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PH NEUTRALISATION BY DIFFERENT BRANDS OF ANTACIDS

OLIPHANT SCIENCE AWARDS | SIENNA HILL | OUR LADY OF THE SACRED HEART

| ABSTRACT

The purpose of this investigation was to determine the most effective brand of antacid medication
that best neutralises stomach pH at the 5-minute time period. In this experiment, four different brands
of antacid tablets (Eno, Rennie, Mylanta and Gaviscon) were tested for their effectiveness of
neutralising hydrochloric acid (pH 0.9, 160mM). A pH meter was used to determine the pH after a 5-
minute period. The most effective brand was Rennie which contained the active ingredients calcium
carbonate (625g), alginic acid (150mg) and magnesium carbonate (73.5mg). Rennie was thought to be
the most effective antacid due to the combination and concentration levels of its active ingredients.
From the results obtained, it was concluded that the hypothesis was not supported, because it was
predicted that Mylanta would be the most effective brand. Pharmacists and doctors can benefit from
the results of this experiment because it will allow them to make informed decisions when prescribing
antacid medication. This in turn will benefit patients who require antacid medication to relieve heart
burn.

INTRODUCTION

Antacids are over the counter medication that relieve heart burn, which

occurs when stomach acid backs up into the oesophagus (Figure 1).

Heartburn is a burning sensation occurring in the chest and throat and - )

is most commonly caused by “highly acidic or fatty foods” 2!, Sometimes \,,\

medication like aspirin or ibuprofen induce gastric reflux. GERD, or E,-.:
. e . . GASTRIC

gastroesophageal reflux disease is a “digestive disorder affecting the REFLUX

muscle ring” ! between the stomach and the oesophagus. Antacids

Figure 1 - 6 reasons why low stomach acid

come in the form of tablets, gummies and liquid and common active couses eczema and allergies. (2019, June 19).

Valery Reut. https://valeryreut.com/6-reasons-

ingredients include calcium carbonate, sodium bicarbonate, and /owstomach-acd causes-eccema-and:

allergies/

magnesium trisilicate.

The stomach consists of many “gastric pits that are lined with three types of cells: chief cells, mucosal
cells and parietal cells” ©® (Figure 2). Chief cells are responsible for producing an inactive enzyme called
pepsinogen, mucosal cells secrete mucous to protect the inner lining of the stomach, and parietal cells
secrete hydrochloric acid into the stomach lumen (pH 0.9, 160mM). The hydrochloric acid has a dual
action in the stomach — it can kill bacteria and viruses to help prevent stomach infections, and it also
assists in protein hydrolysis when it converts pepsinogen into a protein digesting enzyme called pepsin
(Figure 2).
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Figure 2 - Treatment options for GERD or acid reflux disease - Comparative effectiveness review summary guides for consumers - NCBI bookshelf. (2011, September 23). National
Centre for Biotechnology Information. https://www.apsubiology.org/anatomy/2020/2020_Exam_Reviews/Exam_3/CH23_Stomach_Histology_and_Physiology.htm

Mucosal cells continually secrete mucus to protect the duodenum, stomach, and oesophagus
structures from the highly acidic hydrochloric acid. However, too much acid can result in the lining
being damaged by acid causing inflammation, ulcerations, nausea, and pain in the abdomen.

The ingredients in antacids are bases which can “counteract acid in the stomach” “l. When an
individual consumes an antacid tablet a neutralization reaction occurs, causing the stomach lumen to
be more neutral in its pH. Gaviscon, Mylanta, Rennie, and Eno are four examples of quick, fast-acting
antacids that claim to relieve heartburn by soothing the oesophagus. Carbonates are a common active
ingredient in antacids, because when the alkaline carbonates react with hydrochloric acid, the
products formed are a salt, carbon dioxide gas and water.

E.g. calcium carbonate + hydrochloric acid = calcium chloride (salt) + carbon dioxide (gas) + water
CaCOs3 + 2HClI - CaCl, + CO; + H,0

Hydroxides are also a common active ingredient because when they react with hydrochloric acid, the
products formed are salt and water.

