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ABSTRACT

Purpose: This study was conducted to evaluate the effect of four different hard
candies on salivary Streptococcus mutans count and change in salivary pH in a group
of Egyptian college students. Materials and Methods: Forty-eight healthy dental
students, aged 16 -22 years were randomly allocated into 4 different study groups
each of 12 students: sucrose free hard candies with licorice extract group, sucrose free
hard candies with xylitol extract group, sucrose free hard candies group, and sucrose
containing hard candies group (control). Unstimulated saliva was collected from the
participants at baseline, following which the participants were given respective hard
candies twice daily for 10 days and the subsequent salivary samples were collected
at intervals of 14 days and 6 months. The samples were analyzed for Streptococcus
mutans count in terms of CFU and pH using pH meter. Results: Regarding baseline —
14 days interval, there was a statistically significant decrease in mean percentage change
on bacterial count in licorice and xylitol group Moreover there was also a significant
difference in salivary pH between different hard candies Conclusion: Addition of
licorice or xylitol to sucrose free hard candies enhances its effect on streptococcus

mutans and can shift salivary pH to a neutral value.

INTRODUCTION

With the progressive development in dental field, dental caries is still
a problem all over the world. In spite of being a multifactorial disease,
no one can deny the important role of bacteria as the main etiologic
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factor V. Without cariogenic bacteria, dental caries
will not develop or progress. The oral cavity is a
shelter for 500- 1000 types of bacteria, fungi,
protozoa and viruses. Total eradication of bacteria
is almost unachievable, but, a decrease in the total
bacterial count can hinder the cariogenic process .

Intake of sugar such as sucrose is one of the
critical factors in development of caries. Sucrose
is considered the highest cariogenic factor in the
process of caries progression. Sucrose is metabolized
by oral bacteria and also enhances the growth and
colonization of Streptococus mutans. Additionally,
sucrose acts as a substrate for extracellular
polysaccharides production in dental biofilms®.
Extracellular polysaccharides improve the stability
of biofilm matrixes and physical integrity of biofilm
matrixes, which indicate that EPSs is a virulent
factor related to cariogenic biofilm formation and
acid production by cariogenic bacteria which
dissolve tooth structure®.

Depending on the chemistry of demineralization
and remineralization raising the pH of the oral
cavity can combat acids produced by cariogenic
bacteria and hence promote remineralization
process. During demineralization, minerals diffuse
out of the tooth by passive diffusion. Unless the
pH of the oral cavity is neutralized to stop the
demineralization process and outward diffusion of
minerals, remineralization will not occur®.

Owing to the fact that caries is an infectious

disease, antimicrobial interventions against
cavity causing bacteria can prevent tooth decay.
Certainly, studies have shown that antimicrobial
agents can be administered to the oral cavity and
reduce tooth decay. Many sucrose-free products
have been claimed to prevent caries and provide
oral health benefits®. It also can reduce the count
of Streptococcus mutans which is one of the well-

known cavity causing bacteria in the oral cavity”.

Glycyrrhiza glabra (licorice) is a herbal product
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with a medicinal effect. The Egyptians, Greeks
and Romans have utilized this medicine to treat
different types of illness. Many studies reported
that the compounds isolated from licorice possess
antitumor,  antiviral, anti-inflammatory  and
antimicrobial effect specially against streptococcus
mutans. It can inhibit the glycosyltransferase
activity of Streptococcus mutans, reduce plaque
formation, and show antibacterial effect against S.
mutans, Streptococcus sobrinus, Porphyromonas

gingivalis, and Prevotella intermedia ®.

Xylitol is a sugar substitute and a natural
sweetener in many products. The use of xylitol-
containing products can be effective in preventing
caries. It increases the flow of saliva, raise oral
pH and aid in the remineralization of enamel. In
addition, xylitol also can reduce plaque growth and
by reducing the concentration (CFU) of cariogenic
bacteria species in the dental plaque (CFU) and in
saliva®.

Stevia rebaudiana is an herbaceous perennial
plant of the family Asteraceae, and its extract can
be used to sweeten foods and it is also a dietary
supplement. The major components are glycosides,
namely, stevioside and rebaudioside-A. It has been
suggested that it have an antihypertensive, antihy-
perglycemic, and an antioxidant. Many studies have
compared the antibacterial potential of S. rebaudi-
ana. However, only few studies have been reported
on its effect on Streptococcus mutans of the oral
cavity!?,

Realizing the fact that habitual use of sucrose
containing hard candies can have a flourishing
effect on cariogenic bacteria so by shifting this
habit to a more beneficial product it could target
against streptococcus mutans without any side
effect. Therefore, this study aimed to compare
the antibacterial potential of licorice and xylitol
containing sucrose free hard candies in high caries
risk patients.
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MATERIAL AND METHODS

Subject selection:

This randomized clinical trial was approved
by the Ethical Committee of Faculty of Dental
Medicine for Girls Al Azhar University (registration
No.REC18-056).

