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ABSTRACT

This study evaluated the effect of  a Probiotic
mouthrinse containing nisin, a bacteriocin extracted
from Lactococcus lactis on dental plaque and
gingivitis in young adult population.

A group of  32 subjects were randomly assigned
into two groups of  16 each. The first group started
using the control mouthrinse (placebo) for 2 weeks
followed by a washout period of  4 weeks. This group
then used the test mouthrinse (Probiotic) for a
further duration of  2 weeks. The second group
followed a  similar protocol as the first except that
this group started with the test mouthrinse
(Probiotic). Plaque Index (PI) and Gingival Index
(GI) were recorded at baseline and after 2 weeks for
each group. All subjects were given full mouth
prophylaxis after each measurements.

The results of  this study showed that rinsing
with Probiotic mouthrinse resulted in a statistically
significant reduction of  plaque accumulation and
gingivitis compared to rinsing with placebo. The
results indicated that Probiotic mouthrinse
containing nisin had the potential of inhibiting
plaque accumulation and was effective in reducing
gingivitis.
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INTRODUCTION

The primary cause of periodontal disease is bacterial
irritation. Dental plaque accumulations are the
prerequisite for the development of  gingivitis (1).
Current opinion favours the concept that plaque-
induced gingivitis always precedes periodontitis (2)
although not all gingivitis proceed to periodontitis
(3).

The long term success of  periodontal treatment
is dependent on satisfactory oral hygiene practices
by individuals to maintain plaque levels compatible
with gingival health (4). Periodontal treatment is also
directed towards eliminating subgingival plaque
which itself  is derived from supragingival plaque.

Supragingival plaque control is thus
fundamental to the prevention and management of
periodontal disease and with appropriate advice and
instructions from professionals, is primarily the
responsibility of  the individual, using tooth brushes

and interdental cleaning (5). Unfortunately, it is a
fact of  life that a significant proportion of
individuals fail to practice a high enough standard
of  plaque removal thus gingivitis is highly prevalent
from an early age (6, 7).

Therefore, chemical agents have increasingly
been used as adjuncts to mechanical plaque control.
They are intended to augment, not to replace,
mechanical plaque control (8). It is now recognized
that chemical anti-plaque agents may be of  value at
inhibiting or reducing plaque formation and thus
gingival inflammation (7, 9).

The most tested and effective anti-microbial
agent known today is chlorhexidine which has been
used for more than two decades (10). Chlorhexidine
digluconate is, to date, the thoroughly studied and
the most effective anti-plaque and anti-gingivitis
agent (11). In oral use as a mouthrinse, chlorhexidine
has been reported to have a number of  local side
effects. These side effects are brown discolouration
of  the teeth and tongue, oral mucosal erosion and
taste perturbation (12).  Several side-effects
associated with its use have stimulated the search for
new chlorhexidine solutions with various
concentrations and flavoring agents, as well as
alternative anti-plaque agents (13).

A Probiotic mouthrinse contains nisin,
bacteriocins of  short chain polypeptides produced by
Lactococcus lactis cultured in a fermentor. These
peptides are separated and purified from all other
components including the lactic acid bacterial cells
and then incorporated into the mouthrinse.

Bacteriocins are one of  a number of
antimicrobial substances produced by lactic acid
bacteria (LAB), including organic acids, hydrogen
peroxide, diacetyl and inhibitory enzymes (14,15).
Bacteriocins are loosely defined as biologically active
protein moieties with a bacteriocidal mode of  action
(16, 17). Bacteriocins are ribosomally synthesized
peptides or proteins and usually act against closely
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related species. Since bacteriocins are odorless,
colorless and non-toxic, they adhere to the
requirements set out for food preservatives (18).

Bacteriocins differ from traditional antibiotics in
one critical way: They have a relatively narrow killing
spectrum and are only toxic to bacteria closely
related to the producing strain. These toxins have
been found in all major lineages of  bacteria and
more recently, have been described as universally
produced by some members of  the Archaea (19).

