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ABSTRACT

Introduction: Calcium release from the enamel surface is known as enamel demineralisation. Enamel 
demineralisation is a chemical process of mineral loss from the email structure. One of the factors that 
cause demineralisation is the presence of acids derived from food or beverages consumed. This study was 
aimed to determine the effects of soft drinks and the amount of calcium release from the enamel surface. 
Methods: This study was an in-vitro experimental. The population was extracted maxillary premolars from 
orthodontics clinics in health centres, hospitals, and private clinics throughout Bandung and Jakarta. As 
many as 20 crown of maxillary premolars divided into two groups. Dissolved calcium was measured using 
the Atomic Absorption Spectrophotometry (AAS). Data obtained was tested using an independent t-test. 
Results: The results showed that the amount of calcium released after exposure of soft drink was higher 
than soda water. The average amount of calcium released after soft drink exposure was 4122 ppm and 
soda water was 3492 ppm. Conclusion: Soft drink affects the calcium release from the enamel surface.

Keywords: Calcium release, soft drink pH, soft drink effect.

INTRODUCTION 

Teeth are one of the hard tissue structures 
of the body. Teeth consist of 4 parts, namely 
enamel, dentin, cementum, and pulp tissue. 
Enamel is the hardest tooth structure, consisting 
of 96% minerals, the remaining 4% is water and 
organic material.1

Tooth enamel is the outer layer of the 
dental crown. Enamel is the hardest structure 
in the skeletal system of the body.1 The mineral 
composing enamel is primarily a hydroxyapatite 
which is essential for the strength and brittleness 
of email. The enamel layer is formed almost 
entirely by calcified calcium salts to appear to be 

a hard, thin, and clear layer.2 Enamel is a hard but 
not immune to the attrition during mastication 
even though the tooth enamel is composed of a 
microscopic mineral-rich ascular network such as 
calcium phosphate crystals.1,3

Calcium (Ca) is the most abundant mineral 
in the human body, approximately 1.5-2% of body 
weight. 99% of calcium is in hard tissue, bone, 
tooth, and the rest of the calcium is widespread 
in the body.4 Calcium has a role in the tooth 
formation. The content of calcium elements in 
enamel is more common on tooth surfaces than 
in the inner layers.5 Calcium is necessary during 
the formation of teeth. Lack of calcium can cause 
susceptibility to the tooth decay.4
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Soft drinks are non-alcoholic drinks that 
made up from a mixture of carbonated water, 
phosphoric acid, preservatives, dyes, and 
sweetener. As much as 86% of soft drinks are pure 
water, it is said that soft drinks contain sodium 
content in this drink.6 Various brands of soft drinks 
that can be found in the market are Coca Cola®, 
Sprite®, and Pepsi®.7

Since the last 20 years the consumption 
of soft drinks continues to increase sharply.8 The 
increase in consumption is not only applicable 
in the United States, but also in other countries 
around the world. Erosion of teeth is reported 
to increase especially among young people as 
primary consumers of soft drinks.9

The effect of soft drinks on the release of 
calcium from the surface of the enamel is causing 
dental erosion. Tooth erosion can occur as a result 
of continuous contact or exposure between the 
hard tissues of the teeth with the acid that comes 
from the body and from outside the body.10,11

Based on the above matters, this study was 
aimed to determine the effects of soft drinks and 
the amount of calcium release from the enamel 
surface.

METHODS

This  research was in-vitro experimental. 
Statistical analysis was conducted using an 
independent sample t-test. The population was 
extracted maxillary premolars from orthodontics 
clinics in health centres, hospitals, and private 
clinics throughout Bandung and Jakarta. The 
sample used in this study was as much as 20 
maxillary premolar teeth that met the population 
criteria. The research procedure was performed 
towards the selected sample of 20 maxillary 
premolar teeth that divided into 2 different 
groups. The first group was immersed in  soft drink 
(Coca Cola®) and the second group with soda water 
for 10 minutes. The results of the solutions of each 
group were tested using the Atomic Absorption 
Spectrophotometry (AAS) to see the amount of 
calcium released from the enamel surface.

