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Infection & Response

Why This Practical Matters

Understanding how antibiotics
and antiseptics work is essential
in medicine, healthcare and
public health. This practical
models one method used to
investigate antimicrobial
activity. Clinical and
product-testing laboratories use
more tightly standardised
methods and interpretation
criteria. It also develops
practical laboratory skills used
by microbiologists, biomedical
scientists and pharmaceutical
researchers.

Hand
Sanitise’
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GCSE Biology Practical Infection & Response

Practical Overview

Antibiotics and antiseptics are essential tools for controlling
harmful microorganisms. In this investigation, students compare
the effectiveness of different antimicrobial substances by
measuring the clear zones of inhibition that develop around
treated discs placed onto bacterial lawns grown on nutrient
agar. The practical develops microbiology techniques, careful
aseptic working and quantitative analysis while reinforcing the
growing importance of antibiotic resistance.

Learning Objectives

By completing this practical, students should be able to:

Use aseptic techniques safely.

* Prepare bacterial cultures correctly.

* Apply antibiotic or antiseptic discs.

* Incubate cultures safely.

« Measure zones of inhibition accurately.

« Compare the effectiveness of different treatments.

* Draw valid scientific conclusions from quantitative evidence.

« Evaluate reliability and validity of experimental results.
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GCSE Biology Practical Infection & Response

Scientific Background

Antibiotics

Antibiotics kill bacteria or prevent them from reproducing.
Examples include:

» Penicillin

» Streptomycin

« Tetracycline

Different bacteria respond differently because antibiotics target
specific cellular processes.

Antiseptics

Antiseptics are chemicals used on living tissue to reduce the
number of microorganisms.

Examples include:
* lodine
* Chlorhexidine
+ Alcohol

Unlike antibiotics, antiseptics are not usually taken internally.

Zone of Inhibition

When an antimicrobial substance prevents bacterial growth, a
clear area appears around the paper disc.

This is called the zone of inhibition.

A larger inhibition zone shows that bacterial growth was prevented
over a larger area for the bacterium tested under these
experimental conditions. Zone size is also affected by diffusion, disc
loading, inoculum, agar depth and incubation conditions, so zones
produced by different antimicrobial substances cannot always be
compared directly.
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GCSE Biology Practical Infection & Response

Equipment Required

Per Student Group

Pre-prepared nutrient agar plate

Safe bacterial culture (e.g. Micrococcus luteus)
Sterile cotton swab

Sterile forceps

Paper antibiotic discs

Antiseptic discs (optional)

Marker pen

Ruler (mm)

Incubator (maximum 25°C in schools)

Sticky tape

Disinfectant

Safety Equipment

Eve protection - Safety goggles

Teacher / Technician Equipment

Sterile agar plates

Prepared bacterial culture
Sterile inoculating materials
Antibiotic discs

Various antiseptic solutions
Biohazard waste disposal bags
Incubator set below 25°C
Disinfectant spray

Autoclave or approved disposal method
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COMPLETE ANTIBIOTICS & ANTISEPTICS

APPARATUS SETUP

Investigating the Effectiveness of Antibiotics and Antiseptics Using Bacterial Cultures

OVERVIEW
This setup shows all the equipment required to carry )

out the GCSE Biology required practical. Students will SAFETY FIRST INCUBATE DO NOT REOPEN MEASURE
spread a bacterial culture onto nutrient agar, place Use aseptic BELOW 25°C Do not open the ACCURATELY
antibiotic and antiseptic discs on the surface and technique and Incubate plates at plates after Measure the full
oeein . v wear eye 25°C or below for incubation. diameter of the
measure zones of inhibition after incubation. protection. 24-48 hours. laar sohe (e

EQUIPMENT PER GROUP o
Nutrient agar plate (prepared)

Bacterial culture
(e.g. Micrococeus luteus) /

Sterile cotton swab Bacterial |

Culture
Sterile forceps N =
“\.-\
Antibiotic discs (paper discs) i =
fe] SEPTIC
(max 4 per plate, including 1 control) 6 ':‘ :"\r A Ses. @

Antiseptic discs (optional)
(max 4 per plate) alslNFECTANT

B, D —t
Ruler (mm) L \\k,-- ) SPRAY

0000 © 000 0O

Place discs well away
from the edge.

centre-to-centre),

Q Disinfectant and waste disposal
materials ready.

Measure the full diameter of the
clear zone in millimetres.

