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Abstract

The rise of Antimicrobial Resistance (AMR) has increased demand for new and alternative therapeutic
agents. Honey has long been used as a traditional ointment by Indigenous Australians and Ancient
Egyptians due to its antibacterial properties derived from phenolic compounds and phytochemicals.
This investigation evaluated the antibacterial activity of seven different honey types against
Escherichia coli (gram-negative) and Staphylococcus epidermidis (gram-positive) bacteria.
Antibacterial effects were assessed through zones of inhibition (ZOl, mm) using the Kirby Bauer disc
diffusion method, with each honey tested in triplicate across three concentrations (25%, 50%, 75%)
under controlled lab conditions. Contributing factors such as Brix% and water content were also
measured using a honey refractrometer. Statistical analysis using a single-tail student t-test (p<0.05)
revealed significant differences in antibacterial activity between honey extracts and control groups.
Against E. coli, honeys 1-6 produced measurable zones of inhibition (ZOl), rejecting the null
hypothesis, while honey 7 (Manuka MGO +100) showed no significant effect. In contrast S. epidermidis
exhibited consistently smaller ZOl values, with the null hypothesis accepted in most cases. This study
provides the underlying potential honey has as antibacterial agent where further research could assess
honeys flavonoids, pH and floral origins influencing antibacterial compounds.



Literature Review

Importance of Antimicrobial Resistance
research

Anti-Microbial Resistance (AMR) occurs when
bacteria, viruses, fungi, and parasites no longer
come to affect by antibiotics and antimicrobial
medicines. Therefore, antibiotics become
ineffective, and infection becomes more
difficult to treat, increasing the risk of spreading
disease, major illness, and death. (WHO. 2023).
The development of antibiotics is considered
among the most important advancements of
science, saving millions of lives a year. However
Anti-Microbial Resistance threatens this
scientific progress, creating significant risks to
human health (Hilary D. M 2016), killing at least
one million people per year globally, and
contributed to over five million deaths since
1990, and projected to cause thirty-nine million
more fatalities between 2024 and 2050.
(University of Oxford. (n.d.).

Traditional use of Honey as an antibiotic

3

seedlings (Voeller. D, 2024). The composition of
honey depends on the source of plants that the
bees pollinate from (Eteraf- Oskouei. T & Najafi.
M, 2013). The area that each honey comes from
all have their own anti-microbial properties from
plants that feed into the creation of honey,
contributing to its antibiotic material. An
example in studies shows methylglyoxal in New
Zealand manuka honey has been shown to
originate from dihydroxyacetone, which is
presentin the nectar of manuka flowers.
Manuka honey, which was freshly produced by
bees, contained low levels of methylglyoxal and
elevated levels of dihydroxyacetone (Adams. C,
2009) showing the importance of surrounding
environment on the effects of Antibiotic
properties.

Phytochemical Activity

Due to the urgent need for finding new
antibiotics, caused by the uprise of AMR, the
creation of new medications has included the
investigation of the efficacy of traditional honey
use, as used by the Australian Aborigines and
Ancient Egyptians many thousands of years
ago. The first written reference to honey use was
a Sumerian tablet, dating back to 2100-2000BC
(Mandal, 2011). In Indigenous heritage, Jelly
Bush honey was a commonly used ointment to
treat wounds using the honey from bees feeding
on the nectar of Jelly Bush (Leptospermum
polygalifolium) which is native to the Eastern
regions of Australia and part of the same family
as Manuka (Faltyn, 2020).

Importance of bees and the environment

Bees play a crucial role in building the future
populations of flowering plants due to their
attraction to nectar, resulting in the collection of
pollen to be delivered and transported to a new
plant combining with the stamen, creating new

The antimicrobial activity of honey is overly
complex and remains not fully recognised as to
why. Honey has several phytochemical
components that play a crucial role in its strong
antimicrobial resistance. (Piotr. S, 2017).

Honey has high concentrations of sugar (80%
the weight of this product) eliminating
microorganisms such as bacteria that are
proven sensitive to high osmotic pressure. This
results in osmosis as an induced outcome
causing water to passively flow out of the
bacterial cells, causing the cells to shrink,
dehydrate and die (Bakarm 2017).

Combining with its high osmotic pressure,
honey’s low pH levels, averaging between 3.4 to
6.1 which is known to be low enough to be
inhibitory to animal pathogens. The minimum
pH values for growth of some common wound-
infecting species are Escherichia coli, 4.3;
Salmonella sp., 4.0; Pseudomonas aeruginosa,
4.4; Streptococcus pyogenes, 4.5. Therefor in
undiluted honey the acidity is a significant
antibacterial factor due to its low Ph levels. But
if honey is diluted, especially by body fluids



which are well buffered, the pH will not be so
low, and the acidity of honey may not be an
effective inhibitor of many species of bacteria.
(P. C. Molan n/d).

Hydrogen peroxide (H20.) is a disinfectant and a
strong oxidizing agent (Ali 2004). It provides
honey with its antibacterial efficacy and is
produced enzymatically. The enzyme glucose
oxidase is naturally present in an inactive state
in honey due to the low pH conditions where the
glucose oxidase enzyme is secreted from the
hypopharyngeal gland of the bee into the nectar
to assist in the formation of honey from the
nectar (P. C. Molan n/d).

