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Abstract

Natural sugar is deliberated as ordinary, non-chemical, and healthy alternatives. However, a diet
rich in sugar is well documented as a causative agent for dental caries. The purpose of this study
was to investigate the effects of natural sugars, including raw cane, palmyra palm and coconut sugar
on the acidogenic profiles, biofilm formation and antiseptic treatment efficacy compared with
refined sugar. The study was based on single-species and dual-species of Streptococcus mutans
ATCC 25175 and Streptococcus sobrinus ATCC 33402. Our results showed that sucrose was a
major component of all samples, with percentages of relative content higher than 89.0. Palmyra
sugar gave the least pH change at 180 min of 4.84-4.93, which indicated it was the least acidogenic.
Coconut sugar formed the lowest level of biofilm biomass compared to refined sugar (p < 0.05) and
other samples. Antiseptic treatment was performed to study the level of percent eradication of
bacterial plaque using MTT assay to determine cell viability under biofilm in each sugar medium.
Biofilm derived from coconut sugar had a susceptibility to antiseptic treatment with 56.2-61.99%
eradication which was higher than the biofilm from palmyra and raw cane sugar. As a result, this
study points out the effects of various natural sugars (especially different sources of plant material)
on cariogenic potential. However, further experiment should be done to confirm the results in vivo
and further study the cariogenic effects of diet supplementation of these fermentable sugars.

Keywords: natural sugar; sweetener; dental caries; biofilm

1. Introduction

Dental caries is widespread condition affecting about one-third of the global population at all ages
and is considered to be the most common noncommunicable disease (NCD) worldwide [1]. This
multifactorial disease is a biofilm-mediated, sugar-driven, and dynamic circumstance resulting in
the phasic demineralization and remineralization of tooth surface. Acidogenicity is a consequence
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of microbial sugar metabolism which accelerates demineralization and results in caries lesions [2].
Mutans streptococci (MS) has long been connected with dental caries in humans. Certain species,
including Streptococcus mutans and Streptococcus sobrinus, have been shown to be related to the
incidences and activities of dental caries [3]. These bacteria are able to efficiently utilize free sugars
and thus promote the formation of cariogenic biofilm [4]. Biofilm is a matrix of polysaccharides
synthesized by bacterial glucosyltransferase which produces extracellular polysaccharides (EPS)
from dietary sugar. Biofilm further promotes bacterial adhesion, and generates a microenvironment
which enhances the growth of acidogenic and cariogenic bacteria [5]. Recent research has
established that a single specific cause of dental caries is free sugars [6, 7]. WHO recommends
avoiding the excessive consumption of added sugars or “free sugars” to prevent dental caries. Free
sugars can be defined as all the monosaccharides and disaccharides added to, and naturally present
in, foodstuff [8, 9]. These sugars serve as the building block of EPS which is the core of biofilm or
dental plaque. It is now commonly accepted that sucrose, or table sugar, is the most cariogenic sugar
because it is readily metabolized by mutans streptococci yielding glucose and fructose, from which
EPS is made up and acid is produced [5, 10, 11]. Recently, natural sugar has attracted interest as an
alternative sweetener due to it being natural and unrefined, full-flavored and sweet-scented. It is
generally used as sweetener for beverages and desserts, especially traditional dishes. These natural
sugars are produced from several tropical plants including sugarcane (Saccharum officinarum L.),
and several species of palms such as coconut palm (Cocos nucifera L.), palmyra palm (Borassus
flabellifer L.), nipa palm (Nypa fruticans Wurmb.) [12, 13]. Sugarcane is primarily used to produce
table sugar, also known as white sugar, which is a refined product containing up to 99.9% sucrose.
Non-refined sugar alternatives have also attracted the interest of a range of people due to their
nutritional and antioxidant properties [12-14]. Raw and brown sugar from sugarcane showed
antioxidant activity which was directly related to the degree of refining, and was due to the retention
of phenols and flavonoids [13]. Many studies have reported on palm sap sugar characteristics such
as proximate analysis, aroma profile, reducing sugars content and antioxidant activity [12].
Moreover, recent work indicated that due to its antioxidant and nutritional properties, coconut sap,
the material from which coconut sugar is derived, was a potential healthier sugar source which had
a low glycemic index [15].

