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NTRODUCTION 
More than a century back, the chemo- parasitic 

theory was postulated by W.D.Millerfor the 

formation of dental caries.
1
At present, the modern 

concepts of cariogram demonstrate 

microorganisms as one of the major etiological factors 

apart from dietary factors and host factors in the 

formation of dental caries. It is well established that 

mutans streptococci, especially Streptococcus mutans, 

are an important caries-associated member in dental 

plaque.
2
 Due to its adhesive and acidogenic potential it 

causes mineral loss which keeps the local pH low.
3 

Hence, targeting S. mutans forms an important measure 

for the prevention of dental caries, which can be 

achieved by mechanical and chemical aids.  

Many preventive approaches focus on the reduced sugar 

intake and replacement with non fermentable sweeteners, 

like polyols. At present, the most commonly used 

polyols are sorbitol and xylitol (XYL)
4 

which are 

introduced in chewing gums. Unlike sorbitol, XYL 

exhibits a dose-related inhibition of S. mutans growth in 

vitro. 

Xylitol is a polyalcohol derivative that does not initiate 

dental caries.
5,6 

Substitution of sugars by XYL is non 

cariogenic and anticariogenic
7-11 

and it is mainly 

indicated to be used as a sugar substitute between meals
9  

 

since it is not metabolized by oral bacteria
6,12 

and leads to 

no drop in the pH in the biofilm.
13,14 

XYL also penetrates 

the bacterial cytoplasm were it gets accumulated as 

xylitol 5-phosphate, impairing the glycolysis and 

adenosine triphosphate production and resulting in 

impaired cell growth.
6,12

 Since XYL chewing gums 

reduce the levels of S. mutans and not many clinical 

trials have yet been conducted; hence, we conducted the 

present study to evaluate the effect of XYL chewing gum 

(extra XYL) on S. mutans in 8 to 12 year old children. 
 

MATERIALS AND METHODS 
This study was undertaken in the Department of 

Pedodontics and Preventive Dentistry, ITS Dental 

College, Ghaziabad, India, in coordination with the 

Department of Microbiology, ITS Dental College, 

Ghaziabad, India. Prior to the study, an informed written 

consent was obtained from the parents. A randomized 

experimental study was designed and approved by the 

Ethical Committee, ITS Dental College, Ghaziabad, 

India. Initially, 500 children from a nearby school were 

examined, and 150 children were selected based on the 

following criteria. 
 

Inclusion Criteria 
• Children in the age group of 8 to 12 years 

• Caries-free children 

• Children who agreed to participate in the study with 

the consent of parents 
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Background: The modern concepts of cariogram demonstrate microorganisms as one of the major etiological factors apart from 
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XYL chewing gum twice daily. The S. mutans colony-forming units (CFUs) were counted by using the mitissalivarius agar plate 
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group showed reduction in S. mutans scores throughout the study period. Conclusion: The S. mutans score was found to be 

significantly reduced in the xylitol group. 
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Exclusion Criteria 
• Medically compromised children 

• Children with a history of taking antibiotics 3 

months prior to and during the study period 

• Presence of any intraoral soft tissue pathology 
 

Baseline saliva samples were taken from these 150 

patients and subjected to microbiological  analysis. A 

sterile tongue blade (180 × 18 mm) was inserted into the 

child’s oral cavity and then moved in the buccal mucosa 
up to ten times, with both sides being then pressed on a 

Rodac® plate (Kracjeler Scientific, Inc) containing 12 

mL of mitis salivarius agar base (Becton, Dickinson & 

Company, Sparks, MD, USA) containing 0.2 g/mL 

sorbitol, 0.01 mg/mL potassium tellurite, 1.66 μg/mL 
bacitracin, and 1.275 μg/mL kanamycin sulfate.17 

The plates were then incubated at 37°C for 72 hours in 

an anaerobic jar (BBL Gás Pak, Becton Dickinson and 

Co., Cockeysville, MD, USA) with an atmosphere of 

80% N2, 10% H2, and 10% CO2. The period of time 

elapsed between inoculation and anaerobic incubation 

did not exceed 4 hours. Colony-forming unit (CFU) 

scores were counted in the spatula impression using a 

stereoscopic microscope.  