E.g. sodium hydroxide + hydrochloric acid - sodium chloride (salt) + water
NaOH + HCl - NaCl + H,0

All of the products from both types of reactions are neutral (pH 7) in nature. pH scale is used to
indicate the acidity/alkalinity of a substance, with 0-6 being acidic, 7 neutral and 8-14 being alkaline.
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AIM

To determine the most effective brand of antacid that best neutralises stomach pH (replicated by
hydrochloric acid pH 0.9, 160mM) at the 5-minute time period.

HYPOTHESIS

It is hypothesised that when different brands of antacid’s effectiveness were compared within a 5-min
period, then the Mylanta double strength tablets will be the fastest acting because the active
ingredient combination is advertised to be double strength (Magnesium Hydroxide 400mg, Aluminium
Hydroxide-Dried 400mg, Simethicone 40mg).

VARIABLES
Independent

The independent variable was the brand of antacid, which included Gaviscon, Rennie, Mylanta, and
Eno.

Dependent
The dependent variable was the pH of the acid at the 5-minute time period.
Controlled Variables

Amount of HCI (60mL)

HCI molarity (160mM)

Size of beaker (100mL)

HCl pH (0.9)

The brand of pH meter
Method of stirring (by hand)
Time period (5 minutes)
Temperature of HCI (37°C)

N A WNPE

Control

1. The control for this experiment was HCl acid with pH 0.9, 160mM.

MATERIALS

4 brands of antacid tablets (Gaviscon, Mylanta, Rennie, Eno)
12 x 60mL of HCl (pH = 0.9, 160mM)

12 x 100mL beakers

pH meter

Stopwatch

Marker

Mortar and pestle

Nous~wN e
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8. Safety goggles and lab coat

9. Thermometer
10. Heating block
11. 4 x stirring rods.

FAIR TESTING

This experiment was a fair test because the method will the same for each brand of antacid. This

experiment was a fair test because the pH of the hydrochloric acid and the temperature at which the

reaction occurred (37°C) were consistent. It was also fair because the time stayed consistent — giving

each antacid an equal amount of time to neutralise the HCI.

METHOD

7.
8.

60mL of HCI acid was measured out using a measuring cylinder and placed into a 100mL
beaker. Using a pH meter, the pH of the acid was recorded.

A heating block was set up and set to 40°C, and the beaker was put on the heating block.

A thermometer was inserted into the beaker.

One Rennie tablet was crushed into powder using a mortar and pestle, and once the
temperature of the HCl reached 37°C, the powder was mixed into the acid.

The stopwatch was started, and a stirring rod was used to continually mix the antacid and acid.
This replicates the stomach constantly churning.

Once 5 minutes had passed, the pH meter was cleaned and inserted into the antacid/acid
solution. The pH was recorded into a table.

Steps 1-6 were repeated two more times using Rennie tablets.

Steps 1-7 were repeated using Gaviscon, Mylanta, and Eno.

This method was chosen because after completing some research, it was founded that a few different

practical’s involving antacids and HCI followed a very similar method. The method used in this

investigation was inspired by: ‘Using indigestion tablets to neutralise an acid. (2018, January 2). RSC

Education. https://edu.rsc.org/experiments/using-indigestion-tablets-to-neutralise-an-

acid/698.article’.
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RISK ASSESSMENT

OSA RISK ASSESSMENT FORM

for all entries in (v') 00 Models & Inventions and [ Scientific Inquiry

This must be included with your report, log book or entry. One form per entry.

NAME: ID:

SCHOOL:

Activity: Give a brief outline of what you are planning to do.

The purpose of this investigation is to determine the brand of antacid that will neutralise stomach
acid. Stomach acid will be recreated through the use of hydrochloric acid (160mM/pH 0-2), and a
stopwatch will be used to time the time taken to reach neutral pH. A pH meter will be used to
measure the pH of the acid. The brands that will be tested are Mylanta, Gaviscon, Rennie, and
Quick-Eze.

Are there possible risks? Consider the following:

» Chemical risks: Are you using chemicals? If so, check with your teacher that any chemicals to be used are
on the approved list for schools. Check the safety requirements for their use, such as eye protection and
eyewash facilities, availability of running water, use of gloves, a well-ventilated area or fume cupboard.

« Thermal risks: Are you heating things? Could you be burnt?

= Biological risks: Are you working with micro-organisms such as mould and bacteria?

« Sharps risks: Are you cutting things, and is there a risk of injury from sharp objects?

