of

salivary pH value within the groups and between the groups throughout the study.
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Plaque index value

There were no statistically significant changes of plaque index value within the

groups and between the groups throughout the study (Table 8 and Fig. 6).

Table 8: Distribution of plaque index scores at pre and post-milk consumption (between the

groups)

Control group Probiotic group

Time p-value Significant
Mean scores Mean scores
Initial 2.96+0.38 3.04+0.47 0.885 NS
TO 2.92+0.35 3.02+0.47 0.724 NS
T1 2.79+0.39 3.03+0.46 0.301 NS
T2 2.86+0.38 3.144+0.49 0.198 NS
T3 2.91+0.38 3.01+0.50 0.918 NS
T4 2.92+0.32 3.03+0.44 0.663 NS
NS; not significant
Plaque index
3.2
3.1
x 3
5
£
o 2.9
=]
g
. 2.8
2.7
2.6
Initial TO T1 T2 T3 T4
e=g=mControl group 2.96 2.92 2.79 2.86 291 2.92
efll=Probiotic group 3.04 3.02 3.03 3.14 3.01 3.03

Fig 6: Plaque index value at pre and post-milk consumption, no statistically significant changes of

plaque index value within the groups and between the groups throughout the study.



The number of decayed, missing, and filled teeth (DMFT)

There were no changes of DMFT in the probiotic groups and the control group

throughout the study (Fig.7)
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Fig7: DMFT at pre and post-milk consumption, no changes of DMFT in the probiotic

groups and the control group throughout the study.
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The oral persistence of Lactobacillus paracasei SD1

In the present study, an arbitrarily primed polymerase chain reaction (AP-PCR)
was used to detect genomic DNA and evaluate the persistence of Lactobacillus paracasei SD1.
The genotype patterns of Lactobacillus paracasei SD1 found at post milk consumption periods
(T0-T4) in the probiotic group were the same as the genotype pattern template of Lactobacillus

paracasei SD1 (Fig 8).
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Fig 8: The oral persistence of Lactobacillus paracasei SD1; A. genotype pattern template of
Lactobacillus paracasei SD1, B. genotype pattern of lactobacilli at TO, C. genotype

pattern of lactobacilli at T4 in the probiotic group.
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CHAPTER 4

DISCUSSION

Probiotics have been found to be advantageous in combating various diseases
such as gastro-intestinal infections, cancer prevention, irritable bowel syndrome, constipation,
periodontal diseases, dental caries and many others."” As the mouth represents the first part of
the gastrointestinal tract there is every reason to believe that at least some probiotic mechanisms
may also play a role in this part of the system.lS Although many studies with L. rhamnosous GG,
L. reuteri have defined their potential in interacting with Streptococcus mutans by reducing the
number of this caries pathogen, thus suggesting a role of probiotics in caries prophylaxisg’38 but
the potential beneficial effects of probiotics containing these microorganism have had only
limited study. Lactobacillus paracasei SD1"” is a normal oral microorganism which was isolated
from the mouths of caries-free children and powdered milk containing Lactobacillus paracasei
SD1 was chosen as the vehicle for the probiotic supplement in this study because of its
convenience to storage and use, long shelf life, health benefits, and low cariogenic potential.

In this study, the effect of short-term consumption of powdered milk containing
Lactobacillus paracasei SD1 in cleft lip and palate patients were undergoing treatment with fixed
orthodontic appliances who display higher caries prevalence due to their specific oral
environment " was investigated. The intervention had started at 3 months after the orthodontic
fixed appliances were placed to avoid the confounding effect of an immediate decrease in
bacterial counts that may take place at appliance insertion.” The subjects in this study had no
recent antibiotic therapy within the past 2 weeks, no active untreated carious lesions and were not
using any other commercially available probiotic products to prevent the effect that influences on
mutans streptococci, lactobacilli counts, and which also control the pretreatment microbial counts.