The prototype LAB bacteriocin, nisin, was first
discovered in 1928, when Rogers L.A. observed
metabolites of  Streptococcus lactis (now reclassified
as Lactococcus lactis) were inhibitory to other LAB.
The commercial application of  nisin is in the
preservation of  a number of  processed foods, and
the award of  FDA approval in 1988 for its use as a
biopreservative elicited considerable interest in other
bacteriocins from GRAS (generally regarded as safe)
organisms. Commercial nisin is produced by large-
scale fermentation of  media containing food-grade
ingredients.

Nisin is bactericidal against a wide range of
Gram-positive bacteria (20). Nisin has been shown
to kill a wide range of  organisms including
Actinomyces, Bacillus, Clostridium, Corynebacterium,
Enterococcus, Gardnerella, Lactococcus, Listeria,
Micrococcus, Mycobacterium, Propionibacterium,
Streptococcus, and Staphylococcus (21). It is also
active against Gram-negative bacteria such as
Camphylobacter, Haemophilus, Helicobacter,
Neisseria, Escherichia coli and Salmonella species
provided that the outer membrane is damaged thus
nisin is used in combination with other compounds
such as chelating agents (22).

Howell et. al, (23) conducted a study to evaluate
the effect of  a mouthrinse containing nisin on the
development of  plaque and gingivitis in beagle dogs
when compared to 0.12% chlorhexidine and placebo.
The author concluded that nisin was an
antimicrobial agent and was effective in the reducing
plaque build-up and gingivitis in the beagle dogs. No
similar study had been conducted in human.

Turner et. al. (24) conducted an in-vitro
investigation of  the antibacterial effect of  nisin in
root canals and canal wall radicular dentin. The aim
of  the study was to determine the efficacy of  nisin
(bacteriocin) in killing Enterococcus faecalis and
Streptococcus gordonii within the root canal system.
The author concluded that nisin was effective at
eradicating Enterococcus faecalis and Streptococcus
gordonii cells in pure culture and was comparable to
Ca(OH)2 in the elimination of  these species from
within the root canal system.

Johnson et. al, (25) conducted a study to
determine the effects of  nisin on the microbial flora
of  dental  plaque of  monkeys (Macaca fascicularis).
In conclusion, there were fewer streptococci in the
plaque of  the dogs that received nisin in their foods.

The finding that streptococci formed a lesser
proportion of  the plaque flora was associated with
a concomitant increase in the proportion of  other
bacteria but the increase was not significant. This
suggested that nisin did not alter the eco-system of
micro-flora in the oral cavity.

Nisin has never  been used as an ingredient in
any mouthrinse and thus there was no information
on its efficacy. The aim of  this study is therefore, to
compare plaque accumulation and gingival
inflammation in subjects who used mouthrinse
containing probiotics and placebo.

MATERIAL AND METHODS

A group of  32 subjects were recruited from patients
who came for treatment in the Dental Faculty,
University Malaya. Prior to their participation, they
were screened to ascertain if  they conformed to the
criteria for the study. They were free from systemic
disorders, were non-smokers and not on medications
or antibiotics in the last 6 months. They were given
written and verbal explanations and instructions
pertaining to the study. Consent forms were signed
by all participants.

The trial design is a placebo-control, double-
blind and crossover type consisting of  two 14-day
test periods separated by a washout period of  4
weeks. During the entire study, the participants
continued to exercise their regular non-supervised,
self-performed oral hygiene measures. They were
provided with a standardised toothbrush and
toothpaste.

The participants were assigned into two groups,
those receiving the mouth rinse in the order active/
placebo (group A) and those in the order placebo/
active (Group B). The mouth rinse was dispensed
through a staff  of  the department who held a sealed
code-breaker. Due to the double-blind design, all
solutions had similar colour and were kept in the
same kind of  bottles.

All subjects were rendered scaling and polishing
prior to commencement of  the study. This was
because some of the subjects had had dental check-
up with scaling done only recently whereas some
others had not had scaling for the past few years. A
period of  two weeks was then allowed to elapse
before the first test period to obtain more a
standardized levels of  oral hygiene.

