friried applied “
e sciences m\b\w

Article

Assessing the Impact of Varied Dark Chocolate Concentrations
on Enamel and Dentine Microhardness

Niaz Hamaghareeb Hamasaeed **, Intesar Saadallah Toma?, Adil Othman Abdullah 23, Shakhawan Kadir Kadir !

1 Department of Conservative Dentistry, College of Dentistry, Hawler Medical University, Erbil 44001, Iraq;
intesar.toma@hmu.edu.krd (1.S.T.); shakhawankadir@hmu.edu.krd (S.K.K.)

2 Department of Dental Assistant, Erbil Technical Medical Institute, Erbil Polytechnic University,
Erbil 44001, Iraq; adil.abdullah@epu.edu.iq

3 Endodontics Department, Dentistry Faculty, Tishk International University, Erbil 44001, Iraq

* Correspondence: nyaz.hamagharib@hmu.edu.krd

Abstract: (1) Background: The objective of the current investigation was to determine how different
dark chocolate concentrations impacted the enamel and dentine microhardness (2) Methods:
Twenty non-carious premolar teeth extracted for orthodontic reasons were used in this study. Each
tooth was divided mesiodistally to obtain 40 specimens of enamel and dentine 4 x 4 mm. Initial and
final assessments of the surface microhardness of the enamel and dentine were made using a Dig-
ital Micro Vickers Hardness Tester (Laryee, Beijing, Japanese) under (0.24 N load for 15 s). Four
random groups (n = 10) were created: G1 (control, immersed in artificial saliva), G2 (70%), G3
(85%), and G4 (100% dark chocolate).Each sample underwent four cycles of 60-second immersion
in suggested concentrations, followed by 30 minutes in artificial saliva. The attained values un-
derwent statistical analysis employing SPSS version 26, with the utilization of T-tests and ANOVA.
(3) Results: The results revealed a significant, incremental increase in the average microhardness
values for enamel, specifically 61.72 + 22.729, 64.17 + 23.397, and 109.15 + 34.625, and for dentin
from 57.91 + 8.332 to 72.29 + 2.752 and ultimately reaching 88.67 + 8.602, corresponding to the es-
calating concentrations of dark chocolate (70%, 85%, and 100%). (p < 0.001) (4) Conclusions: Im-
mersing the specimens in different concentrations of dark chocolate had a significant positive im-

pact on the microhardness of both enamel and dentine.
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Sci. 2024, 14, 382. https://doi.org/
10.3390/app14010382 1. Introduction

Chocolate is one of the junk food products, and a frequent misconception holds that
it is the primary cause of tooth cavities, which is misleading [1]. As a natural food, dark
Received: 19 November 2023 chocolate is considered to be one of the healthiest and most beneficial [1]. It comes from
Revised: 29 December 2023 cacao, which is another name for cocoa. Dark chocolates (about 50%—60%) have a semi-
Accepted: 29 December 2023 sweet flavor, and extra dark chocolates (75%-90%) have a bittersweet flavor. Dark choc-
Published: 31 December 2023 olates mentioned in a variety of names, including plain chocolate, black chocolate, and
sour chocolate [2].

A It is used as a replacement, along with cocoa or chocolate. Chocolate (Theobroma
Copyright: © 2023 by the authors.  cacao) is a culinary product manufactured from cacao seeds [3]. Due to its sweet flavor,
Licensee MDPI, Basel, Switzerland.  jndjviduals think that chocolate has a significant impact on the growth of dental caries
This article is an open access article 3] T reality, the chocolate product's high sugar level may have contributed to the con-
sequence of tooth decay [3].

Dark chocolate, derived from theobroma cocoa, includes theobromine, a component
known to enhance tooth enamel hardness and lower the likelihood of dental caries [4].
Theobromine (3, 7-dimethylxanthine) is a main alkaloid generated from the “theobroma
cacao plant.” [5]. It is also found in cocoa leaves, in lower concentrations [6]. Chocolates,
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tea, and other foods all contain theobromine, a bitter, crystalline, water-soluble substance
[5].1t simply differs from caffeine by one methyl group [7]. Theobromine is represented
chemically by the formula C7HsN:O: [8]. Through promoting interstitial interactions
between the hydroxyapatite crystals (HA) and theobromine on the enamel surface, it has
been demonstrated that theobromine compounds can increase the hardness of the tooth
enamel surface [6].

Dark chocolate typically comprises 50-90% cocoa beans, a rich source of essential
components including theobromine (1.2-2.4%), various minerals like iron (Fe), magne-
sium (Mg), zinc (Zn), copper (Cu), potassium (K), selenium (Se), phosphorus (P), man-
ganese (Mn), as well as valuable antioxidants such as tannins, polyphenols, and flavanols
(comprising monomers, epicatechins, and catechins) [9].