Marker pen T | |
| o 1 40 S50 60 70 80 90 100 110 120 130 140 150
Tape mm —— ~
Disinfectant (for bench & )
and waste disposal) -—_—' o \\t—,\ 9
L8
SETUP CHECKLIST ARRANGEMENT ON AGAR PLATE (EXAMPLE) [ KEY REMINDERS
o Agar plate surface is dry. Use a standard ~ v N . Control (e.g. sterile @ Use aseptic technique throughout to
90 Petri dish. N i Ry
0 Bacterial culture is mixed well before use. it Bt 7 water) in the centre. Prevsy contamatice.
Q Sterile equipment is available. Leave at least > Maximum:4 discs & Incubate inverted at 25°C or below
@ Antibictic and antiseptic discs are labelled. A nils e per plate (including R4S hols
disc edges 1 control).
0 Incubater temperature is 25°C or below. (=40 mm ® Do not open the plate after incubation.

Evenly spaced discs prevent overlapping zones of inhibition.

O BIOLOGY Safety Note: Only use school-approved bacterial strains. Treat all cultures as potentially hazardous. Good technique
@ PRACTICAL Dispose of used plates as biological waste and wash hands after the practical. = reliable results




STEP-BY-STEP EXPERIMENTAL WORKFLOW

Investigating the Effectiveness of Antibiotics & Antiseptics

@ Follow these steps carefully to obtain valid and reliable results.

* Gather all equipment.
PREPARE
* Check the agar plate is dry TOP TIP
YOUR and the lid is secure. Label the bottom of
EQUIPMENT ¢ Label the underside of the plate the P’-i'!? = never
with your name, date and the lid.
experiment.
* Dip a sterile swab into the bacterial culture.
SPREAD THE i e TOP TIP
* Remaove excess liquid by pressing against the tube.
BACT ERIAI‘ * Swab evenly across the entire agar surface in 2:‘"':; :::t:ri:
3 directions, rotating the plate slightl, h time.
CULTURE irections, rotating the plate slightly each time. s nhels
+ Finally, run the swab around the edge. surface.
* Using sterile forceps, pick up one disc at a time.
PLACE = i .
{ ] - * Place discs on the agar, pressing gently to ensure TOPTIP
ANTIBIOTIC & full
ullcoptact: Do not move discs
ANTISEPT'C | - [ ] * Space discs evenly and away from the edge after they touch
DISCS 5y (>20 mm apart). the agar.
/ * Include a control disc {e.g. sterile water).
SECURE * Replace the lid. IOP TIPu ‘
* Secure with two small pieces of tape Wo smal piacks
THE PLATE (opposite sides). prevent accidental

opening without

* Do NOT seal airtight. sealing the plate
airtight.
* Invert the plate (lid down).
INCUBATE ertthep “(‘:' °‘r ) : ) TOP TIP
* Incubate at 25°C or below for 24-48 hours. 25°C or below
THE PLATE i keeps the
* Do NOT open the plate after incubation. Ps

experiment safe.

= After incubation, observe the zones
OBSERVE ® L of inhibition around each disc. D TOPTIP
THE RESULTS . Do not open the plate. Keep the plate
[ ] . closed and observe
. Largei" clear zones indicate greater Ak
/ effectiveness.
;4
(' ) * Measure the full diameter (mm) of each clear zone
MEASURE 7 through the centre of the disc. TOP TIP
THE ZONES J|m||m|r|r|||nIjﬂn|\\|f|\||I\\|||‘nlHuui;lllimllmm|1|111mnw|1m]m11 & Macsurabothomaanast illimatie: i foasura diamiten:
:“F 10 20 30 40 S50 €0 70 !I:.Im! + Ignore the paper disc size. not radius.
Results Table ;
RECORD = = [ * Record all results in a clear table. ke TOP TIP
YOUR DATA % Aaibistic A ey . . Ir?dude the type of disc and the mean Good data is neat.
B | Antbiticd 15 diameter (mm). accurate and
S | etk . * Repeat with other plates if required. complete.
4] Control (water) L]

of Antibiotics and

ANALYSE a0 * Compare the zone sizes, /\f TOP TIP
Gt * |dentify which antibiotic/antiseptic was most | Bar ch
Maan zove 2 ar charts make
THE DATA Suneter 20 and least effective. comparisons
Lk * Draw a bar chart if possible. clearer.
0
A BDws C D
DRAW * State which disc was most effective a4l TOP TIP

Antiseptic C produced
the largest zome of inkibilion

and which was least effective,
Put your results in context with reliability

e ©0 090 00 © © ©

&

Link your conclusion
to the data and

CONCLUSIONS

(30 mm) and wos therefore

the most effective under the and any improvements. S ation
conditions of this davestigation
3 V[ 0 = — 5
@ KEY POINTS TO REMEMBER A\ SAFETY REMINDER |
@ Use aseptic technique throughout. @ Measure the full diameter (mm), Bacterial cultures can be harmful.
@ Incubate at 25°C or below. @ Include a control disc. De not open plates after incubation.
| @ Do not open plates after incubation. @ Keep all other variables the same. Wash hands after the practical. J
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GCSE Biology Practical Infection & Response

Variables

Independent Variable

Type of antibiotic or antiseptic used

Dependent Variable

Diameter of zone of inhibition (mm)

Control Variables

Same bacterial species
Same agar type

Same incubation time

Same incubation temperature
Same disc size
Same concentration (where
appropriate)
Same amount of bacteria spread

Same agar depth

Method

Step 1

Label the underside of the agar plate into equal

sections.

