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Original Article

Short-term Effect of Mastic Gum on Salivary
Concentrations of Cariogenic Bacteria in

Orthodontic Patients
Alev Aksoya; Nizami Duranb; Serdar Torogluc; Fatih Koksald

ABSTRACT
Objective: To determine antibacterial activity of chewing mastic gum against the salivary levels
of Streptococcus mutans, the total number of viable bacteria, and lactobacilli in patients under-
going therapy with fixed orthodontic appliances.
Materials and Methods: In this study, the levels of S mutans, lactobacilli, and total cultivated
bacteria were measured before and after chewing mastic gum. The antibacterial effects of chewing
mastic gum against these microorganisms in saliva were compared with a placebo gum. The
counts for orthodontically treated patients were evaluated before chewing gum; just after chewing
gum; and after 45, 75, 105, and 135 minutes. Saliva samples taken from the patients were in-
oculated onto trypticase-yeast-cystine-bacitracin agar for mutans streptococci and onto Rogosa
agar for lactobacilli. The agar plates were incubated for 48 hours anaerobically at 37�C. The total
number of viable bacteria was then counted.
Results: Just after chewing the mastic gum for 15 minutes, a significant decrease of total bacteria
and S mutans was observed (P � .001). The reduction in lactobacilli was not significant at later
first stage (P � .05). However, at the end of 135 minutes, there were significantly fewer S mutans
(P � .001), total viable bacteria (P � .001), and lactobacilli (P � .001) in the oral cavity after
chewing mastic gum than after chewing paraffin (P � .001). The results show that chewing mastic
gum decreased the total viable bacteria, S mutans, and lactobacilli in saliva in orthodontically
treated patients with fixed appliances.
Conclusion: Chewing mastic gum might be useful in preventing caries lesions.
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INTRODUCTION

It has been reported that metallic brackets induce
specific changes in the oral environment, such as a
reduction in pH and an increase in plaque accumula-
tion, that further increase the risk of demineralization.1
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Also, fixed orthodontic appliances are considered to
be a clinical risk factor in terms of enamel integrity
because of plaque accumulation around the bracket
base.2 Thus, increased levels of mutans streptococci
and lactobacilli are detected in the oral cavity after
bonding orthodontic attachments.3,4 These microor-
ganisms have been identified as the main pathogens
in dental caries, and their presence increases the risk
for decalcification.5

Studies on the management of oral hygiene in pa-
tients undergoing orthodontic treatment have concen-
trated on the effects of different oral hygiene regi-
mens.6,7 Chemicals and antibiotics have been used as
antibacterial agents against Streptococcus mutans to
reduce plaque-mediated diseases, including dental
caries.8 However, these chemicals and antibiotics may
have adverse effects such as vomiting, diarrhea, and
tooth staining.9,10 Chlorhexidine mouthwashes, as an



125MASTIC GUM AGAINST CARIOGENIC BACTERIA

Angle Orthodontist, Vol 77, No 1, 2007

adjunct to tooth brushing, is effective in the control of
gingival inflammation, though prolonged use may
cause problems with staining.11,12 Fluoride mouth-
washes significantly reduce the extent of enamel de-
calcification and gingival inflammation during ortho-
dontic treatment.13 Thus, further research is needed in
natural antimicrobial agents for targeting specific oral
pathogens while being safe for the host.

Natural products have recently been investigated as
promising agents preventing oral diseases. It has been
well documented that medicinal plants confer consid-
erable antibacterial activity against various microor-
ganisms.14,15 Recently, mastic gum has raised interest
in medicine as the public is more aware of the potential
hazardous side effects of conventional medications.
Mastic gum is the concrete resinous exudate from the
stem of the tree Pistacia lentiscus Linn, which is cul-
tivated on the Aegean and Mediterranean coasts of
Turkey. Mastic gum has been reported to show a
broad range of antimicrobial activity16,17 and to have a
bacteriostatic effect in the oral cavity.17 In our previous
study, we demonstrated that mastic gum has an anti-
microbial activity against S mutans and mutans strep-
tococci in vitro and in vivo.18 Although the antibacterial
activity of mastic chewing gum has already been dem-
onstrated, very few studies have been conducted on
bacteria of clinical relevance in dentistry.17,19

The aim of this present study was to estimate the
antibacterial effect of chewing mastic gum on S mu-
tans, lactobacilli, and total viable cariogenic microflora
in the mouth of patients undergoing orthodontic treat-
ment.

