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Abstract
Acne is a common skin condition that adolescents and even adults suffer from
throughout Australia and worldwide. Due to acne being such a widespread
cosmetic as well as mentally impacting condition, finding a successful treatment
will bring aesthetic and emotional benefits to both individuals and society. This
experiment aimed to determine which ingredients (tea tree, benzoyl peroxide or
salicylic acid) used in selected acne medicines would be the most effective in
killing and preventing the growth of bacteria on the skin. The investigation was
conducted over a 7-day period where paper disks soaked in the various acne
treatments were placed onto B. subtilis bacteria growing on nutrient agar plates.
Measurements of the sizes of the zones of inhibition around each paper disk were
taken on a daily basis. The results of the experiment did not reveal the distinct
differences expected as the some medicines containing the same ingredients as
each other reacted differently to the bacteria, or not at all. The conclusions of the
experiment implied that the effectiveness of each ingredient in killing and
preventing the growth of B. subtilis bacteria vary from one product to another.
Despite this, tea tree oil was shown to be the most effective in ingredient in killing
bacteria whilst products containing benzoyl peroxide proved to be the most
consistent of the three.
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Aim
To determine which ingredients in selected acne medicines are the most effective in killing and preventing
the growth of bacteria on the skin.

Hypothesis
The acne treatments containing benzoyl peroxide as their active ingredient will be the most effective in
killing and preventing the growth of bacteria.

Introduction
Why is the subject so important?
The skin is the largest organ of the human body and performs numerous essential functions. It protects
humans from the external environment, including pollution and toxins, regulates the body’s temperature
and provides sensor input. Due to this exposure, the skin is vulnerable to various external and internal
diseases that exist within the world. One of the most common of these is acne, medically known as acne
vulgaris. Acne is a skin disease that affects over 85 per cent of Australian adolescents caused by the
irregular hormonal changes during puberty. It is a condition that shows up as different types of bumps,
occurring when the sebaceous glands (the oil-secreting glands) in the skin become clogged causing
inflammation and infection. Acne affects the pilosebaceous units (PSUs) that are found over most of the
body. The PSUs consist of a sebaceous gland connected to a canal called a follicle. The follicle contains a
fine hair and is most numerous on the face, upper back and chest.

Figure 1 – Normal pilosebaceous unit

Everyone’s skin produces sebum, which is an oily substance that usually empties onto the surface of the
skin through the opening of the follicle, commonly called a pore. Around 90 per cent of boys and 80 per
cent of girls get teenage acne that varies in degrees of severity. Although acne is recognised as just a
cosmetic disease, it also heavily affects self-esteem and social reactions, with the possibility of causing
permanent physical, mental and emotional effects. Successful treatment of acne can strongly improve a
young person’s overall wellbeing. Due to acne being such a common skin condition suffered from by most
adolescents and even adults, being able to successfully treat this disease is of crucial importance and will
strongly benefit society as a whole.
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Why does this subject interest me?
Like many other teenagers, I myself have suffered from mild acne throughout my adolescent years.
Whether it was a major skin breakout or just a few pimples here and there, my own frustration towards my
skin has always been something that’s significantly impacted me as an individual. In numerous attempts to
counteract this, I have tried an extensive number of acne treatments, from organic products to Proactiv,
though many of these have been unsuccessful. I have sampled numbers of different acne and pimple
creams though having no knowledge whether a specific active ingredient within them if more effective over
another. This frustration and yearning towards clear skin lead me to develop an achievable experiment
designed to test which specific ingredients within selected acne medication would be the most effective in
killing and preventing the growth of bacteria that causes acne in the skin.

What is the science behind the hypothesis?
What causes acne and how does it develop?
There are many causes of acne though most commonly it is caused by the inflammation of the oil glands
located in the skin and at the base of hairs. During adolescent years, increased levels of androgens (sex
hormones) cause an increase in the sebum produced by these glands. Sebum is a waxy oily substance
that protects the skin and hair by making them waterproof and preventing them from drying out. The
excess of this substance as well as dead skin cells can clog the pores. Clogged pores as well as hair
follicles prevent sebum from reaching the surface of the skin. The mixture of oil and dead cells allows
bacteria, called Propionibacterium acnes (P. acnes) that normally live on the skin to grow in these plugged
follicles, causing them to become inflamed. Acne can also be caused or aggravated by oil-based
cosmetics, harsh cleansing and some medications that stimulate hormones. A family history of acne may
also increase changes of developing acne due to genetic links.

Figure 2 – Development of Acne

Acne can appear in a number of lesions, varying from person to person. A whitehead develops when a
clogged pore closes and bulges out from the skin. A blackhead develops when a clogged pore remains
open and the sebum becomes black when exposed to air. Sometimes the wall of a pore opens and sebum,
bacteria and dead skin cells make their way under the skin, leaving a small, red bump called a pimple.
Pimples can have a pus-filled top at times due to the body reacting to fight the bacterial infection. Nodules,
which are large, infected lumps or cysts develop when clogged pores open up very deep in the skin
causing it to become inflamed and sore.
How is acne treated?
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There are many treatments for acne though the effects range from person to person. Treatment
procedures range from basic topical medications to long-term antibiotics or isotretinoin depending on how
severe the acne case is. The most popular treatments recommended by dermatologists for mild to
moderate acne are topical treatments. Topical treatments are those that are applied directly to the affected
area, coming in various forms such as creams, gels, ointments and washes. Topical treatments work by
reducing the bacteria that is on the skin and in the pores usually on inflammatory acne. These are usually
over-the-counter medications that can be bought at local pharmacies and chemists. Most acne treatments
won’t get rid of existing pimples but rather they help to prevent new ones from emerging. Various brands of
acne medicines use different active ingredients within their products that are programmed to fight acne.
The most common are benzoyl peroxide and salicylic acid, while natural remedies such as tea tree are
also becoming increasingly popular.
This experiment was designed to test the effectiveness of different active ingredients in acne medications.
The conclusion of this will see the most effective of the three chosen ingredients: benzoyl peroxide,
salicylic acid and tea tree.