Flavonoids

When honey is diluted, glucose oxidase is
activated and acts on endogenous glucose to
produce Hydrogen Peroxide (H.0.).
Methylglyoxal (Figure 1) is also found in most
honeys, shown to originate from
dihydroxyacetone, which is a major
antibacterial component of honey (Saling. J,
2023). Honey is rich in Phenolic

acids and flavonoids such as chrysin,
quercetin, kaempferol, and galangin (Figure 2)
which exhibit a wide range of biological effects
and act as natural antioxidants containing a
wide range of biological effects, including
antibacterial, anti-inflammatory, anti-allergic
and anti-thrombotic activities (Pyrzynska. K,
2009). Flavonoids are considered as an
indispensable component of honey in a variety
of nutraceutical, pharmaceutical, medicinal,
and cosmetic applications (Panche et al.,
2016).
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Figure 1: Chemical structure of Methylglyoxal (source:
Mauricio. (2021)

Kaempferide
Figure 2: Chemical structure of chrysin, quercetin,
kaempferol, and galangin (Source: Yoko Otake, Thomas
Walle (2002)

Kaempferol

Pathogens

The experiment on antimicrobial resistance of
honeys on different pathogens will be tested on
E. coli (gram negative) and S. aureus (gram
positive) which are common pathogens tested
in commonly used antimicrobial experiments.
Gram-positive and Gram-negative bacteria
differ in cell wall structure, influencing their
response to osmotic pressure. Gram-positive
bacteria have thick peptidoglycan layers,
making them more resistant to osmotic stress,
while Gram-negative bacteria are more
vulnerable due to thin peptidoglycan and an
outer membrane (Madigan et al., 2018;
Beveridge, 2000; Silhavy et al., 2010). This
structural contrast affects how each reacts to
honey’s high osmotic environment.

Kirby Bauer Method

The Kirby Bauer method is a cheap and trusted
method to investigate the inhibition zones of
honey against two bacterium and will be used in
the construction of this experiment
demonstrated in figure 3 below.

Bacterial
suspension Spread on Mueller Addition of the
Hinton agar surface tested samples

\
Measurement of \
the inhibition zone \
\

Figure 3: Kirby Bauer disc diffusion method (Source: El
Guerraf, 2022)


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/oxidizing-agent
https://www.sciencedirect.com/science/article/pii/S1319562X20304952#b0035
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/glucose-oxidase
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/glucose-oxidase

Field of research publications

Recent studies show that researchers tested
one hundred jelly bush honeys from a range of
different areas and found that some had
1750mg/kg of the antimicrobial compound
methylglyoxal, which was the highest
concentration yet found of this kind
(Nightingale. K, 2011)

Research question

water (see Appendix B). All samples were
collected into 100mL beakers labelled 1-7 and
bathed in warm water for 24 hours to ensure the
complete homogenous dilution of each honey
with the distilled water to formulate the
dependent variable. 3 Sterilised 5.5 mm filter
paper discs were soaked in each solution for 24
hours.

Antibacterial assays

Over thousands of years, honey has been used
as a traditional ointment and resource of
biological activity. What types of honey are
more resistant to bacteria? And do different
compounds correlate for this?

Research hypothesis

Extracts of multiple honeys will demonstrate
antibacterial effects against a gram positive and
gram-negative bacteria due to a range of
phytochemical compositions.

Null Hypothesis

Multiple extracts of honey have no significant
antimicrobial effects on different bacterium.

Method

Bacterial isolates

This primary study was conducted in multiple
parts. Seven honeys were collected through a
series of online and local purchases to
accumulate a range of honeys, collected from
European honeybees and native stinger-less
bees, which have foraged for nectar on a variety
of native floral regions. Antibacterial activity
was tested through the disc diffusion method
(Bauer et al. 1966).

Extraction/Dilutions

Eighteen total discs were created each with
seven filter discs of each different honey, as
well as a singular controlled disc containing
100% distilled water. This process was repeated
creating 3 Muller Hilton agar plates for each
percentage of dilution (25%,50%,75%) and for
both bacteria used (9 for each bacteria total)
using the cost effective and reliable Kirby Bauer
method, whilst ensuring the sterilisation of all
equipment using aseptic technique.

Bacterial cultures of Escherichia coli (gram-
negative) and Staphylococcus epidermidis
(gram positive) were used to determine the
specific bacteria the antibiotics are most
effective toward. All plates were then inoculated
using the Drigalski Spatula Method (Diane
Hartman, 2011) with each bacterium. The discs
soaked in each solution were then placed onto
the agar plates using sterile tweezers ensuring a
rough even distribution of all eight discs around
the agar. All plates were incubated at 37°C for
48 hours. The independent variable, Zone of
inhibition (ZOl) was measured as the total
diameter of inhibition including the 5.5mm
discs with no zone reported as ‘none’ using
digital callipers (+- 0.2mm accuracy) (See
Appendix 3)

Refractrometer Analysis

Consulting with the school lab technician, this
primary study was conducted as a double-blind
test to remove any observer bias by blindly
labelling honeys 1-7 (Table 1). The honeys were
then diluted to 75%, 50%, and 25%
concentrations of honey (mg/mL) with distilled

Each of the seven honeys were collected and
the purchase of a honey refractrometer was
used to determine the Brix % (sugar contents)
and water percentage in each of the honeys.