The CFU scores for S. mutans were expressed according 

to the criteria described by Weber as follows:  

0 = absence of S. mutans,  

1 = low level (1–10 CFU),  

2 = moderate level (11–100 CFU), 

 3 = high level (101–250 CFU),  

4 = very highlevel (>250 CFU). 

 

60 children with CFU scores equal to or above moderate 

CFU level were included for further evaluation of the 

effect of antimicrobial agents. XYL chewing gum was 

chewed by children twice a day, half an hour after 

breakfast and half an hour after dinner. For using XYL 

chewing gums, the subjects were instructed to chew the 

gum for 5 minutes after meals.Fresh saliva samples were 

then analyzed after 1, 3, and 6 months. The 

microbiologist was blinded to the grouping of the 

samples. 

Data was compiled and analyzed by using the statistical 

program Statistical Package for the Social Sciences 

(SPSS) version 11.0. Analysis of variance (ANOVA) 

was done with post hoc Bonferroni test for multiple 

comparisons at 5% significance level. 

 

RESULTS 
The total sample size was 60 children (males 30, females 

30) in the age range of 8 to 12 years with the mean age 

of 7.40 ± 0.669 years. 

Table 1 shows that the mean baseline scores for CFU in 

children who chewed xylitol chewing gum was 3.27. In 

all the time intervals, significant reduction in S. mutans 

was found as compared with baseline values at four 

different time intervals. Maximum reduction was seen at 

the end of 15 days, after that there was a gradual decline 

up to 2 months and later the difference was found to be 

statistically insignificant. 

 

Table 1: Levels of S. mutans during the four time 

intervals 

 
 

Graph 1: Levels of S. mutans during the four time 

intervals 

 
 
DISCUSSION 

During the formation of biofilm, the S. mutans is an 

important factor for the modification of biofilm into a 

cariogenic state.
15,16 

With the increase in the level of S. 

mutans, the level of plaque accumulation also increases 

which leads to greater risk of dental caries. Therefore, 

the control of S. mutans levels is an important target for 

caries prevention and control. 

In our study, the spatula method was used for saliva 

collection as it was more practical and easy for children. 

Moreover, the saliva collected does not need dilution 

before inoculation, thus making it more appropriate for 

epidemiological studies. 

The miti ssalivarius, sorbitol, kanamycin, and bacitracin 

agar medium was used as it has a long shelf life and is 

specific for S. mutans colonies with a long shelf life.
15

 

Out of all the variety of chemical agents used, XYL is 

observed to have strong antimicrobial activity with 

different modes of action.Recently, various polyalcohols 

are incorporated into products like chewing gums. 

Xylitol functions by inhibiting the glycolysis pathway 

which results in loosely attached biofilms. But the use of 

XYL as a sugar substitute in food does not cause 

decreased salivary S. mutans levels.
17,18 

Therefore, 

sustained  and frequent effect of XYL in the form of 

candies or gums is mandatory in order to achieve 

reducedS. mutans levels.
17,18

 

Some studies have shown XYL-associated decrease of 

MS counts in plaque (Mäkinen et al; Milgrom et al; 

Haresaku et al)
20,21

 and in resting saliva (Milgrom et al) 

and stimulated saliva (Haresaku et al)
22 

In one 2-year 

study, the S. mutans levels of plaque of 11 to 12-year-old 

children was decreased and remained low throughout the 

study (Mäkinen et al)
23

On contrary, in another 2-year 

Group Time 
interval 

S. mutans CFU (mean 
scores)a 

Xylitol 
group 

Baseline 3.27 

15 days 1 

1st month 0.73 

2nd month 0.46 

6th month 0.6 
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study, no significant decrease was observed in the 

salivaryS.mutans levels of 10-year-old children 

(Mäkinen  et al)
20

. In our study, in the XYL group, initial 

S. mutans suppression was observed just after 15 days 

when compared with baseline. These results were 

statistically significant, which are in accordance with 

other studies in which the S. mutans CFU reduction did 

not persist for a long time after XYL therapy. Several 

studies have shown the short-term effect of polyol on S. 

mutans, and in our study, we observed the CFU scores 

remained consistent from 2 to 6 months (69.16%). In 

another study, Moraes
24

 showed that at the end of 3 

months, the values for XYL group returned to mean 

base- line scores (2.67) and remained the same at 6 

months
24

Similarly, Hildebrandt et al
25

demonstrated that 

4.4 gm/ day of XYL mouth rinsing did not show a 

significant decrease of MS level. 

