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How does the acidity
of various liquids
determine the degree
of damage produced
on eggshells used as a
replica for human
tooth enamel over a
three-day period?

The aim of this practical
report is to discover
how the pH and
chemical composition
of multiple liquids
control the degree of
erosion and
discolouring seen on
hard-boiled eggshells
used as a model for  
tooth enamel. This will
be accomplished by  
calculating the pH of
each liquid and
comparing changes in
mass, colour, texture,
and structure of the
eggshells following
three days of
immersion. The
experimental
conclusions will then be
compared with
qualified, investigating
the connection
between acidity and
enamel erosion.

Oral hygiene is an essential component of general wellbeing, however oral  
infections remain among the most common and frequent global health conditions.
According to a study by the World Health Organisation (2025), approximately 3.5
billion people suffer from oral diseases or infections, with untreated dental caries
impacting roughly 2 billion adults. Along with tooth detierialisation, dental erosion
is an increasing concern as a result of an increase in consumption of acidic foods
and beverages. Unlike dental caries, which are created from bacteria, dental
erosion transpires from acids directly dissolving the minerals found within tooth
enamel, resulting in irreversible damages (Lussi & Carvalho, 2014).

Contemporary diets constantly contain soft drinks, sports drinks, coffee and other
acidic beverages, which have been associated with rapid rates of enamel erosion
(Tahmassebi et al., 2006). Studies show that enamel begins to demineralise when
exposed to pH levels below approximately 5.5 (Shellis et al., 2011). Considering
that enamel is not able to regenerate naturally, understanding the effects of
commonly ingested liquids on enamel is vital for advancing oral health
techniques. This investigation intends to explore how  acidity influences the
degree of erosion and staining monitored in hard-boiled eggshells used as a
replica for human tooth enamel.

Tooth enamel is the greatly mineralised external layer of the tooth and is
formulated largely of hydroxyapatite crystals. Although enamel is the toughest
substance in the human body, it is exposed to chemical attack when left
defenceless to acidic substances. Figure 1 demonstrates the configuration of a
human tooth, displaying the location of enamel and its protective role. When
acids are lower than the pH value of approximately 5.5, minerals are misplaced
from the enamel surface, causing demineralisation and increasing susceptibility
to deterioration (Shellis et al., 2011).

Acidity is measured using the pH scale, which ranges from 0 to 14, with lower
values indicating greater acidity. Common beverages such as Coca-Cola and
sports drinks have pH values varying from approximately 2.3 to 4.0, significantly
beneath the critical pH enamel can endure (Tahmassebi et al., 2006). Figure 2
displays the pH scale.
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Due to ethical and moral restrictions connected with utilising human
teeth, eggshells are generally applied as a substitute for tooth enamel.
Eggshells consist of mostly calcium carbonate, which behaves with acids
similarly to enamel. Consequently, changes in mass, colour and texture
can be used to determine the effects of different liquids on mineralised
surfaces (British Dental Journal, 2020). Figure 3 illustrates the processes
of demineralisation and remineralisation in tooth enamel. Exposure to
acidic substances creates the reduction of calcium and phosphate ions
from enamel crystals, weakening the tooth structure. If the pH rises
above the critical threshold, these minerals may be redeposited, allowing
remineralisation to occur.

BACKGROUND INFORMATION (continued)     

QUESTIONING AND PREDICTING

Figure 1: Cross-sectional
diagram displaying parts of the
teeth including the enamel,
dentine, pulp chamber, and root
canal. 

HYPOTHESIS

It is hypothesised that liquids
with lower pH values will cause
greater erosion and staining of
the eggshells due to their
increased acidity. Therefore,
vinegar is expected to cause the
greatest degree of damage,
while water is predicted to
produce minimal changes and
act as the control. An inverse
relationship between pH and
eggshell deserialisation is
anticipated, with lower pH
values, resultant in extensive
levels of erosion.

Figure 2:  The Stephan curve illustrating the critical pH for enamel
demineralisation. The graph shows the decrease and recovery of
plaque pH following sugar exposure. 

Figure 3: Demineralisation
and remineralisation of tooth
enamel. Acids increase the
loss of calcium and
phosphate ions from enamel
crystals, resulting in
demineralisation. When the
oral environment becomes
less acidic, these minerals
can be redeposited,
authorising remineralisation to
occur.
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PLANNING AND CONDUCTING

This method was chosen for this investigation because it provides a
practical and ethical approach to examining the effects of acidic
liquids on tooth enamel. Due to the difficulty and ethical concerns
associated with using human teeth, hard-boiled eggshells were used
as a substitute model, as both contain calcium-based minerals that
undergo degradation when exposed to acidic environments. The use of
eggshells also allowed visible changes in mass, colour, texture, and
structural integrity to be observed over a relatively short period.

The investigation utilised six commonly consumed liquids with dissimilar
pH levels to analyse the relationship between acidity and enamel
erosion. Measuring the pH of each liquid prior to the experiment
enabled the influence of acidity on eggshell degradation to be
investigated. Three trials were preformed for each liquid to enhance
the reliability of the results and minimise the effect of anomalies.
Furthermore equal volumes of liquid, and a constant exposure period
ensured that experimental conditions remained controlled. This method
is simple and easily replicable, allowing the relationship between pH
and enamel erosion to be examined using both quantitative and
qualitative data.