MATERIALS AND METHODS

Mastic Gum

Mastic gum samples were obtained from the grand
bazaar of Istanbul. They were collected from the Fe-
thiye region of Turkey in June 2001.

Patients and Methods

Twenty-five new patients (average age 14.2 � 1.0
years) with severe malocclusions, allocated for ortho-
dontic treatment at the Department of Orthodontics,
Cukurova University, Adana, Turkey, were recruited
for the study after informed consent from their families
had been obtained. Preadjusted edgewise fixed appli-
ances were planned as the treatment strategy for all
patients. The saliva samples from all patients were col-
lected immediately after placing edgewise brackets in
the upper and lower dentition. The patients were
asked not to eat anything before collection of the sa-
liva samples.

All patients were evaluated in the Department of

Periodontology and were selected from those having
healthy periodontal condition and good oral hygiene.
None received antibiotics or topical antiseptics during
the previous 30 days or had systemic diseases that
would have altered the amount or composition of the
plaque or saliva.

The Ethics Committee of the Faculty of Dentistry,
University of Cukurova, approved the study protocols.
The experiments were stopped after only 2 weeks. In
the first week, paraffin wax was used as a placebo
because it has no antibacterial agents and also be-
cause it stimulates saliva and helps determine the
washing effect of chewing without any agent. In the
second week, mastic gum was presented to the pa-
tients to chew, and saliva samples were evaluated af-
terward.

Microbiological Sampling and Processing

We used paraffin wax to determine the washing ef-
fect of chewing as a control group and used mastic
chewing gum to determine the antibacterial effect of
mastic resin. The same patients were used for both
control (placebo) and mastic gum experiments in 2 se-
quential weeks. This study is not a double- or single-
blind study.

Before the test, unstimulated saliva was collected by
rinsing the mouth with 10 mL of phosphate-buffered
saline as a baseline sample. In the first week, paraffin
wax was given to the patients as a placebo to chew.
In the second week, mastic chewing gum was given
to the patients. Saliva samples were collected in sterile
test tubes at 30-minute intervals after 15, 45, 75, 105,
and 135 minutes from both the paraffin and mastic
gum groups. The saliva was kept on ice until tested.

The saliva samples were vigorously mixed on a vor-
tex for 1 minute. Serial dilutions (1:100, 1:10,000, 1:
1,000,000) of the samples were prepared in sterile sa-
line solution. From the serial dilutions, 0.1 mL was
transferred and plated on the culture media. Trypti-
case-yeast-cystine-bacitracin agar supplemented with
18% (wt/vol) sucrose20 for mutans streptococci and
Rogosa agar (Oxoid, Basingstoke, Hampshire, Eng-
land) for lactobacilli were used as media of choice.
Incubation of the samples was performed in an at-
mosphere of 5% CO2 at 37�C for 48 hours, then the
samples were allowed to develop at room temperature
for 24 hours to enhance colony development.

Species identification was based on biochemical
tests, including the sugar fermentation tests (acid pro-
duction from mannitol, sorbitol, melibiose, raffinose,
starch, insulin, and dextrin), hydrolysis of arginine and
esculin, Voges-Proskauer, and resistance to bacitra-
cin.21 The fermentation profiles of isolates resembling
S mutans were also tested by the API 20 Strep System
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Figure 1. The antimicrobial activity of mastic gum against the total
number of bacteria in the oral cavity.

Figure 2. The antimicrobial activity of mastic gum against S mutans
in the oral cavity.

Figure 3. The antimicrobial activity of mastic gum against lactobacilli
in the oral cavity.

(Bio Merieux, Marcy-I’Etoile, France). S mutans ATCC
25175 was used as a reference strain. Fine opaque
colonies on Rogosa agar that appeared microscopi-
cally as gram-positive rod-shaped cells with a negative
catalase reaction were considered to be lactobacilli
species.22 Total viable counts of all cultivable faculta-
tive anaerobic bacteria were made on 5% (vol/vol)
horse blood agar with tryptone soy agar as a nutrient
base. Total viable counts for each bacterial species
were made morphologically and were identified with
biochemical fermentation tests.23 Results are ex-
pressed as colony forming units (cfu) per milliliter.