Advantages of consuming dark chocolate for health; may lower the risk of athero-
sclerosis by restoring the flexibility of arteries and preventing the adherence of white
blood cells [10]. Cocoa beans, rich in flavanols, hold the potential to mitigate cardiomet-
abolic disorders [11]. Dark chocolate, abundant in polyphenols, can enhance endothelial
function and reduce blood pressure in individuals in the initial stage of hypertension
[12]. Dark chocolate enhances circulation, offering protection against type II diabetes
mellitus while promoting the health of blood vessels. The flavonoids in dark chocolate
contribute to reducing insulin resistance, allowing cells to function normally and regain
the ability to efficiently utilize insulin in the body [13]. Dark chocolate enhances cognitive
activity by boosting blood flow to both the brain and the heart. Its essential compound
content stimulates brain function, positively affecting cognitive health. Phenylethyla-
mines in dark chocolate trigger the release of endorphins from the brain, leading to in-
creased alertness [14]. With a caffeine content lower than that of coffee, dark chocolate
serves as a mild stimulant, promoting alertness, aiding in weight loss, enhancing sports
performance, boosting brain functions, and assisting in memory retention[15]. Dark
chocolate is rich in antioxidants, which play a crucial role in protecting the body against
free radicals—uncharged molecules that can cause oxidative stress and damage to cells.
This protective effect extends to guarding against various types of tumors and cancers, as
well as reducing the visible signs of aging [16].

Thus, the objective of this in vitro investigation was to assess the microhardness of
dental enamel and dentin following immersion of the specimen in various dark chocolate
concentrations. The study null hypothesis was that there is no impact of the dart choco-
late on enamel and dentin hardness.

2. Materials and Methods
2.1. Materials

Dark chocolate with varying cocoa concentrations of 70%, 85%, and 100% (Excel-
lenence Lintd ,Oloron, France) commercially available, were chosen for examination.
These chocolates were acquired from supermarkets in Erbil, Iraq. The firm dark chocolate
samples were stored in a refrigerator at 4 °C. Prior to analysis, all samples were chopped
into small pieces and were melted using a double boiler. Utilizing the stovetop for melt-
ing ensured that the chocolate did not burn, leading to uniform melt with a silky —smooth
texture, ready for the immersion of the specimens.

2.2. Artificial Saliva Preparation

An artificial saliva solution was formulated by combining the following compo-
nents: 500 mL of distilled water, 20 g of potassium chloride, 0.843 g of sodium chloride,
0.051 g of magnesium chloride, carboxymethyl cellulose, 20 ml of tricalcium phosphate,
and 0.05 M sodium hydroxide. The inclusion of sodium hydroxide was intended to reg-
ulate and maintain a pH level of 6.8 in the solution [17].
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2.3. Specimen Preparation

In this study, a total of 20 premolar teeth were extracted for orthodontic reasons and
were free from cavities were employed. The premolars' intactness was the inclusion cri-
terion as well as teeth with cracks, caries, or other defects not included in the study. A
periodontal scalar was used for eliminating organic debris, and prophylaxis was carried
out using rubber cup and pumice slurry (a mixture of pumice pastes and water). A ste-
reomicroscope (SMZ 25 Nikon, Tokyo, Japan) was used for evaluating the teeth at x 4
magnifications in order to exclude teeth having hypoplastic defects or a crack.

Prior to the start of specimen processing, the chosen teeth were kept in a 0.1% thy-
mol solution as a disinfectant. Following their preparation, the specimens were placed in
deionized water for storage. These specimens were prepared by sectioning the teeth
horizontally with the aid of a device cutter (PRIME 407 Ltd., Hebei, China) to separate the
crown from the root. Two specimens of enamel and dentine from each tooth were
achieved by sectioning the crowns vertically in the mesiodistal direction. The roots were
disposed of. The prepared specimens were cut with dental lab diamond disc dou-
ble-sided grit cutting disc under cooling to achieve blocks measuring 4x4 mm. Acrylic
resin (Shanghai New Century Dental Materials Co., Ltd., Shanghai, China) was used to
embed these blocks with the aid of a device (SJK Technic, SDent USA), subsequently,
they underwent a polishing process through a polishing machine (PRIME 407 Ltd, Hebei,
China) using cyber denture adjustment kit from coarse, medium and fine at 5000-7000
rpm providing a surface that is flat, regular and smooth [18].

