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Abstract
Background
Dental caries is a multifactorial disease that has the potential to impact individuals across various life
stages. The influential role of sugar as a contributing risk element in the inception and advancement of
dental caries is significantly pronounced. 

Aim
The research aim was to analyze and compare the enamel surface roughness in teeth exposed to sucrose and
Arenga pinnata (palm sugar) solutions by using a stylus profilometer

Materials and methods
In this investigation, 34 freshly extracted anterior teeth were obtained and they were split into two groups
depending on the solution in which they were immersed. Group A consists of 17 teeth immersed in 1%
sucrose solution supplemented in brain heart infusion (BHI) broth solution and Group B consists of 17 teeth
immersed in 1% Arenga pinnata BHI broth. Each sample served as its own control. Streptococcus mutans was
inoculated into these groups and they were immersed in their respective solution for five days. A stylus
profilometer was utilized to measure the surface roughness of the teeth in this study. Data analysis involved
paired t-tests for intragroup comparisons and independent t-tests for intergroup comparisons using SPSS
software version 23.

Results
After five days of exposure to palm sugar or sucrose, it was observed that there was demineralization of the
enamel surface on both samples. Although there was no statistical significance (p<0.05) when an
independent t-test was conducted among these samples, there was a visible increase in the numerical values
of Ra, Rq, Rz of teeth exposed to sucrose compared to palm sugar with a p-value of 0.529, 0.122 and 0.357,
respectively.

Conclusion
From this study, it was concluded that although both sucrose and Arenga pinnata cause demineralization of
enamel, it was shown that the latter caused lesser demineralization when compared to refined sugars to a
certain extent. This study establishes a foundation for forthcoming investigations that could potentially
explore the utilization of natural sugars as a substitute for sucrose, while also evaluating the mechanistic
aspects underlying the impact of these sugars on enamel demineralization.
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Introduction
Dental caries is recognized as one of the most widespread diseases worldwide. It develops over time as a
result of intricate interactions between carbohydrates, acid-producing bacteria, and host elements such as
teeth and dental plaque. Numerous risk factors, such as poor oral hygiene, insufficient fluoride (F) exposure,
decreased salivary flow, and excessive sugar consumption, among others, contribute to the development of
dental caries [1,2].

Carbohydrate fermentation by oral bacteria, that are in an equilibrium state, initiates the process of
demineralization. Consequently, there is an increase in the population of acidogenic and aciduric bacteria.
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Enamel and/or dentin that are exposed to the environment's constant acidity have their mineral equilibrium
disrupted, which results in carious lesions [3,4]. The amount, frequency, and type of sugars consumed are
three factors that are closely associated with the advancement of caries since studies have shown that
people who often consume significant amounts of certain sugars have more severe caries than those who
consume less of them [5,6].

Intracellular polysaccharides (IPS) contribute to the development of dental caries by extending the duration
that the tooth surface is exposed to organic acids and preserving a pH level below the usual range in the
plaque matrix. Insoluble extracellular polysaccharide (EPS) makes the plaque more porous and permits
deeper sugar penetration into the biofilm, which could cause plaque catabolism and lower plaque pH values
[7,8]. Moreover, entire biofilms created in the presence of sucrose have been discovered to include only trace
amounts of minerals, inorganic phosphate (Pi), calcium (Ca), and F [9]. 

Previous studies have demonstrated a connection between sucrose consumption and insoluble EPS, as well
as how these two factors play an important role in the development of dental caries [8]. Likewise, in situ
research by Cury et al. showed that sucrose promoted greater enamel mineral loss than glucose and fructose
did [10]. Thus, the preventative strategy for both public and private dental caries care has been
recommended: consuming dietary sugar less frequently and substituting other sugars in foods [11]. Sugar
substitutes are substances that the cariogenic organisms cannot break down, which prevents them from
lowering the pH of the biofilm on the tooth surface. These substances are classified into two categories: bulk
sweeteners (caloric), such as sorbitol, xylitol, and mannitol, and intense sweeteners (noncaloric), including
aspartame, saccharin, sulfame, and glycyrrhizin.