Dioptric oil was used to calibrate the
refractrometer at its corresponding brix %



(71.5%) then using a flat head screwdriver, the
calibration screw was slightly adjusted to suit
the refractrometer until the line passed over
71.5%. Using a micropipette, two small drops of
100% honey was dropped onto the daylight
plate and gently pressed flat until an even
spread of honey surfaced around the plate.
Raising the refractrometer to a suitable light
source and keeping it, level then allowed the
results to be seen though the eyepiece whilst
adjusting the focus to create a clear image.

Figure 4: Hony Refractometer eye piece readings/results
(Source: Backmo, H. (2023, September 13)

The brix% and water% data was collected by
viewing the point where the line passed through
the corresponding value. This was repeated
three times for each honey were the results
were recorded, and the mean was calculated.

Statistical Analyses

Independent sample student-T-Tests were
conducted to compare the antibacterial activity
of each honey sample and its corresponding
concentration percentage. Statistical
significance was observed through a critical t-
value of 2.920 (a= 0.05) where values exceeding
this threshold indicate significance in inhibition.
T-values were found using the single tailed t-test
formula shown below.

(X1—X2)

(s1)2 (S2)?
+

n1 n2

Figure 5: Single Tail student t-test formula (Source:
Biology for Life. (n.d)

All analyses and data were found using
Microsoft Xcel (2021) and results are detailed in
the Discussion and Appendix.

The lab technician then revealed the names and
types of honey after the data was collected,
collated, and analysed as a successful
completion of a double-blind test labelled 1-7
(Table 1).

Risk assessment

Arisk assessment was conducted due to the
use of live bacteria cultures, which pose
potential health hazards. For example,
Staphylococcus epidermidisa can cause skin
and soft tissue infections, and in severe cases
bloodstream infections (Bacteraemia) that can
lead to hospitalisation (Tracey A., 2023). To
minimise these risks, all culture tubes and agar
plates were autoclaved. All equipment was
either sterilised or properly disposed of
following laboratory protocols. Personal
protective equipment, including gloves, lab
coats, and safety glasses were worn at all times.
All other potential hazards outlined in the risk
assessment (appendix) were identified and
appropriately mitigated ensuring a safe
environment.
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Figure 7: Average zone of inhibition of each honey (1-7)
including a distilled water control (8) against E. coli (Gram
negative) applying the Kirby Bauer method (Bauer et al. 1966)

using Muller Hilton agar plates.
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Figure 8: Average zone of inhibition of each honey (1-7)
including a distilled water control (8) against S. epidermidis
(Gram positive) applying the Kirby Bauer method (Bauer et al.

1966) using Muller Hilton agar plates.

Blindly Type of Honey Brix % Water %
Labelled
1 Mr Gentles Local 81.0 17.5
honey
2 Wanderer pure 81.5 16.5
raw Australian
Honey
3 Jelly Bush Honey 81.5 17.0
4 Forever Young 82.0 16.5
Australian Honey
5 Tea Tree Honey 81.0 17.5
6 Blackburn Victoria | 82.5 16.0
honey
7 Manuka MGO 80.0 18.0
100+

Table 1: Displays the blind labelling (1-7) of each honey,
the sugar concentration (Brix %) and corresponding water
content (%) of seven different honey types.

E coli Concentration of honey (%)
Honey 25% | 50% | 75%
No. Average Zone of Inhibition Diameter (mm)

1 8.6 9.1 114
2 12.4 12.6 111
3 12.2 12.6 9.7
4 11.4 11.6 11.5
5 12.7 14.1 11.5
6 16.7 12.4 8.9
7 8.3 9.9 10.8
8 5.5 5.5 5.5

Table 2: Mean ZOl scores of each honey for E. coli at
every percentage dilution (25%, 50%, 75%).

S. Concentration of honey (%)
epiderm 25% 50% | 75%
idis
Honey
No. Average Zone of Inhibition Diameter (mm)
1 5.6 6.5 6.0
2 6.6 9.8 9.1
3 6.8 8.2 7.7
4 7.3 7.0 6.1
5 5.8 7.2 6.4
6 7.4 8.8 6.0
7 6.2 6.7 6.0
8 5.5 5.5 5.5

Table 3: Mean ZOI scores of each honey for S.
epidermidis at every percentage dilution (25%, 50%,
75%).