2.4. Microhardness Assessment Measurement

For each specimen, an initial microhardness assessment was conducted, both on the
enamel surface and within the dentin with a digital micro Vickers hardness Tester
(Laryee, Beijing, Japanese) using (0.24 N load for 15 s). For each specimen, three dents
were made using diamond indenter to impress a small area on the tooth surface and the
initial microhardness mean was recorded. After finishing the specimens, they were
placed in deionized water for storage. The 40 specimens were divided at random into
four groups (n = 10) Figure 1, G1- 10 specimens immersed in artificial saliva (control
group), G2-10 specimens immersed in 70% dark chocolate , G3-10 specimens immersed
in 85% dark chocolate and G4- 10 specimens immersed in 100% dark chocolate. After 60
seconds of immersion in each concentration proposed, each group was immersed in arti-
ficial saliva for 30 minutes. This process was repeated a total of four times [18]. Then, the
final average microhardness was calculated for each group in a similar way used to rec-
ord the initial microhardness.

40 speciems of
enamel and dentin

Expremental group

=30 control group n=10

G170% Darck G2 85% Dark G3100% Dark

chocolate chocolate chocolate

n=10 n=10 n=10

Artificial saliva

Figure 1. schematic diagram for the studied group.
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2.5. Statistical Analysis

As part of the descriptive statistics, a parametric test was employed to analyze the
collected sample study and to assess differences between and within groups. The paired
sample t-test was carried out for within groups, and One-Way ANOVA was utilized to
compare the different types of the dark chocolate. Additionally, normality assumption
was assessed with Shapiro-Wilk technique and the chosen threshold for statistical sig-
nificance was set at a P-value < 0.05. All statistical reports in this study were generated
using R version 4.3.2 and SPSS (version 26 for Windows), a software program from IBM
in New York, NY, USA,.

3. Results
3.1. Enamel Microhardness

Figure 2 depicts a bar chart illustrating microhardness average mean values for
enamel both initially and after immersing specimens in various concentrations of dark
chocolate. The study groups include G1 (control group), exposed to artificial saliva,
which exhibited a mean difference ranging from 236.09 to 243.34. In comparison, G2 (70%
dark chocolate), G3 (85% dark chocolate), and G4 (100% dark chocolate) displayed av-
erage mean differences spanning from 235.09 to 296.81, 235.53 to 299.70, and 235.95 to
345.10, respectively

100% Dark Chocolate 75% Dark Chocolate D rk Chocolate  Artificial Saliva(Control Group)
Grot

Man of Enamel Microhardness
1

Figure 2. Represents an error bar chart, showcasing the standard deviation, and mean values of
enamel microhardness at both the initial and final stages.

Table 1 displays the mean and standard deviation values, along with the standard
deviation difference and the difference of mean denoted as DF. The findings indicate a
noteworthy, gradual increase in the average microhardness values for enamel, specifi-
cally 61.72 + 22.729, 64.17 + 23.397, and 109.15 + 34.625, corresponding to the escalating
concentrations of dark chocolate (70%, 85%, and 100%). Significantly discernible differ-
ences were observed between the initial and final phases within each group, with a
p-value < 0.05, indicating statistical significance.

Table 1. Enamel microhardness comparison between initial and final phases in each group.

Enamel Microhardness Mean Value and SD

Initial Microhardness Final Microhardness

Group N Mean SD  Mean SD DF  SD  pValue
Artificial saliva (control group) 10 23609 0533 24334 5290 725 5389 0.002
75% Dark chocolate 10 23509 1298 29681 22253 6172 22729 <0.001
85% Dark chocolate 10 23553 1349 29970 23118 6417 23397 <0.001
100% Dark chocolate 10 23595 0875 34510 34681 10915 34625 <0.001
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N =number of sample in each group, SD = standard deviation, DF = difference of mean.

3.2. Dentin Microhardness

Figure 3 presents a bar chart illustrating the average mean microhardness values for
dentine, both initially and after immersing specimens in various concentrations of dark
chocolate. The study groups consist of G1 (control group), exposed to artificial saliva,
which demonstrated a mean difference ranging from 51.31 to 60.95. In contrast, G2 (70%
dark chocolate), G3 (85% dark chocolate), and G4 (100% dark chocolate) exhibited aver-
age mean differences ranging from 51.79 to 109.70, 51.81 to 124.10, and 51.53 to 140.20,
respectively.

Stages
Final Microhardness
Initial Microhardness

100% Dark Chocolate 75% Dark Chocolate 85% Dark Chocolate Artificial Saliva(Control Group)
Groups

150

lean of Dentine Microhardness

M
g

Figure 3. Represents an error bar chart, showcasing the standard deviation, and mean values of
Dentin microhardness at both the initial and final stages.

In Table 2, the mean and standard deviation values, along with the standard devia-
tion difference and the difference of mean denoted as DF, are presented. The results re-
veal a notable and gradual increase in the average microhardness values for dentine. This
increase progressed from 57.91 + 8.332 to 72.29 + 2.752, ultimately reaching 88.67 + 8.602,
corresponding to the escalating concentrations of dark chocolate (70%, 85%, and 100%).
Significant and discernible differences were observed between the initial and final phases
within each group, with a p-value < 0.05, indicating statistical significance.