Therefore, natural sugar has become a popular non-refined sugarcane alternative to refined
white sugar and a possible healthier candidate to be used instead of it. As for our knowledge, there
is no report of these alternatives on their cariogenic potential. It remains unclear whether natural
sugars have different cariogenic potentials to refined sugar. In this study, two palm sap-based sugars
and two sugarcane-derived sugars were evaluated for their cariogenicity. Acidogenicity or
glycolytic pH drop from sugar metabolization by cariogenic bacteria was evaluated. Biofilm
biomass were determined using crystal violet staining. Moreover, antiseptic treatment of biofilm-
induced from different sugars was studied to evaluate the robustness of the microbial matrix and
metabolic activity was assessed using MTT assay. Our aim was to evaluate the cariogenic potential
of natural sugars compared to that of refined sugar. Our research may well offer a base for further
in vivo and dietary studies of these sugars versus refined sugar as causative agents of dental caries.

2. Materials and Methods
2.1 Microorganisms and sample preparation

Streptococcus mutans ATCC 25175 and Streptococcus sobrinus ATCC 33402 were cultivated on
Brain Heart Infusion agar (BHI agar) in candle extinction jar (5% CO,) for 48 h at 37°C. Pure
refined, raw cane, coconut (Cocos nucifera L.), and palmyra palm (Borassus flabellifer L.) sugar
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were purchased from local stores and supermarkets in Bangkok, Thailand. All samples were
dissolved in deionized water and prepared as stock solution at concentration of 20% w/v.

2.2 HPL.C analysis of monosaccharide and disaccharide in natural sugar

The analysis was performed using a Chromaster HPLC system (Hitachi High-Tech Corporation,
Japan) and refractive index detector (RID) (Chromaster 5450 model). Samples were injected at the
volume of 20 pl and separated using Benson polymeric (BP-800 H+) column at 35°C with deionized
water as mobile phase. The flowrate applied was 0.5 ml/min with a run time of 30 min. Standard
sucrose solutions were injected to obtain the retention time. Sucrose content was determined based
on peak area and calculated as % relative content.

2.3 Analysis of Acidogenic potential

Acidogenic potential was determined according to the method of Stegues et al. [16] with some
modifications. A purified single colony of tested bacteria was inoculated into BHI broth (5 ml) and
incubated in candle extinction jar at 37°C for 18 h. The overnight culture was centrifuged at 8,000
rpm for 10 min, and cell pellets were resuspended in a mixture solution of 50 mM KCI and 1 mM
MgCI; (pH 7.4) in order to maintain pH value of the mixture in neutral range, which correlated with
physiological pH in oral cavity. The cell suspension was required with the optical density at 600 nm
of 1.0 (approximately 10° cfu/ml). For co-culture, the mixture of S. mutans ATCC 25175 and S.
sobrinus ATCC 33402 was prepared in the ratio of 1:1. Then 2 ml of bacterial suspension was
transferred to 50 ml conical centrifuge tube that contained 18 ml of mixture solution supplemented
with 2% w/v of the tested sugar. The pH value was monitored at different time points for 180 min
(0, 5, 10, 15, 20, 25, 30, 40, 50, 60, 90, 120, 150, and 180 min) using a polycarbonate electrode
(lonix instruments, Singapore). Time duration of 180 min was based on the duration that
microorganism used to decrease the pH value from neutral pH to critical pH. The mixture solution
of 50 mM KCl and 1 mM MgCl, (pH 7.4) was used as a negative control.