Statistical Analysis

Between-group comparisons were made using the
Kruskal-Wallis and Mann-Whitney U-tests. P � .05
was considered significant. The statistical analyses
were performed using the Statistical Package for So-
cial Sciences software (SPSS for Windows, version
11.5, Chicago, Ill).

RESULTS

Before the patients in this study chewed mastic
gum, the mean total bacteria was 24.4 � 106 cfu/mL,
the S mutans count was 21 � 104 cfu/mL, and the
lactobacilli count was 37 � 103 cfu/mL. The prominent
antibacterial effect of mastic gum on total bacteria, S
mutans, and lactobacilli was determined. This effect
was more apparent for total bacteria and S mutans
than for lactobacilli. In the first 15-minute period, there
was a significant reduction in S mutans and total bac-
teria compared with the placebo, whereas this effect
was not found for lactobacilli (P � .05).

There was a statistically significant reduction in the
total bacteria after 15, 45, 75, and 105 minutes (P �
.01) compared with the placebo gum (P � .001),
whereas the reduction after 105 and 135 minutes was
not significant (P � .05). This may be because the
mastic gum increases to its maximum effect after 105
minutes (Figure 1).

The reductions of S mutans and total bacteria were
21.4% and 28.3% after 15 minutes, 40% and 42.6%
after 45 minutes, 58.6% and 52.9% after 75 minutes,
69% and 71.3% after 105 minutes, and 77.6% and
72.9% after 135 minutes (Figure 2).

Also, when the antibacterial effect of mastic gum
against lactobacilli was compared with the placebo, no
significant reduction was determined after 15 minutes
(P � .05), whereas a significant reduction was deter-
mined in the saliva samples taken after 45 minutes (P
� .001). Lactobacilli in saliva reduced by 9.6% after
15 minutes, 26.1% after 45 minutes, 61.7% after 75
minutes, 66.8% after 105 minutes, and 74.1% after
135 minutes (Figure 3).

DISCUSSION

The investigations have shown that the oral micro-
flora of the orthodontic patient changes after insertion
of a fixed appliance4 and that the use of orthodontic
appliances (fixed or removable) may affect the quali-
tative and quantitative distribution of the oral microflo-
ra.24,25 Orthodontic appliances are considered to be a
clinical risk factor in terms of enamel integrity because
of plaque accumulation around the bracket base.26 In-
creased levels of mutans streptococci and lactobacilli
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have been detected in the oral cavity after bonding
orthodontic attachments.3,4

The results of our study have clearly shown the an-
tibacterial effect of mastic gum on total bacteria, S mu-
tans, and lactobacilli. In the in vivo experiments, sig-
nificant reductions of total bacteria, S mutans, and lac-
tobacilli were determined in the saliva of individuals
given mastic gum compared with those given paraffin
gum.

S mutans and lactobacilli are the organisms that are
primarily associated with dental caries.27 The level of
S mutans has been shown to be significantly lower in
caries-free orthodontic patients.28 Also, many re-
searchers believe that the insertion of fixed orthodontic
appliances, which results in a number of new retention
sites, leads to an increase in number of S mutans dur-
ing active orthodontic treatment.4,28

When the antibacterial effect of mastic gum against
S mutans was examined compared with a placebo in
each time interval (0, 15, 15–45, 45–75, 75–105, and
105–135 minutes later), a statistically significant re-
duction was determined. In our previous study, we de-
termined the antibacterial effect of mastic gum on S
mutans and mutans streptococci both in vitro and in
vivo on healthy nontreated individuals. In parallel to
our previous study, we determined the antibacterial ef-
fect of mastic gum in the mouth of orthodontically
treated patients.18 Also, in a study conducted by Tak-
ahashi et al,17 mastic gum inhibited de novo plaque
accumulation compared with a placebo gum, indicat-
ing that mastic itself has an anti–plaque-formation ac-
tivity. The present study’s results parallel the study of
Takashashi et al.17

Recently, antimicrobial therapy with S mutans as an
indicator organism has been shown to reduce caries
activity. Application of disinfectants such as chlorhex-
idine and iodine directly to the teeth reduce the S mu-
tans population in plaque for prolonged periods of
time, whereas mouth rinsing with chlorhexidine and
oral penicillin therapy does not seem to have a long-
lasting effect on the S mutans infection.29–31