Table 2. Dentine microhardness comparison between initial and final phases in each group.

Dentine Microhardness Mean Value and SD

Initial Microhardness Final Microhardness

Group N Mean SD Mean SD DF SD  p Value
Artificial saliva (control group) 10 5131 0904  60.95 1910 964 5083  0.0002
75% Dark chocolate 10 5179 1036 1097 7.602 5791 8332 <0.001
85% Dark chocolate 10 51.81 0.774 124.10 2.183 7229 2752 <0.001
100% Dark chocolate 10 5153 1125 14020 8.664 88.67 8602 <0.001

3.3 Comparision of Enamel and Dentin Microhardness between Pairs of Group

Tables 3 and 4 show comparison between different concentration of dark chocolate
for both enamel and dentin micohardness. The result shows significant difference (p
value < 0.05) between each group of concentrations. Notably, the only exception is be-
tween concentrations 70% and 85% where the p- value of 1 was no significant.
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Table 3. A comparison of the enamel microhardness values between pairs of groups.

Group Artificial saliva p-values 70%Dark Chocolate 85% Dark Chocolate 100% Dark Chocolate
Artificial saliva - 0.0001 0.000039 <0.001

70%Dark Chocolate  0.0001 - 1.000 0.000264

85% Dark Chocolate 0.000039 1.000 - 0.001

100% Dark Chocolate <0.001 0.000264 0.001 -

Table 4. A comparison of the dentine microhardness values between pairs of groups.

Group Artificial saliva  70%Dark Chocolate  85% Dark Chocolate  100% Dark Chocolate
Artificial saliva - <0.001 <0.001 <0.001

70%Dark Chocolate <0.001 - 0.000050 <0.001

85% Dark Chocolate <0.001 0.000050 - 0.00001

100% Dark Chocolate  <0.001 <0.001 0.00001 -

4. Discussion

Enamel and dentin microhardness testing lack a universally established set of con-
ditions, leading researchers to determine testing parameters based on their discretion.
Many past studies on microhardness have presented outcomes for both Knoop hardness
number (KHN) and Vickers hardness number (VHN) across various indentation loads
and durations [19]. Testing at different conditions is motivated by various considerations.
Opting for a high load is advantageous as it results in a substantial impression, facilitat-
ing the measurement of the indentation diagonal. However, applying a high load to a
soft surface can lead to an oversized impression, where the diagonals exceed the mi-
crometer scale available in the tester's eyepiece. In the context of a pre-post experimental
study, such as investigating a treated surface, it becomes essential to use a smaller load to
ensure a meaningful comparison between the baseline and treated surfaces, especially
when employing the same indentation load [20]. In studies focusing on tooth hardness,
the Vickers indenter is often preferred over the Knoop indenter. This preference stems
from the inherent advantages of the Vickers indenter, notably its square shape that must
be consistently preserved. This characteristic is valuable because it ensures uniformity in
the indentation geometry. Additionally, the Vickers indenter is advantageous when
dealing with non-flat surfaces or variations in hardness between enamel and dentin. Its
square indentation shape makes it easier to detect and analyze variations caused by sur-
face irregularities or differences in dental tissue hardness. This makes the Vickers method
particularly suitable for dental research where precise and easily discernible indentations
are crucial for accurate hardness measurements [21].

While there is no specific research focusing on the impact of dark chocolate on tooth
hardness, the Vickers hardness number (VHN) values acquired for enamel and dentin in
this investigation correspond with findings from prior studies that have explored the ef-
fects of theobromine, the primary ingredient in cocoa [6,8]: for example, the hardness of
enamel has been reported in the range of from 236.09 to 243.34 for control group( artificial
saliva) in comparison, G2 (70% dark chocolate), G3 (85% dark chocolate), and G4 (100%
dark chocolate) displayed average mean differences spanning from 235.09 to 296.81,
235.53 to 299.70, and 235.95 to 345.10, respectively and for dentin, the hardness has been
reported in the range of from 51.31 to 60.95 for control group ( artificial saliva) in con-
trast, G2 (70% dark chocolate), G3 (85% dark chocolate), and G4 (100% dark chocolate)
exhibited average mean differences ranging from 51.79 to 109.70, 51.81 to 124.10, and
51.53 to 140.20, respectively The observed broad variation in the standard deviation of
hardness in this study is consistent with findings from previous reports. This consistency
in results across various experimental conditions and methodologies underscores the re-
liability and reproducibility of the study, further supporting the validity of the reported
enamel and dentin hardness values.[21]. The wide variation in hardness values can be
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attributed to factors such as specimen preparation, diagonal length reading [21], varia-
tions in chemical composition [22], age, and the specific location within the tooth [23].