2.4 Biofilm formation of oral streptococci

The biofilm of oral streptococci was grown in 96-well polystyrene plate. Streptococcus mutans
ATCC 25175 and S. sobrinus ATCC 33402 were cultured in BHI broth (5 ml) at 37°C for 18 h, and
after that the turbidity of overnight cultures was adjusted to 0.1 at optical density 600 nm
(approximately 107 cfu/ml). Twenty microliters of bacterial suspension were added into 180 ul of
BHI broth supplemented with tested sugar at concentration of 2% w/v. For dual-species biofilm, the
mixture of S. mutans ATCC 25175 and S. sobrinus ATCC 33402 was prepared in the ratio of 1:1.
The plates were then incubated and biofilm was allowed to form at 37°C for 24 h. Time duration for
24 h was based on the time needed for biofilm to mature and become well-attached.

2.5 Quantitation of biofilm biomass

To assess biofilm biomass, crystal violet (CV) assay as previously described method of He et al.
[17] with some modifications was used. First, the growth medium was softly removed. Then the 96-
well polystyrene microplates were washed three times with sterile phosphate-buffered saline (PBS),
pH 7.4. The biofilm was fixed with 200 pl of absolute ethanol for 15 min, and after that the fixed
biofilm was stained by adding 200 ul of CV solution (0.01% w/v). In order to remove the excess
dye, the wells were rinsed three times with sterile PBS and 200 ul of DMSO was then added to
solubilize the bound CV. The solubilized solution was transferred to a new 96-well polystyrene
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microplates and measured the absorbance at a wavelength of 590 nm by microplate reader
(Biochrom EZ Read 2000, UK).

2.6 Antiseptic treatment of biofilm-induced by different sugars

Biofilms of S. mutans ATCC 25175, S. sobrinus ATCC 33402, and dual-species was performed in
96-well polystyrene microplates using BHI broth supplemented with 2% w/v of tested sugars along
with the negative control (BHI broth). Then, each biofilm was subjected to treatment with 0.12%
w/v of chlorhexidine gluconate according to the following procedure. After washing with PBS,
chlorhexidine gluconate solution was added and incubated for 1 min. Then, the antiseptic solution
was removed and gently rinsed twice with sterile PBS (pH 7.4) to remove the residual antiseptics
and dead cells. The remaining biofilm was assessed for metabolic activity of viable cells under the
biofilm wusing 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
according to the method of Zhong et al. [18] with some modifications. Briefly, 200 ul of MTT
solution (1 mg/ml, MTT in PBS (pH 7.4)) was added to biofilm and incubated under light protecting
condition at 37°C for 3 h to allow the metabolically active cells to reduce the MTT into formazan
crystals. After the designated time, excess MTT solution was removed, and the formazan crystals
were solubilized by adding 150 pl of DMSO. The solubilized solution was transferred to a new 96-
well polystyrene microplate and the absorbance at 560 nm was determined using microplate reader
(Biochrom EZ Read 2000, UK). The percentage of eradication was calculated using the equation as
described below:

S A-B
% Eradication = — X100 (1)

A was defined as the average absorbance of untreated biofilm, B was defined as the average
absorbance of treated biofilm.

2.7 Statistical analysis

All experiments were carried out independently in triplicate. Data were represented as mean value
+ standard deviation. For statistical analysis, IBM SPSS statistics 21 was used to perform the one-
way analysis of variance (ANOVA) followed by Dunnett test to compare the test groups with the
control group. Level of significance at 5% (p < 0.05) was considered to indicate statistically
significant difference.