XYL chewing gums were used for the present study as 

they are economical and do not require any separate 

clinical setup. Subjects between 8 and 12 years were 

chosen for this research as it is the late mixed dentition 

stage. 

In our study, no side effects like diarrhea were reported 

in any of the children in the XYL group. Even in a short 

span of time, which is a limitation of this study, xylitol 

proved effective as demonstrated by the results. Autio JT 

evaluated the effect of xylitol gum in salivary S. mutans 

levels in preschool children. Sixty-one children were 

randomly assigned into the xylitol group and the control 

group. The xylitol group chewed gum sweetened only 

with xylitol (XyliFresh100%, Hershey Food Corporation, 

U.S.A.) three times a day for three weeks. S. mutans 

counts were tested using the Dentocult-SM Strip Mutans-

test (Orion Diagnostica, Finland) at baseline and after 

three weeks. The shift from higher S. mutans scores to 

lower was greater in the xylitol group than in the control 

group (p;lt0.05). This study supports the suggestion that 

chewing xylitol gum may reduce salivary S. mutans 

levels. Xylitol chewing gum may provide a feasible 

caries prevention method for preschool children.
26

 
 

CONCLUSION 

We conclude that in the XYL group, there is overall 

reduction in S. mutans counts. However, future studies 

are recommended in this field. 
 

REFERENCES  
1. Shafer, WG; Maynard, KH; Barnet MLA. Text book of oral 

pathology. 4th ed. Philadelphia: W.B Sunders Company; 

1993. 

2. Bowden, GHW. Which bacteria are cariogenic in man in 

markers of high and low risk groups and individuals for 

Dental Caries.Johnson, NW), editor. Cambridge: 

Cambridge University Press; 1991. pp. 266-286. 

3. Banas JA, Miller JD, Fuschino ME, Hazlett KR, Toyofuku 

W, Porter KA, Reutzel SB, Florczyk MA, McDonough 

KA, Michalek SM. Evidence that accumulation of  mutants  

in a biofilm reflects natural selection rather than stress- 

induced adaptive mutation. Appl Environ Microbiol 2007 

Jan;73(1):357-361. 

4. Burt BA. The use of sorbitol and xylitol sweetened chewing 

gum in caries control. J Am Dent Assoc 2006 Feb;137(2): 

190-196. 

5. Söderling E, Isokangas P, Pienihakkinen K, Tenovuo J, 

Alanen P. Influence of maternal xylitol consumption on 

mother-child transmission of mutans streptococci: 6-year 

follow-up. Caries Res 2001 May-Jun;35(3):173-177. 

6. Assev S, Stig S, Scheie AA. Cariogenic traits in xylitol-

resistant and xylitol-sensitive mutans streptococci. Oral 

MicrobiolImmunol 2002 Apr;17(2):95-99. 

7. Wennerholm K, Arends J, Birkhed D, Ruben J, Emilson 

CG, Dijkman AG. Effect of xylitol and sorbitol in chewing-

gums on mutans streptococci, plaque pH and mineral loss 

of enamel. Caries Res 1994 Jan-Feb;28(1):48-54. 

8. Ly KA, Milgrom P, Rothen M. Xylitol, sweetners and 

dental caries. Pediatr Dent 2006 Mar-Apr;28(2):154-163. 

9. Burt BA. The use of sorbitol- and xylitol-sweetened 

chewing gum in caries control. J Am Dent Assoc 2006 

Feb;137(2):190-196. 

10. Ly KA, Milgrom P., Rothen M. The potential of dental- 

protective chewing gum in oral health interventions. J Am 

Dent Assoc 2008 May;139(5):553-563. 