As the main of canned products, many individuals believe that chocolate is most
likely in charge of tooth cavities. In fact, chocolate is comparatively the most cariogenic
substance likely due to high sugar content as shown by a variety of studies [24,25]. Ac-
tually, cocoa butter found in chocolate is believed to provide a protective layer for the
teeth, forming a buttery coating that can fend off damage from the sugar contain in dark
chocolate, furthermore, cocoa contains a component that is capable of preventing tooth
decay and dental caries [26]. There is evidence that cocoa powder inhibits dental caries in
hamsters and that zero-fat cocoa exhibits significant anticaries properties [27]. In spite of
the fact that the cocoa bean's husk cannot be found, it exists even when the cocoa bean is
in its natural state [28]. Another advantage of chocolate manufactured from cocoa beans
is that the cocoa bean itself contains anti-cariogenic substances. The cocoa bean husk, a
by-product of the chocolate industry, is renowned for being rich in polyphenols which
can able to prevent some sugars from turning into acid and braking down the enamel of
the tooth and nutritional fiber including cellulose, pectin, and Lenin [28]. In the pro-
cessing of theobroma cacao, the pre-roasted beans have been extracted from the cocoa
bean husk [29]. It has been found that the cocoa bean husk contains two distinct types of
cariostatic compounds, with one exhibiting anti-glucosyltransferase (GTF) activity, while
the other demonstrates antibacterial properties [29]. Theobromine is one of the primary
components of cocoa beans. Theobromine has a chemical formula of 3.7 dimethylxan-
thine and is an alkaloid of the cacao plant [30]. It was previously known as xantheose, a
crystalline bitter powder that is insoluble in water, it differs from caffeine by just one
methyl group and is thus present in foods such as chocolate, teas, and other beverages.
The tea plant's leaves and the kola (or cola) nut both contain it. Through strengthening
tooth enamel, theobromine lowers the incidence of tooth decay [30]. Cocoa beans natu-
rally contain 1%-4% theobromine. Dark chocolate has higher theobromine contents than
milk chocolate, which ranges in cocoa powder from 1.2% to 2.4% [31]. In addition, it
contains unsaturated free fatty acids like oleic and linoleic acids, which are antibacterial
for Streptococcus mutans [32]. The larger molecular weight of polyphenolic molecules
present in cocoa bean husk extract possesses significant anti-glycosyltransferase activity.
The cariostatic effects of the cocoa bean husk are due to these physiologically active sub-
stances [32]. Streptococcus mutans is recognized as the primary contributor to dental
caries in humans. It produces three types of glucosyltransferase (GTF), namely GTFB,
GTFC, and GTFD. These enzymes are responsible for synthesizing glucans from sucrose,
resulting in an adhesive and water-insoluble substance that firmly adheres to the tooth
surface [32]. The adhesive glucan where acid accumulation takes place, plays a role in the
formation of dental plaque leading to localized demineralization of the tooth enamel
surface [33]. Previous studies investigating the effect mechanism of anti-cariogenic
properties of theobromine have revealed the development of a medium with an apatite
structure that promotes the rehardening of the tooth surface through remineralization
[34].

In this study enamel and dentine surface microhardness assessments were con-
ducted utilizing a digital micro Vickers hardness tester (Laryee) under (0.24 N load for 15
seconds) before and after immersion of the specimens to the selected concentration of
dark chocolate and used artificial saliva as a control group.

The findings of the current investigation indicated that there is an increase in enamel
and dentin hardness after immersion of the prepared specimen in different concentration
of dark chocolate and even in the artificial saliva. Therefore, the current study null hy-
pothesis was rejected .The possible explanation for this effect attributed to the composi-
tion of artificial saliva, specifically the inorganic components, primarily calcium and
phosphate. No significant difference was observed between human saliva and artificial
saliva containing mucin, suggesting that it can serve as a suitable substitute for human
saliva in in vitro cycling studies focused on remineralization and hardness assessment
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[35]. Also the major composition of dark chocolate are minerals contents like iron, mag-
nesium, zinc, copper, potassium, selenium, phosphorus, manganese which are the es-
sential minerals for strengthening tooth structure, according to certain previous studies
theobromine increased the hardness of the enamel and the inorganic minerals directly
related to enhancing the hardness of enamel [4,6] . That came agree with our study. In the
present investigation, 70% dark chocolate was employed, characterized by a composition
of 70% cocoa along with cocoa butter and sugar. Likewise, 85% dark chocolate was uti-
lized, incorporating 85% cocoa, cocoa butter, and sugar, while 100% dark chocolate con-
sisted solely of cocoa and butter without the addition of sugar. The study revealed a no-
table correlation between the increasing concentration of dark chocolate and a significant
enhancement in the hardness of enamel and dentin, attributable to the heightened cocoa
content. This study specifically examined the authentic impact of dark chocolate on
enamel and dentin hardness, without resorting to demineralization processes, demon-
strating a favorable influence on dental structures. Particularly noteworthy is the ob-
served increase in theobromine and mineral content with escalating chocolate concen-
tration. Prior research has primarily focused on the impact of theobromine
post-demineralization; however, a dearth of literature exists regarding the direct exami-
nation of the inherent effects of dark chocolate on enamel and dentin.