These days, there are many different natural sweeteners available, including brown sugar, cane sugar, and
palm sugar, each of which has a different nutritional profile. In Asia, palm sugar has been a common
sweetener for thousands of years. They are used either directly or in formulation in sweet soy sauce,
beverages, desserts, and a variety of traditional dishes. They are available in both granular and liquid form.
Because it is natural, minimally processed, and nutritious, it is currently gaining appeal on a global scale. Its
glycemic index (GI) is one of the main health benefits claimed [12]. Although widely cultivated in many
regions of India, Sri Lanka, Myanmar, and Bangladesh, the Palmyra palm, which serves a variety of useful
purposes, is thought to have originated in tropical Africa and is the source of palm sugar. Sucrose (70-80%),
glucose (3-9%), and fructose (9-39%) make up the majority of palm sugar. It contains a lot of water, proteins,
fat, Ca, and phosphorus [13].

However, in-depth studies about the effect of palm sugar in the formation of biofilm, dental caries
initiation, and progression in comparison with sucrose have not been done. Hence this research aims to
explore the effect of sucrose and Arenga pinnata solutions on enamel surface roughness measured as a
function of surface demineralization. The objective of this study was to formulate sucrose and Arenga
pinnata solutions, which were then exposed to the tooth enamel surface to assess its demineralization action
in the presence of Streptococcus mutans. The hypothesis of this study was that there was a significant
difference between the demineralization effects of Arenga pinnata solution and sucrose. The study's null
hypothesis was that there was no difference between the demineralization effects of Arenga pinnata solution
and sucrose.

Materials And Methods
This study was done after getting approval from the Institution’s Ethics Committee of Saveetha Dental
College (IHEC/SDC/ENDO-2103/22/064). G*Power software 3.1.9.7 was used to calculate the sample size for
this study, considering a previous study conducted by Tiwari et al. as a reference [14]. The total sample size
obtained was 34 teeth (17 teeth in each group).

Preparation of tooth samples
A total of 34 caries-free natural teeth that had been freshly extracted were collected from the tooth bank
and included in this study. Using a diamond disk, the tooth crowns were separated from their roots, and they
were subsequently stored in distilled water after which they were prepared for further analysis [15]. The
samples were prepared on the buccal surface of the crown, ensuring that they were approximately 5×5 mm in
size. Prior to analysis, all specimens underwent examination to identify any defects, such as white spots,
cracks, or other issues that could potentially exclude them from the study. Every sample was wrapped with
Teflon tape on one half of the tooth surface which served as the control as shown in Figure 1.
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FIGURE 1: Demonstrates samples wrapped with Teflon tape

Inoculation of Streptococcus mutans
Streptococcus mutans culture utilized in this experiment was maintained in the microbiology department of
Saveetha Dental College. The prepared samples (n=34) were divided equally into two different groups
containing 17 samples each and designated as Group A (samples subjected to sucrose) and Group B (samples
subjected to palm sugar). Each tooth sample from Group A and Group B was placed in a microcentrifuge
tube, which was filled with 1 mL BHI medium (BHI broth) supplemented with 1% freshly prepared sucrose
and 1% Arenga pinnata solutions, respectively. Fifty microliters of the overnight-grown Streptococcus
mutans culture were added to all the samples and incubated at 37°C for 120 hours. Following the incubation
period, the tooth samples were taken out from their respective solutions and rinsed thoroughly with
deionized water [16].

Sample preparation for profilometric analysis
The samples were prepared adopting methodologies described by Fujii et al. in 2011 [17]. To enable the
measurement of roughness parameters, circular molds with a diameter of 15 mm and a depth of 4 mm were
utilized. Clear self-cured resin was used to fill the molds, and each tooth sample was then embedded in the
resin with the labial surface of the teeth facing upward.

Measurement of surface roughness
The surface roughness of teeth was measured with the help of a stylus profilometer, specifically the
Mitutoyo Surftest SJ-310 model. The samples were placed perpendicular to the stylus tip as demonstrated in
Figure 2 [18]. The stylus point was calibrated before use. The diamond tip of the stylus used in the
profilometer had a radius of 2.00 μm. A testing force of 0.7 mN was applied during the measurement
process. The diamond stylus moved at a speed of 0.25 mm/s, and the measuring line length for each sample
was set to 5 mm [17,19]. The roughness of tooth samples was assessed using three parameters: Ra
(roughness average), Rq (RMS roughness), and Rz (mean roughness depth). Ra is a measurement that
represents the arithmetic average of the absolute values of the profile heights measured over the evaluation
length. Rq, on the other hand, is the root mean square average of the profile heights observed over the
evaluation length. Finally, Rz is the mean value of the five Rzi values obtained from the five sampling
lengths calculated over the evaluation length. To minimize bias, the surface roughness measurements were
conducted by a single operator.
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FIGURE 2: Demonstrates stylus profilometer, which is used to measure
surface roughness

Statistical analysis
SPSS Software (SPSS version 23.0, IBM, Chicago, USA) was used to carry out statistical analysis. To evaluate
the assumptions of equality of variances and normal distribution of errors, the Shapiro-Wilk test was
employed for all the variables. A paired t-test was employed to compare the roughness values before and
after immersion in the respective solutions. Additionally, an independent t-test was conducted to compare
the roughness induced by sucrose and palm sugar. A significance level (p-value) of 0.05 was set for all tests,
indicating that any result with a p-value less than 0.05 was deemed statistically significant.