Baseline measurements of  Plaque Index (PI)
(Turesky et al., 1970) and Gingival Index (GI) (Löe
and Silness, 1963) were taken from all the
participants after full mouth prophylaxis were
carried out. All patients will have a baseline PI of
0. They were instructed to continue with their
routine tooth brushing methods. The designated
mouthrinses were dispensed according to the groups
of  the subjects. Group A started with the active
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product whereas Group B with the placebo. They
were instructed to rinse twice daily about 30 minutes
after tooth brushing with 15 ml of  the solution for
60 seconds, followed by expectoration of the residual
mouthrinse. On day 14, all subjects returned for
clinical measurements. This was followed by scaling
and polishing of  all teeth again.

An interval of  four weeks was given after the
first test period so that the effects from the previous
mouthrinse did not carry over into the next test
period. During the washout period the subjects
continued to exercise toothbrushing but refrained
from using any mouthrinse.

The measurements for PI and GI were repeated
after prophylaxis (PI = 0). The subjects were allotted
the alternative mouthrinse and instructed to use it
exactly as they had with the previous product. They
returned two weeks later for clinical measurements.
All  subjects were then offered full mouth
prophylaxis.

STATISTICAL ANALYSIS

The results were analyzed using the Statistical
Package for Social Science System (SPSS) Version
12.0. For comparison between test (Probiotic) and
control (placebo) groups, Paired Sample t-test was
employed where the significance level was p<0.05.
General Linear Model was used to conduct the test
within-subjects effects for PI and GI which was
computed using alpha = 0.05.

RESULT

The mean PI values for both mouthrinses were 0 at
baseline as scaling and polishing was done for all
tooth surfaces (Figure 1). A plaque index score of  0
represented a tooth surface that was entirely free of
clinically detectable plaque. At the day 14
examination, when comparison to the baseline data
was made, there was a significant increase in mean
PI scores of  placebo rinse compared to probiotic
rinse (p< 0.001). The mean PI scores after Probiotic
rinse was 0.24 + 0.08, which was lower as compared
to mean PI scores after placebo rinse which was 0.37
+ 0.12 (Figure 1).  The degree of  increment of  mean
PI scores was more pronounced for the placebo rinse
compared to Probiotic rinse. Probiotic rinse caused
less plaque accumulations than placebo rinse. Tests
of  within-subjects effects for PI for the Probiotic and
Placebo showed the p-value < 0.001. Thus, the
difference in the mean PI scores before and after
rinse for Probiotic and placebo mouthrinse was
significant.

The mean GI value for Probiotic mouthrinse at
baseline was similar as compared to mean GI value
for placebo (Figure 2).  At the day 14 examination,

in comparison to the baseline data, there was a
significant decrease in mean GI scores of  Probiotic
rinse compared to placebo rinse (p< 0.001). The
mean GI scores after Probiotic rinse was 0.69 + 0.29,
which was lower as compared to mean GI scores
after placebo rinse which was 0.91 + 0.26.  The
degree of  reduction of  mean GI scores was more
pronounced for the Probiotic rinse compared to
placebo rinse (Figure 2). Tests of  within-subjects
effects for GI for the Probiotic showed the p-value
< 0.001. Thus, the difference in the mean GI scores
before and after rinse for Probiotic mouthrinse was
significant. For placebo, although there was a
reduction in gingivitis, the difference was not
significant (p>0.05).

DISCUSSION

The purpose of  this study was to compare plaque
accumulation and gingival inflammation between
placebo mouthrinse and Probiotic mouthrinse which
contained nisin, a bacteriocin extracted from
Lactococcus lactis. This 14-day crossover study was
to evaluate the efficacy of  Probiotic mouthrinse as
an adjunct to conventional mechanical oral hygiene
procedures.

Figure 1: Line chart of  mean PI scores at day 0 and
at day 14 for Probiotic and placebo group.

