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ABSTRACT

In this study, the effect of beverages (Coke TM,

Sprite™, Ribena™, Chrysanthemum tea and
mineral water) on the demineralisation of the enamel
surface was investigated. Demineralisation was
determined by the rate of calcium released from the
enamel surface on exposure to the beverages.
Calcium was determined using the EDTA titration
method. The pH of these beverages was measured
using a pH meter and found to be in the acidic range
(2.43 to 5.79) while mineral water which served as a
control has a pH of 7.00. Ii was found that the rate
of calcium released from Coke™(0.76 J..lg/min)
showed a significant mean difference from Sprite™
(0.38 J..lg/min), Chrysanthemum tea (0.10 J..lg/min)
and mineral water (0.00 J..lg/min)at p< .05, but was
however not significantly different from Ribena™.
Likewise, Chrysanthemum tea and mineral water
also showed statistically no significant mean
difference in the released of calcium during the study
period. The results obtained in this study indicated
that beverages with low pH may pose detrimental
effect on the enamel surface which could have
clinical implication, especially in people with salivary
gland dysfunction or low salivary flow.
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INTRODUCTION

Enamel is the hardest tissue in the body and forms
the outermost layer of the tooth. At the early phase
of its formation, enamel is composed of both
inorganic and organic components. However as it
matures, there is a gradual influx of more minerals
which are mainly calcium and phosphate in the form
of hydroxyapatite (HA) crystals into the enamel
matrix (1). A matured enamel will eventually have
about 97% (w/w) of its matrix mineralized, with
approximately 3% water and less than 1% organic
matrix.

As an inorganic tissue, the integrity of the
enamel is very much under the influence of pH and
the presence of minerals in the saliva. Critical pH is
the pH at which a solution is just saturated with
respect to a particular mineral such as the enamel
(2,3). At this pH, the ionic product (Ip) of the
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mineral is said to be equal to its solubility product
(Ksp). In a situation where the pH of the solution
is less than the critical pH (Ip<Ksp), the saliva is
said to be unsaturated with respect to the mineral.
Conversely, when the pH is above the critical pH, the
solution is supersaturated (Ip> Ksp) and in this
situation, minerals will tend to precipitate out of the
solution. Ii has been reported that the solubility of
the enamel surface and its critical pH are not fixed
but, vary slowly as the mineral solubility of enamel
changes with repeated pH cycling (2,3). In people
with low salivary calcium and phosphates ratio, the
critical pH may be 6.5 and in those with higher ratio,
it is 5.5 (2).

In the oral environment, the saliva and plaque
fluid are supersaturated with calcium and phosphate
with respect to the enamel. This explains why teeth
do not dissolve into saliva or the plaque fluid (2,4).
However, transient fluctuations of pH of the oral
ecosystem may be induced by the frequency and type
of food taken and variations in the flow of saliva.
Frequent and prolonged exposure to low pH may
result in a more rapid demineralisation of the enamel
surface (2,5).

The aim of this in vitro study was to investigate
the effect of beverages (Coke™, Sprite™,
Ribena™, Chrysanthemum tea and mineral water)
on enamel surface demineralisation.

MATERIALS AND METHODS

Selection of teeth used in the study
Non-carious teeth (15 canines, 30 premolars and

15 molars) were selected and cleaned prior to use in
the experiment. They were then divided into 3 sets
of 5 groups of teeth, labeled as Group I (Coke™),
Group II (Sprite TM) Group III (Ribena TM), Group
IV (Chrysanthemum tea) and Group V (Mineral
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water). Each group consisted of a canine, two
premolars and a molar to allow for the
standardization of the type of teeth used in the
study.

Preparation of tooth enamel surface
For each tooth in the respective groups, three

coats of nail varnish were applied to the whole
surface area of the root (cemento-enamel junction
to the apex) exposing only surfaces of the enamel.
This was to prevent any release of calcium from the
cementum.

Measurement of the pH of beverages
10 ml of Coke™, Sprite™, Ribena™,

Chrysanthemum tea and mineral water was pipetted
into separate clean beakers and then left at room
temperature (26-28 0c) for 10 minutes. The pH of
the beverages was then measured using a pH meter
(Hanna HI-8417 Instrument). Three pH readings
were recorded for each beverage.

Determination of the Rate of Calcium Released from
Enamel Surface of the Teeth Immersed in Beverages

The teeth in Group I were placed in a beaker
containing 20 ml of Coke™ and kept at room
temperature (26-28 0c). At every 15 min intervals,
0.2 ml of Coke was pipetted out and used for the
determination of calcium. The experiment was
carried out over a period of 2 hours. The experiment
was repeated for Group II, III, IY and V. The rate
of calcium released during the 2 hours exposure to
the respective beverages was analysed and compared.

Determination of calcium
Calcium was determined using the titration

method. At every IS minutes intervals, 0.2 ml of the
beverage was pipetted out and put into a conical
flask containing calcon, which is a dye used in the
experiment to indicate the end point of the titration.
The content was then titrated with EDTA from a
microbiuret. The volume of EDTA used to produce
the end point was recorded. Determination at each
time intervals was carried out in triplicates.