11. Makinen KK, Alanen P, Isokangas P, Isotupa K, Soderling 

E, Makinen PL, Wenhui W,  Weijian  W,  Xiaochi C, Yi  

W,  et al. Thirty-nine-month xylitol chewing-gum 

programme in initially 8-year-old school children: a 

feasibility study focusing on mutans streptococci and 

lactobacilli. Int Dent    J 2008 Feb;58(1):41-50. 

12. Tanzer JM, Thompson AS, Wen ZT, Burne R. So called 

xylitol resistance is associated with partial loss of 

cariogenicity of Streptococcus mutans. J Dent Res 2006 

Apr;85(4):369-373.  

13. LifHolgerson P, Stecksen-Blicks C, Sjostrom I, Twetman S. 

Effect of xylitol-containing chewing gums on interdental 

plaque-pH in habitual xylitol consumers. 

ActaOdontolScand 2005 Aug;63(4):233-238. 

14. Holgerson PL, Sjostrom I, Twetman S. Decreased salivary 

uptake of [14C]-xylitol after a four-week xylitol chewing 

gum regimen. Oral Health Prev Dent 2007;5(4):313-319. 

15. Kimmel L, Tinanoff N. A modified mitis salivarius medium 

for caries diagnostic test. Oral MicrobiolImmunol 1991 

Oct;6(5):275-279. 

16. Thaweboon S, Nakornchai S, Miyake Y, Yanagisawa T, 

Thaweboon B, Soo-Ampon S, Lexomboon D. 

Remineralization of enamel subsurface lesions by xylitol 

chewing gum containing funoran and calcium 

hydrogenphosphate. South- east Asian J Trop Med Public 

Health 2009 Mar;40(2):345-353. 

17. Köhler B, Andrèen I, Jonsson B. The earlier the 

colonization by mutans streptococci, the higher the caries 

prevalence at 4 years of age. Oral MicrobiolImmunol 1988 

Mar;3(1):14-17. 

18. Zickert I, Emilson CG, Krasse B. Effect of caries 

preventive measures in children highly infected with the 

bacterium Streptococcus mutans. Arch Oral Biol 

1982;27(10):861-868. 

19. Deshpande A, Jadad AR. The impact of polyol-containing 

chewing gums on dental caries. A systematic review of 

origi- nal randomized controlled trials and observational 

studies. J Am Dent Assoc 2008 Dec;139(12):1602-1614. 

20. Mäkinen KK, Isotupa KP, Mäkinen P-L, Söderling E, Song 

KB, Nam SH, et al. (2005). Six-month polyol chewing-gum 

programme in kindergarten-age children: a feasibility study 

focusing on mutans streptococci and dental plaque. Int Dent 

J 55:81-88 

21. Milgrom P et al (2006). Mutans streptococci dose response 

to xylitol chewing gum. J Dent Res 85:177-81. 

22. Haresaku S, Hanioka T, Tsutsui A, Yamamoto M, Chou T, 

Gunjishima Y (2007). Long-term effect of xylitol gum use 

on mutans streptococci in adults. Caries Res 41:198-203. 



Syed  M et al. Xylitol chewing gum onsalivary streptococcus mutans levels 

121 

                   Journal of Advanced Medical and Dental Sciences Research |Vol. 5|Issue 3| March 2017 

23. Mäkinen KK, Söderling E, Isokangas P, Tenovuo J, Tiekso 

J (1989). Oral biochemical status and depression of 

Streptococcus mutans in children during 24- to 36-month 

use of xylitol chewing gum. Caries Res 23:261-267. 

24. SimõesMoraes R, Modesto A, Regina NDSK, Drake D. 

The effect of 1% chlorhexidine varnish and 40% xylitol 

solution on Streptococcus mutans and plaque accumulation 

in children.Pediatr Dent 2011 Nov-Dec;33(7):484-490. 

25. Hildebrandt G, Lee I, Hodges J. Oral mutans streptococci 

levels following use of a xylitol mouth rinse; a double-

blind, randomized controlled clinical trial. Spec Care Dent 

2010 Mar-Apr;30(2):53-58. 

26. Autio JT1. Effect of xylitol chewing gum on salivary 

Streptococcus mutans in preschool children. ASDC J Dent 

Child. 2002 Jan-Apr;69(1):81-6, 13. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