Benzoyl Peroxide
Benzoyl peroxide is the most popular ingredient used in topical acne treatments that is effective against all
kinds of acne lesions. It is bactericidal meaning that it kills the bacteria, rather than simply slowing down
their growth. Benzoyl peroxide is said to be the most effective at treating acne from a varied number of
experiments and reviews. Studies have shown that benzoyl peroxide works very quickly to kill bacteria and
improve acne within five days after beginning treatment. Benzoyl peroxide works by destroying bacteria
associated with acne though it must be used continuously to control breakouts. Using benzoyl peroxide
also comes with some side effects, mainly related to drying out the skin. Due to the ingredient’s rapid ability
to kill bacteria, it also causes the affected skin to dry out. First time users of benzoyl peroxide usually
notice peeling and flaking, burning, redness and irritation and itching of their skin. Despite this, products
containing this ingredient do not affect the production of sebum or the way skin follicle cells are shred
meaning that once treatment stops, the acne may come back. Benzoyl peroxide products come in a variety
of concentrations starting from 2.5% to 10%. Using higher percentages increases the chance of developing
side effects. Developing dryness does not damage the skin and moisture can be replenished by applying a
daily moisturiser or lotion.

Salicylic Acid
Salicylic acid is a beta hydroxy acid used to treat mainly comedonal and non-inflamed acne. It is a
bacteriostatic agent, meaning that it only temporarily prevents the growth of bacteria. It works by correcting
the abnormal desquamation process that occurs in acne-prone skin, exfoliating away dead skin cells. As
the cells in the hair follicle lining tend to multiply quickly and stick to one another, salicylic acid encourages
the shedding of dead skin cells from in between to help keep the pores clear of cellular debris. A
decreased amount of dead skin cells reduces the number of pore blockages and breakouts on the skin. For
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cases of mild acne, salicylic acid assists to unclog the pores, ultimately resolving and preventing lesions.
Unlike other acne treatments, salicylic acid treatments have to be applied over the entire face or affected
area of the body continuously. If use of the treatment product is stopped, the pores clog up again and the
acne returns. This ingredient is ineffective as a spot treatment on visible breakouts. Possible side affects of
salicylic acid include stinging, burning and skin irritation though unlike benzoyl peroxide, it usually has a
soothing, calming effect on the skin. It does not have any effect on sebum production. Products containing
salicylic acid can be accessibly found at local pharmacies also.

Tea Tree Oil
Tea tree oil is an essential oil distilled from the leaves of the Melaleuca alternifolio plant, which is native to
Australia. Its antiseptic and antimicrobial properties have been historically used for skin infections such as
acne, fungal infections, ulcerations and other wounds. The chemicals within tea tree oil work to kill bacteria
in a safe and natural way. Only a few small studies have been undertaken to test the effectiveness of tea
tree oil on acne though it is thought of as natural remedy that helps to kill Propionibacterium acnes
bacteria, which is responsible for acne breakouts. Through these studies, it has been found that tea tree oil
improves mild to moderate acne and is equivalent to be as effective as benzoyl peroxide when used for
treatment. Tea tree oil takes longer than benzoyl peroxide to see results though it is proven to improve
both inflamed and non-inflamed acne. The natural aspect of this ingredient is that it does not cause any
dryness, peeling or flaking of the skin unlike other acne treatment ingredients. When applied twice daily for
over a month, tea tree oil reduces several acne symptoms such as acne severity.

Comparison of P. acnes and Testing Bacterium B. subtilis
As P. acnes may be harder to work with and requires a longer incubating period, B. subtilis was chosen to
similarly model a response to different acne medicines. Despite this, both types of bacterium are relatively
similar and are gram-positive. This similarity causes the bacterium to have a related cell membrane and
cell wall composition. P. acnes thrives on the surface of human skin, living on fatty acids and causing skin
conditions such as acne. B. subtilis is found in soil, the gastrointestinal tract of ruminants as well as
humans. Due to the fact that both bacteria can survive through humans, this proves them to be yet even
more similar.