RESULTS 

The results obtained from this research  
showed that the release of calcium from the 

Soft drink sample Ca Concentration (ppm)

Coca Cola® 0.000 14.754

1 5.097 19.852

2 3.441 18.196

3 5.443 20.197

4 4.536 19.290

5 2.909 17.663

6 4.852 19.607

7 4.651 19.405

8 5.083 19.837

9 4.521 19.276

10 4.809 19.564

Total 45.34197 207.64147

Average 4.12200 18.87650

Soda Water Sample Ca Concentration (ppm)

Soda water 0.00000 0.000

1 3.75378 3.754

2 3.64723 3.647

3 3.67315 3.673

4 3.85457 3.855

5 4.09935 4.099

6 3.73938 3.739

7 3.86177 3.862

8 3.89777 3.898

9 3.95536 3.955

10 3.92657 3.927

Total 38.40893 38.40893

Average 3.49172 3.49172

enamel surface immersed in soft drink was higher 
than the soda water (as presented in Table 1 and 
2). The average concentration of calcium in the 
surface immersed in soft drink was 18.877 ppm 
and  in the soda water was 3.492 ppm, while 
calcium separated purely from the soft drink was 
4.122 ppm and from soda water was 3.492 ppm.

Statistical calculation from the data 
obtained was presented in the form of minimum 
value, maximum value, median, mode, median, 
and standard deviation of the amount of dissolved 
calcium dissolved from the enamel surface 
immersed in both soft drink and soda water.

Table 1. Amount of calcium released from enamel surface 
immersed on soft drink

Table 2. Amount of calcium released from enamel surface 
immersed on soda water
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Calculation of SPSS Version 17 was performed 
on the release of calcium with one-sample test. 
Calculations of calcium released in the enamel 
surface immersed in soft drinks generated the 
t-count value of 8.795 and the t-table value of 
2.085. Because the t-count value was higher 
than the t-table value (8.795<2.085), it can be 
concluded that soft drinks released calcium in the 
enamel surface. Calcium released on the surface 
of the enamel surface immersed in soda water 
produced a the t-value of 9.936 and the t-table 
of 2.085. The comparison result of the t-count 
and t-table values was similar with the value of 
soda water   (9.936>2.23), thus can be concluded 
that soda water could also release calcium in 
the enamel surface. The results of the statistical 
calculations above concluded that there both 
soft drink and pure soda water affect the calcium 
release in the enamel surface.

To determine whether there was a 
significant difference between the amount of 
calcium released from the surface of the enamel 
immersed in soft drinks (Coca Cola®) and pure 
soda water, an independent sample t-test was 

carried out. Based on the calculation with SPSS 
Version 17, the t-count was 1.076 and the t-table 
was 2.085. The t-count value was lower than 
the t-table value (1.076<2.085), thus can be 
concluded that there was no significant difference 
between the amount of calcium released from the 
enamel surface immersed in pure soda water and 
soft drinks (Coca Cola®).

DISCUSSION

The results of experimental studies on the 
effects of soft drinks on calcium release from 
enamel sur-faces are presented in Table 1 and 2, 
which showed the presence of calcium release. 
This was indicat-ed by an increase in the amount 
of calcium released after soft drink immersion. 
The average amount of calcium released from the 
enamel surface after immersion in a soft drink 
was 4.122 ppm. The aver-age amount of calcium 
released from the enamel surface after immersion 
in pure soda water as con-trol was 3.492 ppm.

Calcium released due to acid exposure 
from soft drinks. Carbonated drinks have an 

Figure 1. Amount of calcium released from enamel surface immersed on soft drink

Soft drink

Figure 2. Amount of calcium released from enamel surface immersed on pure soda water

Pure soda water
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average pH of 2.6 so that it can cause direct 
enamel demineralisation, which is indicated by 
the release of calcium follow-ing experiments 
that have been carried out.12,13 Drinks that cause 
tooth demineralisation are drinks that have a low 
pH below the enamel critical pH of 5.5 and have a 
high buffering capacity. The more acidic the drink 
will cause higher tooth enamel release.