JUSTIFICATION OF EXPERIMENTAL DESIGN INDEPENDANT VARIABLE

DEPENDANT VARIABLE

The type of liquid used to
immerse the eggshells
(water, Coca-Cola, coffee,
Gatorade, vinegar, and
toothpaste solution).

CONTROLLED
VARIABLES

Brand of eggs
Volume of liquid
Immersion time
Temperature and
environment
Beaker type
Preparation of eggs
Measuring equipment
Amount of submersionTo ensure that this investigation was conducted as a fair test, only one

variable, the type of liquid, was intentionally varied, while all other
variables that could influence the dependent variables were kept
controlled. This enabled the effect of liquid acidity and composition
on eggshell erosion to be isolated and investigated. To increase the
reliability of the results, three eggs were used for each liquid and the
average change in mass was calculated. In addition equal volumes of
liquid, and a constant exposure period were used to maintain
consistent experimental conditions. The same measuring equipment
and pH testing method were used throughout the investigation to
minimise systematic errors and preserve the accuracy and validity of
the results.

EXPERIMENTAL VALIDITY AND RELIABILITY

The change in eggshell mass,
colour, texture, and visible
erosion after three days of
immersion.
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EQUIPMENT AND MATERIAL

MATERIALS
20 hard-boiled eggs 
18 beakers
Water 
450ml of CocaCola 
450ml of Coffee 
450ml of Gatorade 
450ml of Vinegar 
450ml of Toothpaste
Solution
pH strips
Measuring scale 
Tablespoon 
Paper towels 
Labels 
3 Balls
Notebook for observations.

Figure 4: Photos displaying materials used during experiment.

1.20 eggs were hard-boiled and left to cool completely prior to the beginning of the experiment. An
extra 2 where hard boiled in case one of the eggs cracked.

2.18 beakers were labelled; for 3 of each solution: Water, Coke, Coffee, Gatorade, Vinegar, and
Toothpaste solution. This process can be viewed in figure 5.

3.The initial mass of each egg was measured using a scale and recorded in a results table. 
4.Then the pH level of each liquid was tested using pH strips and the results were recorded. 
5. 1 egg was carefully placed into each beaker, and 150ml of each solution was poured over the

corresponding label, ensuring the egg is fully covered. 
6.A ball was placed over each egg which was placed inside the vinegar to prevent the eggs from rising

out of the liquid.
7.All beakers were kept in the same environment at room temperature for three days to maintain

consistent conditions. 
8.Observations were made daily, including changes in colour, texture, and visible damage to the

eggshells. 
9.After three days, the eggs were removed from the liquids and gently dried using paper towel. 

10.The final mass of each egg was measured and recorded. 
11.The results were analysed by comparing the changes in mass, appearance, and texture of the eggs in

each liquid. 
12.A conclusion was then made about which liquids caused the greatest and least damage to the

eggshells.

PRE - EXPERIMENTAL INFORMATION
Toothpaste solution was created by mixing 3 tablespoons of toothpaste
with 450ml of water.

METHOD
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PROCESSING AND ANALYSING DATA
AND INFORMATION

RESULTS TABLES

Table 1: Raw data collected
for Trial 1 (Egg 1). Initial and
final mass, pH of each liquid,
and the ending change in
mass after 72 hours of
immersion.

Table 2: Raw data collected
for Trial 2 (Egg 2). Initial and
final mass, pH of each liquid,
and the ending change in
mass after 72 hours of
immersion.

Table 3: Raw data collected
for Trial 3 (Egg 3). Initial and
final mass, pH of each liquid,
and the ending change in
mass after 72 hours of
immersion.

Table 4: Processed data
showing the average results
for each liquid. Average pH,
initial mass, final mass, and
change in mass calculated
from the three trials.

SUMMARY TABLE
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PROCESSING AND ANALYSING DATA
AND INFORMATION

GRAPHS MADE FROM SUMMARY TABLE

Figure 5: Average change in eggshell
mass after 3 days or 72 hours of
immersion in various liquids. The graph
compares the average change in
eggshell mass following exposure to six
liquids with varying pH levels. Positive  
numbers demonstrate increase in mass,
while negative values indicate a
decrease in mass.

Figure 6: Average initial and final
eggshell mass subsequent to 3 days or
72 hours of immersion in different liquids. 
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EVALUATION AND COMMUNICATION

DISSCUSSION
The results demonstrated that different liquids had varying effects on the eggshells after 72 hours of
immersion, as shown in Figure 5 and Figure 6. Across the different treatment groups, noticeable
differences were recorded in mass change, colour alteration, surface texture, and visible structural
deterioration. These variations indicate that the chemical composition of each liquid played a
significant role in determining the extent of eggshell degradation.