25% Concentration

Honey Honey
No. Bacteria | % variance | SD t-value No. Bacteria % variance | SD t-value
1| E.coli 9.404 3.067 3.067 1 | S. epidermidis 0.009 0.094 0.067
2 | E.coli 1.429 1.195 6.933 2 | S. epidermidis 0.169 0.411 1.067
3| E.coli 3.727 1.930 6.700 3 | S. epidermidis 0.382 0.618 1.333
4 | E.coli 6.320 2.514 5.900 4 | S. epidermidis 0.042 0.205 1.833
5| E.coli 4.507 2.123 7.200 5 | S. epidermidis 0.056 0.236 0.333
6 | E.coli 4.940 2.223 11.200 6 | S. epidermidis 0.802 0.896 1.867
7 | E.coli 0.420 0.648 2.800 7 | S. epidermidis 0.056 0.236 0.667
8 | E.coli 0 0 0 8 | S. epidermidis 0 0 0
Table 4: Comparison of the antibacterial activity of seven different honeys at 25% concentration
against E. coliand S. epidermidis, shown by percentage variance, standard deviation (SD), and t-
values. (Green= Rejection of Null hypothesis, Red= Acceptance of Null Hypothesis.
50% Concentration
Honey Honey
No. Bacteria | % variance | SD t-value No. Bacteria % variance | SD t-value
1| E.coli 2.069 1.438 3.633 1 | S. epidermidis 0.036 0.189 0.967
2 | E.coli 0.996 0.998 7.133 2 | S. epidermidis 1.040 1.020 4.300
3| E.coli 1.742 1.320 7.067 3 | S. epidermidis 0.616 0.785 2.733
4 | E.coli 1.509 1.228 6.067 4 | S. epidermidis 0.276 0.525 1.533
5| E.coli 0.429 0.655 7.252 5 | S. epidermidis 0.380 0.616 1.700
6 | E.coli 0.207 0.455 6.900 6 | S. epidermidis 0.140 0.374 3.300
7 | E.coli 1.182 1.087 0.512 7 | S. epidermidis 0.069 0.262 1.233
8 | E.coli 0 0 0 8 | S. epidermidis 0 0 0
Table 5: Comparison of the antibacterial activity of seven different honeys at 50% concentration
against E. coli and S. epidermidis, shown by percentage variance, standard deviation (SD), and t-
values. (Green= Rejection of Null hypothesis, Red= Acceptance of Null Hypothesis.
75% Concentration
Honey Honey %
No. Bacteria | % variance | SD t-value No. Bacteria variance SD t-value
1| E.coli 0.887 0.942 5.900 1 | S. epidermidis 0.002 0.047 0.533
2 | E.coli 1.629 1.276 5.633 2 | S. epidermidis 0.116 0.340 3.567
3| E.coli 0.029 0.170 4.233 3 | S. epidermidis 0.327 0.572 2.200
4 | E.coli 8.887 2.981 6.000 4 | S. epidermidis 0.069 0.262 0.567
5| E.coli 0.962 0.981 5.026 5 | S. epidermidis 0.136 0.368 0.933
6 | E.coli 0.469 0.685 3.433 6 | S. epidermidis 0.062 0.249 0.533
7 | E.coli 0.240 0.490 0.238 7 | S. epidermidis 0.016 0.125 0.533
8 | E.coli 0 0 0 8 | S. epidermidis 0 0 0

Table 6: Comparison of the antibacterial activity of seven different honeys at 75% concentration
against E. coliand S. epidermidis, shown by percentage variance, standard deviation (SD), and t-

values (Green= Rejection of Null hypothesis, Red=Acceptance of Null Hypothesis.




E. coli 25% S. albus 25%
20.0 3
_ 150 o,
N [ J
R 10.0 = §
C
S 50 ¢ { 2 $ o
= L ° °
0.0 { ] 0 L] @
50 0 2 4 6 8 10 0 2 4 6 8 10
Honey Type A Honey Type D
E. coli 50% S. albus 50%
10 6
[ ]
— 8 —
R 6 ¢ ; } ° Q 4 }
c - [
5 4 ¢ g ¢
s e 2 s @
2 = ° °
0 o 0 {
0 2 4 6 8 10 0 2 4 6 8 10
Honey Type B Honey Type E
E. coli 75% S. albus 75%
20 4
[ J
5 15 § 3
N 10 % 2 §
C
T 5 [ ) § [ ] ) )
© ® S 1
> ¢ ° e * o o
0 { 0 { J
5 0 2 6 8 10 0 2 4 6 8 10
Honey Type C Honey Type F

Figure 7: Comparison mean ZOI of each honey type 1-7 including a distilled water control (8) at each percentage
(25%,50%,75%) against each bacterium (E. coli and S. epidermidis) whilst demonstrating error bars of variance. A:
25% E. coli, B: 50% E. coli, C: 75% E. coli, D: 25% S. epidermidis, E: 50% S. epidermidis, F: 75% S. epidermidis

Figure 8: Agar plates for ZOI
samples as test A against E.
coli (gram-negative) (A, B, C)
and S. epidermidis (Gram
Positive) (D, E, F). For Sample
plates, 1: Locally sourced. 2:
Wanderer pure raw
Australian. 3: Jelly Bush. 4:
Forever Young Australian. 5:
Tea Tree. 6: Blackburn
Victoria. 7: Manuka MGO
100+. 8: Distilled Water
control




Discussion

Disc Diffusion

Supportive of the hypothesis, all seven honeys
exhibited modest antibacterial activity as
indicated by the zones of inhibition (ZOl, Figure
7, Table 2). Overall, E. coli (gram-negative)
showed a greater range of susceptibility
compared to S. epidermidis (gram-positive)
which consistently had smaller zones of
inhibition. This aligns with existing literature
stating that gram negative bacteria are more
resistant, however in this experiment, E. coli
was more effected due to the specific
properties within the honeys used. Honey’s 2-5
displayed peak antimicrobial effectiveness at
50% concentration (Figure 7) suggesting an
optimal balance where reduced viscosity
improves the diffusion of active compounds to
be spread across a larger area. At 25%
concentration, honey may be too diluted to be
fully effective and at 75% concentration,
increased thickness may limit diffusion
producing smaller inhibition zones. Only honeys
1 and 7 showed a clear dose-response
relationship supported by refractrometer results
showing their higher water content (17.5% and
18% respectively, Table 1), which facilitated
wider spread of antimicrobial compounds and
larger inhibition zones.