A total number of 48 college students were
selected from Faculty of Oral and Dental medicine,
Ahram Canadian University. Inclusion criteria were
systemically free college students of ages ranging
from (16-22) years. Those students are high caries
risk candidates defined according to CAMBRA
(caries management by risk assessment) and they
take candies as a daily sugary snack while following
a moderate oral hygiene measures by brushing their
teeth twice daily with a fluoridated tooth paste.
They also must have at least two posterior teeth
with initial proximal lesions E1 or E2 according to
radiographic classification of dental caries. While
exclusion criteria included subjects, who wore
orthodontic appliances or removable prosthesis,
subjects suffering from any medical or systematic
disease and those who have allergy to any of the

hard candies’ ingredients.

Grouping:

Subjects were randomly distributed into four
groups each of 12 subjects. Group 1 was subjects
who took hard candies with licorice extract sweet-
ened with stevia, Group 2 subjects who took hard
candies with xylitol extract sweetened with stevia,
Group 3 subject who took hard candies sweetened
with stevia and Group 4 subjects who took hard
candies sweetened with sucrose. Each subject was
instructed to take 2 candies daily for 10 days"V,
Saliva sampling from each subject was carried out

before intervention(T, , after 14 days from baseline

0)°
saliva (Tl)and 6 months after intervention (T,).

(585)

Collection of saliva sample:

Unstimulated saliva samples were collected
from each subject by asking him/her to spit in a ster-
ile plastic container till a suitable amount collected
(5ml), It was done in the morning from 9 to 10 am.
The subject was asked to refrain from eating, drink-
ing or any oral hygiene measures for at least one
hour prior to saliva collection. Baseline sample (T,)
was taken before having the hard candies. Second
sample (T,) was taken 14 days from the baseline
sample. Third sample (T,) was taken 6 months from
the baseline sample.

Isolation and identification of Streptococcus
mutans:

Freshly collected saliva samples were diluted
based on a pilot study done before to determine the
dilution factor which can produce countable plates
and 100 gL of the diluted samples were uniformly
spread on Mitis Salivaris Agar with Bacitracin agar
plate’s (MSBA) surface. The plates were sealed
and incubated anaerobically and supplied in an
anaerobic jar, for 24 hours at 37°C. Colonies of
Streptococcus mutans were identified based on its
unique morphology on MSBA. Raised, convex,
opaque colonies of dark blue color with rough
margins and granular frosted glass appearance were
identified as S. mutans (Fig. 1). Under microscopic
examination. S. mutans appeared as Gram positive
cocci arranged in chains.

Figure (1) Streptococcus Mutans growth on MSB agar.



(586) ADJ-for Girls, Vol. 8, No. 4

Salivary pH measurements:

The pH of the unstimulated saliva was recorded
using a pH meter (Adwa AD-11) (Adwa Hungary
Kft.Als6-Kikoto sor 11.C6726 Szeged). The pH
meter was calibrated before measuring the saliva
by inserting the electrode in buffer solutions
accompanied with the device which are of pH 4
(acetic acid) and 7 (phosphate buffered saline).
Then, the electrode was inserted directly into the
collected saliva and the pH was recorded. After
each measurement, the electrode was rinsed with
water to keep it clean.

Statistical analysis

Statistical analysis was performed using IBM
SPSS Statistics Version 2.0 for Windows. Data was
presented as mean, standard deviation (SD) and
percentage change. Kolmogorov-Smirnov and Sha-
piro-Wilk tests were used to assess data normality.
The significance level was set at P < 0.05. Kruskal-
Wallis test followed by Mann-Whitney test were
conducted to compare salivary pH and percentage
change in bacterial count between different sugar-
free candies at each evaluation time. Friedman test
followed by Wilcoxon signed-rank test was used for
comparisons of salivary pH and percentage change
in bacterial count between different evaluation
times within each candy group.

RESULTS

A total of 40 subjects completed the experimen-
tal period. Causes of dropout were mainly subjects
who refused to complete to experiment or subject
who didn’t comply to the experiment rules. Data on
streptococcus mutans count in terms of CFU and
salivary pH refer to 10 subjects in each group.

Results of changes in streptococcus mutans
count in terms of (CFU) using Kruskal-Wallis test
followed by Mann-Whitney showed that there
was a statistically significant difference in mean
percentage change in colony forming unit of
Streptococcus mutans (%) in between different hard
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candies within each time interval (baseline — 14
days at P<0.001, 14 days — 6 months at P<0.003 and
baseline — 6 months at P<0.001).