» Electrical risks: Are you using mains (240 volt) electricity? How will you make sure that this is safe? Could
you use a battery instead?

» Radiation risks: Does your entry use potentially harmful radiation such as UV or lasers?

¢ Other hazards.

Also, if you are using other people as subjects in an investigation you must get them to sign a note consenting

to be part of your experiment.

How will | manage/control the risk?

Type of Risk What is the risk?

Chemical Risks:

Hydrochloric acid <3 M (<10%
wt/wt)

High concentrations can cause irritation
of the eyes, lungs, and skin. It is a
dangerous liquid with many hazards
because it has corrosive potential and
must be used with care. Sometimes
acidic mists are released, and these are
hazardous if they encounter the skin,
eyes, or internal organs, the damage
can be irreversible or even fatal in
severe cases.

Avoid inhalation of vapour. Store in
a cool, dry, well-ventilated area
away from sources of moisture.

Keep away from incompatible

materials such as oxidizing agents,

organic materials, metals, and

alkalis.  Hydrochloric acid can

corrode metallic surfaces
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Chemical Risks:

Antacid tablets

Releases carbon dioxide in contact with
water. Will pressurize container and
may cause breakage or explosion. Do
not eat, as this is a medication.

Do not react with water in a closed
container due to possibility of
Store tablets

location, and do not eat

explosion. in dry

Sharps risks:

Glassware: (5 x 100ml beakers)

Breakage of beaker, cuts from chipped
rims. Breakage of thermometer, glass
cylinder may break, possibility of cuts
from broken glass. Tile can break to
form sharp fragments, which may

cause injury.

Sweep up broken glass with brush
and dustpan; do not use fingers.
Inspect and discard any chipped or
cracked beakers, no matter how
small the damage.

Other hazards:

Stopwatch

If connected to a string, can be swung
around on cord to hit people or other
objects. The stopwatch contains a
lithium battery, which may occasionally
ignite or rupture. Do not disassemble,
deform under pressure, heat to 100°C
or higher, or incinerate the stopwatch.

The stopwatch will only be used
when timing and will be held firmly
in one hand (to reduce the risk of
being swung or hitting something).
It will be kept on a cool dry surface
to make sure it does not overheat,
rupture, ignite or deform.

Other hazards:

pH Meter

If one meets the live components of the
pH meter, electrocution may occur.
This can damage the equipment or
injure the person. It is at risk of
overheating, and could damage the
workbench or the beaker/solution it is

placed in.

| should have a safety debriefing of
how to use the meter and must be
competent before proceeding. This
meter should be tested annually for
electrical safety. The equipment
must not be used if the outer
casings are damaged. Any damage
or misuse of the equipment must be
reported to the person responsible
for that area. Spilled liquids to be
cleaned up immediately to reduce
risk of electrocution.

Risk Assessment indicates that this activity can be safely carried out

RISK ASSESSMENT COMPLETED BY (student name(s)):

SIGNATURE(S):

[ By ticking this box, |/we state that my/our project adheres to the listed criteria for this Category.

TEACHER'S NAME:

SIGNATURE:

DATE:

Page 7|12




RESULTS

The Effectiveness of Antacid Brands In Neutralising Hydrochloric Acid in a 5-Minute Time Period

pH of HCI at the 5-Minute Time Period

Antacid Brand Trial 1 Trial 2 Trial 3 Average
Rennie 5.3 54 5.3 5.3
Mylanta 3.9 3.7 3.7 3.7
Gaviscon 2.6 2.4 2.3 2.4
Eno 4.7 4.3 4.6 4.5
Control 0.9 0.9 0.9 0.9

Chemical Reactions of Main Active Ingredients in Antacid Tablets

Antacid Brand &
Concentration

Reactant and Product

Balanced Equation

Rennie (73.5mg)
Gaviscon (105mg)

Magnesium Carbonate and
HCl

MgCOs + 2 HCl - MgC|2 + CO; + H,0.

Rennie (625mg)
Gaviscon (187.5mg)

Calcium Carbonate and HCI

CaCOs + 2HCI = CaCl,+ CO; + H,0.