According to the studies, theobromine outperformed fluorides in safeguarding
teeth. In a laboratory experiment, researchers evaluated the effectiveness of a ginger,
honey, chocolate mixture in remineralizing effect of initial enamel caries lesions. The re-
sults indicated that there was no noteworthy distinction in surface hardness and mineral
loss/gain between the group using bitter chocolate and the group using fluoride tooth-
paste [36].

Another in vitro investigation compared the antibacterial activity among three dis-
tinct toothpastes. First up is theobromine toothpaste, fluoride-free chocolate-based
toothpaste; the other two are two types of toothpaste with fluoride. Results revealed that
toothpaste containing theobromine not only displayed a larger zone of microbial inhibi-
tions when compared to other fluoride toothpastes, but also demonstrated enamel re-
mineralization because non-toxic fluoride was absent. As a result, it blended easily with
phosphate and calcium to speed up the process of remineralizing of enamel [37]. In ad-
dition, individuals with dental fluorosis, tooth discolorations, and hyperplasia of the
enamel responded better to theobromine toothpaste [38]. Another study comparing the
antibacterial properties of chlorhexidine mouthwash with cacao bean husk extract
mouthwash found equivalent substantial decreases in salivary Streptococcus mutans
counts in both groups during every follow-up period, demonstrating that this mouth-
wash is acceptable substitute for chlorhexidine [39].Histirically, fluoride has been the in-
itial choice in dental practice for preventive purposes [40]. More recently, casein phos-
phopeptide-amorphous calcium phosphate [41] and biomimetic hydroxiapathite [42]
have been introduced and have demonstrated encouraging outcomes. In the future, it
would be intriguing to assess the synergistic effects of these fluoride-free products when
used in conjunction with chocolate-based toothpastes and mouthwashes.

The study has limitations, as it was carried out in a controlled laboratory setting,
making it difficult to completely replicate the authentic characteristics of the human
mouth. Consequently, the findings may not fully capture the complexities of real-world
oral conditions. To enhance the relevance and applicability of the research, it would be
advantageous to replicate similar studies in a natural oral environment.

5. Conclusions

Within the limitation of this in vitro study, it can be affirmed that dark chocolate
exhibits a protective effect on both enamel and dentine. As the concentration of dark
chocolate increases, there is a corresponding increase in the hardness of both enamel and
dentine. This enhancement is attributed to the presence of theobromine, alongside nu-
merous minerals and antioxidants found in dark chocolate. Therefore, it can be deduced
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that incorporating dark chocolate into the individuals dietary may benefit in stabilizing
the progression of tooth structure loss, offering a potentially tooth-friendly addition to
our diets. However, it is important to recognize that further research, particularly in
clinical settings, is needed to confirm and expand upon these findings before definitive
dietary recommendations can be made.

Author Contributions: Conceptualization, N.-H.H. and L.S.T.; formal analysis, N.H.H., A.O.A,,
SKK, and LS.T.; investigation, N.-H.H. and 1.5.T.; data curation, N.H.H., S KK, and LS.T.; writ-
ing—original draft preparation N.H.H.; writing—review and editing, A.O.A. and 1.5.T.; supervi-
sion, N.H.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The study incorporates all relevant data within its contents.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Srivastava A, Mahmood SE, Srivastava PM, Shrotriya VP, Kumar B: Nutritional status of school-age children-A scenario of
urban slums in India. Archives of Public Health. 2012, 70:8. https://doi.org/10.1186/0778-7367-70-8.

2. Pucciarelli DL: Grivetti LE.The medicinal use of chocolate in early North America. Molecular nutrition & food research. 2008,
52:1215-27. https://doi.org/10.1002/mnfr.200700264.

3. Kargul, B, Ozcan M, Peker S, Nakamoto T, Simmons WB: Evaluation of Human Enamel Surface Treated with Theobromine: A
Pilot Study Oral Health Prev Dent. 2012, 10:275-282. https://doi.org/10.3290/j.0hpd.a28524.

4. GargiN, Ritika P, Dr. Kumar G, Dr. Shravani D, Amit R and Shraddha P: Dark Chocolates: Friend or Foe - A Review. European
Journal of Molecular & Clinical Medicine2020. 7:2515-82.