3. Results and Discussion
3.1 Composition of monosaccharide and disaccharide in natural sugar

The type of monosaccharide or disaccharide which was the major component in selected natural
sugars was determined by using HPLC. The retention times and chromatograms of samples
compared with standard sucrose were presented in Figure 1. The major peaks of all samples and
standard sucrose were detected after 10 min with retention time in the range of 10.60-10.610 min.
The results showed that that sucrose was the main component of refined sugar, palmyra sugar,
coconut sugar, and raw cane sugar with percentages of relative content at 99.85, 99.73, 93.08, and
89.03, respectively (Table 1). In addition, glucose and fructose were presented in small amount in
coconut sugar and palmyra sugar, with approximate retention time at 12.1 and 13.1 min (data not
shown). The high level of sucrose in natural sugar might be one of the crucial factors related to the
cariogenic potential of oral pathogens.
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Figure 1. HPLC chromatographic profile of standard sucrose (A), refined sugar (B), raw cane
sugar (C), coconut sugar (D), and palmyra sugar (E). The major peaks of standard sucrose, refined
sugar, raw cane sugar, coconut sugar, and palmyra sugar were detected after 10 min.

Table 1. The HPLC analytical results of natural sugars

Samples Retention time (min) % Relative content of sucrose
Standard sucrose 10.600 100.00
Refined sugar 10.610 99.85
Raw cane sugar 10.607 99.73
Coconut sugar 10.607 93.08
Palmyra sugar 10.607 89.23

3.2 Acidogenicity

Glycolytic pH drop from sugar fermentation by cariogenic bacteria was shown in Figure 2. A similar
pattern in pH fall curve was observed among various sugars in S. mutans ATCC 25175, S. sobrinus
ATCC 33402 and co-culture. Significant difference of pH value for the four types of sugar was
distinguished at 5 min (p < 0.05). Refined sugar showed significantly higher level of acidogenicity
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Figure 2. Acidogenic potential of S. mutans ATCC 25175 (Sm), S. sorbrinus ATCC 33402 (Ss),
and co-culture (MIX) against refined sugar, raw cane sugar, coconut sugar, and palmyra sugar
were presented as blue line, yellow line, green line, and brown line, respectively.

compared to other natural sugars in S. mutans ATCC 25175, S. sobrinus ATCC 33402 and co-
culture at 5 min (p < 0.05), except that the variance between refined and coconut sugar in co-culture
was observed for statistically difference at 15 min.

The presence of refined sugar influenced the pH fall the most, with the final pH values at
180 min of 3.80+0.04, 3.87+0.06 and 3.92+0.10 in S. mutans ATCC 25175, S. sobrinus ATCC
33402 and co-culture, respectively. Palmyra sugar resulted in the least pH change with the final pH
values at 180 min of 4.84+0.07, 4.87+0.10 and 4.93+0.04 in S. mutans ATCC 25175, S. sobrinus
ATCC 33402 and co-culture, respectively. Time to reach critical pH, which is acidic pH at 4.5-5.5
that affects the dental enamel of refined sugar fermentation faster than that of natural sugar
fermentation. The slowest fermentation rate was found in palmyra sugar medium. It needed 90 min
to reach a pH value of 5.3 whereas refined sugar took between 10 to 15 min. Hence, approximately
about half of acidic end products were produced from glucose and sucrose [19]. According to the
HPLC results, palmyra sugar showed the lowest sucrose content among the natural sugars resulting
in the smallest pH dropping effect.

Even though sucrose is the major component of those natural sugars, brown color is from
caramelization that occurs during production process from heat resulting in sucrose content
reduction [12, 13]. As the same plant is the source of refined and raw cane sugar, it may well be that
it is the degree of refining that results in different caloric nutrient or fermentable carbohydrate
content in the sugar products. As reported by Segui et al. [13], the sucrose contents in brown or non-
refined sugarcane products ranged from 0.83 to 0.94 g per g product with low amount of glucose
and fructose [13]. Moreover, retained components such as molasses and phenolic compounds in
brown or non-refined sugarcane have been reported for their anti-mutans streptococci activities [20].
Recent study determined the sugar profile and total phenolic content of starting materials used for
the production of natural sugars including sugarcane juice, coconut sap, and palm juice. Coconut
sap had the highest monosaccharide and phenolic content [15]. As a result of this current study,
sugar allocation in cariogenic bacteria may be one reason to explain the different effects of white
and brown cane sugar on acidogenicity. In addition, it may primarily imply that impurities and
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processing may affect some virulence factors of cariogenic microorganisms and more research is
needed to clarify this.