Teeth exposed to carbonated drinks cause 
hydroxyapatite to diffuse out of the enamel. This 
causes hydroxyapatite to break down into Ca2+ and 
PO43- ions.13,14 The amount of calcium released 
from tooth enamel is affected by the pH of the 
solution, buffer capacity, acid type, constant acid, 
immersion time, enamel type, salivary buffer 
ability, and solution temperature.12,15-17 Teeth 
exposed to carbonated drinks with acidic pH will 
experience calcium release as observed in the 
present research.

According to Lussi et al.18, other factors 
that can cause tooth erosion included acid type, 
chelating agent, the concentration of calcium, 
phosphate, and fluorine.18 The type of acid in a 
solution affects tooth erosion. The acid contained 
in soft drinks that used in this study contains three 
kinds of acids, namely citric acid, phosphoric 
acid, and carbonic acid. The acid that most 
causes erosion is citric acid because citric acid 
can reduce the concentration of calcium ions 
in saliva.12,19 An ingredient known as chelating 
material can bind metal (ions) and remove it 
from the tissue. The chelating material in soft 
drinks can directly dissolve dental minerals. By 
eliminating acid or chelating substance can inhibit 
ero-sion of teeth. Some studies show that tooth 
erosion is associated with the method of drinking. 
Retain-ing drinks longer in the mouth can cause 
a more decrease of the pH in the oral cavity so 
that the acidic atmosphere develops.20 Clinical 
observations shows that the length of time a tooth 
contacts with an acidic environment is more prone 
to erosion than the volume of drinks consumed.

Based on the analysis of statistical tests 
using the independent t-test, there was no 
significant differ-ence between the treatment 
group that was immersed with soft drinks and 
the control groups which was immersed with pure 
soda water. The results showed that the calcium 
released from the crowns of teeth immersed with 

soft drink was higher than the crowns of teeth 
immersed with pure soda water. This was caused 
by the content and composition contained in soft 
drink (Coca Cola®). This study used soft drink 
(Coca Cola®) with an average pH of 2.6, and pure 
soda water with an average pH of 5. This showed 
that cola brand soft drink (Coca Cola®) was more 
acidic than soda water, but the difference was not 
too significant.

The results of our research showed that 
the potential erosion of soft drink was more 
considerable than pure soda water. Pure soda 
water causes tooth erosion, but its effect was 
very low, known as acid erosion. Pure soda water 
showed more significant calcium release than 
ordinary mineral water, but still lower than the 
level of soft drink.21

The release of calcium can cause 
demineralisation. Enamel demineralisation is 
the process of mineral loss from the chemical 
structure of enamel. Demineralisation of enamel 
occurs through the process of diffusion, which 
is the process of moving molecules or ions that 
dissolve in water to or from enamel to saliva due 
to the differences in the concentration of acidity 
of beverages on the enamel surface. The acidity 
of drinks having high concentrations and the 
initial pH of the low drinks will diffuse into the 
enamel, through the crystal lattice and enamel 
tubules that contain water and organic or protein 
matrix.13 Continuous demineralisation will cause 
erosion.22 Tooth erosion can occur as a result of 
constant contact or exposure between hard tooth 
tissue and acids sourced from the body or from 
outside the body.20 Theoretically, acid erosion 
from soft drinks is caused by low pH and high 
levels of phos-phoric acid in drinks. pH is not the 
only indicator in assessing the erosive potential of 
a drink. The effect of buffer capacity can cause 
tooth erosion. Buffer capacity is the amount of 
base needed to raise the pH of the drink to neutral 
pH.23 The highest buffer capacity is found in fruit 
drinks, soft drinks, and pure soda water. Mineral 
water has the lowest buffer capacity.24

CONCLUSION

Soft drink affects the calcium release from 
the enamel surface.
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