
SUMMARY
The effects of Orbit sugar-free chewing gum in plaque acid attack 

neutralisation, food debris removal, and saliva secretion rate stimulation, 
have already been clinically proven. Sugar alcohols, which have since 
recently been considered to have a direct impact on bacterial cells, are 
among the ingredients of this chewing gum. The objective of this study was 
to gain knowledge of the effects of Orbit sugar free chewing gum for kids 
with calcium addition in overall salivary flora reduction, and particularly 
in the reduction of the cariogenic oral microorganisms, as direct factors 
leading to dental decay.

The research included a group of 24 healthy schoolchildren of both 
gender at the age between 8 and 13. All participants had good oral health, 
similar hygiene and diet regimens, and similar DMF indices. In order to 
obtain higher precision and accuracy, the same group was also used as a 
control group, so that saliva samples were taken twice: once before and once 
20 minutes after Orbit chewing gum had been chewed. The microbiological 
analyses were performed at the Institute of Microbiology and Parasitology 
of Skopje Medical Faculty. The counts of Streptococcus mutans (SM) and 
Lactobacillus species (LB) were determined by commercially available CRT 
bacteria strips, whereas the total count of saliva microbials was determined 
by standard microbiological methods.

Significant reductions in salivary SM and LB levels, and declines in the 
total count of aerobe and anaerobe bacteria, and Candida albicans as well, 
were observed in all cases.
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Introduction

The fact that microorganisms are one of the most 
essential factors in dental disease etiology arouses 
the question of how to eliminate or reduce them to 
minimal values. Because of that, the major prerequisite 
is typological and numerical verification of the 
microorganisms. On the other hand, the key factor of the 
“struggle” against them is proper maintenance of oral 
hygiene.

 In spite of a considerable number of substances 
and methods for oral hygiene, since recently sugar-free 
chewing gums have gained strong influence, particularly 
among the young population. Sugar-free chewing gum has 
a positive benefit for dental health by increasing salivary 

flow during chewing, which helps to dilute and neutralise 
plaque acidity. There is general scientific agreement now 
that chewing sugar-free gum, amongst other things, can 
help to protect teeth against decay. 

Over the last 25 years there has been considerable 
clinical research into the effect of salivary stimulation and 
the role of saliva in oral health. Clinical evidence suggests 
that sugar-free gum not only will not decay teeth, but that 
it will reduce the acidic effects caused by other foods, if 
chewed after meals and snacks.

Both the chewing action and the taste of sugar-free 
gum stimulate the production of extra saliva by up to 
10 times the normal rate. Stimulation of salivary flow 
changes its composition and increase concentration of 
bicarbonate, which enhance its ability to neutralise plaque 



acid. Also, as salivary flow increases, the availability of 
minerals is increased, helping to repair early tooth decay. 

There are many indications that dissolved calcium 
can inhibit demineralisation of the enamel, serving 
as a substrate for remineralisation of the teeth. Most 
children love sweets and are very fond of eating between 
meals. Because after each snack or drink that is rich in 
carbohydrates the pH of the plaque rapidly becomes 
acid. This has the effect of drawing off calcium ions and 
other mineral ions from the tooth enamel (Fig. 1). If such 
demineralisation happens repeatedly in the course of a 
day, or if it lasts for an extended period, than caries can 
develop. This process can happen very quickly in children 
because the enamel cap of a milk tooth is only half as 
thick as that of permanent teeth. For this reason children’s 
teeth need special protection. 

Patients with dry mouth are more susceptible to tooth 
decay as their flow rate, pH level and buffering capacity is 
lowered. Patients are often recommended to chew sugar-
free gum to relieve the symptoms of dry mouth and also to 
help encourage the function of the salivary gland. 

Wrigley’s Orbit sugar-free chewing gums have 
become the first products given recognition by the World 
Dental Federation for providing a significant contribution 
to oral health. Sugar-free chewing gums consist mainly of 
sugar alcohols, which are a combination of hexitols and 
pentitols. Xylitol and Sorbitol are the most frequent sugar 
alcohols, whereas Manitol is less frequent. Sugar alcohols, 
primarily Sorbitol and Xylitol, have a direct effect on the 
bacterial cell. The ways of action of polyols on bacterials 
are illustrated in figure 2.