Figure 8 shows that across all tests conducted
on S. epidermidis, the difference in zones of
inhibition (ZOI) between all honeys were
minimal and remained within a narrow range.
This suggests that the gram-positive cell wall of
S. epidermidis may offer consistent protection
against the honey’s antibacterial compounds.
Alternatively, it is possible that the specific
phytochemicals or antibiotic compounds
present within each honey were more effective
against a gram-positive positive bacterium such
as E. coli compared to S. epidermidis. This is
visually presented in figure 8 which shows the
disc diffusion assays of each honey at 50%
concentration (1-7) and the control (8) against E.
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coli (Top row- A, B, C) and S. epidermidis
(Bottom row- D, E, F).

Compound Analysis

Brix ranged from 80% to 82.5% and water
content from 16% to 18%. Higher brix indicates
elevated sugar concentrations, contributes to
honey’s antimicrobial ability through osmotic
pressure and dehydration of microbes. Table 1
shows excessive viscosity linked to high Brix and
low water content (e.g. Honey 5: Brix 82.5%,
Water 16.0%). Honeys with higher water
percentages (e.g. Honey 3 & 6 with 17.5% -
18.0%) demonstrated improved spread of
compounds, especially at 50% dilution where
viscosity levels were optimal for diffusion.

Statistical Significance

Across all concentrations tested (25%, 50%,
75%) of each honey (1-7) against Escherichia
coli and Staphylococcus epidermidis, statistical
significance was found using a critical t-value of
2.920 (a=0.05) where the values that exceeded
this score indicate a significant difference
between the sample’s inhibition zones
compared to the control (distilled water).

25% Honey Concentration

At 25% shown in table 4 and graph Aand D, in
figure 7, honeys 1-6 displayed significant
statistical inhibition against E. coli, reaching t-
values exceeding a threshold = 2.920 (e.g.,
Honey 1t=3.067 and Honey 6= 11.200).
Variance ranged from 1.4%-9.4% suggesting
moderate reliability whilst SDs between 1.2 and
3.1 reflect some variance in ZOl measurements.
S. epidermidis exhibited complete resistance of
all honeys producing t-values below the
significance threshold (e.g., Honey 4 t= 0.205)
whilst presenting minimal variance (< 0.8%) and
low Sd’s (<0.9) suggesting consistency but
ineffective antimicrobial activity.



50% concentration

As displayed intable 5 and graphs Band E in
figure 7, increasing the concentration to 50%
improved the inhibition zones of honey’s 1-6
against E. coli, remaining significant above the
threshold (e.g., Honey 6: t=6.900). Variances
and SD decreased suggesting enhanced
consistency of results. For S. epidermidis,
honeys 2 and 6 achieved a significance above
the threshold (t=4.300 and 3.300). Other honeys
remained non-significant through small
increases in ZOl and variability measurements.

75% concentration

At 75% concentration, Honeys 1-6 continued to
remain effective in inhibiting growth of E. coli,
with t-values reaching above the threshold (e.g.,
Honey 4= 6.00) with majority showing low
variance in measurements except honey
number 4 (8.887%) suggesting the reliability of
results for most honeys. Against S. epidermidis,
shown at 50% honey 2 again produced
significant inhibition (t-values > 2.920) marking
the first consistent activity of a honey against S.
epidermidis suggesting a possible increased
concentration dependent effect. Similarly
portrayed in 25% and 50%, all other honeys
remained statistically non-significant whilst
showing low variance and SDs.

For all tests against E. coli, honey seven
demonstrated and remained no significance
reaching below the threshold. All water controls
(8) at each concentration percentage and
bacterial strain showed no inhibition zones
suggesting that any inhibition is caused by the
honey.

Previous studies
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concentration may reflect differences in
bacterial cell wall permeability with Gram-
positive species often exhibiting variable
responses to honey-based antimicrobials
(Kwakman et al., 2008).

Strengths and Limitations

Previous studies show the consistent inhibition
of E. coli across multiple honeys supports the
antimicrobial potential of phenolic compounds,
demonstrated in Australian native honeys where
floral-derived components contributed to
activity (Chen et al., 2012). In contrast, the
limited activity against S. epidermidis at 25%

This primary study saw all honeys tested show
significant antimicrobial properties compared
to control groups indicating the ZOl caused was
purely from honey and its compounds. This
provides a base for future further study into
honeys, especially those of native Australian
plants. The use of a double-blind test was
successful to remove any bias that may have
been influenced by existing literature sources.
The consistency of controls and variables using
different percentage concentrations of honey
dilutions and distilled water controls was
proven successful in formulating inhibition
zones. Supporting this, formulating multiple
effective tests for each percentage and bacteria
allowed for validity within experiments
conduction.

Several limitations may have impacted data
reliability and overall validity of this experiment.
The use of digital callipers (0.2 mm) and visual
estimation to measure the zones of inhibition
(ZOl) which introduces possible systematic
errors in measurements shown in the variance
and SD in Tables 4,5 & 6 and figure 7. Other
systematic limitations included the limited size
of the study as time constraints resulted in the
inability to conduct further supporting evidence.
Random errors in the honey collection may have
caused uncertainty as bees may visit multiple
flowering species producing varying amounts of
phenolic compounds in their honey.
Methodological flaws include the lack of
standardisation in honey as the purchasing of
online and local sources introduces variability
in freshness, storage condition and batch
consistency. Using the Kirby Bauer disc
diffusion method, soaking the filtration discs for
24 hours may have led to oversaturation or
uneven absorption where excess liquid could



have caused residual moisture to diffuse
differently across agar.