Regarding baseline — 14 days interval, Group
1 and Group 2 yielded significantly higher mean
percentage change compared to Group 3 and Group
4. As for 14 days — 6 months interval, candies with
group 2 showed the significantly highest mean
percentage change, followed by Group 1 and Group
3. (Table 1 and Fig. 2) while Group 4 displayed the
significantly least percentage change. Whereas for
baseline — 6 months interval, Group 3 yielded the
significantly least percentage change compared to
the other 3 groups which were statistically similar.

Table (1) Mean percentage change and P-value for
the effect of hard candies on streptococcus mutans
count in terms of (CFU) at different time intervals.

Baseline — 14 days — Baseline —
14 days 6 months 6 months
Group 1 4321%* -26.29%" 28.28%*
Group 2 51.67%* -51.04%* 27.01%*
Group 3 18.88%" -17.87%" 4.39%"
Group 4 -16.16%" -4.20%°¢ -21.04%*
P-value <0.001* <0.003* <0.001*

*: significant at P<0.05

Means with different superscript lowercase letters
within each column are statistically significantly
different at P<0.05

Bacterial percentage change

100%

80%

60%

40%

20%

0% JlNLY .

-20%

-a0%

80N Group 1 Group 2 Group 3 Group 4

H Baseline — 14 days ® 14 days -6 h Baseline — 6 h

Figure (2) Bar chart showing bacterial percentage change at
each time interval after consumption of different hard
candies.
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Results of changes in salivary pH using Friedman
test followed by Wilcoxon signed-rank test showed
that there was a statistically significant difference
in mean salivary pH between different evaluation
times within Group 1 (P<0.001) and Group 2
(P<0.001). In both groups, salivary pH recorded at
baseline was significantly lower than that recorded
after 14 days and 6 months; which yielded no
statistically significant difference. While, there was
no statistically significant difference in salivary pH
between different evaluation times within Group 3
group (P=0.105) and Group 4 (P=0.275). (Table 2
and Fig. 3)

Table (2) Means and P-value for the effect of
evaluation time on salivary pH within each hard
candy group.

Groupl Group2 Group3 Group4

Baseline 7.07+0.16° 7.24+0.50° 7.39+0.37* 7.21+0.21°

14 days 7.46+0.23* 7.49+0.39* 7.46+0.35* 7.11+0.22*

6 months 7.41+0.37* 7.33x040° 7.41+0.32* 7.10+0.32°

P-value  <0.001* <0.001*  0.105NS  0.275NS

*: significant at P<0.05; NS: non-significant at
P>0.05
Means with different superscript lowercase letters

within each column are statistically significantly
different at P<0.05

Salivary pH
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Figure (3) Bar chart showing salivary pH within each hard
candy group at different evaluation times.
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Pearson’s correlation coefficient (Table 3)
showed that there was no correlation between

bacterial count and salivary pH (r=-0.050, P=0.551).

Table (3) Pearson’s correlation coefficient (r) and
P-value for the correlation between bacterial count

and salivary pH.
Variables Pearson ﬁ(;rrelatlon P-value
Bacterial count x 20050 0.551NS

Salivary pH

NS: not significant at >0.05

DISCUSSION

Dental caries is one of the major public health
problems and it affects approximately 90% of the
children and 60% adults across the globe. Incidence
of dental caries among population led to the
appearance of many preventive protocols that saves
time and efforts'?. Sucrose free hard candies is an
appealing method to have a treat without having the
harmful effect of consuming sugar. So, this study
was conducted to evaluate the effect of hard candies
containing licorice extract and sweetened with
stevia, hard candies xylitol extract and hard candies
sweetened with stevia on the salivary streptococcus
mutans count, changes in the salivary pH.

In this study, inclusion criteria included patients
with high caries risk and at least two initial enamel
lesions as those are the targeted population who are
at increased risk for caries development and need
an intervention to have an anticariogenic effect?.
Also, age group was standardized between 16-
20 years old college students as studies showed
that most college students consumed one sugar-
sweetened snack daily or at least several times per
week. Moreover, most students rarely/never chose
a product based on the type of sweetener used but
rather rely on its taste and cost ¥ , While in the
exclusion criteria, smokers and any participants
under medications were excluded as it might have
affected saliva flow and composition. Using these
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parameters, 48 patients were selected for this study
according to sample size calculations.

Salivary microbial count and pH are biological
indicators for high caries risk patients!¥. Strepto-
coccus mutans metabolizes the easy fermentable
sugars to produce lactic acid that results in the acid-
ic pH of the saliva/biofilm and this helps in growth
of aciduric and acidogenic organisms and results in
demineralization of the tooth structure. As saliva
plays a major role in regulating remineralization/
demineralization process, care should be given to
help in reducing the count of S. mutans and keeping
pH shifted toward neutral value>.