Rennie (150mg)

Alginic Acid and HCI

CsHsOs + HCI = C¢H;OsCl + H,0

Eno (232mg),
Gaviscon (106.5mg)

Sodium Bicarbonate and HCI

HCl + NaHCO3; - H,0 + CO; + NaCl

Mylanta (400mg)
Gaviscon (160mg)

Aluminium Hydroxide and HCI

AI(OH)s + 3HCI - 3H,0 + AICl;

Mylanta (400mg)

Magnesium Hydroxide and
HCl

Mg(OH),+2HCI > MgCl, +2H,0
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Graph

The Effectiveness of Antacid Brands In
Neutralising Hydrochloric Acid in a 5-Minute
Time Period

TRIAL 1 TRIAL 2 TRIAL 3 AVERAGE
(pH)

® Rennie Mylanta Gavison ® Eno

DISCUSSION

The practical conducted compared three different brands of antacids, including Rennie, Gaviscon,
Mylanta (double strength), and Eno. The most effective brand of antacid was Rennie, because after a
period of 5 minutes, the average pH of the hydrochloric acid was 5.3. The active ingredients of Rennie
are calcium carbonate, alginic acid, and magnesium carbonate (625g, 150mg, 73.5mg respectively).
The least effective brand of antacid was Gaviscon (sodium alginate 250mg, sodium bicarbonate
106.5mg, calcium carbonate 187.5mg), where the average pH was 2.4. The second most effective
brand was Eno (sodium bicarbonate 232mg, sodium carbonate 50mg, citric acid anhydrous 218mg),
with an average pH of 4.5; followed by Mylanta Double Strength (aluminium hydroxide 400mg,
magnesium hydroxide 400mg, simethicone 40mg) with an average pH of 3.7.
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Alginic acid is found in a variety of antacid brands, because it effectively creates a protective barrier
over the oesophagus to prevent acid reflux. In this experiment, alginic acid is only present in Rennie —
perhaps making it an important ingredient when combatting gastric reflux. The chemical composition
and combination of active ingredients in Rennie had a more potent effect compared to the other
brands. This experiment also proved that Rennie has optimal concentrations of each active ingredient
because it was able to increase the pH of HCl to 5.3 in five minutes. Due to the high concentration of
calcium carbonate, the hydrochloric acid could be neutralised at a fast rate. The neutralising abilities
of the other antacids were weaker in comparison to those of Rennie since they did not neutralise the
hydrochloric acid as effectively in a 5-minute time-period.

This experiment was a fair test because the same method was repeated three times for each antacid
tablet brand to determine if results were reliable. The pH of the HCI (0.9) was consistent because the
HCI used during the experiment was from the same stock. The time period for each reaction was 5
minutes for each trial. This gave each antacid brand an equal amount of time to neutralise the HCI.

The purpose of this control (HCI) for this experiment was to show that antacid tablets are essential for
pH neutralisation of an acid. The hydrochloric acid served as a benchmark pH (0.9) because the control
samples were not treated to an antacid tablet. The control used in this experiment proved the
experiment’s validity because the pH of all the other experimental samples increased during the 5-
minute time period.

Random errors are caused by unknown variations within the experiment that are unpredictable and
difficult to avoid. These errors cannot be controlled and are found to result in slight a discrepancy in
results across trials of the same antacid brand. The changes affect the precision of results and are
defined as natural variation within the data. It is quite difficult to minimise the effect of these errors,
as they are hard to avoid. A random error for a given antacid brand in this investigation included the
amount of active ingredients in each antacid tablet and the fluctuation of temperature. If one tablet
for a given antacid brand had a slightly higher concentration of the active ingredients, the rate of the
neutralisation reaction with hydrochloric acid would increase. The variation of the temperature
occurred because it was difficult to keep the temperature of the hotplate at a constant 37 degrees
Celsius (which would have replicated the temperature inside the stomach). If the increased slightly,
then the collision rate between the active ingredients in the antacid tablet and the hydrochloric acid
would also increase, which would hasten the rate of the neutralisation reaction. Random errors cannot
be fixed but their effects can be minimised by conducting multiple trials and calculating an average
result.