Figure 2: Line chart of  mean GI scores at day 0 and
day 14 for Probiotic and placebo group.
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In the crossover design, each participant receives
each of  the treatments in a randomized order. This
design enables a substantial increase in power
compared to parallel group studies. The drawback
to within-subject designs is contamination or
carryover. In many crossover studies, it is perfectly
possible that some effect of  the treatment used in one
period might persist and alter the response observed
in later treatment periods. So, to overcome this
problem in a cross over study, a washout period of
carefully chosen duration between successive
treatment periods is incorporated. In the present
study, a washout period of  28 days was allowed
between each treatment period. This was deemed
sufficient when evaluating non-chlorhexidine
containing agents or products to allow the oral
environment to return to its original status (26).

In this study, there was a significant difference
found between mean PI and mean GI between
Probiotic rinse and placebo rinse after 14 days in
comparison to the baseline (p< 0.001). The Probiotic
rinse produced a 13.2% difference in mean PI scores
compared to placebo rinse i.e. Probiotic rinse caused
less plaque accumulations than placebo rinse. The
Probiotic mouthrinse also produced a gingivitis
reduction of  25.2% on day 14 compared to day 1,
whereas the placebo mouthrinse produced only 5.8%
reduction on day 14 compared to day 1. Therefore,
the findings of  this study showed that Probiotic
mouthrinse had potential therapeutic value in the
prevention of  plaque formation and reducing
gingivitis.

From this study, it was observed that Probiotic
mouthrinse had a significant inhibitory effect on
plaque accumulation and gingivitis for the test
groups. Thus, it can be proposed that Probiotic
mouthrinse had a potential therapeutic value in the
prevention of  plaque formation and reducing
gingivitis. Its anti-plaque activity may be achieved in
various ways; these include reducing the adhesion of
bacteria to the tooth surface, inhibiting the growth
and proliferation of  microorganisms on the tooth
surface, inhibiting the formation of  the intercellular
plaque matrix, modifying plaque biochemistry to
reduce the formation of  cytotoxic product and
modifying plaque ecology to a less pathogenic flora
(27). It was also shown by earlier researcher (20) that
nisin, the active ingredient in Probiotic mouthrinse
had bactericidal activity against a wide range of
Gram-positive bacteria. Experimental studies on
plaque development had shown that the early
colonizers are streptococci, particularly
Streptococcus sanguis, Streptococcus oralis and
Streptococcus mitis. Actinomyces species, Haemophili
and Nisseria species were also isolated during early
plaque build up (28). It is conceivable that the
subsequent development of  plaque could be affected
if  the attachment and growth of  these early
colonizers were inhibited by antimicrobial agents

(29). In an in-vitro study, nisin had been shown to
be bactericidal to a wide range of  organisms
including Actinomyces, Bacillus, Clostridium,
Corynebacterium, Enterococcus, Gardnerella,
Lactococcus, Listeria, Micrococcus, Mycobacterium,
Propionihacterium, Streptococcus, and
Staphylococcus (21). The Probiotic mouthrinse may
achieve its anti-plaque activity by inhibiting the
growth and proliferation of these microorganisms on
the tooth surface.

In this study, the reduction in plaque
accumulation and gingivitis may also be due to a
confounding effect known as the Hawthorne effect.
The subjects participation in a clinical trial which
involved prophylaxis and repeated dental
examinations may, even if  no active attempts were
made to change the quality of  the self-performed
plaque control stimulated the subjects involved to
improve their mechanical tooth cleaning measures.
The subjects usually would improve their oral
hygiene although they did not have the knowledge
of  the regimen administered to them. This was in
agreement to another study by Brecx et.al (13)
comparing the efficacy of  Listerine, Meridol and
Chlorhexidine on plaque and gingivitis, where it was
demonstrated that mean PI scores in the placebo
group decreased at day 7 due to the Hawthorne
effect.