Results
Table 1 represents a comparative analysis of Ra, Rq, and Rz values before and after subjecting teeth to
immersion in palm sugar and sucrose solutions. The paired t-test was employed for this comparison. A
significant difference was observed with respect to all three parameters before and after immersion in
sucrose solution (p<0.05). These findings strongly indicate evident demineralization of the teeth following
exposure to both palm sugar and sucrose solutions. 

Group Variable Mean difference (S.D) t p

Sucrose Ra -1.0849 (0.49262)  12.842  0.000

Palm sugar Ra -1.18591 (0.47459) 14.570 0.000

Sucrose Rq -0.98185 (0.08556)  11.475  0.000

Palm sugar Rq -1.1090 (0.48120) 13.439 0.000 

Sucrose Rz 0.57618 (0.96505)  -3.481  0.001

Palm sugar Rz 0.3500 (0.85962) -2.374 0.024

TABLE 1: Comparison of Ra, Rq, and Rz values before and after immersion in palm sugar and
sucrose solution using paired t-test

The comparison between two distinct groups: Group A and Group B, regarding their surface roughness
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measured through parameters Ra, Rq, and Rz values is mentioned in Table 1. It was observed that the
average surface roughness values for Group A were higher than those for Group B, indicating that Group A
surfaces tended to be rougher on average compared to Group B surfaces. The graphical representation of
these findings can be found in Figure 3.

FIGURE 3: Mean Ra, Rq, Rz values of Group A and Group B (blue bar
denotes palm sugar group and yellow bar denotes sucrose group)
Ra, roughness average; Rq, RMS roughness; Rz, mean roughness depth

To determine the significance of these differences, statistical analysis was conducted by employing an
independent t-test for this comparison and the results were presented in Table 2. Surprisingly, the statistical
evaluation revealed that the disparities in surface roughness between the two groups were not statistically
significant, with a p-value exceeding 0.05. Consequently, it was seen that there is no noteworthy variation
in surface roughness between the two groups. 
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Variable Group Mean (S.D) t p

Ra Palm sugar  0.1105 (0.06508)    -0.636   0.529

Ra Sucrose 0.1253 (0.07013)   

Rq Palm sugar  0.1121 (0.07943)    -1.59   0.122

Rq Sucrose 0.1546 (0.07646)    

Rz Palm sugar  0.5262 (0.23041)    0.095   0.357

Rz Sucrose 0.6313 (0.40271)   

TABLE 2: Comparison of Ra, Rq, and Rz values between palm sugar and sucrose using
independent t-test
Ra, roughness average; Rq, RMS roughness; Rz, mean roughness depth

Discussion
The amount of sugar consumed worldwide is estimated to reach 198 million tonnes in 2027, with annual
growth expected to be about 1.48% [20]. India is arguably the world's greatest user of sugar, and both
availability and consumption have increased by three to four times. Free sugar being readily available and
accessible for consumption on a daily basis, is a serious threat to health because it raises the chances of non-
communicable diseases like diabetes, obesity, and dental cavities.

Numerous traditional sugars have been consumed on a regular basis in India for generations, including
brown sugar, honey, jaggery, palm jaggery, and palm sugar. In order to ensure their children's optimum
health, parents substitute these sugars in regular foods and beverages since they are seen to be a safer
alternative to refined sugar [21]. Different physical forms of sugar have different demineralization and
cariogenic potential. Demineralization leading to caries, being a dynamic process, could be influenced
by frequency of consumption of sugars, time period of exposure, physical form, and type of tooth substrate.
Hence, palm sugar was tested for cariogenicity in this study.

During an acidic attack or a normal demineralization process, both the organic and inorganic components of
the tooth's matrix can undergo chemical dissolution. This phenomenon is brought on by the water content
of dentine and enamel, which facilitates the diffusion of acid and mineral content out of teeth [22]. Studies
have revealed that enamel becomes rougher after demineralization. This phenomenon was believed to be
triggered by the surface precipitation of a new calcium phosphate phase [23,24].