What similar experiments have been done before?
A range of experiments investigating the effectiveness of various acne treatments has been conducted
numerous times around the world. An American high school student also conducted a variation of this
experiment for a science fair project. The experiment tested whether the prices of different acne
medications contributed to their effectiveness. The student used five different types of bacteria: E. coli,
Mutans, B. subtilis, B. cereus and Cercererisiae. The results showed that the better-known and more
expensive products did not necessarily work the best and that the over-the-counter medications killed more
bacteria.
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Equipment


6 x Sterile petri dishes (100mm diameter x 15mm deep)



1 x Packet of nutrient agar powder (14g packet)



1 x Hot plate



1 x 250mL beaker



1 x Stirring rod



1 x Permanent marker



1 x 360° Full circle protractor



7 x Equally-sized small plastic containers with lids



6 x Different acne medications containing (as active ingredient):
o

o

o

Tea Tree Oil


The Body Shop Tea Tree Blemish Gel



Thursday Plantation Tea Tree Medicated Gel for Acne

Benzoyl Peroxide


Benzac AC® Gel 5%



Clearasil ULTRA® Vanishing Acne Treatment

Salicylic Acid


Clearasil Daily Clear Vanishing Cream



Clean & Clear® Advantage Fast Clearing Spot Gel



16 x Sterile cotton swabs



7 x Sterile Tweezers



1 x Ruler (marked with millimeters)



1 x Sterile pipette



1 x Bunsen burner



1 x Bacterial Incubator



1 x Vial of B. subtilis



1 x Hole Punch



1 x Sheet of filter paper



1 x Heat Proof Mat



1 x Roll of Sticky Tape



1 x Tablespoon



50mL of 70% Ethanol



Box of tissues



Matches



Sterile distilled water
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Figure 3 – Equipment: Chosen Acne Medications to be Tested

Figure 4 – Equipment: Nutrient Agar Plates

Figure 5 – Inoculation Equipment (B. subtilis, Bunsen & Plates)
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Method
1. Tissues were dipped into a beaker of ethanol and used to sterilise the working area.
2. In order to maintain a sterile environment, the experiment was also conducted next to a Bunsen burner.
3. A number was assigned to the distilled water and each acne medication to be tested. The 7 separate
plastic containers were labelled according to each product’s assigned number.
4. Filter paper disks were made using a hole-punch and distributed evenly into the 7 containers.
5. Half a tablespoon of each medicine was placed into the corresponding container. The container
assigned for the distilled water was half-filled.
6. 7 separate sterile cotton swabs were used to evenly mix the contents of each container, ensuring that
all filter paper disks had been evenly exposed to each product.
7. The disks were left to soak in the containers overnight.
8. The next day, a quarter of the bag of nutrient agar powder was dissolved into 125mL of distilled water
in the 250mL beaker.
9. The beaker was placed onto a hot plate at 120°C for 15 minutes until the solution had become
transparent.
10. The solution was left to cool for 5 minutes and was then poured in equal portions into 6 sterile petri
dishes. The petri dishes were left to set into solid nutrient agar for 15 minutes.
11. A permanent marker was used to divide each agar plate into 7 equally sized sections, with the
assistance of a full-circle protractor. This excluded 3 plates that were used as controls for even
bacterial growth, which were labeled Controls 1, 2 and 3 (C1, C2 and C3).
12. One section of each plate was labelled with ‘1’ for water as the negative control. The remaining 6
sectors were labelled according each acne medication’s assigned number.
13. The vial of B. subtilis was gently shaken to evenly distribute the bacteria throughout the liquid.
14. A sterile pipette was used to transfer 7 even drops of B. subtilis culture to an agar plate.
15. A sterile cotton swab was used to spread the drops of B. subtilis culture evenly on the agar plate in upand-down motions. A corresponding lid was immediately placed back onto the agar plate to prevent
other bacterium from entering.
16. Steps 12 and 13 were repeated on the two remaining trial agar plates as well as the three control
plates.
17. After steps 12 – 14 were completed, the plates were left to dry for 5 minutes in inverted positions (lidside down, agar side up) with the lids on. No other substances were added to the three control plates.
18. A pair of sterile tweezers was used to gently place one paper disk soaked from distilled water into the
middle of the corresponding labelled surface of the first trial plate as a negative control. This was
repeated with the remaining two trial plates.
19. A separate pair of sterile tweezers was used to place one paper disk soaked from the first acne
medicine onto the corresponding labelled surface on the first trial plate. Any excess medication was
wiped off. This was repeated with the remaining two trial plates.
20. Step 19 was repeated with each acne medication on all three trial plates.
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21. The plates were inverted to prevent water condensation from falling onto the bacterial lawns and then
incubated at 30°C in an incubator for 24 hours.
22. The bacteria growth on the agar plates was examined after the 24 hours of incubation and observations
were recorded. If relatively uniform bacterial lawns had not developed, the plates were incubated for an
additional 24 – 48 hours.
23. A ruler was used to measure the zone of inhibition around each paper disk for each section of the trial
plates. Measurements were recorded. Measurements were also recorded for the remaining two trial
plates.
24. The zones of inhibition were measured every 24 hours for a period of 7 days. Observations were also
made on a daily basis.