Given that eggshells are mostly composed of calcium carbonate, they act as an effective model for
investigating how acidic substances impact mineralised structures such as tooth enamel. This is
because calcium carbonate reacts instantly with acids, allowing the experiment to simulate the process
of demineralisation. The data presented in Figure 5 and Figure 6 clearly display differences in mass  
between the control and experimental groups. The results partially supported the hypothesis that  
liquids with greater acidic value would cause greater impact to the eggshells. Vinegar, which had one
of the lowest pH values, created the most substantial erosion, as displayed by the largest decrease in
mass illustrated in Figure 5 and the most severe surface deterioration. The eggshell surface became
noticeably softened, roughened and smelt strongly of vinegar, which is consistent with acid reacting
with calcium carbonate to produce soluble calcium compounds. This leads to mineral loss and
structural weakening. This supports the expected chemical reaction between acids and carbonate-
based materials. In contrast, eggs immersed in water and the toothpaste solution showed minimal
visible damage (images can be seen in the log book) and only minor changes in mass in Figure 1. This
suggests that liquids with higher or neutral pH levels are significantly less likely to contribute to
demineralisation. In the case of toothpaste solution, the presence of fluoride and alkaline compounds
may have helped reduce mineral loss or create a protective effect on the shell surface.

However, some results did not fully follow the expected trend. As seen in Figure 1, certain liquids
resulted in an increase in mass rather than the anticipated decrease. This may be explained by
absorption of liquid into the porous structure of the eggshell, which could temporarily increase overall
mass even if mineral was lost, occurring simultaneously. Additionally, staining from coffee and Coca-
Cola which was also evident, altered the appearance of the eggshells significantly. These changes
suggest that beyond structural damage, pigments and dissolved compounds in these beverages can
adhere to or penetrate the eggs’ surface.

Overall, the investigation demonstrated a general relationship between liquid acidity and eggshell
deterioration, as supported by the trends in Figures 5 and 6. However, the results also indicate that
factors beyond pH—such as sugar content, colouring agents, and overall chemical composition—may
have influenced the extent of damage observed. This means that while acidity is a key factor in
demineralisation, it is not the only variable affecting the outcomes of the experiment.



Systematic Error Effect on Results Improvement

Digital scale error

All mass measurements may
have been consistently
higher or lower than the true
values.

Calibrate the scale before
collecting data.

Inaccurate pH testing
method

pH values may not have
represented the true acidity
of the liquids.

Use a calibrated digital pH
meter.

Variation in eggshell
thickness

Some eggs may have been
naturally more resistant to
erosion.

Measure shell thickness
before the experiment or use
a larger sample size.

Random Error Effect on Results Improvement

Small differences in drying
the eggs before weighing

Residual liquid may have
increased some mass
measurements.

Dry all eggs using the same
procedure and time period.

Minor variations in pH
measurements

Slight differences between
readings may have affected
recorded values.

Take multiple pH
measurements and calculate
an average.

Accidental handling
differences

Additional pressure may
have damaged some
eggshells.

Minimise handling and use
consistent procedures for all
trials.

9

EVALUATION AND COMMUNICATION
SYSTEMATIC ERROR

RANDOM ERROR

Table 5: A table displaying the systematic errors
that could have possibly impacted results.

Limitations
Eggshells are not identical to human tooth enamel and therefore may not react in exactly the same
way.
The investigation was conducted over only 3 days, which does not fully depict long-term exposure.
Only six liquids were tested, limiting the range of comparisons that could be made.
Changes in mass alone may not accurately represent the total extent of erosion.

Strengths
Three trials were conducted for each liquid, improving reliability.
The pH of each liquid was measured rather than assumed.
Multiple control variables were maintained throughout the investigation.
Both quantitative (mass) and qualitative (visual observations) data were collected.

Table 6: A table displaying the random errors that
could have possibly impacted results.
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FUTURE INVESTIGATION

Future investigations could observe a greater range of liquids, such as juices, energy drinks,
flavoured waters or tea. The immersion period could also be extended surpassing 3 days to
investigate long-term effects. Furthermore, additional measurements such as shell thickness,
hardness, or surface area changes could be gathered to provide a more comprehensive analysis of
erosion.

CONCLUSION

This investigation aimed to determine how different liquids affect eggshells used as a model for
tooth enamel. The results indicated that liquids with lower pH values generally caused greater
changes to the eggshells than liquids with higher pH values. Vinegar produced the greatest visible
erosion and softening, while water and the toothpaste solution produced the least noticeable
effects. Therefore, the hypothesis was largely supported, as acidic liquids were found to have a
greater impact on eggshell deterioration than neutral or alkaline liquids. These findings suggest
that frequent exposure to acidic beverages may contribute to the demineralisation of tooth
enamel over time.

EVALUATION AND COMMUNICATION

WORD COUNT
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LOG BOOK



13



14



15

DAY 1 - 26 MAY 

Gatorade: Toothpaste solution:

Vinegar: Water:

Coca - Cola: Coffee: 
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DAY 3 - 28 MAY 

Gatorade:

Vinegar

Coke:

Coffee:

Toothpaste:

Water:
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FINAL MASSES
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