5. Premnath P, John ], Manchery N, Subbiah GK, Nagappan N, and Subramani P: Effectiveness of theobromine on enamel re-
mineralization: A comparative in-vitro study. Cureus. 2019, 11:5686. https://doi.org/10.7759/cureus.5686.

6.  Pribadi N, Citra A, and Rukmo M: The difference in enamel surface hardness after immersion process with cocoa rind extract
(theobroma cacao) and fluoride. Journal of International Dental and Medical Research. 2018, 11:100-103.
https://doi.org/10.4103/jioh.jioh_216_18.

7.  Monteiro JP, Alves MG, Oliveira PF, Silva BM: Structure-Bioactivity Relationships of Methylxanthines: Trying to Make Sense
of All the Promises and the Drawbacks. Molecules. 2016, 21:974. https://doi.org/10.3390/molecules21080974.

8. Nasution Al and Zawil C.The comparison of enamel hardness between fluoride and theobromine application. International
Journal of Contemporary Dental & Medical Reviews, vol. 20142014.

9.  Vasanthakumar AH, Sharan ], Cruz AM: Plaque pH and dental retention after consumption of different types of chocolates. Int
J Clin Prev Dent. 2016, 12:97-102.

10. Mink PJ, Scrafford CG, Barraj LM, Harnack L, Hong CP, Nettleton JA, Jacobs Jr DR. Flavonoid intake and cardiovascular dis-
ease mortality: a prospective study in postmenopausal women. The American journal of clinical nutrition. 2007;85(3):895-909 .,

11. Buitrago-Lopez A, Sanderson J, Johnson L, Warnakula S, Wood A, Di Angelantonio E, Franco OH. Chocolate consumption and
cardiometabolic disorders: systematic review and meta-analysis. Bmj. 2011;343:d4488.

12. Nogueira LD, Knibel MP, Torres MR, Nogueira Neto JF, Sanjuliani AF. Consumption of high-polyphenol dark chocolate im-
proves endothelial function in individuals with stage 1 hypertension and excess body weight. International journal of hyper-
tension. 2012;2012(3)147321.

13. Grassi D, Lippi C, Necozione S, Desideri G, Ferri C. Short-term administration of dark chocolate is followed by a significant
increase in insulin sensitivity and a decrease in blood pressure in healthy persons. The American journal of clinical nutrition.
2005;81(3):611-4.

14. Parker G, Parker I, Brotchie H. Mood state effects of chocolate. Journal of affective disorders. 2006 ;92(2-3):149-59.

15. Rosenfeld LS, Mihalov JJ, Carlson SJ, Mattia A. Regulatory status of caffeine in the United States. Nutrition reviews.
2014;72(suppl_1):23-33.

16. Keen CL, Holt RR, Oteiza PI, Fraga CG, Schmitz HH. Cocoa antioxidants and cardiovascular health. The American journal of
clinical nutrition. 2005;81(1):2985-303S.

17. Huang SB, Gao SS, Yu HY.. Effect of nano-hydroxyapatite concentration on remineralization of initial enamel lesion in vitro.
Biomed Mater.2009;4: 034104.

18. Lachowski KM, Ferreira D, de Oliveira TA, Sobral MAP .Effect of the mixture of coffee or chocolate to milk in theprogression of

des-remineralization of tooth enamel - an invitro study. Braz Research in Pediatric Dent and IntegratedClinic
2014;14(3):183-190.



Appl. Sci. 2024, 14, 382 10 of 10

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Maia E., Baratieri L.N., Caldeira de Andrada M.A., Monteiro Jr S., Vieira L.C., The influence of two home-applied bleaching
agents on enamel microhardness: an in situ study, Journal of Dentistry, 2008, 36:2.
Chuenarrom C., Benjakul P., Daosodsai P., Effect of indentation load and time on Knoop and Vickers microhardness tests for
enamel and dentin, Materials Research, 2009, 12:473.

Gutiérrez-Salazar M and Reyes-Gasga J. Microhardness and chemical composition of human tooth. Materials Research. 2003;
6(3):367-373.
Braly A, Darnell LA, Mann AB, Teaford MF and Weihs TP. The effect of prism orientation on the indentation testing of human
molar enamel. Archives of Oral Biology. 2007; 52(9):856-860.