Making of Agar Plates

Beaker containing
nutrient agar solution

Sterile Petri Dishes

Figure 7 – Making of Agar Plates
Figure 6 – Making of Agar Plates
Boiling of Nutrient Agar

Hot plate
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Inoculation of Agar Plates
Sterile Pipette

Sterile Cotton Swab

Figure 9 – Inoculation of Agar Plate
Vial of B. subtilis Bacteria

Figure 8 – Inoculation of Agar Plate

Experimental Setup

Figure 11 – Experimental Setup (Without Controls)
Figure 10 – Overall Experimental Setup
(Within Incubator)
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Risk Assessment
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Experiment Design
Independent Variable


The active ingredients within the acne medications and the medicines themselves

Dependent Variable


Amount of bacteria killed by the acne medicines
o

Tested through measurements (in mm) of the zones of inhibition

o

Tested through calculating the maximum area of bacteria killed

Controlled Variables


Amount of acne medication placed onto each circular paper disk



Amount of bacteria incubated in each petri dish



The size of the divided sectors on the agar plates



The temperature the bacteria are grown in (30°C)



Size of agar plates/petri dishes



Same ruler used to measure results



Same vial of B. subtilis



Same hole punch used to punch paper disks



Same incubator used to grow bacteria
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Results
The selected acne medications were labelled according to these numbers (on the trial plates):


1 – Control



2 – Medicine 1: The Body Shop Tea Tree Blemish Gel



3 – Medicine 2: Thursday Plantation Tea Tree Medicated Gel for Acne



4 – Medicine 3: Benzac AC® Gel 5%



5 – Medicine 4: Clearasil ULTRA® Vanishing Acne Treatment



6 – Medicine 5: Clearasil Daily Clear Vanishing Cream



7 - Clean & Clear® Advantage Fast Clearing Spot Gel

The data is measured according to the zone of inhibition created around the paper disks, soaked in each
acne medication, every day for a period of 7 days.

Results (observations and measurements) are unavailable for Days 4 and 5 as the experiment was
conducted at a school laboratory. Days 4 and 5 coincidentally occurred on weekends therefore was unable
to attend school. The greyed out boxes within tables show the unavailable results. Line graphs include
approximate values for Days 4 and 5 in order to continue to show the trends raised from the experiment.
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Overall Observations of All Trials
After 1 Day (24 Hours) of Incubation
Overall Trials


Even bacteria growth all throughout trials



Development of zones of inhibition

Controls


Even bacteria growth throughout all three plates (all very similar)
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After 2 Days (48 Hours) of Incubation
Trial 1


Even bacteria growth throughout plate

Trial 2


Possible contamination at very edge of plate and in the centre; small mossy growth



Even bacteria growth throughout plate



Bacteria smaller and more crowded around Samples 1, 5, 6 and 7

Trial 3


Bacteria growth more spread out and larger than other two trial plates



Bacteria larger around Samples 3, 4 and 5

Controls


C1 – Even bacterial growth; creamy yellow colour; bacteria larger around the outsides of plate;
darker yellow spots scattered around some areas



C2 – Even bacterial growth; light creamy yellow colour; bacteria all quite similar sizes



C3 – Even bacterial growth; light creamy yellow colour; bacteria smaller and more close together
compared to C1 and C2
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After 3 Days (72 Hours) of Incubation
Trial 1


No Change

Trial 2


Small green-brown mossy growth



White mossy growth on other edge of plate as well as the centre



Otherwise no change

Trial 3


No change

Controls


No change
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Observations Unavailable for Days 4 & 5
After 6 Days of Incubation
Trial 1


Bacteria has become transparent



Bacteria larger and opaque around Sample 5

Trial 2


Mossy growth has remained the same; no changes



Bacteria around Sample 5 larger and more opaque than remaining bacteria

Trial 3


Bacteria around Sample 5 much larger and more opaque than remaining bacteria

Controls


No change
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After 7 Days of Incubation
Trial 1


No change

Trial 2


No change

Trial 3


No change

Controls


No change
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Control Trials (1A, 1B & 1C)
Table 1 – Zones of Inhibition Over a Course of 7 Days: Water – Control (1A, 1B, 1C)
Zone of Inhibition on Trial Plates (mm)
Time in Incubator
(days)
0–7

Trial 1

Trial 2

Trial 3

Average

0

0

0

0

Medicine 1: Tea Tree Oil – The Body Shop (2A, 2B & 2C)
Table 2 – Zones of Inhibition Over a Course of 7 Days: Medicine 1 (2A, 2B, 2C)
Zone of Inhibition on Trial Plates (mm)
Time in Incubator

Trial 1

Trial 2

Trial 3

Average

1

0

0

0

0

2

0

0

0

0

3

0

0

0

0

6

0

0

0

0

7

0

0

0

0

(days)

4
5

Medicine 2: Tea Tree Oil – Thursday Plantation (3A, 3B & 3C)
Table 3 – Zones of Inhibition Over a Course of 7 Days: Medicine 2 (3A, 3B, 3C)
Zone of Inhibition on Trial Plates (mm)
Time in Incubator

Trial 1

Trial 2

Trial 3

Average

1

7

7

7

7

2

7

7

8

7.33

3

6

5

7

6

6

5

5

5

5

7

5

5

3

4.33

(days)

4
5
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Medicine 3: Benzoyl Peroxide – Benzac AC (4A, 4B & 4C)
Table 4 – Zones of Inhibition Over a Course of 7 Days: Medicine 3 (4A, 4B, 4C)
Zone of Inhibition on Trial Plates (mm)
Time in Incubator

Trial 1

Trial 2

Trial 3

Average

1

4

3

5

4

2

5

3–4

5

4.5

3

2–5

2–4

5

3.83

6

2–3

2–4

3–4

3

7

2–3

2–4

3–4

3

(days)

4
5

Medicine 4: Benzoyl Peroxide – Clearasil ULTRA (5A, 5B & 5C)
Table 5 – Zones of Inhibition Over a Course of 7 Days: Medicine 4 (5A, 5B, 5C)
Zone of Inhibition on Trial Plates (mm)
Time in Incubator