After the uptake of Xylitol, the substance is 
phosphorylated to Xylitol-5-P. Since most cells lack 
xylitol-5-P dehydrogenase, it results in its intra-cellular 
accumulation. Dephosphorilation of X-5-P takes place 
eventually and Xylitol is then emitted from the bacteria. 
The consequence of the cycle is a futile PEP/energy - 
consumption leading to an inhibition of the glycolysis 
and none acid attack on the enamel. The bacterial uptake 
of the hexitols results in a phosphorylation to sorbitol-6-P 
and mannitol-6-P. 2 separate dehydrogenases transform 
the phosphorelated hexitols to fructose-6-P, which 
participates in glycolysis. Ethanol, formic and lactic acids 
are the end products in sorbitol and mannitol metabolism.

Orbit sugar-free chewing gums are the most popular 
chewing gums in FYROM, which was proven by the 
results of the poll conducted in 2002, according to which 
75% of the participants use Orbit chewing gum at least 
once a day (Figs. 3 and 4).Figure 1. The way of remineralization after the use of Orbit chewing gum

GTF  – Glycosyltransferase
PMF  – Protonmotiveforce
PTS  – Phosphotransferase system
G-6-P – Glucose-6-Phosphate
F-6-P  – Fructose-6-Phosphate
F-1,6P2  – Fructose 1, 6-bisphosphate
3-PGA  – 3-Phosphoglyceraldehyde
DHAP  – Dihydroxyacetonephosphate
3 PG  – 3-Phosphoglycerate
2 PG  – 2-Phosphoglycerate
PEP  – Phosphoenolpyruvate
PYR  – Pyruvate
E1  – Enzyme 1
HPr  – Histidine protein heat resistant
E2  – Enzyme 2

Figure 2. Ways of action of polyols
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There are various types of Orbit chewing gums, 
differing from each other as follows:
 - The type of the sugar alcohols and their proportion;
 - Addition of mineral ions (e.g. calcium) to enhance the 

effects of remineralisation;
 - Addition of sodium carbonate to maintain teeth 

whiteness by activating the natural protective 
mechanisms of the saliva;

 - Addition of different aromas;
 - Menthol additions for stronger mouth freshness.

In our investigation we used Orbit sugar-free chewing 
gum for kids because it contains both xylitol and sorbitol 
sugar alcohols, as well as calcium, and is produced in one 
of 2 fruit flavours that makes it more attractive to kids. By 
investigating the effects of Orbit sugar-free chewing gum 
on cariogenic microorganisms and on the whole number 
of salivary micro-flora, we wanted to see whether we can 
add yet another benefit of Orbit sugar-free chewing gum to 
the already well-known benefits mentioned earlier in this 
text. The aim of this study was: (1) to estimate the salivary 
levels of Streptococcus mutans (SM) and Lactobacillus 
species (LB) before and after chewing Orbit sugar-free 
chewing gum for kids with calcium; (2) to compare the 
number of whole salivary flora by saliva analyses before 
and after chewing Orbit sugar-free chewing gum for kids 
with calcium.

Materials and Methods

The group consisted of 24 healthy schoolchildren 
aged 9-13 of both gender. The participants had good oral 
health, similar hygiene and normal dietary regimen and 
similar DMF indices. In order to obtain higher precision 
and accuracy, the same group was used as a control 
group, too. Saliva samples were taken before, and 20 
minutes after, chewing Orbit gum, early in the morning, 
after at least 12 hours without oral hygiene. The study 
subjects were selected at the Faculty of Stomatology, 
Department of Pediatric Dentistry - Skopje. The 

microbiological analyses were carried out at the Institute 
of Microbiology and Parasitology, Medical Faculty in 
Skopje.

In our study we used the Orbit sugar-free chewing 
gum for kids with calcium (Wrigley, USA). Its 
ingredients are:
 - Xylitol
 - Sorbitol
 - Manitol
 - Acesuflam
 - Aspartam
 - Calcium Lactate
 - Gum base
 - Flavors

Collecting Saliva Samples
Patients refrained from oral hygiene for at least 12 

hours before the treatment.
First saliva sample was taken without any prior food 

consumption, mouth rinsing or saliva stimulation.
Chewing the Orbit sugar free chewing gum for kids 

with Calcium (Wrigley, USA), for approximately 20 
minutes.

After chewing gum has been chewed, the mouth was 
rinsed with 200 ml of water for about 15 sec.

The second saliva sample was taken following a 20 
min. intermission.