Regardless of which agent is the drug of choice for
the treatment of oral diseases, dental scientists are still
searching for new therapeutic applications to prevent
and treat them. Bitter taste, tooth staining, and tem-
porary alteration of taste can lead to low patient com-
pliance. Toxicity, mucosal ulceration, and develop-
ment of resistant bacterial strains are additional ad-
verse effects found with several other antibacterial
agents. Collectively, these adverse effects of dental
medications motivate dentists to use conventional nat-
ural therapeutics for the oral cavity ailments.8–10,17,18

In the present study, mastic gum isolated from the
bark of P lentiscus Linn was not found to have most
of the above-mentioned adverse effects, and mastic

oil was found to have a potent antimicrobial activity in
vitro. The antibacterial effect of mastic can be attri-
buted to the presence of alpha-pinene as the active
antibacterial ingredient.16

In agreement with the studies of Magiatis et al16 and
Takahashi et al,17 we suggest that regular use of mas-
tic gum may be useful in controlling dental caries be-
cause of its antibacterial effect and anti–plaque-for-
mation activity. Because the bacteriostatic effect of
mastic was stable under various in vitro conditions
simulating those that occur in the mouth, it is poten-
tially useful for development of antibacterial agents ap-
plicable for use in mouthwash preparations because
of the short treatment time required for the antibacte-
rial effect against lactobacilli.

As a result of our study, the idea of adding an equal-
ly or more effective chewing gum product to a patient’s
mechanical hygiene measures has significant appeal
from a convenience and compliance perspective. Rou-
tine use of mastic gum may also include situations
where mechanical hygiene measures or mouthwashes
would be impractical but where a chewable antiplaque
agent would be desirable.

Nevertheless, further studies are needed to identify
and purify the active ingredients of mastic gum for fu-
ture use in trials with toothpaste and mouthwash for-
mulas. In addition, longer-term studies will be required
to evaluate the advantage of this material, and its bac-
teriostatic mechanism and specificity against cariogen-
ic bacteria also need to be further researched.

CONCLUSION

• Mastic gum has an antibacterial activity without ad-
verse effects against S mutans, lactobacilli, and total
bacteria and may be useful for maintaining oral hy-
giene during orthodontic treatment.

REFERENCES

1. Mitchell L. Decalcification during orthodontic treatment with
fixed appliances—an overview. Br J Orthod. 1992;19:199–
205.

2. Zachrisson BU. Oral hygiene for orthodontic patients: cur-
rent concepts and practical advice. Am J Orthod. 1974;66:
487–497.

3. Lundstrom F, Karasse B. Streptococcus mutans and lacto-
bacilli frequency in orthodontic patints; the effect of chlor-
hexidine treatments. Eur J Orthod. 1987;9:109–116.

4. Scheie AA, Arneberg P, Krogstad O. Effect of orthodontic
treatment on prevalance of Streptococcus mutans in plaque
and saliva. Scand J Dent Res. 1984;92:211–217.

5. Schwaninger B, Vickers-Schwaninger N. Developing an ef-
fective oral hygiene program for the orthodontic patient: re-
view, rationale and recommendations. Am J Orthod. 1979;
75:447–452.

6. Yeung SC, Howell S, Fahey P. Oral hygiene program for
orthodontic patients. Am J Orthod Dentofacial Orthop. 1989;
93:208–213.



128 AKSOY, DURAN, TOROGLU, KOKSAL

Angle Orthodontist, Vol 77, No 1, 2007

7. Denes J, Gabris K. Results of a 3-year oral hygiene pro-
gramme, including amine fluoride products, in patients treat-
ed with fixed orthodontic appliances. Eur J Orthod. 1991;
13:129–133.

8. Gjermo P, Oloooa G, Arskang L. Effect on dental plaque
formation and some in vitro properties of 12 bisbiguanides.
J Periodontal Res. 1973;12:81–88.

9. Chen CP, Lin CC, Namba T. Screening of Taiwanese crude
drugs for antibacterial activity against Streptococcus mu-
tans. J Ethnopharmacol. 1989;27:285–295.

10. Cai L, Wu CD. Compounds from Syzygium aromaticum
possessing growth inhibitory activity against oral pathogens.
J Nat Prod. 1996;59:987–990.

11. Brightman LJ, Terezhalmy GT, Greenwell H, Jacobs M, En-
dlow DH. The effects of a 0.12 per cent chlorhexidine glu-
conate mouthrinse on orthodontic patients aged 11 through
17 with established gingivitis. Am J Orthod Dentofacial Or-
thop. 1991;100:324–329.