Trial 1

Trial 2

Trial 3

Average

1

1

0.5

1

0.83

2

1–2

0.5

1–4

1.5

3

1–2

0.5

1–4

1.5

6

1

0.5

1–2

1

7

1

0.5

1–2

1

(days)

4
5

Medicine 5: Salicylic Acid – Clearasil Daily Clear (6A, 6B & 6C)
Table 6 – Zones of Inhibition Over a Course of 7 Days: Medicine 5 (6A, 6B, 6C)
Zone of Inhibition on Trial Plates (mm)
Time in Incubator

Trial 1

Trial 2

Trial 3

Average

1

0

0

0

0

2

0

0

0

0

3

0

0

0

0

6

0

0

0

0

7

0

0

0

0

(days)

4
5
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Medicine 6: Salicylic Acid – Clean & Clear Spot Gel (7A, 7B & 7C)
Table 7 – Zones of Inhibition Over a Course of 7 Days: Medicine 6 (7A, 7B, 7C)
Zone of Inhibition on Trial Plates (mm)
Time in Incubator

Trial 1

Trial 2

Trial 3

Average

1

5

3

5

4.33

2

5

3–4

5–7

4.83

3

5

3–4

5–7

4.83

6

5

2–4

4

4

7

5

2–4

4

4

(days)

4
5
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Experiment Averages – Zones of Inhibition
Table 8 – Zones of Inhibition Over a Course of 7 Days: Averages of All Trials
Zone of Inhibition on Trial Plates (mm)
Time in
Incubator

Control

Medicine

Medicine

Medicine

Medicine

Medicine

Medicine

1

2

3

4

5

6

(days)
1

0

0

7

4

0.83

0

4.33

2

0

0

7.33

4.5

1.5

0

4.83

3

0

0

6

3.83

1.5

0

4.83

6

0

0

5

3

1

0

4

7

0

0

4.33

3

1

0

4

4
5

Table 9 – Zones of Inhibition Over a Course of 7 Days: Averages
Zone of Inhibition on Trial Plates (mm)
Time in
Incubator

Tea Tree

Benzoyl Peroxide

Salicylic Acid

1

3.5

2.4

2.2

2

3.7

3.5

2.4

3

3

1.8

2.4

6

2.5

2

2

7

1.4

2

2

(days)

4
5
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Graph 1 – Average Zones of Inhibition Each Day vs Time in Incubator: All Medicines

Graph 2 – Average Zones of Inhibition For Each Ingredient Every Day vs Time in Incubator
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Graph 3 – Variations Within Measurements Over Course of 7 Days: Ingredients
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Experiment Averages – Approximate Maximum Area of Bacteria Killed
As the zones of inhibition were not all perfect circles, calculations are approximate as the formula for an
area of a circle was used to determine these measurements.
Table 10 – Approximate Maximum Area of Bacteria Killed Over a Course of 7 Days
Area of Bacteria Killed (mm2)
Control

Medicine

Medicine

Medicine

Medicine

Medicine

Medicine

1

2

3

4

5

6

Trial 1

0

0

285.89

172.79

50.27

0

172.79

Trial 2

0

0

285.89

125.66

10.21

0

125.66

Trial 3

0

0

351.86

172.79

125.66

0

285.89

Average

0

0

307.88

157.08

62.05

0

194.78

Table 11 – Approximate Maximum Area of Bacteria Killed Over a Course of 7 Days
Area of Bacteria Killed (mm2)
Control

Tea Tree Oil

Benzoyl Peroxide

Salicylic Acid

Trial 1

0

142.95

111.53

43.20

Trial 2

0

142.95

67.94

62.83

Trial 3

0

175.93

149.23

142.95

Graph 4 – Maximum Area of Bacteria Killed by Each Medicine Over 7 Days
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Graph 5 – Average of Maximum Areas of Bacteria Killed by Each Ingredient Over 7 Days

Graph 6 – Maximum Area of Bacteria Killed by Each Ingredient Over 7 Days:
Average of Trials
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Method Explanation
Why is the method valid for investigating the selected hypothesis?
The selected method is valid for investigating the hypothesis: The acne treatments containing benzoyl
peroxide as their active ingredient will be the most effective in killing and preventing the growth of bacteria,
as the experimental procedure clearly tests what it states it is testing.

The equipment used within the method allows the valid testing of the hypothesis. Use of agar plates allows
the chosen bacteria to grow and reproduce, whether or not to be stopped by the acne medicine. The
bacterium that causes acne, P. acnes, is gram-positive from the Actinobacteria phylum, though it is hard to
work with and takes a lengthy amount of time to grow. The method would be invalid if the chosen testing
bacterium was not similar in structure to P. acnes, as the experimental design would not have tested the
selected hypothesis. Through research, a valid testing bacterium, B. subtilis, was found to also be grampositive and having a similar cell membrane and cell wall composition as P. acnes. The use of a closely
similar bacterium to P. acnes ensures the experiment would be testing the hypothesis. All appropriate
equipment is properly sterilized before and during the experiment so that the B. subtilis bacteria would be
able to grow without external obstruction in a stable condition.