The efficacy of  a mouthrinse is dependent on a
few factors. One of  the most important is its
retention in the oral cavity. The overall retention of
an antiplaque agent is determined by the strength
and rate of  association of  the agent with its receptor
sites and the accessibility of  these sites. The
substantivity of  an antiplaque agent and its
clearance from the oral cavity were determined by
the rate of  dissociation of  the agent from the
receptor sites and the salivary composition and flow
rate (27). In this study, Probiotic antiplaque and
antigingivitis activities may also be dependent on its
retention and substantivity in the mouth, but this
aspect of  its properties was not investigated in this
study and therefore need further exploration.

A novel approach in controlling unwanted
microbial adhesion in clinical environments is to
inhibit the initial attachment of bacteria, rather than
trying to remove them once they have adhered.
Previous investigations had established that
antimicrobial peptides such as nisin can adsorb to
surfaces and still retain sufficient activity to inhibit
pathogenic bacteria (30, 31).

Bower et. al (31) evaluated the efficacy of
adsorbed nisin films in preventing microbial
attachment and biofilm formation. Nisin was
adsorbed to silanized surfaces and these nisin-
covered surfaces were exposed to a protein-free
medium containing the pathogenic bacteria, Listeria
monocytogenes. The study showed that nisin was
bactericidal thus able to kill Listeria monocytogenes.
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It was also proposed that Probiotic mouthrinse
achieved its antiplaque activity by preventing the
adhesion of  bacteria to the tooth surface.

The success of adsorbed nisin as an
antimicrobial agent for surfaces prompted further
studies using medical devices such as endotracheal
tubes and intravenous catheters. Endotracheal
suction catheters that were exposed to nisin for as
little as 10 seconds were able to retain a significant
amount of  antimicrobial activity (32). Longer
adsorption time did not produce surfaces with
substantially larger activities suggesting that contact
time may not be critical when producing nisin-
treated surfaces. When endotracheal tubes were
dipped in nisin solutions and then challenged with
three medically-relevant species of  bacteria
(Staphylococcus aureus, S. epidermidis, and
Streptococcus faecalis), they were able to withstand
bacterial colonization better than the untreated tubes
which allowed attachment and growth of  the
pathogens (32). In the oral cavity, nisin can be
clinically effective as an antiplaque agent as it can
be adsorbed in a short time and it can be retained
in the mouth after application to inhibit growth and
proliferation of  oral microorganisms.

A therapeutic mouthrinse usually contains an
active ingredient that must be dissolved in the
formulation. An antiplaque agent must be solublised
in its delivery vehicle so that the rapid release into
oral environment occurs particularly when the
application time is short (27). The active ingredient
must be soluble in an aqueous type of  vehicle. Nisin
has been shown to have a high aqueous solubility
(33). In this Probiotic mouthrinse, nisin was highly
solubilized in its aqueous delivery vehicle which can
facilitate its release to the oral cavity during
application as an antiplaque agent.

Guidelines have been established by the
American Dental Association Council on Dental
Therapeutics in 1986 for the evaluation of  over-the-
counter chemotherapeutic products for plaque and
gingivitis control. ADA acceptance program requires
that mouthrinses with plaque control claims must
show concomitant gingivitis reduction as end point
simply because plaque control is a therapeutic
procedure basic to the prevention and treatment of
periodontal disease. The ADA Council on Dental
Therapeutics believes that because plaque is the
etiologic agent for gingivitis and other oral diseases,
the only accepted chemotherapeutic products that
will be allowed to make plaque control or plaque
modifications claims will be those that can also
demonstrate a significant effect against gingivitis
(34). In this study, Probiotic mouthrinse produced
a significant gingivitis reduction of  25.2 % compared
to placebo mouthrinse which produced only 5.8 %
reduction. It showed that the Probiotic mouthrinse
possessed an anti-gingivitis effect which can reduce
gingival inflammation.