Systematic errors are potential errors in the method, or possible human errors, which can be
controlled by the experimenter. These errors can affect the accuracy of the results obtained within
the experiment. To highlight systematic errors, it is important to conduct the experiment multiple
times. A systematic error in this investigation would have been not allowing the neutralisation reaction
to occur over a longer time period. Various antacid manufacturing companies recommend that it takes
around 30 minutes for most antacid tablets to function effectively. Due to time restraints, a 5-minute
period had to be established to ensure there was enough time to conduct three trials for each antacid
brand.
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In the future, if this experiment were to be conducted again, an improvement would be to time how
long each antacid tablet takes to neutralise the HCl from pH 0.9 to pH 7. It would also be interesting
to see how long the effects of each antacid brand lasts for. The pH of each antacid tablet brand could
be measured every 30 minutes over a four-hour period. Ideally, the most effective antacid brand
should neutralise the hydrochloric acid in the shortest period and also its effects should be the longest
lasting.

This experiment should provide doctors and pharmacists with more insight when they are required to
recommend the most effective antacid brand to people who struggle with frequent heart burn. This
experiment proved that Rennie was the most effective antacid tablet during a 5-minute time period
and is therefore the brand that doctors, and pharmacists should recommend for rapid heartburn relief.

CONCLUSION

The aim of this investigation was to determine the most effective brand of antacid that best
neutralises stomach pH at the 5-minute time period. In this experiment, four different brands of
antacid tablets (Eno, Rennie, Mylanta and Gaviscon) were tested for their effectiveness of neutralising
hydrochloric acid. Tablets were crushed with a mortar and pestle and added to hydrochloric acid (pH
0.9, 160mM). A pH meter was used to determine the pH after a 5-minute period. Three trials were
conducted for each brand of antacid tablet. Results showed that all antacid brands began to neutralize
the hydrochloric acid to some extent. However, the aim was achieved because it was determined that
the most effective antacid brand was Rennie. This particular brand contained the active ingredients
calcium carbonate (625g), alginic acid (150mg) and magnesium carbonate (73.5mg). Rennie was
thought to be the most effective antacid due to the combination and concentration levels of its active
ingredients.

From the results obtained, it was concluded that the hypothesis was not supported, because it was
predicted that Mylanta would be the most effective brand as they advertised that their active
ingredients were of double strength. Pharmacists and doctors can benefit from the results of this
experiment because it will allow them to make informed decisions when prescribing antacid
medication. This in turn will benefit patients who require antacid medication to relieve heart burn.

Word Count: 2186
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for all entries in (v') O Models & Inventions and EfScientific Inquiry
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Activity: Give a brief outline of what you are planning to do.

NAME:

SCHOOL:

The purpose of this investigation is to determine the brand of antacid that will neutralise stomach
acid. Stomach acid will be recreated through the use of hydrochloric acid (160mM/pH 1-2), and a
stop watch will be used to time the time taken to reach neutral pH. A pH meter will be used to
measure the pH of the acid. The brands that will be tested are Mylanta, Gaviscon, Rennie, and

Quick-Eze- E-NO -

Are there possible risks? Consider the following:

* Chemical risks: Are you using chemicals? If é,o, check with your teacher that any chemicals to be used are
on the approved list for schools. Check the safety requirements for their use, such as eye protection and
eyewash facilities, availability of running water, use of gloves, a well-ventilated area or fume cupboard.

* Thermal risks: Are you heating things? Could you be burnt?
* Biological risks: Are you working with micro-organisms such as mould and bacteria?
* Sharps risks: Are you cutting things, and is there a risk of injury from sharp objects?

* Electrical risks: Are you using mains (240 volt) electricity? How will you make sure that this is safe? Could
you use a battery instead? )

* Radiation risks: Does your entry use potentially harmful radiation such as UV or lasers?
* Other hazards.

Also, if you are using other people as subjects in an investigation you must get them to sign a note consenting
to be part of your experiment.

Type of Risk What is the risk? How will | manage/control the risk?
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Chemical Risks:

Hydrochloric acid <3 M (<10%
wt/wt)

High concentrations can cause

irritation of the eyes, lungs, and skin.

Itis a dangerous liquid with many
hazards because it has corrosive
potential and must be used with
care. Sometimes acidic mists are
released and these are hazardous if

they come into contact with the skin,

eyes, or internal organs, the damage
can be irreversible or even fatal in
severe cases.

Avoid inhalation of vapour. Store in a
cool, dry, well-ventilated area away
from sources of moisture. Keep away
from incompatible materials such as
oxidizing agents, organic materials,
metals and alkalis. Hydrochloric acid
has the ability to corrode metallic
surfaces
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