Establishing a correlation between the dynamic caries process, which includes demineralization and
remineralization, and objective quantitative data is of utmost importance. This correlation can be achieved
by employing techniques such as profilometry for evaluating tactile sensations and reflectometry for visual
assessment. The strategy used to evaluate surface roughness is crucial since the roughness value depends on
the measuring method. Surface roughness can be assessed using various techniques and equipment,
including Vickers diamond testing equipment, contact or stylus profilometers, non-contact optical
profilometers, and scanning electron microscopes (SEM) [25]. A stylus is run across the surface by contact
profilometers (CP) to record the surface profile. Even on samples with the most severe erosion, the depth of
the CP-induced scratches was below 1 micrometer, making them unlikely to have an impact on the study's
findings [26]. 

In this study, a CP was used to assess the surface roughness caused by sucrose and palm sugar. Sucrose had
higher surface roughness values than palm sugar, with respect to all three parameters (Ra, Rq, Rz), although
not significant. Previous studies have suggested that the cariogenicity of different sugars varies
significantly [27]. Indeed, among various dietary sugars, sucrose has been commonly recognized as a major
contributor to the development of caries and is often referred to as an "arch criminal" in this regard [28]. In
early animal studies, it has been observed that feeding animals with different sugars at equal concentrations
resulted in more severe caries lesions when sucrose was used compared to glucose, fructose, maize starch,
and amylopectin [29,30]. Further investigation into the mechanisms underlying the cariogenicity of sucrose
has revealed that it plays a significant role in the synthesis of water-insoluble glucans, which are major
components of EPS [31]. Sucrose acts as the exclusive substrate for the production of these glucans,
contributing to the formation of biofilms and dental plaque. Studies have also found that biofilms formed in
the presence of sucrose have lower concentrations of Ca, phosphate (P), and F compared to those formed in
the presence of glucose and fructose [11,32]. These elements serve as essential reservoirs of minerals that
help prevent the demineralization of tooth hard tissues
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In accordance with these findings, investigations employing an intraoral caries model indicated
that Streptococcus mutans plaque made from cultures that contained sucrose had significantly more
demineralization potential than plaque made from cultures that contained glucose [8,10]. Razdan et al.
conducted a study where they observed that the mean depth of enamel demineralization was the lowest in
the sucralose group, followed by honey, palm sugar, and glucose [33]. This was attributed to sucralose’s
metabolically inert nature and its non‑cariogenicity in animal models.

Similarly, a study conducted to compare the enamel demineralization of honey, glucose, and fructose
showed that glucose had the highest mean depth of demineralization, whereas honey had the least [34]. In a
recent in vitro study utilizing a saliva-derived multispecies biofilm model, it was demonstrated that sucrose
exhibited greater cariogenic potential compared to glucose and lactose as dietary sugars [35]. Clinical
investigations are required to comprehensively understand the role of sucrose compared to other sugars and
to evaluate current intervention strategies in clinical settings. Additionally, new approaches should be
developed with the aim of thwarting sucrose’s cariogenic effects mediated by glucans. Promisingly,
advancements in food science and the emerging concept of "functional foods" offer multiple avenues to
reduce the cariogenic potential of high-sugar diets.

The present study does acknowledge several limitations that should be taken into consideration. First, the
frequency and pH of the material and treatment substrate have not been taken into account. The duration of
exposure to the palm sugar and sucrose solutions was only up to five days, which is relatively short. As such,
future investigations incorporating long-term exposure durations are necessary to comprehensively
understand the potential effects on dental health. Additionally, the study utilized planktonic bacteria, and
further research exploring polymicrobial biofilm scenarios would be beneficial to offer a more
comprehensive view of the actual oral environment. Moreover, it is crucial to highlight that this study was
conducted in an artificial laboratory setting, which might restrict the generalizability of the findings to real-
world clinical contexts. Therefore, caution should be exercised when extrapolating these results to actual
clinical scenarios, and additional studies conducted under more realistic conditions are essential for a deeper
understanding of the implications for dental health and disease prevention.

Conclusions
This study has underlined the higher demineralization capacity of sucrose in comparison with palm sugar, as
indicated by the changes in surface roughness. Nonetheless, given the absence of statistical significance
between the groups, the null hypothesis has been substantiated. Additional in vivo studies are crucial for
obtaining a comprehensive understanding of the intricate dynamics within the oral environment. These
studies are necessary to explore various aspects, including the formation of complete dental biofilm and the
pivotal role of saliva.
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