Park S, Wang DH, Zhang D, Romberg E and Arola D. Mechanical properties of human enamel as a function of age and loca-
tion in the tooth. Journal of Materials Science Materials in Medicine. 2008; 19(6):2317-2324.
Irmaleny I, Hidayat T, Sulistianingsih S: The remineralization potential of cocoa (Theobroma cacao) bean extract to increase the
enamel micro hardness. Padjadjaran ] Dent. 2017, 29:13614.
Stralfors A: Inhibition of hamster caries by cocoa: Caries inhibition of water and alcohol extracts of cocoa. Arch Oral Biol. 1966,
11:323-8.
Srikanth RK, Shasikiran N, Subbha Reddy VV: Chocolate mouth rinse: Effect on plaque accumulation and mutans streptococci
counts when used by children. ] Indian Soc Pedod Prev Dent. 2008, 26:67-70. https://doi.org/10.4103/0970-4388.41619.
Stralfors A: Effect on hamster caries by dialysed, detanned or carbon-treated water-extract of cocoa. Arch Oral Biol. 1966,
11:609-15. https://doi.org/10.1016/0003-9969(66)90227-5.
Kamal Badiyani B, Kumar A, Bhat PK, Sarkar S: Chocolate disinfectant: Effectiveness of cocoa bean husk extract on Strepto-
coccus mutans in used toothbrushes. Int ] Oral Care Res. 2013, 1:7-10.
Osawa K, Miyazaki K, Shimura S, Okuda ], Matsumoto M, Ooshima T: Identification of cariostatic substances in the cacao bean
husk:  Their anti- glucosyltransferase = and  antibacterial  activities. ] Dent Res. 2001,  80:2000-4.
https://doi.org/10.1177/00220345010800111001.
George D, Bhat SS, Antony B: Comparative evaluation of the antimicrobial efficacy of Aloe vera tooth gel and two popular
commercial toothpastes: An in vitro study. Gen Dent. 2009, 57:238-41.
Tarka SM Jr., Arnaud MJ, Dvorchik BH, Vesell ES: Theobromine kinetics and metabolic disposition. Clin Pharmacol Ther. 1983,
34:546-55. https://doi.org/10.1038/clpt.1983.212.
Ferrazzano GF, Amato I, Ingenito A, De Natale A, Pollio A: Anti-cariogenic effects of polyphenols from plant stimulant bev-
erages (cocoa, coffee, tea). Fitoterapia. 2009, 80:255-62. https://doi.org/10.1016/j.fitote.2009.04.006.
Amaechi BT, Porteous N, Ramalingam K, Mensinkai PK, Vasquez RC, Sadeghpour A, Nakamoto T: Remineralization of arti-
ficial enamel lesions by theobromine. Caries Research. 2013, 47:399-405. https://doi.org/10.1159/000348589.
Lakshmi A, Vishnurekha C, Baghkomeh PN: Effect of theobromine in antimicrobial activity: An in vitro study. Dental research
journal. 2019, 16:76.
Mayer-Lueckel H, Umland N, Hopfenmuller W, KielbassaAM: Effect of mucin alone and in combination with variousdenti-
frices on in vitro remineralization. Caries Research. 2004, 38:478-83. https://doi.org/10.1159/000079630.
Celik ZC, Yavlal GO, Yanikoglu F, Kargul B, Tagtekin D, Stookey GK: Do ginger extract, natural honey and bitter chocolate
remineralize enamel surface as fluoride toothpastes? An in vitro study. Niger ] Clin Pract. 2021, 24:1283-8.
https://doi.org/10.4103/njcp.njcp_683_20.
Arman S: A neural network analysis of theobromine vs. fluoride on the enamel surface of human teeth. Diss Abstr Int. 2007,
68:150. [Google Scholar]
Aoun A, Darwiche F, Al Hayek S, Doumit J: The fluoride debate: the pros and cons of fluoridation. Preventive nutrition and
food science. 2018, 23:171. https://doi.org/10.3746%2Fpnf.2018.23.3.171.
Babu NV, Vivek DK, Ambika G: Comparative evaluation of chlorhexidine mouthrinse versus cacao bean husk extract mouth-
rinse as antimicrobial agents in children. European Archives of Paediatric Dentistry. 2011, 12:245-9.
https://doi.org/10.1007/BF03262816.
Zampetti P, Scribante A. Eur ] Paediatr: Historical and bibliometric notes on the use of fluoride in caries prevention Dent. 2020
Jun;21(2):148-152.
Fallahzadeh F, Heidari S, Najafi F, Hajihasani M, Noshiri N, Nazari NF: Efficacy of a Novel Bioactive Glass-Polymer Compo-
site for Enamel Remineralization following Erosive Challenge.nt J Dent. 2022 Apr 22;2022:6539671.
https://doi.org/10.1155/2022/6539671.
Butera A, Pascadopoli M, Pellegrini M, Trapani B, Gallo S, Radu M, Scribante A. Biomimetic hydroxyapatite paste for mo-
lar-incisor ~ hypomineralization: A  randomized  clinical  trial. Oral Dis. 2023  Oct;29(7):2789-2798.
https://doi.org/10.1111/0di.14388. Epub 2022 Oct 4. PMID: 36135352.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