Summary, significance, and Future
Research

It was hypothesised that various honeys would
inhibit both Gram-positive (S. epidermidis) and
Gram-negative (E. coli) bacteria due to differing
phytochemical compositions. Extraction
assays, refractrometer analysis and student t-
tests rejected the null hypothesis for E. coli but
accepted it for S. epidermidis. Overall, Honey 2
(Wanderer Pure Raw Australian) showed the
highest antibacterial activity whilst honey 7
(Manuka MGO100+) was the least effective.

This study is significant as results support
Honeys traditional medicinal use and highlights
how it can be used in new drugs to combat
antimicrobial resistance (AMR).

Future research could quantify flavonoid
content of honey using the aluminium chloride
(ALCL;) colorimetric assay (Chang et al., 2002) to
link phenolic compounds with antibacterial
activity. Investigating regional and floral sources
may explain variations in bioactive content.
Future studies could also measure pH with a
calibrated meter (Terrab et al., 2004) to assess
its effectiveness in bacterial inhibition.

Conclusion

12

suggest that that honey may be against certain
gram-negative bacteria, potentially offering a
natural alternative in combatting antimicrobial
resistance. The variation in antibacterial
effectiveness between honeys and bacterial
strains could be linked to the differences in
phytochemical composition, viscosity and pH
highlighting the importance of further
phytochemical analysis, including flavonoid and
phenolic content to better understand that
causations of these effects. Due to systematic
errors (e.g. small sample size and time
constraints) and methodological limitations,
future studies could also address the role of
hydrogen peroxide, the floral and regional origin
of honeys, and their applications against a
broader spectrum of clinically studied and
tested pathogens. The formation of this study
supports the medicinal use of honey and
underscores its potential as a source of
bioactive compounds in treating future drug-
resistant bacteria.
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Appendix B- Raw Honey Dilution calculations
Honeyno. 1 | Concentration (%) -
Honeyno.5 | Concentration (%)
75 50 25
75 50 25
Honey (g) 7.74 5.10 2.69
Honey (g) 7.76 5.04 3.18
Water (ml) 2.60 5.10 8.10
Water (ml) 2.60 5.00 9.50
Honey no. 2 | Concentration (%) -
Honeyno. | Concentration (%)
75 50 25 6
Honey (g) 7.90 5.39 2.57 75 50 25
Water (ml) 2.60 5.40 7.70 Honey (g) 8.03 5.85 2.60
Water (ml) 2.70 5.90 7.80
Honey no. 3 | Concentration (%)
75 50 25 Honeyno. | Concentration (%)
Honey (g) 7.51 5.02 2.53 7
Water (ml) 2.50 5.00 7.60 75 50 25
Honey (g) 7.96 5.34 2.54
Water (ml) 2.65 5.30 7.62
Honey no. 4 | Concentration (%)
75 50 25
Honey (g) 7.79 5.27 3.00
Water (ml) 2.60 5.30 7.70




Appendix C: Raw ZOl measurements
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E. coli @25%

Honey
Honey no. Testa (mm) Testb (mm) Testc (mm) Avg Circ (mm) Accounted Filter
Size (x-5.5)
1 8.6 8.2 8.9 8.6 3.1
2 12.2 14.0 11.1 12.4 6.9
3 13.9 9.5 13.2 12.2 6.7
4 14.8 8.8 10.6 11.4 5.9
5 12.7 15.3 10.1 12.7 7.2
6 13.6 17.8 18.7 16.7 11.2
7 7.7 9.2 8.0 8.3 2.8
8 5.5 5.5 5.5 5.5 0.0
E. coli @50%
Honey
Honey no. Testa (mm) Testb (mm) Testc (mm) Avg Circ (mm) Accounted Filter
Size (x-5.5)
1 8.9 7.5 11 9.1 3.6
2 11.3 13.7 12.9 12.6 7.1
3 14.3 12.3 11.1 12.6 7.1
4 10.6 10.8 13.3 11.6 6.1
5 14.2 14.9 13.3 141 8.6
6 11.8 12.5 12.9 12.4 6.9
7 9.6 11.4 8.8 9.9 4.4
8 5.5 5.5 5.5 5.5 0.0
E. coli @75%
Honey
Honey no. Testa (mm) Testb (mm) Testc (mm) Avg Circ (mm) Accounted Filter
Size (x-5.5)
1 12.7 10.5 11 114 5.9
2 12.8 9.7 10.9 111 5.6
3 9.9 9.8 9.5 9.7 4.2
4 7.4 12.7 14.4 11.5 6.0
5 12.7 11.4 10.3 11.5 6.0
6 8.4 9.9 8.5 8.9 3.4
7 10.8 11.4 10.2 10.8 5.3
8 5.5 5.5 5.5 5.5 0.0
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S. albus @25%