The pre-treatment debridement at day 0 and day
42 may influenced the findings of  this study
especially in the reduction of  gingivitis seen in both
the Probiotic and the placebo groups. This was in
agreement with one of  the studies conducted by
Swedish researchers. Wennstrom and Lindhe (35)
conducted a study in a group of  periodontitis
patients to assess the effect of  the different types of
mouthrinses (CHX, Sanguinarine and Placebo) who
did and did not receive professional debridement
(supragingival, subgingival scaling and root planing)
during the treatment period.

CONCLUSIONS

In conclusion, this Probiotic mouthrinse is effective
in reducing plaque accumulation and gingival
inflammation in comparison to the placebo.
Therefore, this Probiotic mouthrinse had potential
therapeutic value and further longer-term term study
of  6 months is recommended to determine its
efficacy.

REFERENCES

1. Löe H, Thelaide E, Jensen SB. Experimental
gingivitis in man. J Periodontol 1965; 36: 177–
87.

2. Lindhe J . In: Gingivitis, general discussion. J
Clin periodontol 1986; 13: 395–9.

3. Page RC & Kornman KS . The pathogenesis of
human periodontitis: an introduction.
Periodontal 2000 1997; 14: 9–11.

4. Axelsson P & Lindhe J. The significance of
maintenance care in the treatment of periodontal
disease. J  Clin  Periodontol 1981; 8: 281–94.

5. Axelsson P. Mechanical plaque control. In:
Lang, N.P. & Karring, T., eds. Proceeding of the
1st European Workshop on Periodontology,
London: Quintessence Publishing 1994; pp. 219-
43.

6. Lavstedt S, Modeer T & Welander F . Plaque
and gingivitis in a group of  Swedish school
children with particular reference to tooth
brushing habits. Acta Odontologica Scandinavia
1982; 40, 307-11.

7. Addy M. Chlorhexidine compared with locally
delivered antimicrobials. A short review. J Clin
Periodontol 1986; 13: 957-60.

19 - 25   Noordin Kasan.pmd 11/15/2007, 2:28 PM23



24 Annals of Dentistry, University of Malaya, Vol. 14 2007

8. Ciantar, M. (1995). Chemical agents in
Periodontal Therapy: Use or Misuse? Dental
Update; July / August; 32: 238-41.

9. Kornman KS. Anti-microbial agents. In: Löe, H.
& Kleimann, D.V., eds. Dental plaque Control
measures and Oral Hygiene Practices. Oxford:
IRL Press 1986; pp. 121-42.

10. Löe H & Schoitt C.R. The effect of  suppression
of  oral microflora upon the development of
dental plaque and gingivitis: In: McHugh WD,
ed. Dental plaque. Edinburgh Livingstone 1970;
pp. 247-55

11. Lang NP, Brecx MC. Chlorhexidine digluconate
– an agent for chemical plaque control and
prevention of  gingival inflammation. J
Periodontal Res 1986; 21 (Suppl.16): 74-89.

12. Flotra, Gjermo L, Rolla P, Waerhaug G. Side
effects of  chlorhexidine mouthwashes.
Scandinavian Journal of  Dental Research 1971;
79: 119-25.

13. Brecx M, Brownstone E, MacDonald L, Gelskey
S, Cheang M. Efficacy of  Listerine, Meridol and
chlorhexidine mouthrinses as supplements to
regular tooth-cleaning measures. J Clin
Periodontol 1992; 19: 202-7.

14. Lindgren SE, Dobrogosz WJ. Antagonistic
activities of  lactic acid bacteria in food and feed
fermentations. FEMS Microbiol. Rev 1990; 87:
149-64.

15. Ray B, Daeschel M. Food biopreservatives of
microbial origin. CRC Press, Boca Raton, FL
1992.

16. James R, Lazdunski C, Pattus L. Bacteriocin,
Microcins and Lantibiotics Vol 65. New York:
Springer – Verlag 1991. pp 519.

17. Tagg JR, Dajani AS, Wannamaker LW.
Bacteriocins of  gram-positive bacteria. Bact. Rev
1976; 40: 722-56.

18. Abee T, Krockel L, Hill C. Bacteriocins: modes
of action and potentials in food preservation and
control of food poisoning. Int. J. Food Microbiol
1995; 28: 169-85.