The method includes three control agar plates that all have the same amount of bacteria inoculated on
them as the remaining three trial plates. The control experiment ensures an accurate comparison to the
trial experiment where the independent variable changes from one ingredient to another. This ensures that
any differences in the results would have been caused by the variable being tested, in this case, the
ingredients within the various acne medicines. The variables are all controlled as shown by the use of the
exact same equipment throughout the experiment such as the incubator, ruler and hole punch. The amount
of acne medication placed onto each paper disk and exposed to the bacteria is also controlled as each disk
will be of the same size and diameter due to the use of the same hole punch.

A paper disk dipped in sterile water is placed in one section of the trial agar plates as a negative control.
The hypothesis highlights the testing of acne treatments containing benzoyl peroxide as their active
ingredient, which will be fulfilled by following the method. The use of two different acne medications
containing each ingredient allows the hypothesis to be further proven, by improving the accuracy of the
results. Through the controlled procedure, use of suitable equipment, controlled variables and accurate
measurements, the selected method is valid for investigating the hypothesis.
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Discussion
The results show that out of the six acne medicines tested, the Thursday Plantation medicine, containing
tea tree oil as the main ingredient, was the most effective in killing and preventing the growth of B. subtilis
bacteria. Consulting the second line graph (Average Zones of Inhibition For Each Ingredient Every Day vs
Time in Incubator), the second most effective in killing bacteria was benzoyl peroxide though it did not
entirely prevent the growth of B. subtilis. The least effective ingredient in killing bacteria was salicylic acid
though it consistently prevented bacterial growth. The collected data mostly refutes the proposed
hypothesis that acne treatments containing benzoyl peroxide as the active ingredient will be the most effect
in killing and preventing the growth of bacteria.

Only a few of the tested acne medicines killed bacteria after 24 hours of incubation, suggesting that the
core ingredients may have to work with other ingredients in order to react quickly against bacteria.
Although the ingredients overall killed some bacteria, the Thursday Plantation Medicated Gel containing
tea tree oil did this the most effectively, with a 7mm sized zone of inhibition in the first 24 hours. This
ultimately refutes the hypothesis, as the proposed ingredient, benzoyl peroxide, was not the most effective
in killing and preventing the growth of bacteria. The second most effective medicine, Clear & Clear’s Spot
Gel containing salicylic acid only created a zone of 4mm. Although these two medicines were the most
effective of all that were tested, their cohorts containing the same active ingredients (Tea tree oil – The
Body Shop Blemish Gel and Salicylic acid – Clearasil Daily Clear Vanishing Cream) were not efficient
whatsoever. These two medicines were ineffective in creating a zone of inhibition meaning that they did not
efficiently fight or prevent the growth of B. subtilis bacteria.
On the other hand, the third most effective medicine was Benzac AC® Gel containing 5% benzoyl peroxide.
This product produced a zone of inhibition of 4mm after 24 hours of incubation, which only had a difference
of 0.33mm compared to the second most effective medicine: Clean & Clear’s Spot Gel containing salicylic
acid. Benzoyl peroxide also produced the fourth most effective medicine: Clearasil ULTRA® Vanishing
Acne Treatment, that created a zone of inhibition sized at 0.83mm after 24 hours. Although this does not
fully support the hypothesis, it can be inferred that benzoyl peroxide is the most consistent ingredient that
works to kill and prevent the growth of bacteria.

The highest zones of inhibition over the trial period (7 days) for each medicine were taken to calculate the
maximum areas of bacteria killed by each ingredient. Medicine 2 (Thursday Plantation Tea Tree Medicated
Gel for Acne) containing tea tree oil killed the largest area of bacteria, on average 307.88mm2, over the
course of 7 days whilst Medicine 6 (Clean & Clear® Spot Gel) came in second, killing on average
194.78mm2 of B. subtilis bacteria. The averages of the medicines representing each ingredient were used
to determine the average area of bacteria killed by each ingredient over the trial period. Once again, tea
tree oil proved to have the highest average though this would have been strongly affected by the high
measurements recorded for Medicine 2 compared to the ineffective results of Medicine 1. As Medicine 1
(The Body Shop Tea Tree Blemish Gel), containing tea tree oil, was inadequate in killing or preventing the
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growth bacteria (with a zone of inhibition of 0mm), tea tree oil cannot be determined to be the most
effective ingredient to treat acne. This occurs similarly with salicylic acid in which Medicine 6 (Clean &
Clear® Spot Gel) killed on average, a maximum area of 194.78mm2 worth of B. subtilis, whilst it’s associate
Medicine 5 (Clearasil Daily Clear Vanishing Cream) was deemed ineffective killing 0mm2 of bacteria. The
contrasting results suggest that conclusions cannot be drawn entirely on the proposed averages of each
ingredient.
However, both Medicines 3 (Benzac AC® Gel 5%) and 4 (Clearasil ULTRA® Vanishing Acne Treatment)
containing benzoyl peroxide produced comparable results, killing a reasonable amount of bacteria as well
as slightly preventing bacterial growth over the trial period. Benzac AC Gel killed on average 157.08mm2 of
bacteria while Clearasil ULTRA Acne Treatment killed 62.05mm2. Despite the results of these two
medicines not being the highest of all that were tested, they show that benzoyl peroxide is the most
consistent of the three ingredients tested in killing and preventing bacterial growth.