Step 2

Dip a sterile cotton swab into the bacterial culture.

Step 3

Spread bacteria evenly across the entire agar
surface in three directions to produce a bacterial

lawn.

Step 4

Allow the surface to dry for around one minute.

8 www.betterequipped.co.uk
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GCSE Biology Practical Infection & Response

Method

Step 5

Using sterile forceps, place antibiotic or antiseptic
discs onto the agar.

Space them well apart.

Step 6
Lightly press each disc onto the agar.

Step 7
Secure the lid with two pieces of tape.
Do not seal the entire plate.

Step 8

Invert the plate.

Step 9
Incubate at 25°C or below for 24-48 hours.

Step 10
Do not reopen the plate after incubation.

Measure the diameter of each clear zone in
millimetres.

www.betterequipped.co.uk
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GCSE Biology Practical Infection & Response

Results Table

Antibiotic A

Antibiotic B

Antibiotic C

Control disc

Example Results

Antibiotic A 28
Antibiotic B 18
Antibiotic C 10
Antiseptic 22
Water Control 0]

10 www.betterequipped.co.uk
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GCSE Biology Practical Infection & Response

HOW ANTIBIOTICS AFFECT BACTERIA

Antibiotics target essential bacterial structures or processes to stop growth or kill the cell.

WHY TARGET THESE?
INSIDE A BACTERIAL CELL KEY TARGETS OF ANTIBIOTICS Some antibiotic targets, such as the
Bacteria have structures and = o peptidoglycan cell wall, are absent
processes that are essential @ cerLwan @ cewvevsrane | @) protem synthesis | @) onarepLicarion | @) FoLate METABOLISM Trom e ancels.

for their survival. (PEPTIDOGLYCAN) (RIBOSOMES) (ESSENTIAL ENZYMES) Other targets, including ribosomes
| ) o and certain enzymes, differ between
) J ; 0 i :
- "/lk bacterial and human cells
W “:T OH These differences allow antibiotics
A | i to act more strongly on bacteria,
HoNT 5N
o]

although selectivity is not perfect.

BACTERIAL vs HUMAN CELLS

Folate is needed to make Bacterial Human
Provides shape and Controls what enters Ribosomes make DNA must be copied DNA and other vital Target Cells Cells
strength. Without it, ar_:d Ieatres the cell. proteins. Inhibiting befarfa the Feli divides. molecules. Inhibitting | Cal weall Gpupidoghycan ) a
the cell can burst. Disruption causes them stops the Blocking this prevents these enzymes stops |
leakage and death. bacterium working growth and division.  growth, | Cell membrane L] o
and multiplying. Ribosomes (V] (VN
| DNA replication machinery o o
| Folate metabolism enzymes o 0
DIFFERENT ANTIBIOTICS, DIFFERENT EFFECTS *Bacterial and human ribosomes differ
The effect depends on the antibiotic used; one antibiotic does not normally produce all of these changes. in structure, allowing some antibiotics to |
target bacterial ribosemes preferentially.
| )
@ cELL WALL INHIBITORS @ cemevraneDisrurTors | (€)) PrOTEIN sYNTHESIS INHIBITORS | @) DNA RePLICATION INHIBITORS  (EJ) FOLATE PATHWAY INHIBITORS
(e.g. penicillins, cephalesporins) (e.g. polymyxins, daptomycin) (e.g. tetracyclines, macrolides, (e.g. fluoregquinolones) (e.g. sulfonamides,
aminoglycosides) trimethoprim) IMPORTANT TO REMEMBER
Woeakens the cell wall so the cell Disrupts the cell membrane, Prevent DNA from being copied
lyses (bursts). causing leakage of contents. Block protein production by correctly. Block enzyme steps needed to 0 Antibiotics may kill bacteria
binding to ribosomes. make folate. (bactericidal) or stop them growing

(bacteriostatic).

[s]
R Ho \,\)k @ The type of effect depends on the
X NZ ] Tx Hi OH antibiotic and the target.
N"L\N o Using the correct antibiotic, at the
o]

correct dose, helps treatment work
and reduces the risk of resistance.

Qutcome: Proteins not made; Outcome: DNA not copied; Outcome: Folate not made; @ = =
growth stops or cell dies. cell eannot divide and dies. DNA and cell components ‘@ °
cannot be produced.

Qutceme: Cell bursts and dies. Outcome: Leakage and cell death.