Statistical analysis
Statistical analysis was carried out using SPSS

one way analysis of variance (ANOYA). Results were
expressed as mean ± standard deviation from nine
determination (n=9) and a significant level of p< .05.

RESULTS

pH of mineral water was recorded at about neutral,
the pH of chrysanthemum tea was slightly acidic at
5.79.

The Rate of Calcium Released from Enamel Surface
of Teeth Immersed in Beverages

Figure 1 showed the profiles of calcium released
from the enamel surface following exposure to the 5
types of beverages. The highest rate of calcium
released was exhibited by Coke™ at 0.76 ± 0.00 mg/
m!. This was followed in descending order by
Ribena™, Sprite™ and Chrysanthemum tea at 0.67
± 0.00 mg/ml, 0.38 ± 0.00 mg/ml and 0.10 ± 0.00
mg/ml, respectively. Mineral water did not display
any release of calcium over the study period. It was
also observed in Figure 1 that the rate of calcium
released from Coke™ showed a significant mean
difference from Sprite TM, Chrysanthemum tea and
mineral water at p< .05 but was however not
significan tly different from Ribena TM. Similar
observation was made between Chrysanthemum tea
and mineral water which statistically showed no
significant mean difference in the calcium released.

DISCUSSION

The solubility of HA [CalO(P04MOHh] is
characterized by its solubility product. According to
Dawes (2), when HA is in contact with water, the
following reaction occurs:

Precipitation ..- Demineralization
CalO(P04MOH)2 ..- 10Ca2++ 6P043- + 20H-

Solid ..- Solution

With reference to the above equation, on
acidification the OR- will be removed by [H+] to
form H20 and the P043- will be removed to form
HP042-, which on further acidification will form
H2P04-· This will lead to a decrease in the [OH-] and
[P043-] on the right side of the equation. As the
concentrations reach equilibrium, the solid will go
into solution. The [Ca2+] is however, not affected.
That is why in an acidified solution, the Ip<Ksp (2).
This condition was clearly reflected by the high
dissolution rates due to the acidic beverages;
Coke™, Ribena™ and Sprite™ (Table 1, Figure I).
Coke™ and Ribena ™ did not show any significant

Table 1. The pH of the beverages recorded using a pH meter

pH of the beverages
Table 1 shows the pH of the respective beverages.

Coke™ with a pH of 2.43 was the most acidic
amongst the beverages. Sprite™ and Ribena ™ have
pH values of 3.31 and 3.02, respectively. While the

BEVERAGES
Coke ™

Sprite ™

Ribena™

Chrysanthemum tea

Mineral water

pH

2.43 ± 0.00

3.31 ± 0.00

3.02 ± 0.00

5.79 ± 0.00

7.00 ± 0.00
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Figure 1: The profiles of calcium released from the enamel surface when exposed to the five types
of beverages over a period of 120 min. The rate of calcium released was determined by the amount
of calcium released within the first 30 min of the experiment. The plotted values and the rate of
calcium released were means ± standard deviation from three determinations.

mean difference in their demineralising activity on
the enamel surface (p<0.05) although Ribena ™ has
a pH value much higher than Coke™. Within the
mouth however, the susceptibility of enamel
dissolution is very much under the influence of
factors such as pH, salivary flow and buffering
capacity of the oral fluid. The Ip generated following
the consumption of acidic beverages would be
regulated by the buffering components of the saliva
(6). It has been reported that in an in vitro study
carried out under a condition that simulated the
drinking habit, that when enamel blocks were
exposed to soft drinks at regular cycles of 20 min
over a period of seven days, there was deterioration
of the enamel micro hardness. The frequency of the
intake nevertheless, does not playa decisive role in
causing the effect (7). Teeth in the oral cavity
however, are very seldom under prolonged exposure
to acid especially if the structure of plaque is thin,
opened and porous. Based on such assumption, the
rate of calcium released from the enamel surface on
exposure to the five types of beverages in this study
was focused and analyzed for the first 30 min of
exposure. The extension of time to 2 hours exposure
was carried out to provide an indication as to the
pattern of calcium released when prolonged
exposure to the beverages prevails.

In situ study has shown that the pH of plaque
formed in association with acidic beverages did not

always attain the critical pH (8). This may have been
attributed to the buffering activity of the saliva. In
the absence of saliva, the effect of acidic beverages
would be detrimental on the enamel surface.
Significant etching effect on the enamel surface
occurs on prolonged exposure of enamel surface to
very low pH (9). Lesions caused by the acid erosion
have been reported to have a zone of softened
enamel that is a few microns deep and is highly
susceptible to physical wear (6). In this study, the
demineralising effect of Coke™ and Ribena ™ was
shown to be the strongest among the acidic
beverages. Chrysanthemum tea with the pH of 5.79
lies above the critical pH range and within the ideal
pH of the saliva (5.5-6.5) (6), did not show any
significant mean difference with mineral water in
terms of their demineralising effect on the enamel
surface.

CONCLUSION

The rate and amount of calcium released from the
enamel surface was greatly influence by the pH of
the beverages. The rate and amount of calcium
released from the enamel were shown to be inversely
dependent on pHs of the beverages. The lower the
pH value, the higher was the rate and amount of
calcium released from the enamel surface.
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