In the present study, the results showed that daily consumption of powdered
milk containing Lactobacillus paracasei SD1 for 30 days statistically significant decrease mutans
streptococci counts in saliva during the post-milk consumption period compared with the control
group that reinforced several previous findings with bifidobacteria and lactobacilli-derived

probiotics.lo’u’12 The reason for the bacteria hindering effect is not fully known but may be
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explained by several pathways; They prevent cellular adhesion and invasion of pathogenic
bacteria ‘and mutans streptocooci77 or probiotics may competitively inhibit streptococci by
replacement because of the direct contact with the oral tissue and biofilm.” They interact and
modulate the local and systemic inflammatory immune response.22

In accordance with previous studies, no effect on the level of salivary lactobacilli
were note; Caglar et al.” found that lactobacillus levels were unchanged after receiving the
lozenges or straws containing L. reuteri ATCC 55730 for 3 weeks and Cildir et al." showed that
no significant alterations of the salivary lactobacilli counts were observed after ingesting fruit
yogurt containing Bifidobacterium animalis subsp. lactis DN-173010. In this study, the daily
consumption of powdered milk containing Lactobacillus paracasei SD1 for 30 days showed a
statistically significant increase in lactobacilli count in the probiotic group compared with the
control group during the post-milk consumption period which was different from previous
studies. The bacterial strain used in each study was isolated from different sites of the human
body. L. reuteri ATCC 55730 and Bifidobacterium animalis subsp. lactis DN-173010 were
isolated from human intestine while Lactobacillus paracasei SD1 was a normal flora that was
isolated from oral cavities in caries-free children.” Because our bodies contain numerous
different environments and each environment possesses certain advantages and disadvantages and
different microorganisms have adapted to certain regions of the body for their particular needs, so
Lactobacillus paracasei SD1 may has better ability to adhere to oral epithelial cells than the
others.

In addition, when using PCR to detect genomic DNA and evaluate the oral
persistence of Lactobacillus paracasei SD1, the genotype patterns of Lactobacillus paracasei
SD1 were found in all cases of the post-milk consumption period in the probiotic group. This
finding confirmed that Lactobacillus paracasei SD1 was permanently colonized longer in the oral
cavity than others which differed from previous studies.””

There were no statistically significant changes among the probiotic groups in
salivary pH and DMFT during the post-milk consumption period. This result was reinforced in
the in vitro study79 that this strain had less acidic produce than the other strains. This might imply
that the powdered milk containing Lactobacillus paracasei SD1 had no apparent adverse effect
on salivary pH. Moreover, there were no statistically significant changes in the plaque index at

pre-milk consumption and during the post-milk consumption period. This finding supported the
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result, a statistically significant decrease of mutans steptococci and increases of lactobacilli as a
result of powdered milk containing Lactobacillus paracasei SD1 only and was not affected by the
amount of plaque deposits on the teeth. Although, it was found that there were no significant
changes in plaque index, salivary pH and DMFT at pre and post-milk consumption period. This
finding showed that during the study period the subjects oral ecology were stable and was
interested for further study whether it was effected by this intervention or not.

In this study, without any adverse effect of probiotic milk consumption, it could
be concluded that Lactobacillus paracasei SD1 is a normal oral microorganism suitable and safe
for use as a potentially probiotic in the oral cavity.

Regarding further study, it would be interesting to study the long-term effect and
mechanism of probiotic bacteria on the oral microbial counts more clearly with an increased the
sample size. The results of the present study showed that probiotic intervention could be
beneficial to those with the highest mutans streptococci. In any case, it seems obvious that cleft
lip and palate patients with fixed orthodontic appliances constitute a very suitable group for

further study.



CHAPTER 5

CONCLUSIONS

The present study demonstrated that short-term consumption of powdered milk
containing Lactobacillus paracasei SD1 could statistically significant decreased the salivary
levels of mutans streptocooci and increased of lactobacilli count in treated with fixed orthodontic
appliance cleft patients. Moreover, Lactobacillus paracasei SD1 DNA were found in the oral
cavity during 4 weeks post - milk consumption period. No apparent adverse effect of probiotic
milk consumption during the trail was registered. Further studies are needed to clarify the long
term effect of Lactobacillus paracasei SD1 as an alternative probiotic for caries prevention in oral

cavity.
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