@ Antibiotics are selective because bacterial targets are absent or different from those in human cells. @ Target present / affected 0 Target absent / not affected

However, no antibiotic is 100% selective, which is why side effects can occur.

1 www.betterequipped.co.uk



ZONE OF INHIBITION EXPLAINED

How to Measure Correctly

o WHAT IS A ZONE OF INHIBITION?

A clear area around the disc

where bacteria have not grown.

Bacteriallawn o,
(growth)

Clear zone
(no growth)

—_— \
k/’

J

Antibiotic disc

EXAMPLE MEASUREMENTS (TWO DIAMETERS AT 90°)

Small zone
(Less effective)

Medium zone
(Moderate effectiveness)

@) MEASURE THE DIAMETER (NOT THE RADIUS)
Measure the total diameter of the clear zone from one
outer edge to the other, through the centre of the disc.
Do not measure the radius or subtract the disc diameter.

CORRECT v INCORRECT X
Measure the total diameter These are not correct methods.

edge-to-edge, through
the centre.

/
7 4
+—>

Measuring only
across the disc.

Measuring only
the halo (clear
zone width).

Measuring at an

Take two measurements at
90° to one another and
calculate the mean.

Do not subtsact the disc diameter.

@ KEY POINTS TO REMEMBER

Measure the total diameter from outer edge to
outer edge, through the centre of the disc.

Large zone
(More effective)

Do not measure the radius or the halo width and
do not subtract the disc diameter.

Take two diameters at 90° to one another and
calculate a mean.

Use the same method for every disc to allow

FIRERSIET | e

o 10 20 30 40 5| |0 10 20 30 40 s |0 10

6, =17 mm §,=19 mm
Mean =18 mm

& ;=7mm §,=8mm

Mean =7.5 mm = 8 mm

6,=29mm §,=31mm
Mean = 30 mm

il
50u|

=) fair comparison.
20 30 40

Record all results in millimetres (mm).

Repeat the investigation and calculate a mean

000000 O

for reliable results.

Larger mean diameter = Greater effectiveness (under these conditions)

WHY THIS MATTERS

Correct measurement ensures valid comparisons
between different antibiotics or antiseptics and
helps identify the most effective treatments.

REAL-WORLD CONNECTION

Laboratories use this method to testantibiotics .
against bacteria, helping doctors choose the
most effective treatments for infections.

* Be consistent

angle or off-centre.

GOOD SCIENTIFIC PRACTICE

* Be accurate

* Repeat and average

Antibiotics or antiseptics diffuse through the a
Bacterial growth is prevented around the disc,
creating a clear zone.

C

€) HOW TO TAKE AN ACCURATE READING

Place the plate on a dark surface
with good lighting.

Use a ruler with millimetre (mm)
markings.

Take two diameters at 90° to
one another.

Calculate the mean diameter
(8y +8,) + 2.

Record the mean diameter in
millimetres (mm) to the nearest
whole mm.

@@V

COMMON MISTAKES

Measuring only the radius
or halo width.

Measuring across the disc
instead of outer edge to
outer edge.

Taking only one measurement
or not at 90°.

Subtracting the disc diameter
from the measurement.

© 0 0 ©

\ L, LARGER ZONE =
—\ @ )= MORE EFFECTIVE

* Record clearl
" (all other factors

* Keep variables the same

kept the same)




GCSE Biology Practical Infection & Response

Processing Results

Students should:

Measure through the centre of each zone.
Record measurements to the nearest millimetre.
Compare sizes.

Calculate means if repeats are completed.
Rank treatments from most to least effective.

Possible Observations

Students should observe:

Even bacterial growth across the agar.

Clear circular zones around effective discs.

No clear zone around ineffective substances.

Larger inhibition zones for more effective antimicrobials.
Control disc showing little or no inhibition.

Conclusion

A larger zone of inhibition indicates greater effectiveness because
bacterial growth has been prevented over a larger area.

nb. A larger inhibition zone shows that bacterial growth was
prevented over a larger area for the bacterium tested under these
experimental conditions. Zone size is also affected by diffusion, disc
loading, inoculum, agar depth and incubation conditions, so zones
produced by different antimicrobial substances cannot always be
compared directly.

13 www.betterequipped.co.uk
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Infection & Response

~ KEY MESSAGE

Antibiotics treat bacterial
infections. Antiseptics are used

on living tissue. Disinfectants
are used on non-living surfaces.

Medicines used to treat bacterial
infections in or on the body.

WHERE USED

In the body or on the skin
0 to treat bacterial infections.

EXAMPLES
Penicillin, amoxicillin,
tetracycline.

HOW THEY WORK

Target specific structures or processes in
- bacteria (e.g. cell wall, protein synthesis,

DNA replication) to kill or inhibit their
growth.