Overall, the hypothesis that acne treatments containing benzoyl peroxide as their active ingredient would
be the most effective in killing and preventing the growth was refuted as experimental results stated that
the one product containing salicylic acid was the most effective in doing so. However, the other product
containing salicylic acid did not have effective results in fighting bacteria. This may mean that salicylic acid
may need to work with other ingredients in order to produce an adequate impact towards fighting bacteria
in acne as stated previously. Although the results did not support the proposed hypothesis, benzoyl
peroxide is exhibited to be the most consistent ingredient in killing and preventing the growth of the
bacteria tested, B. subtilis. Nonetheless, a further testing of a larger variety of acne medications and their
active ingredients is needed to conclude which ingredient is the most effective and beneficial for treating
acne.

Accuracy
The investigation was conducted in a precise and careful manner utilising accurate measuring equipment
from a scientific laboratory. The making of the nutrient agar plates was of medium accuracy as each agar
plate was filled halfway, though factors such as the meniscus of the solution may have inferred with the
measurements. The division of each trial plate into seven sectors was of medium-high accuracy as a
protractor was used in order to make the sections as equal as possible. The same pipette was used to
place the 7 drops of B. subtilis onto the trial plates to ensure an equal amount of bacteria was on each
plate. Each drop could have slightly varied in amount, as the hand pressure placed on the pipette could not
have been exact each time. The amount of each acne treatment on the filter paper disks, which were
placed onto the trial plates, is approximate though it was made sure that any unnecessary amounts of
product were removed. The period of time the samples of acne medications were tested for was of high
accuracy as the experiment was conducted over a course of seven days. Each of the samples were tested
for the same time and measurement recordings occurred at reasonably similar times over the experimental
period. Measurements were not recorded for two out of the seven days due to the experiment being
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conducted in a school laboratory, though this did not heavily impact the results of the experiment. The
zones of inhibition were measured using the same ruler with millimetre markings to ensure measurements
were recorded to the nearest possible unit, therefore increasing the accuracy of the experiment. This is
because various measuring equipment vary slightly, in this case, rulers may have small variations in
measurement intervals. The sterile condition, within a school laboratory, in which the experimental was
conducted, was of high accuracy. It was ensured that a sterile environment was maintained in the
laboratory with the use of a Bunsen burner whilst inoculating all plates with B. subtilis bacteria. The school
science laboratories are also routinely cleaned on a daily basis, ensuring maximum hygiene. The incubator
where the trial and control plates were kept in was set at the same consistent temperature (30°C) for the
entire period of 7 days.
The experiment was conducted with three trials, and all results were averaged. This ensured that the effect
of any abnormal errors were minimised, improving the overall accuracy. Due to some of the results of the
medicines with the same ingredient contradicting each other, outliers could not be disregarded. A previous
‘tester’ experiment was also conducted before hand, to ensure no physical conducting errors were applied
to the current reported experiment. Therefore, due to these factors, the overall experiment was conducted
with great accuracy.

Reliability
The results gained from the investigation are of high reliability. This is due to reproducible results being
obtained across all three trials, as the differences between measurements in all trials were meagre.
Despite this, the contradicting results between each the medications for set of ingredients may suggest that
the data collected is inaccurate and therefore unreliable, although all the controlled variables were
maintained. This may be due to the difference in the minor ingredients used in each medicine, apart from
the fact that the main ingredients (tea tree oil, benzoyl peroxide or salicylic acid) were the same. The
reliability of the experiment viewed from testing each medicine’s view is relatively high though when viewed
from the testing of each ingredient, the comparison of some results may be seen as unreproducible.

Validity
The selected experiment was highly valid as the proposed method investigated the hypothesis as stated
previously in the Method Explanation (page 13). The investigation worked to determine which ingredient
within various acne treatments would be the most effective in killing and preventing the growth of bacteria.
The equipment used whilst conducting the experiment allowed the valid testing of the hypothesis. The use
of agar plates allowed the B. subtilis bacteria to consistently reproduce evenly throughout the entire testing
period. The validity of the method is also proven through the careful selection of the chosen testing
bacteria, B. subtilis. The method would have been invalid if the bacteria tested was not structurally similar
to the bacterium, P. acnes, which commonly causes acne. P. acnes and B. subtilis are both gram-positive
bacteria, and have similar cell membrane and wall compositions to one another. The testing of the
medicines on B. subtilis bacteria was not only safer, but also ensured the experiment tested the
hypothesis. All equipment that came into contact with B. subtilis were appropriately sterilised before and
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during the conduction of the experiment, ensuring that any external obstruction was properly eliminated for
a stable environment.

The validity of the method was also improved through the inclusion of three control plates with the three
trial plates. Each one of the six plates contained the seven drops of bacteria. The presence of the control
experiment allowed there to be an accurate comparison with the trial experiment that had different
ingredients as the independent variables. All the controlled variables were maintained throughout the
experiment such as the use of the same equipment (incubator, ruler, hole punch) and the relatively similar
amount of acne medication placed onto each paper disk. The use of a negative control, a paper disk
dipped in sterile distilled water, helped to balance out the experiment and allowed various comparisons to
be drawn. Each ingredient had two different brands of acne medications so that the hypothesis could be
further proven. Through the carefully controlled method, use of appropriate equipment, controlled
variables, and accurate measurements, the validity of the conducted experiment is shown to be very high.