Honey
Honey no. Testa (mm) Testb (mm) Testc (mm) Avg Circ (mm) Accounted Filter
size (x-5.5)
1 5.5 5.5 5.7 5.6 0.1
2 7.1 6.1 6.5 6.6 11
3 6.5 7.7 6.3 6.8 1.3
4 7.6 7.3 7.1 7.3 1.8
5 6 5.5 6 5.8 0.3
6 6.5 7 8.6 7.4 1.9
7 6 6 6.5 6.2 0.7
8 5.5 5.5 5.5 5.5 0.0
S. albus @50%
Honey
Honey no. Testa (mm) Testb (mm) Testc (mm) Avg Circ (mm) Accounted Filter
size (x-5.5)
1 6.6 6.2 6.6 6.5 1.0
2 10.2 8.4 10.8 9.8 4.3
3 8.4 7.2 9.1 8.2 2.7
4 7.3 7.5 6.3 7.0 1.5
5 7.1 8.0 6.5 7.2 1.7
6 8.3 8.9 9.2 8.8 3.3
7 6.6 6.5 7.1 6.7 1.2
8 5.5 5.5 5.5 5.5 0.0
S. albus @75%
Honey
Honey no. Testa (mm) Testb (mm) Testc (mm) Avg Circ (mm) Accounted Filter
size (x-5.5)
1 6.0 6.0 6.1 6.0 0.5
2 8.6 9.2 9.4 9.1 3.6
3 7.7 8.4 7.0 7.7 2.2
4 6.2 6.3 5.7 6.1 0.6
5 6.0 6.9 6.4 6.4 0.9
6 6.1 5.7 6.3 6.0 0.5
7 6.2 6.0 5.9 6.0 0.5
8 5.5 5.5 55 5.5 0.0




Appendix D: Risk Assessment

RISK ASSESSMENT St Edward's College, East Gosford Students

Science Extension 2025- write up

Written by: Max Oteiwi

Classes for which experiment Is required
Teacher: Mr Foster

Procedure or reference, Including varlations
rié

Equipment to be used

Commenced on: 18 Aug 2025

Expires: 18 Mov 2026

Year Group: 12 Extension Science

aluminium foll

glass beaker, 250 mL to 1 L

Patantial hazards
Breakage of beaker. Culs fram chipped rims.

Standard handling procedures
Inspect and discard any chipped or cracked baakers, no

matter how srmall the damage. Sweep up broken glass
with brush and dustpan; do nat use fingers.

match box

Potantial hazards
Flamrmakble._

Bunsen burner

Patantial hazards

Roaring Mame is very hot and can cause savers burns,
Rapid passage af hand thraugh fully luminous Name
usually does mot result in a burn. A& BUNSEN *ON SAFETY'
[LUMINGLS FLAME] IS STILL AN IGNITION SOURCE. Roaring
Bunsen burner may *burn back® at low gas Now, with
Aarme emerging fram air holes in base; this makes the
base af the burner hot to ouch and liable o cause
burns. Gas from gas tap or fram end of rubber tube
burns with large luminous flame, likely to cause burns.
Rubber hose & easily melkted by Aame from buerner, &.g.
if burmer knocked aver, résulting in fire from burn hole in
tube. Enfure hair i4 tied back, 20 doed not cabch alight

Standard handling procédures
HEWVER USE A BUMSEN BURMER TO HEAT & FLAMMABLE

LIQUID. NEVER BOIL METHYLATED SPIRITS USING &
BUNSEN BURMER. Inspect and clean the jat and base of
Bunsen burners regularly. Inspect and replace bube
whenaver any sign of wear or damage & noliced. Use
only hoses of e correct Size o ensure a comfortable fit
on both Bunsen burner and gas tap.

dissection tray

Patantial harards
Tray rmay break, il made from glass.

Standard handling procédures
Sweep up braoken glass with brush and dustpan: do not
i fingers.

metal tweezers

Patantial hazards
Can be wied a5 & weapon if long and sharply pointed.

glass rod

Patantial hazards
Glazs rod may break in hand causing desp culs,

Standard handling procédures
Inspect and discard any chipped ar cracked rods, no

matter how srmall the damage. Sweep up broken glass
with brush and dusipan; do nat use fingers.

hole puncher

incubator

Pobeniial harards

Possible source of elkectrical shock il not wired correctly.
Posgible ignition sauree.

Standard handling procédures
Check for slectrical safety sach time befare wse. Test

and tag at regular intervals

glass graduated plpette (glass graduated pipet)



Potenbial harards

Possibility of ingestion of liquid if mouth & used to [l
pipette. ALWAYS UISE & PIPETTE FILLER. Possibility of
breakage of glass and culs. Inserting glass pipette into
fillar inappropriately may result in major hand injuries, if
glass breaks.

Standard handiing procedures
Pravide a properly fitting pipatte filler with every pipetts.
Inspect and discard any chipped or cracked pipettes, no
matter how small the damage. Sweep up braken glass
with brush and dustpan; do nat use fingers.

plastic graduated plpette (plastic gradusted pipet)
Potential harards

Posgibility of ingestion of liguid if mouth & usaed to fll
pipette. ALWAYS UISE & PIPETTE FILLER. Organic Salvents.

may cause swelling af the surface layer af plastic,
causing cracking and leaking.

Standard handling procédures
Pravide a properly fitting pipette filler with every pipetis.