KEY POINTS
= Work against bacteria, not viruses.

Chemical substances used on
living tissue (e.g, skin, wounds)

@  to«ill or inhibit bacteria and
other microorganisms.

Chemical substances used on
non-living surfaces to kill or inhibit
bacteria and other microorganisms.

WHERE USED WHERE USED

On living tissue such as skin On non-living surfaces such as

or wounds. tables, benches, equipment
and floors.

EXAMPLES EXAMPLES

Alcohol gel, iodine solution,
chlorhexidine, hydrogen
peroxide (3%).

Bleach (sodium hypochlorite),
70% ethanol, quaternary
ammonium compounds.

HOW THEY WORK

helping to prevent infection from
entering the body.

KEY POINTS
= Suitable for skin and minor wounds.

Kill or inhibit bacteria on living tissue,

HOW THEY WORK
. Kill or inhibit microorganisms on
surfaces by damaging their cell

~ membranes or proteins.

KEY POINTS

» For use on non-living objects and surfaces.

« Some are safe for repeated use on skin;
others are not.

» Use only as stated on the product label;
some products are for specific tissues.

+ Formulated for cleaning and disinfection
of environments and equipment.

« Taken as tablets, capsules or injections, |
or applied as prescribed.

= Overuse or incorrect use can lead
to antibiotic resistance.

= Use only as stated on the product label.

Q USE RESPONSIBLY AND SAFELY e il I et o @ Fobrsty 3 Wash hands and wear
. . > , and follow product for the precautions an s
Al ct: t label insts afety Data Sheet. Y PPE as recommended.
lways use products according to their label instructions and Safety Data Shee //? Hitardiad purdes, B S el “

instructions.



GCSE Biology Practical Infection & Response

Sources of Error

Possible errors include:

* Uneven bacterial spreading

» Discs placed too close together
« Agar drying unevenly

* Measuring from the wrong edge
« Different amounts of bacteria

» Different incubation times

« Human measurement error

Improvements

Students could suggest:

 Repeat each treatment several times.
+ Calculate mean zone sizes.

+ Use digital calipers.

* Use identical bacterial concentrations.
+ Use automated image analysis.

« Standardise agar thickness.

* Increase sample size.

Reliability

Reliability is improved by:
Repeating trials
Calculating mean values

Using identical methods
Consistent incubation conditions

www.betterequipped.co.uk
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GCSE Biology Practical Infection & Response

Validity

The investigation is more likely to be valid if only one variable
(the antimicrobial treatment) is changed while all other
conditions remain constant.

Accuracy

Accuracy is improved by:

Measuring two diameters at 90° to one another and calculating
a mean because zones are not always perfectly circular
Measuring in millimetres

Using transparent rulers

Measuring twice

16 www.betterequipped.co.uk
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GCSE Biology Practical Infection & Response

GCSE Required Practical Skills Assessed

Students demonstrate:

« Aseptic technique

« Safe microbiological procedures
« Accurate measurement

» Recording observations

« Data presentation

» Drawing conclusions

« Evaluating methods

* Risk assessment

Mathematical Skills

Students may:

Measure diameters

Calculate averages

Rank results

Compare values

Calculate percentage differences (Higher Tier extension)
Calculating the area of an inhibition zone using nr?

www.betterequipped.co.uk
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Infection & Response

KEY MESSAGE

Resistance occurs when bacteria have

or acquire features that allow them to
survive or grow despite an antibiotic.

HOW ANTIBIOTIC RESISTANCE HAPPENS

o Variation exists 9 Antibiotic is used o Resistant variants survive o They multiply o Infection is harder 1. MUTATION
: TR 2 to treat Random changes (mutations) in DNA can
In any population of The antibiotic kills or Resistant variants are Resistant bacteria i .
£ SEi i L s " g produce resistant variants.
bacteria, some have inhibits susceptible not affected and remain multiply and become The infection may not
natural genetic bacteria. in the population. the majority. respond to the same
differences. antibiotic. 2. GENE TRANSFER
Bacteria can share resistance genes with
\ other bacteria through plasmids.
e ® @
@ > @ @ 3. ALTERED PERMEABILITY

@ Susceptible bacteria
{no resistance)

Killed or inhibited
(susceptible bacteria)
@ Pre-existing resistant @ Resistant variants survive
wvariants (rare)

Resistance is present before Antibiotic use selects for These survivors now The more antibiotic

antibiotics are used, but resistant pre-existing resistant bacteria; have the opportunity exposure, the stronger
variants are usually rare. it does not create resistance to multiply. the selection for
on demand. resistant bacteria.