3.3 Effect on biofilm biomass

The effect of sugar types on biofilm biomass based on crystal violet assay was shown in Figure 3
and Table 2. Compared to refined sugar, coconut sugar produced the least biofilm formation with
statistically significance among all cariogenic biofilms (p < 0.05 in S. mutans ATCC 25175 and S.
sobrinus ATCC 33402 biofilm and p < 0.001 in dual-species biofilm) whereas raw cane and palmyra
sugar showed no significant difference from refined sugar. As describe above, the mono- and di-
saccharide profile of tested sugar showed different sucrose content [15]. Sucrose influences pH
change and promotes ecological and biofilm structural shift [11]. It is biologically described that
external sucrose is used to produce extracellular polysaccharide (EPS), whereas internal sugars such
as glucose or fructose are utilized for glycolysis and other mediated processes [21]. However,
monosaccharide fructose plus glucose in combination can also cause caries [6]. On a dry basis,
biofilm is mainly composed of cariogenic bacteria and EPS matrix which is created directly from
sucrose substrate [22-24]. Previous study clearly demonstrated that sucrose formed cariogenic
dental plaque to a greater degree than glucose plus fructose [10]. Duarte et al. [25] also reported that
the polysaccharide matrix in sucrose supplementation was higher than in sucrose plus glucose
supplementation. This suggests that the impurities in natural sugar provided less available substrate
for EPS production, and this caused a decrease in the biofilm biomass which is consistent with the
results of the current study.

0.700
mRefined sugar
0.600 BRaw cane sugar
B Coconut sugar
0.500 m Palmyra sugar
2 5 0400 |
s o
ED
® 2 0300
s
0.200
0.100
0.000 —_— - —T
S. mutans | S. sobrinus | Co-culture

Figure 3. The effect of selected sugars (2% w/v) on biofilm formation of S. mutans ATCC 25175,

S. sobrinus ATCC 33402, and co-culture. Statistical analysis was performed by one-way ANOVA

followed by Dunnett t-tests by using refined sugar as control. Mean difference is significant at the
level of significance: p < 0.05 (*) and p < 0.001 (**).
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Table 2. Biofilm biomass based on crystal violet assay. Different superscript letters in the same
column indicate significant differences at p < 0.05. Different capital letter in the same row indicates
significant difference at p < 0.05 between bacterial individual and/or co-culture.

Biofilm formation ¢ " ans ATCC 25175 . sobrinus ATCC 33402 Co-culture

(OD590 nm)

Refined sugar 0.580+0.00724 0.626+0.012%® 0.545+0.010%¢
Raw cane sugar 0.581+0.003* 0.602+0.041%8 0.537+0.019%
Coconut sugar 0.549+0.023% 0.584+0.007°8 0.490+0.019°¢
Palmyra sugar 0.557+0.014% 0.628+0.004%® 0.536+0.018*

Furthermore, the biofilm formation in the presence of coconut sugar yielded the lowest
biomass level. This demonstrated that coconut sugar is not a suitable resource for biofilm formation
of S. mutans ATCC 25175, S. sobrinus ATCC 33402, and co-culture when compared with refined
sugar. This is preliminary data and human studies should be performed to confirm the effect of
sugars on cariogenic plague formation. In addition, the biofilm from S. sobrinus ATCC 33402
culture gave higher biomass than S. mutans ATCC 25175 and co-culture in all sugars. Acid by-
products cause the micro-environment of dental plaque to be suitable for the growth of acid tolerant
microbes. Streptococcus sobrinus strains are usually acidophilic and aciduric microbes [26, 27]. In
addition, S. sobrinus can utilize glucose more efficiently than S. mutans [28]. In agreement with
previous studies, S. sobrinus can produce more plentiful polysaccharide and may be more cariogenic
than S. mutans [4].

