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distribution of pathogens increase the frequency of AMR 
(2,3). Drug resistance can be caused by the modification of 
the drug target, the inactivation of the drug, or changes in cell 
permeability which reduce drug accumulation within the cell, 
preventing the drug from being effective (4,5).
The six leading contributors to the surge of AMR are 
named the ESKAPE pathogens and include Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
Acinetobacter baumanii, Pseudomonas aeruginosa, and the 
Enterobacter species (6). The greatest contributors to the 
global burden of disease are methicillin-resistant S. aureus 
(MRSA), vancomycin-resistant E. faecium (VRE), and 
fluoroquinolone-resistant P. aeruginosa (7).
 P. aeruginosa is a gram-negative, aerobic rod, and 
monoflagellated bacterium and is highly resistant to external 
factors (8). Due to the opportunistic nature of P. aeruginosa, 
it rarely infects uncompromised tissue however invades 
immunodeficient tissue, making infections difficult to treat (9). 
For example, patients with conditions such as severe burns, 
tuberculosis, cancer, cystic fibrosis, or AIDS have increased 
susceptibility to P. aeruginosa with a 50% fatality rate (9). 
S. aureus is a gram-positive and cocci-shaped bacterium 
and is naturally found on the skin and mucous membranes 
(10, 11). If S. aureus is allowed to enter internal tissue or the 
bloodstream, it can cause infections throughout the body 
(12). S. aureus causes one of the largest ranges of infection, 
and different strains have independent pathophysiological 
properties, making it difficult to treat (12).  
 The World Health Organization estimates that more than 
700,000 deaths annually are caused solely by AMR (13). The 
mortality of many conditions increases dramatically after 
contracting an infection from an antimicrobial resistant strain 
(13). The number of deaths caused by antimicrobial resistant 
pathogens is expected to be more than 10 million by 2050 (14). 
With this rapidly increasing rate of AMR, researchers have 
begun to focus on natural products as a new source of active 
ingredients to develop more effective antimicrobial drugs (15). 
More than 80% of the active compounds in antimicrobial drugs 
are based on natural products (15). Botanical species are the 
largest contributors of these active ingredients, however, due 
to the large biodiversity of Plantae species, many botanical 
species remain unstudied (15).
 The pharmacological properties of botanical species 
depend on their phytochemical constituents, which are 
classified into two categories. Primary plant metabolites 
contribute to functions of life such as cell division, growth, 
respiration, and reproduction; thus, they are essentially the 
same across all botanical species (16). Secondary metabolites 
are bioactive compounds that are characterized by their 
chemical structures and differ between species (17). Unlike 
synthetic treatments, secondary metabolites have developed 
and evolved with exposure to different pathogens over time, 
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SUMMARY
Anti-microbial resistance causes more than 700,000 
deaths annually, a figure that is predicted to grow to 10 
million by 2050 and is one of the leading contributors 
to the Global Burden of Disease. The six leading 
contributors to the surge of antimicrobial resistance 
are named the ESKAPE pathogens. Staphylococcus 
aureus and Pseudomonas aeruginosa are two of these 
bacteria. More than 80% of the active ingredients in 
antimicrobial drugs are based on natural products. 
Botanical species are the largest contributors of 
these active ingredients, yet they remain largely 
unstudied. Our research aimed to explore the 
antimicrobial properties of the Myrtaceae family. 
We collected, dried, and extracted the flowers of six 
native Australian Myrtaceae species. We tested these 
crude extracts at ten different concentrations on S. 
aureus and P. aeruginosa, to determine percentage 
inhibition, which was used as an indicator of the 
efficiency of the crude extract in causing bacterial 
death. The minimum inhibitory concentration (MIC) 
determines the viability of an extract for further drug 
development. For S. aureus, all six tested Myrtaceae 
species exceeded MIC80 (concentration needed for 
80% inhibition), with Corymbia ficifolia being the 
most potent, exceeding MIC80 at 0.04 mg/mL. For 
P. aeruginosa four out of the six tested Myrtaceae 
species reached MIC80. Xanthostemon chrysanthus 
was most effective against P. aeruginosa with a 
MIC80 of 5.00 mg/mL. Myrtaceae species were shown 
to be highly effective against S. aureus and even P. 
aeruginosa, suggesting that further investigation into 
Myrtaceae species, could be revolutionary in drug 
development for newer, more effective antimicrobial 
drugs.