MISUSE AND POOR STEWARDSHIP DRIVE RESISTANCE
!
h [ Yy

Unnecessary use Not following Overuse in animals

Sharing or saving

5

Poor hygiene

Using antibiotics when the prescrption antibiotics Antibioticsusedin  and sanitation
they are not needed Missing doses or changing Sharing antibiotics or farming and animal Germs spread easily
{e.g. for colds or flu the dose or duration saving leftuvers can health can select for in hospitals and
caused by viruses). withaut professional spread resistance and resistant bacteria. communities.

advice can make lead to ineffective
treatment less effective. treatment.
Q Gives bacteria @ Increases the chance €3 Resistance can spread €3 Resistance canspread €3 Makes infections
unnecessary exposure. that resistant bacteria to others. to humans through harder to prevent
survive and multiply. food or the environment. and treat,
e 5 5 HOW ANTIBIOTICS WORK

Antibiotics do not work against viruses

such as colds, flu or COVID-19. MR e

Th " . " bacterial structures

ey only work against bacteria. o =

) A

The same
antibiotic may
nao longer work.

Changes to the cell surfance reduce the
amount of antibiotic that can enter.

4. ENZYME PRODUCTION

Bacteria produce enzymes that break
down or modify the antibiotic.

5. EFFLUX PUMPS
Bacteria pump antibiotics out before
they can have an effect.

e conseauences WHAT WE CAN DO

Use antibiotics only when
prescribed by a doctor.

Infections become harder or
impossible to treat. e
Take antibiotics exactly as

P < prescribed. Do not shorten,
Longer illness, more hospital extend or alter the course.
stays and higher medical costs.
Practise good hygiene -

2 e wash hands regularly.
Increased risk of serious illness

and death. Keep vaccinations up to date.

OO0 0 00
a b [

A global problem that
affects everyone.

Never share antibiotics or
use leftovers.

S¥F O

VIRUSES ARE NOT AFFECTED USE ANTIBIOTICS RESPONSIBLY,

PROTECT OUR FUTURE |

e .
p 3( Your choices today help keep I

antibiotics working for tomorrow.



GCSE Biology Practical Infection & Response

Common Misconceptions

A larger zone always proves that an antibiotic is more powerful.
It means bacterial growth has been inhibited over a larger area.
Antibiotics kill viruses.

Antibiotics only work against bacteria.

XA XA X

All bacteria respond equally to antibiotics.

ﬂ

Different bacteria have different levels of resistance.
x Antiseptics and antibiotics are the same.

v~ Antibiotics are medicines used inside the body, while antiseptics
are used on living tissues externally.
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GCSE Biology Practical Infection & Response

Common Student Mistakes

: : Uneven bacterial growth
Spreading the bacteria unevenly 2
makes zones of inhibition
across the agar

difficult to compare fairly.
Zones of inhibition overlap,
making accurate measurement

Placing antibiotic discs too close

together impossible.
Increases the risk of exposure
Opening the Petri dish after to potentially harmful
incubation microorganisms and breaks

safety procedures.
Results are inaccurate and
comparisons between
treatments are unreliable.
Touching discs with fingers Introduces contamination and
instead of sterile forceps may affect the results.
Cannot confirm that any
inhibition is caused by the
antimicrobial substance.
Increases the risk of growing
harmful pathogens and does
not follow school safety

Measuring the radius instead of
the diameter

Forgetting to include a control
disc

Incubating above 25°C

guidance.
Measuring from the edge of the Produces incorrect zone
paper disc rather than the clear measurements and invalid
zone conclusions.

Examiner Advice

Two common exam errors are measuring the zone of inhibition
incorrectly and forgetting that agar plates must be incubated at
25°C or below in school laboratories. Always measure the full
diameter of the clear zone (through its centre) and never reopen the
Petri dish after incubation.
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GCSE Biology Practical Infection & Response

Troubleshooting Guide

Problem

Possible Cause

Solution

Little or no
bacterial growth

Bacteria not spread
evenly or culture not
viable

Use a fresh culture and
spread the bacteria evenly
across the entire agar
surface.

No zones of
inhibition visible

Antimicrobial discs
inactive or placed
incorrectly

Check discs are suitable,
handle with sterile forceps
and press gently onto the

agar.

Zones overlap

Discs placed too close
together

Space discs evenly around
the agar plate before
incubation.

Uneven or patchy
bacterial lawn

Incomplete swabbing of
the agar surface

Swab the agar in several
directions to create an
even bacterial lawn.

Contaminated
agar plate

Poor aseptic technique
or lid left open too long

Keep the lid closed as much
as possible and work
quickly using sterile
equipment.

Difficult to
measure the zone

Fuzzy edges or
measuring from the
wrong point

Measure two diameters at
90° to one another and
calculating a mean
because zones are not
always perfectly circular.

Agar plate dries
out

Lid not secured or plate
stored incorrectly

Tape the lid with two small
pieces of tape and
incubate the plate upside
down.