Quantitative Evaluation of SM, LB and  
Total Number of Salivary Microorganisms

In order to determine the total number of salivary 
microorganisms, saliva samples were taken by spitting 
approximately 3-5 ml. of saliva before and after chewing 
the Orbit sugar-free chewing gum for kids with calcium 
into special sterile containers made particularly for this 
purpose (Fig. 5). The specimens used to determine the 
counts of SM and LB in the saliva were taken with CRT 
bacteria-commercially available strips (Ivoclar-Vivadent, 
Schaan, Liechtenstein). These strips have selective 

Figure 3. Frequency of use of chewing gums among participants Figure 4.  Kind of chewing gum used by participants
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culture media for determination of the SM count in saliva 
or plaque on the blue agar surface and for determination 
of the LB count in saliva on the bright agar surface.  
The first step of the procedure was to remove the agar 
carrier from the test vial. After that, a NaHCO3-tablet 
was placed at the bottom of the vial. The protective foils 
were carefully removed from 2 agar surfaces, taking care 
not to touch the agar. Both agar surfaces are thoroughly 
moistened with saliva using a pipette, allowing the 
excess saliva to drip off. Finally, the agar carrier was slid 
back into the vial, the vial was closed tightly and it was 
then sent to the Institute of Microbiology (Fig. 6).

Figure 5. Sterile containers for determining the total number
of salivary microorganisms

Figure 6. Procedure for determining SM and LB

Microbiological Processing of Samples
Planting was performed simultaneously with 

sampling. After an incubation period of 48 hours at 
35-370C, the grown colonies (colony forming units 
- CFU) were counted, provided their number was 
small, or were compared with the chart supplied by the 
manufacturer when their number was excessive, and were 
then interpreted as 10,000; 10,000-100,000; 100,000-
1,000,000 and > 1,000,000 CFUs. The SM colonies were 
translucent on the blue agar surface, while LB colonies 

were grey-white on the green agar surface. By counting 
the colonies only the approximate number of bacteria 
could be determined, because of the notion that 1 bacterial 
cell causes the growth of 1 colony, and is thus being 
designated as “a colony forming unit (CFU)” (Fig. 7). 
After drying up, strips can be stored in a refrigerator at 
2-80C, where, being protected from light and temperature 
fluctuations, they can last for years, and be used for 
comparison purposes at any time.
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Figure 7. Colony forming units-CFU for SM and LB (standard according to manufacturer's instructions)

Figure 8. Growth density sectors
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Table 1. Growth density of salivary aerobic and anaerobic 
bacteria before and after use of Orbit sugar-free chewing gum 

for kids with calcium 

Growth density
Aerobic Anaerobic 
Before After Before After

+ +
AAA 4 / 2 /
AAV 9 4 4 /
AAS 1 3 1 /

+

AVV 1 1 1 /
AVS 5 10 11 9
AVO 4 2 1 1
ASO / 3 3 8

+ -
VVO / 1 1 5
VSO / / / 1
OOO / / / /

c2 – p > 0,05
 (p = 0,09)

c2 – p < 0,05
 (p = 0,0047)

Semi quantitative determination of whole salivary 
microbial counts was performed with a 4 mm diameter 
calibrated eza. On each of the 3 bases, 50 saliva 
microliters were spread in the usual manner (routine 
processing). In order to obtain isolated colonies by 
dilution, the material was transplanted up to the half of the 
Petry dish (sector 1) on 3 sectors of the Petry dish (Fig. 8). 
Then the eza was sterilized by heating, and the materials 
from the 2 lines of sector 1 were transplanted onto the 
quarter in the lower side of the Petry dish (sector 2). At 
the end, the eza was again sterilized by heating and the 
material from the last 2 lines of sector 2 was transplanted 
onto the last quarter of the Petry dish (sector 3).

The results were read out in a semi quantitative way, 
i.e. the density of growth was marked with the capitals 
A, B and C. The capital A was used to mark the growth 
density in the first sector, B was used for the second 
sector and C for the third one. The sector marked with 
A presented a sector with such high density of growth 
of colonies that they could not be counted (A > 100 
colonies within the sector), B - a growth of 20 to 100 

colonies, C - 5 to 20, and 0 - 0 to 5 colonies. With the 
aim to present the results in a more convenient way, we 
have split the growth density sectors in accordance with 
the number of colonies into high growth density sectors 
(AAA, AAB, and AAC), medium growth density sectors 
(ABB, ABC, ABO, and ACO), and into sectors of low or 
no growth density (BBO, BCO, and OOO). The sectors of 
the first group were labelled with ++, those of the second 
group with +, and the sectors of the third group with +-.