Errors and Improvements
Although the investigation was conducted with relatively appropriate accuracy, reliability and validity, there
were several areas of possible improvement within the overall experiment and method. The soaking of the
paper disks in sterile water and the chosen acne medications could have occurred one week prior to the
beginning of the experiment. This is to ensure that the disks were entirely soaked in the treatments before
commencing the experiment, allowing more accurate and reliable results. Due to the limited amount of
acne medications tested (6), definite conclusions could not have been drawn from this experiment alone.
The testing of a larger variety of medications containing each of the three core ingredients (tea tree oil,
benzoyl peroxide or salicylic acid) would have been more appropriate in order to improve the testing of the
hypothesis. Although minor conclusions could have been drawn from the results of the seven days, a
longer trial period of two weeks would have been greatly beneficial overall.
Conclusion
The results of this experiment have shown that, based on the averages, tea tree oil was the most effective
ingredient in killing and preventing the growth of B. subtilis bacteria. However, it can also be inferred from
the results that the effectiveness of each ingredient varies from one product to another.
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Appendix
Graph 7 - Averages of the Diameters of Zones of Inhibition within All Trials for
Day 1
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Graph 8 - Averages of the Diameters of Zones of Inhibition within All Trials for
Day 3
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Graph 9 - Averages of the Diameters of Zones of Inhibition within All Trials for Day
7
Diameter of Zone of Inhibition on Trial Plates (mm)

5
4.33

4.5

4
4
3.5
3
3
2.5
2
1.5
1
1
0.5
0

0

Water
(Control)

Medicine 1

0

0
Medicine 2

Medicine 3

Medicine 4

Acne Medications Tested

34

Medicine 5

Medicine 6

The Complete Guide to Solving an Itty Zitty Problem

Vanessa Li

Bibliography
1. Acne - Health & Wellbeing. 2015. Acne - Health & Wellbeing. [ONLINE] Available
at:http://www.abc.net.au/health/library/stories/2003/06/26/1827982.htm. [Accessed 01 February 2015].
2. Acne | Acne treatments | Dermatologist | Acne Scars | Acne Skin Care | Acne Medication | Therapy .
2015. Acne | Acne treatments | Dermatologist | Acne Scars | Acne Skin Care | Acne Medication |
Therapy . [ONLINE] Available at: http://www.acne.org.au/. [Accessed 01 February 2015].
3. Acne | Better Health Channel. 2015. Acne | Better Health Channel. [ONLINE] Available
at:http://www.betterhealth.vic.gov.au/bhcv2/bhcarticles.nsf/pages/acne. [Accessed 01 February 2015].
4. Beat your adult acne - body+soul. 2015. Beat your adult acne - body+soul. [ONLINE] Available
at:http://www.bodyandsoul.com.au/beauty/news+reviews/beat+your+adult+acne,14895. [Accessed 01
February 2015].
5. Cathy Wong, N. (2015). 4 Health Benefits of Tea Tree Oil. [online] About.com Health. Available at:
http://altmedicine.about.com/od/herbsupplementguide/a/TeaTreeOil.htm [Accessed 4 Feb. 2015].
6. CHOICE guide to acne treatments - CHOICE . 2015. CHOICE guide to acne treatments - CHOICE .
[ONLINE]
Available
at:http://www.choice.com.au/reviews-and-tests/food-and-health/generalhealth/conditions/acne.aspx. [Accessed 01 February 2015].
7. Drug treatment of acne - Australian Prescriber. 2015. Drug treatment of acne - Australian Prescriber.
[ONLINE] Available at:http://www.australianprescriber.com/magazine/35/6/180/2. [Accessed 01
February 2015].
8. Palmer, A. (2015). Does Tea Tree Oil Treat Acne?. [online] About.com Health. Available at:
http://acne.about.com/od/acnefaqs/f/teatreeoil.htm [Accessed 4 Feb. 2015].
9. Palmer, A. (2015). Everything You Should Know About Benzoyl Peroxide for Acne. [online] About.com
Health.
Available at:
http://acne.about.com/od/otcacnetreatments/tp/BenzoylPeroxideFAQs.htm
[Accessed 4 Feb. 2015].
10. Palmer, A. (2015). How to Treat Your Acne With Salicylic Acid. [online] About.com Health. Available at:
http://acne.about.com/od/acnetreatments/a/salicylicacid.htm [Accessed 4 Feb. 2015].
11. Palmer, A. (2015). Which Over-the-Counter Acne Treatment Should You Try?. [online] About.com
Health. Available at: http://acne.about.com/od/acnetreatments/a/treatmentsgr1.htm [Accessed 4 Feb.
2015].
12. Salicylic Acid vs. Benzoyl Peroxide: How To Decide Which Acne Fighter Is Right For You |
TeenVogue.com.
2015. Salicylic Acid vs. Benzoyl Peroxide: How To Decide Which Acne Fighter Is Right For You |
TeenVogue.com.
[ONLINE]
Available
at: http://www.teenvogue.com/beauty/skin-care/2012-12/salicylic-acid-versusbenzoyl-peroxide. [Accessed 01 February 2015].
13. Which Acne Medication Can Really Zap That Zit?. 2015. Which Acne Medication Can Really Zap That
Zit?.
[ONLINE]
Available
at:http://www.sciencebuddies.org/science-fairprojects/project_ideas/MicroBio_p019.shtml#summary. [Accessed 01 February 2015].
35