Water control
shows a clear
zone

Cross-contamination
between discs

Use sterile forceps and
avoid touching different
discs with the same
contaminated equipment.

Quick Examiner Tip

If your results look unusual, first check the quality of the
bacterial lawn. Many unreliable results are caused by uneven
bacterial growth rather than the antibiotic itself.
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GCSE Biology Practical Infection & Response

Common Exam Questions

1. Why must agar plates be incubated below 25°C?
Answer: To reduce the growth of harmful human pathogens.
2. What does a large zone of inhibition show?

Answer: A larger inhibition zone shows that bacterial growth was
prevented over a larger area for the bacterium tested under these
experimental conditions. Zone size is also affected by diffusion, disc
loading, inoculum, agar depth and incubation conditions, so zones
produced by different antimicrobial substances cannot always be
compared directly.

3. Why are sterile techniques important?

Answer: To prevent contamination by unwanted microorganisms.
4. Why should the plate not be reopened after incubation?
Answer: Harmful microorganisms may have grown.

5. Why is a control disc used?

Answer: To show that any inhibition is caused by the antimicrobial rather
than the paper disc.

6. Why are repeats important?

Answer: They improve reliability and allow calculation of a mean.
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GCSE Biology Practical Infection & Response

Advanced Evaluation Points (Grade 8-9)

Students could investigate:

How does antibiotic concentration affect the size of the zone of
inhibition?

Possible extension variables include:

Antibiotic concentration

Different bacterial species

Different incubation times

Comparing disinfectants and antiseptics

Investigating antibiotic resistance using provided data (rather
than culturing resistant strains)

Students can plot concentration against zone diameter and discuss
dose-response relationships.

23 www.betterequipped.co.uk



https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/

GCSE Biology Practical Infection & Response

Advanced Evaluation Points (Grade 8-9)

Higher-attaining students should consider the following evaluation
points:

1. Zone size is not determined solely by effectiveness

A larger zone of inhibition does not always mean an antimicrobial is
more powerful. The size of the zone also depends on how quickly the
substance diffuses through the agar, so different antibiotics cannot
always be directly compared.

2. Use repeats and calculate a mean

Repeating the investigation several times and calculating a mean
zone diameter reduces the influence of anomalous results and
improves the reliability of conclusions.

3. Standardise bacterial growth

The amount of bacteria spread across each agar plate should be as
consistent as possible. Uneven bacterial lawns can affect the size of
the inhibition zones and reduce the validity of comparisons.

4, Consider measurement uncertainty

The edges of inhibition zones are often not perfectly sharp.
Measuring the diameter more than once (or by two independent
observers) can improve the accuracy of the results.

24 www.betterequipped.co.uk



https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/

GCSE Biology Practical Infection & Response

Advanced Evaluation Points (Grade 8-9)

5. Distinguish between bactericidal and bacteriostatic effects

A clear zone of inhibition shows that bacterial growth has been
prevented, but it does not show whether the bacteria have been killed
(bactericidal) or simply stopped from reproducing (bacteriostatic).

6. Link to antibiotic resistance

In real-world medicine, a small or absent zone of inhibition may
indicate that bacteria are resistant to that antibiotic. Scientists use
similar methods to help select effective antibiotics for treating
infections and to monitor emerging resistance.

Grade 8-9 Thinking Like a Scientist

Scientists rarely judge an antibiotic by one result alone. They repeat
investigations, control variables carefully, compare mean values, and
consider factors such as diffusion through the agar before concluding
which antimicrobial is most effective. They also recognise that
laboratory results are only one part of deciding how well an antibiotic
will work in a patient.
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GCSE Biology Practical Infection & Response

Teacher / Technician Preparation Notes

Risk Assessment

Overall Risk Level: Low to Medium (with correct microbiological

procedures)

This practical presents a low level of risk when standard laboratory
procedures are followed. Schools should complete their own risk
assessment in accordance with local procedures.

School-safe bacterial
culture

Exposure to
microorganisms if
aseptic
technique is not
followed

Use only approved school-safe bacterial
strains. Keep Petri dish exposure to a
minimum. Do not reopen cultures after
incubation.

Antibiotic discs

Skinirritation or
allergic reaction

Handle using sterile forceps. Avoid direct
skin contact. Wash hands after the

Antiseptic solutions

in sensitive practical. Check for known allergies

individuals where appropriate.

S.k".i oreye Follow the manufacturer's instructions.
irritation

depending on the
product used

Wear eye protection. Use only the
recommended concentration.

Disinfectants used for
cleaning

Skinirritation, eye
irritation or
respiratory

irritation

Use the correct disinfectant and
recommended dilution. Allow the required
contact time before wiping surfaces.
Never mix incompatible cleaning
chemicals.