19. Torreblanca M, Meseguer I, Ventosa. Production
of  halocin is a practically universal feature of
archael halophilic rods. Lett Appl Microbiol
1994; 19: 201-5.

20. Gross E, Morell JL. The structure of  nisin. J Am
Chem Soc 1971; 93: 4634–5.

21. Mota-Meira M, Lapointe G, Lacroix C, Lavoie
MC. MICs of  mutacin B-Ny266, nisin A,
vancomycin, and oxacillin against bacterial
pathogens. Antimicrob. Agents Chemother 2000;
44: 24-9.

22. Stevens KA, Sheldon BW, Klapes NA,
Klaenhammer TR. Nisin treatment for the
inactivation of  Salmonella species and other
gram-negative bacteria. Appl Environ. Microbiol
1991; 57: 3613-5.

23. Howell TH, Fiorellini JP, Blackburn P, Projan SJ,
De la Harpe J, Williams RC.  The effect of  a
mouthrinse based on nisin, a bacteriocin, on
developing plaque and gingivitis in beagle dogs.
J Clin Periodontol 1993; 20: 335-9.

24. Turner SR, Love RM, Lyons KM. An in-vitro
investigation of  the antibacterial effect of  nisin
in root canals and canal wall radicular dentin.
International Endodontic Journal 2004; 37: 664-
71.

25. Johnson IH, Hayday H, Coleman G. The effects
of  nisin on the microbial flora of  the dental
plaque of  monkeys (Macaca fascicularis).
Journal of  Applied Bacteriology 1978; 45: 99-
109.

26. Newcombe RG, Addy, M. & McKeown, S.
Residual effect of  chlorhexidine gluconate in 4-
day plaque re-growth crossover trials, and its
implications for study design. JPeriodont Res
1995; 30: 309-24.

27. Cummins & Creeth JE. Delivery of  Antiplaque
agents from dentrifices, gel and mouthwashes. J
Dent Res 1992; 7: 1439-49.

28. Nyvad B, Killian M. Microbiology of  the early
colonization of human enamel and root surfaces
in vivo. Scand J Dent Res 1987; 95: 369-80

29. Marsh PD.Microbiological aspects of  the
chemical control of  plaque and gingivitis: J Dent
Res 1992; 71: 1431-8.

30. Daeschel M A, McGuire J, Al-Makhlafi H.
Antimicrobial activity of  nisin adsorbed to
hydrophilic and hydrophobic silicon surfaces. J
Food Prot 1992; 55: 731-5.

19 - 25   Noordin Kasan.pmd 11/15/2007, 2:28 PM24



Effect of probiotic mouthrinse on plaque and gingival inflammation 25

31. Bower CK, Mc Guire J, Daeschel. Suppression
of  Listeria monocytogenes Colonization
following adsorption of  Nisin onto silica
surfaces. Appl Environ Micobiol 1995; 61: 992-
7.

32. Bower CK, Parker JE, Higgin AZ, Oest ME,
Wilson  JT, Valentine BA, Bothwell, MK,
McGuire J. Protein antimicrobial barriers to
bacterial adhesion: in vitro and in vivo
evaluation of nisin-treated implantable materials.
Colloid and surfaces 2002; 25: 81-90.

33. Bani-Jaber, McGuire J, Ayres WJ, Daeschel MA.
Efficacy of  the antimicrobial peptide nisin in
emulsifying oil in water. J Food Sci. 2000; 65:
502-6.

34. Wu CD, Savitt ED. Evaluation of  the safety and
efficacy of  the over-the-counter oral hygiene
products for the reduction and control of  plaque
and gingivitis. Periodontology 2000 2002; 28: 91-
105.

35. Wennstrom J, Lindhe J. The effects of  mouthrinses
on parameters characterizing human periodontal
disease. J Clin Periodontol 1986; 13: 86-93.

19 - 25   Noordin Kasan.pmd 11/15/2007, 2:28 PM25



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