Results

The results of this investigation are presented in 
tables 1-3 and diagram 1. As it can be seen, the effects 
of chewing a sugar-free chewing gum with calcium were 
more pronounced on the counts of anaerobic bacteria and 
Candida albicans than on the aerobic bacteria (Tab. 1 and 
Diagram 1). The effect of chewing was more pronounced 
on SM than on LB (Tabs. 3 and 4).
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Diagram 1. CFU in subjects with isolated Candida albicans before and 
after use of Orbit sugar-free chewing gum for kids with calcium

Table 2. Number of subjects with CFU (colony forming units) 
of SM and LB in 1 ml saliva before and after use of sugar-free 

chewing gum with calcium

Streptococcus 
mutans CFU/ml

Lactobacillus 
species CFU/ml

Before After Before After
Without growth (3) 4 (2) /
102-3 3 5 5 5
103-4 2 2 1 5
104-5 1 5 2 4
105-6 9 5 4 8
106-7 6 / 10 /
N 21 21 22 22

Table 3. Effects of sugar-free chewing gum with calcium on the 
reduction of cariogenic salivary micro flora counts (number of 

subjects with logarithmic reduction factor - log RF)

log RF Streptococcus
 mutans

Lactobacillus
 species

0 2 6
1 10 12
2 5 4
3 2 /
³ 4 2 /
N 21 22

 Number of colonies 
before 
 
Number of colonies 
after 
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Discussion

Using the semi quantitative determination method 
for total microbial salivary counts6, aerobic and anaerobic 
microorganisms were separately processed. There 
has been a redistribution of the counts of aerobic and 
anaerobic microorganism colonies from sectors with high 
and medium growth density (++ and +) before chewing, 
to sectors with low or without any growth density 
(sectors + and +  -) after chewing. However, statistical 
analysis (χ2 test) has shown no statistical significance in 
the case of aerobic microorganisms after chewing Orbit 
chewing gum (p = 0.09). Statistical analysis conducted 
for anaerobic microorganisms have shown significant 
reduction after chewing Orbit chewing gum (p = 0.0047). 
However, when one considers duration of chewing, which 
was limited to 20 minutes, it becomes apparent that the 
decrease in growth density after chewing Orbit sugar-free 
gum depends to a certain extent also on the mechanical 
function of the saliva during mastication.

Orbit sugar-free chewing gum performed very 
effectively in the reduction of Candida albicans yeasts 
colonies. Namely, only 1 of 7 participants, in which a total 
of 34 colonies had been isolated before chewing Orbit 
chewing gum, exhibited a growth density of only 1 colony 
after chewing. The total number of colonies was reduced 
by 34 times on the average.

Over the last few years, numerous studies have 
been aimed toward research of the influence of the use of 
sugar-free chewing gum in dental caries prevention. By 
reducing the principal amount of cariogenic micro-flora, 
mainly the salivary SM, the incorporation of bacteria into 
the plaque is avoided, and their fermentable properties at 
low pH-values are suppressed as well, which prevents the 
start of the demineralisation process. In our investigation 
we obtained a significant difference in the number of 
cariogenic microorganisms’ colonies before and after 
chewing Orbit sugar-free chewing gum. The reduction was 
higher in SM than in LB counts, expressed by the number 
of subjects with logarithmic reduction factor of cariogenic 
micro-flora. The number of subjects with log RF = 0 
for SM was 2, while it was 6 for LB. 2 subjects had a 
logarithmic reduction factor of 4 (log RF ≥ 4) for SM, and 
there were no subjects with this reduction factor for LB. 
At the end of the discussion, we would like to emphasize 
that until now no research of the effects of Orbit sugar-free 
chewing gum on the bacterial cell have been carried out, 
so that the results that were discussed can be considered 

as the results of a pioneer experiment in this direction. 
However, considering the action of sugar alcohols reported 
in literature, we can conclude that our results are in 
accordance with the research of Birkhed1, Edgar3, Edgar 
and Gedds4, Mäkinen et al 5 and Szöke et al7.

Conclusion

Significant reductions in salivary MS and LB levels, 
and declines in the total count of aerobe and anaerobe 
bacteria and Candida albicans as well, were observed in 
all cases. Therefore, we can conclude that Orbit sugar-free 
chewing gum influenced very effectively in the reduction 
of cariogenic microorganisms.
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