3.4 Antiseptic treatment of biofilm

Palm-derived sugars gave less metabolically active microorganisms than refined sugar (p < 0.05 in
co-culture biofilm in the presence of palm-derived sugars) (Table 3). The percentage of eradication
was shown in Figure 4. After 1-min contact with 0.12% chlorhexidine, biofilm in the refined sugar
medium was the most susceptible to antiseptic with 71.7% eradication of S. sobrinus ATCC 33402
biofilm while raw cane sugar dependent biofilm was the most resistant to antiseptic with 36.5%
eradication of S. mutans ATCC 25175 biofilm.

Previous reports have mentioned that crude cane and molasses contained a protective agent
that had an anticariogenic effect. In brown sugar, an anti-caries mechanism involved an enzyme
inhibitor and its mineral content that reduced demineralization [29, 30]. This was contrary to our
result in which raw cane sugar had more viability biofilm cells, and this may be due to the response
to antiseptic of planktonic cells and microbes in biofilm being different. Usually, bacteria
incorporated into biofilms are more resistant to antimicrobial agents than planktonic cells [31]. In
addition, the different kinds of mono- or di-saccharide and other components in various natural
sugars may affect the susceptible to antiseptics of cariogenic bacteria within biofilm. A different
medium can have different effects on the bacterial growth, cell amount, glucosyltransferase (GTF)
activity, and insoluble glucan yield [32].

Previous studies demonstrated that biofilm formed in sucrose media was significantly
thicker than that in high fructose corn syrup media [33]. Moreover, the quality of unrefined sugars
had variation based on source materials and non-standard processing technologies [34]. The analysis
of compounds that responsible for the effect of microbial biofilm should be accomplished.

In addition, S. sobrinus can utilize glucose efficiently when compared to S. mutans [28]. In
agreement with previous studies, S. sobrinus produced more plentiful polysaccharides and may be
more cariogenic than S. mutans [4].
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Figure 4. Percent eradication of viable cells under the biofilm after treated with antiseptic.
Statistical analysis was performed by one-way ANOVA followed by Dunnett t-tests using refined
sugar as control. Mean difference is significant at the level of significance: p < 0.05 (*) and p <
0.001 (**).

Table 3. Viable cell analysis of 24-h biofilm (before and after antiseptic treatment) by MTT assay.
Different superscript letters in the same column indicate significant differences at p < 0.05.

Biofilm S. mutans S. sobrinus
. ATCC 25175 ATCC 33402
viable cell

(OD560) Untreated Treated Untreated Treated Untreated Treated

Co-culture

Refined sugar 1233:0025% 0482+0017%  1490+0062° 0422+0010°  1210+0031% 03510009

?uzv;rcane 1189+0010% 075620043 1414400342 0685:0014°  1200+0.030° 0.685+0.007°
;%c;nut 1210400322 0530+0043%  1433+0091% 0545:0013°  1130+0041° 0.448+0008"
SPSér;yra 1218+0019% 0573+0048%  1377+0043% 0559+0036°  1139+0030° 0476+0017"

4. Conclusions

Natural sugar is commonly used in cultural dishes and desserts in Asia and South East Asia.
However, fermentable carbohydrate, especially sugar, plays a pivotal role in the development of
dental caries. This study aimed to clarify the cariogenic potential of various alternative natural
sugars. The results of this study suggest that the palm-derived sugars, coconut and palmyra sugar,
may have less acidogenic potential than refined sugars, and furthermore biofilm from palm-derived
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sugars contained less metabolically active microorganisms than biofilm from refined sugar. Due to
the variation in traditional processing and sources, sugar profile and presence of other compounds
found in natural sugars need to be individually analyzed. Assuredly, analyses of virulence-related
factors and biofilm such as confocal laser scanning microscopy and fluorescent staining should be
conducted. Further studies included in vivo, and in situ investigations and studies involving human
volunteers need to be performed to further discover and clarify the effects of sugar type on dental
caries.
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