Da nat use with arganic solvents and do not clean with
arganic solvents.

digital calipers

Potenbial harards
Pointed jaws may cawse injury il misused.

nutrient agar plate

Potenbial harards

Agar is harmless, but bacteria or fungi grown an agar
may be pathogenic. Knowledge af microbislagy and
aseptic lEchnigues is required 1o minimise risks to stafl,
students and the envirenment

Standard handiing procedures

It & generally not recammended o incubate agar at
temparatures araund 37°C, since this increases the
likelihood of pathogenic arganisms growing.
Ternperatures abave 30°C should be avaided. Risk group
1 organisms, as described in ASMZS 2243 3:2010, are
generally regarded a5 suitable for supervised schoal
experifments. Check the pelicy of your schaal autharity

filter paper

Potential harards
Flamrmable. Used flter paper may contain harmiul
réegiduas.

Standard handiing procedures
After wse, dispose of residue and filter paper

apprapriately.

Chemicals to be used

ethanol, pure liguid, absolute [=thyl alcohal)

HIGHLY FLAMMABLE; DO MOT USE MEAR IGHITION
SOURCES. Liguid irritates eyes. Pralonged contact with
skin causes irritation. Low toxicity, if pure. May be highly
toxic if prepared by azsatropic distillation with benzens,
due to residesl benzene. Forms violently explosive
mixtures with nitric acid and other oxidiging agents.
Reaction of ethanel with acidified dichromate salution i
highly exathermic. Polassiurm reacts vialently with
ethanol. Ethanol becomes |ess lammable as it & diluted
with water; 50% ethanol is barely Rarmmable at room
temperature and <24% ethanol is not classified as a
dangerouws good.

Class: 3 PG: Il Users: Training:
GHS data:

Highly flammable liquid and vapour
DANGER Causes serious eye irritation
Potenbial harards

CH3CHL0H

UM: 1170 CAS: B4-17-5

Standard handling procédures
Store and use away from ignilion sources. Do not heat
ethanol in & container aver an open flame; use a waler
bath that is sparkprool. Any experiments invalving the
combustion of ethanel are potentially hazardous.
ETHAMOL BURNS WITH A NEARLY COLOURLESS FLAME
THAT I5 DIFFICULT TD SEE IN STRORG LGHT. Many
Serious injuries have resulted from "topping up®
containers of burning ethanol used for heating purposes
when it was thaught that the Name was extinguishead. If
a fuel is required, consider using metaldehyde or
hexamine tablets. Ethanal is a contralled substance, not
wsually available in schools. Methylated spirits is the
wsual form in which ethanol is obtained in schooals; it
contains methanol (5%), water (5%) and small amounts
of pyriding and other coal-tar prodects o make the Hgueid
unpalatable. Methylated spirits is adequate for mast
experiments carried out in schools.

Dispasal
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Retain in & Nammable liguids cabinet far collection by a
waske service. May be diluted with 20 times the volurme
afl waler and poured down the drain, provided no
ecoboxic Substances are present.

Water below 43.5°C is generally considerad safe far
adults and children. Cold water causes numbness and
hy pathermia, if expaswre s prolonged.

wiater =43.5 “C (cold-warm ) HaO
Class: ne PG: none Users: Training: 1-6 AS: TTARAES
GHS data: Not classified as a hazardous chemical.

Potential harards Standard handiing procedures

‘Waber in & labaratery shauld nat be dronk, duse 1o the
possibility of chemical contamination. Water spilled an
the flaar may be a slip hazard.

Digposal

May be poured down the drain.

agarose, gel [polyagarabiose)

Class: ne PG: none Users: Training: 1-6 CAS: ML2-26-6
GHS data: Not classified as a hazardous chemical.

Patenbial harards Diepasal

Low toxicity. Gel mby be placed in the garbage.

Biolog icals and food to be used

Escherichia coll (E. coli)

Potenlial harards
Possibility of infection during experiments with E. ooli.
Sorme straing are highly pathagenic.

Standard handling procedures
Some school authorities ban the culturing of unknawn

micro-arganisms in experiments, due to the passibility af
culturing pathagens. Cammercially obtained pure non-
pathogenic strains may be bowght from reputable
suppliers. Many school authorities do not permit Sub-
culturing of bacteria frem wild cultures. Your school
authority may allow commercially obtained pure Strains
of nan-pathagenic bacteria o be subculured fram one
plate to anather, provided the apprapriate safeguards
are followed. Risk group 1 organisms, as described in
ASNZS 2243 3:2010, are generally regarded as suitable
for supervised school experiments. Check the palicy of
your school autharity.

Staphylococcus albus (5. albus)

Potential hazards
May caute infections in individuals who are
immunocampromiged or debilitated.

Standard handiing procedures
Samie school authorities ban the cullwring af unknawn
micro-arganisms in experiments, due to the passibility af
culturing pathagens. Cammercially obtained pure non-
pathogenic strains may be bowght from reputable
suppliers. Many school authorities do not permit Sub-
culturing of bacteria frem wild cultures. Your school
authority may allow commercially oblained pure strains
of nan-pathagenic bacteria o be subculired fram one
plate to anather, provided the apprapriate safeguards
are followed. Risk group 1 organisms, as described in
A5/MNZS 2243, 3:2010, are generally regarded as suitable
for supervised school experiments. Check the palicy of
your school autharity.

honey

Potential harards

Rare allergies to haney are known. People with allergies
or Lensitivities to celery, pollen ar other bee-related
allargies may be allargic to honeg

Standard handiing procedures
Da nat eat in class, dee o the possibility of

contamination.
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