Alcohol-based products (if
used)

Highly flammmable

Keep well away from naked flames and
ignition sources. Allow alcohol to
evaporate completely before introducing
any heat source.

lodine, chlorhexidine,
hydrogen peroxide or
bleach products (if used)

Irritation, staining
or chemical burns
depending on

Use only products approved for school
laboratories and follow the
manufacturer's safety instructions. Wear

concentration eye protection and avoid skin contact.
Handle carefully. Clear breakages using
Glassware or broken . . .
Cuts appropriate equipment, never with bare

equipment

hands.

Biological waste

Exposure to
microorganisms

Dispose of cultures using the school's
approved biological waste or sterilisation
procedure. Do not place unsterilised
cultures into general waste.
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GCSE Biology Practical Infection & Response

Teacher / Technician Preparation Notes

Technician Tips for High Success Rates

» Use fresh agar plates and bacterial cultures to ensure consistent
bacterial growth.

* Check the incubator is set to 25°C or below before practical work
begins.

* Prepare clearly labelled antibiotic and antiseptic discs to avoid
mix-ups during the lesson.

» Provide sterile forceps and spare sterile swabs for each group to
minimise contamination.

« Allow agar plates to reach room temperature before use to reduce
condensation on the lid.

« Have disinfectant, biohazard waste bags and spare plates ready in
case of contamination or accidental spills.

 Hand washing, bench disinfection and the exact method for
sterilising forceps.

* Ensure measurements are made without reopening the plate.
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GCSE Biology Practical Infection & Response

Teacher / Technician Preparation Notes

Before the Lesson

Prepare fresh nutrient agar plates.

« Use only approved school-safe bacterial cultures.
Sterilise forceps and equipment before use.

Prepare labelled antibiotic and antiseptic discs.
Check incubator temperature does not exceed 25°C.
Arrange appropriate biological waste disposal

Teacher Demonstration Point
Before students start, demonstrate:

How to spread the bacterial culture evenly across the entire agar
surface to produce a uniform bacterial lawn.

Correct aseptic technique, including opening the Petri dish lid only
slightly and for the shortest possible time.

How to use sterile forceps to pick up and place antibiotic discs
without contamination.

How to secure and incubate the plate, using two small pieces of
tape (not sealing completely), inverting the plate, and explaining
why plates must be incubated at 25°C or below.

How to measure the zone of inhibition correctly, demonstrating that
the diameter is measured through the centre of the clear zone in
millimetres.
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GCSE Biology Practical Infection & Response

Teacher / Technician Preparation Notes

Suggested Lesson Timing

Introduction and theory 10 min
Safety briefing 5 min
Plate preparation 15 min
Applying discs 10 min
Incubation 24-48 hours
Measuring zones 15 min
Analysis 15 min
Evaluation 10 min

Teacher Assessment Opportunities
During the practical, observe whether students can:

» Use aseptic technique correctly.
Spread bacteria evenly.

Handle sterile equipment appropriately.
Apply discs without contamination.
Measure inhibition zones accurately.
Record results systematically.

Draw evidence-based conclusions.

29 www.betterequipped.co.uk



https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/
https://www.betterequipped.co.uk/

GCSE Biology Practical Infection & Response

Suggested Plenary

Why does a larger zone of inhibition
indicate a more effective antibiotic
or antiseptic?

Because bacterial growth has been
prevented over a larger areaq,
showing the antimicrobial is more
effective.

Why must agar plates be
incubated at 25°C or below in
school laboratories?

To reduce the risk of growing
harmful human pathogens and
ensure the investigation is carried
out safely.

Why is it important to use aseptic
techniques throughout the
investigation?

To prevent contamination of the
culture and ensure reliable, valid
results while working safely.

What variable should be changed
in this investigation, and which
variables should be kept the same?

The type of antibiotic or antiseptic is
changed; factors such as bacterial
species, agar type, incubation time,
temperature and disc size should be
kept constant.

If two antibiotics produced zones
of inhibition measuring 15 mm and
27 mm, what conclusion could you
draw?

The antibiotic with the 27 mm zone
was more effective at inhibiting
bacterial growth under the
conditions of the investigation.

Examiner Advice Summary

Always measure the full diameter of the zone of inhibition through its
centre, recording measurements in millimetres (mm).

Remember that larger zones indicate greater effectiveness of the
antibiotic or antiseptic against the bacteria tested under these

conditions.

State the control variables (e.g. bacterial species, agar type,
incubation time, temperature and disc size) when explaining how to

make the investigation fair.

Explain why aseptic technique is used—to prevent contamination,
improve reliability and maintain safety.

Know the school incubation rule: agar plates should be incubated at

25°C or below and must not be reopened after incubation.
This resource is provided as a practical support guide to accompany laboratory

equipment. Teachers should adapt procedures and risk assessments to suit their
curriculum requirements, examination board specifications and local laboratory policies.
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