12. Beyth N, Redlich M, Harari D, Friedman M, Steinberg D.
Effect of sustained-release chlorhexidine varnish on Strep-
tococcus mutans and Actinomyces viscosus in orthodontic
patients. Am J Orthod Dentofacial Orthop. 2003;123:345–
348.

13. Boyd RL, Chun YS. Eighteen-month evaluation of the ef-
fects of a 0.4 per cent stannous fluoride gel on gingivitis in
orthodontic patients. Am J Orthod Dentofacial Orthop. 1994;
105:35–41.

14. Kelmanson JE, Jager AK, van Staden J. Zulu medicinal
plants with antibacterial activity. J Ethnopharmacol. 2000;
69:241–246.

15. Naidu AS. Phytoantimicrobila (PAM) agents as multifunc-
tional food additives. In: Bidlack WR, Omaye ST, Meskin
MS, Topham DKW, eds. Phytochemicals as Bioactive
Agents. Lancaster, Pa: Technomic Publishing Company;
2000:11–115.

16. Magiatis P, Melliou E, Skaltsounis Al, Chinou IB, Mitaku S.
Chemical composition and antimicrobial activity of the es-
sential oils of Pistacia lentiscus var. chia. Plant Med. 1999;
65:749–752.

17. Takahashi K, Fukazawa M, Motohia H, Ochiai K, Nishikawa
H, Miyata T. A pilot study on antiplaque effects of mastic
chewing gum in the oral cavity. J Periodontol. 2003;74:501–
505.

18. Aksoy A, Duran N, Koksal F. In vitro and in vivo antimicro-

bial effects of mastic chewing gum against Streptococcus
mutans and mutans streptococci. Arch Oral Biol. In press.

19. Huwez FU, Al-Habbal MJ. Mastic in treatment of benign
gastric ulcers. Gastroenterol Jpn. 1986;21:273–274.

20. van Palenstein Helderman WH, Ijsseldijk M, Huis in’t Veld
JHJ. A selective medium for the two major subgroups of the
bacterium Streptococcus mutans isolated from human den-
tal plaque and saliva. Arch Oral Biol. 1983;7:599–603.

21. Hardies JM, Whiley RA. The genus streptococci-oral. In:
Dworkin M, ed. New York, NY: Prokaryots; 2002:1421–
1449.

22. Rogosa M, Mitchell JA, Wiseman RF. A selective medium
for the isolation of oral and fecal lactobacilli. J Bacteriol.
1951;62:132–133.

23. Shklair IL, Keene HJ. A biochemical scheme for the sepa-
ration of the five varieties of Streptococcus mutans. Arch
Oral Biol. 1974;19:1079–1081.

24. Petti S, Barbato E, Simonetti D’arca A. Effect of orthodontic
therapy with fixed and removable appliances on oral micro-
biota: a six-month longitudinal study. New Microbiol. 1997;
20:55–62.

25. Zachrisson BU. Fluoride application procedures in ortho-
dontic practice, current concepts. Angle Orthod. 1975;45:
72–81.

26. Klock B, Krasse B. Effect of caries preventive measures in
children with high numbers of Streptococcus mutans and
lactobacilli. Scand J Dent Res. 1978;86:221–230.

27. Corbett JA, Brown LR, Kene HJ, Horton IM. Comparison of
Streptococcus mutans concentrations in non-banded and
banded orthodontic patients. J Dent Res. 1981;60:1936–
1942.

28. Forsberg CM, Brattstrom V, Malmberg E, Nord CE. Ligature
wires and elastomeric rings: two methods of ligation, and
their association with microbial colonization of Streptococ-
cus mutans and lactobacilli. Eur J Orthod. 1991;13:416–
420.

29. Emilson C-G, Fornell J. Effect of tooth brushing with chlor-
hexidine gel on salivary micrflora, oral hygiene and caries.
Scand J Dent Res. 1976;84:308–319.

30. Caufield PW, Gibbons RJ. Suppression of Streptococcus
mutans in the mouths of humans by a dental prophlaxis and
topically applied iodine. J Dent Res. 1979;58:1317–1326.

31. Maltz M, Zickert I. Effect of penicillin on Streptococcus mu-
tans, Streptococcus sanguis and lactobacilli in hamsters
and in man. Scand J Dent Res. 1982;90:193–199.