Results showed that hard candies with licorice
extract and candies with xylitol extract yielded a
higher mean percentage of change in streptococcus
mutans count in terms of CFU in (baseline - 14
days) interval and this may be attributed to the
presence of alkaloids, tannins and essential oils
in licorice root which prevent the adherence of
bacteria to the tooth surfaces, inhibit the production
of glucan and have inhibitory action on amylases.
This is in accordance with the many studies 1%!7
which also stated that glabridine one of the most
important constituents of licorice root has a direct
effect against both gram-positive strains and
gram-negative strains. Moreover, the presence of
glycyrrhizin, glycyrrhetinic acid, asparagine and
chalcones in the licorice root extract improves its
antiadhesive and antimicrobial properties. Added
to that flavonoids namely 1 methoxyficifolinol,
licorisoflavan A and 6,8-diprenylgenistein isolated
from licorice root extract have shown to completely
inhibit the formation of biofilm hence recommended
for prevention of dental caries ®.

While the anticariogenic effect of hard candies
with xylitol extract might be related to the
phosphorylation and transport of the xylitol through
the cell wall of streptococcus mutans by a constitutive
fructose-PTS (phosphotransferase) system with
accumulation of xylitol-5-phosphate in intracellular
substrate which lead to inhibition of growth of
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streptococcus mutans 2% Xylitol also reduces
dental plaque formation and bacterial adherence
(i.e., it is antimicrobial), inhibits demineralization
of enamel (i.e. reduces acid production) and has a
direct inhibitory effect on Streptococcus mutans.
The continuous-culture biofilm model showed that,
sucrose increases the bacterial colonization and
proliferation significantly whereas xylitol reduces
it. The results indicate that xylitol affects the
adherence of S. mutans to the hydroxyapatite ¢!

As for 14 days — 6 months interval, hard
candies with xylitol extract showed significantly
highest mean percentage change, this increase
in streptococcus mutans count this can be partly
explained by the fact that long-term xylitol
consumption modifies the distribution of S. mutans
between the saliva and dental plaque, leading to the
appearence of xylitol resistant streptococcus mutans
in humans .It was suggested that xylitol resistant
streptococcus mutans may be less virulent and
less cariogenic than xylitol sensitive streptococcus
mutans . On the other hand, there are studies that
reported that there is no difference in the amount
of acid and polysaccharide production by xylitol
sensitive streptococcus mutans and xylitol resistant
streptococcus mutans .

In 14 days — 6 months interval hard candies with
sucrose group displayed the significantly least per-
centage change despite the fact that sucrose is the
most cariogenic carbon source and that cariogenic
bacteria showed the highest cell division rate and
the strongest acid synthesis with the addition of su-
crose®, this may be attributed to subjects following
moderate oral hygiene measures where they brushed
their teeth twice daily with a fluoridated tooth paste
this might have limited the cariogenic effect of hard
candies sweetened with sucrose®.

Whereas for baseline — 6 months interval,
sucrose free candies sweetened with stevia yielded
the significantly least percentage change this might
be explained by the fact that stevia didn’t act as
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bactericidal agent against cariogenic bacteria,
but it did not promote streptococcus mutans cell
proliferation as sucrose. Furthermore, stevia,
showed a general trend to decrease the production

of polysaccharides 9.

Interesting findings were revealed for the
relationship between MS and plaque pH. It was
found that the salivary pH of subjects who took hard
candies with licorice extract for 10 days increased
significantly form baseline measurement. In an
acid production test, licorice extract was shown to
reduce production of acids. Licorice is an alkaline
food and was proven to have a protective effect in
peptic ulcer and gastro esophageal reflux disease.
Moreover, the organoleptic properties of licorice
can stimulate salivary flow and since stimulated
saliva contains a great concentration of bicarbonate
ions it will increase the buffering capacity®”.

Similarly xylitol has the ability to increase the
flow of saliva in the oral cavity, without increas-
ing the concentration of acids in the dental plaque,
controlling the pH and the buffering capacity of sa-
liva after the consumption of sucrose® Moreover
xylitol is a non-fermentable sugar from bacteria of
the genus Streptococcus, mainly S. mutans, in addi-
tion it also acts in the process of remineralization,
preventing the pH drop in the oral cavity due to its
inhibitory power of growth of cariogenic bacteria.
In this context, the use of xylitol for oral washing
increases the salivary flow and consequently in-
creases the pH of the saliva, neutralizing acids that
are produced by fermentable sugars®”.

CONCLUSION

Sucrose free hard candies with licorice or xylitol
extract showed antibacterial properties, though its
effect vanishes after short period of time. Despite
the effect of sucrose-free hard candies on reduction
of cariogenic bacteria, their effect on pH was nearly
shifted to the neutral value.
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