INTRODUCTION
 One of the greatest modern global concerns is the 
increasingly evident Antimicrobial Resistance (AMR) crisis, 
which has resulted in an increasing number of infectious 
diseases affecting the population which are untreatable with 
currently used antimicrobial medication (1). The AMR crisis is 
a significant contributor to the global disease burden resulting 
in longer hospital stays, increased mortality, and higher 
medical expenses, putting strain on medical systems (1). 
 AMR occurs naturally with genetic mutation or with the 
misuse and overuse of antimicrobial drugs (2). Poor infection 
control, inadequate sanitary conditions, and poor access to 
appropriate medicines alongside the increasingly globalized 
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thus these bioactive compounds have high specificity against 
the metabolic processes of foreign agents, which may be 
effective on ESKAPE pathogens (17). 
 Myrtaceae is a family of Plantae that contains an estimated 
150 genera and 3,300 species (18). In Australia, there are 
70 genera and 1646 species of Myrtaceae, most of which 
are endemic to Australia (18,19).  Research into Myrtaceae 
suggests that they contain different types of alkaloids, 
flavonoids, terpenes, and tannins, which are classes of 
secondary metabolites (20).
 With such a large range of secondary metabolites, we 
hypothesized that the crude extracts of Xanthostemon 
chrysanthus (golden penda), Syzygium australe (creek 
lilly-pilly), Melaleuca leucadendra (weeping paperbark), 
Angophora bakeri (narrow-leaved apple gum), Corymbia 
ficifolia (red flowering gum), and Callistemon viminalis 
(weeping bottle brush) would show varying antimicrobial 
properties, because there is a large probability that the crude 
extracts contain at least one effective bioactive compound 
against the bacteria (21). Eucalyptus is the most frequently 
used Myrtaceae genus in antibiotic development. Thus, we 
expected that A. bakeri and C. ficifolia would be most effective 
against S. aureus and P. aeruginosa because Angophora 
and Corymbia genera are closely related to Eucalyptus in 
structure and metabolism (22). Finally, we predicted that P. 
aeruginosa will be less susceptible to crude extracts because 
gram-negative bacteria contain two outer layers: the second 
outer membrane being an effective barrier, preventing the 
passage of large molecules such as secondary metabolites 
or antibiotics (23). In contrast, S. aureus is a gram-positive 
bacterium and only has a peptidoglycan layer, which is 
relatively porous, allowing secondary metabolites access 
to intercellular metabolic processes, making gram-positive 
bacteria more susceptible to these bioactive compounds (23).
 We collected, dried, and extracted crude extracts from 
the flowers of six Myrtaceae species, and we tested ten 
concentrations of each crude extract in a cell viability 
bioassay against S. aureus and P. aeruginosa to explore the 
antimicrobial properties of the crude extracts. We recorded 
the results in percentage inhibition, which we used as an 
indicator of the effectiveness of the crude extract in causing 
bacterial death. In drug development, crude extracts are 
evaluated based on the concentration at which percent 
inhibition exceeds 80%, which is called the minimum 
inhibitory concentration 80 (MIC80).  Extracts seemed more 
effective on S. aureus than on P. aeruginosa. For S. aureus, 
all six test species exceeded MIC80 at relatively lower 
concentrations. In comparison only four out of the six tested 
Myrtaceae reached MIC80 on P. aeruginosa at much higher 
concentrations. For further experimentation, we can isolate 
and retest the phytochemical constituents of effective species 
to identify which bioactive compounds caused inhibition. The 
efficiency of crude extracts on both gram-negative and gram-
positive bacteria species suggests that the tested species 
and other Myrtaceae species could be effective against other 
bacteria and multi-drug resistant strains.

RESULTS 
 We created extractions from the dried flowers of six 
Myrtaceae species and tested ten concentrations of these 
crude extracts against S. aureus and P. aeruginosa via a 
cell viability bioassay using resazurin as our indicator of cell 

viability. In active cells, resazurin is reduced to resoflurin 
and fluorescence can be measure using a plate reader. All 
experiments were carried out in triplicate.
 All six investigated Myrtaceae species reached MIC80 
for S. aureus (Figure 1, Table 1). C. ficifolia reached MIC80 
with the lowest concentration at 0.04 mg/mL suggesting that 
it is the most potent against S. aureus out of the six tested 
species. M. leucadendra and C. viminalis reached MIC80 
at 0.08 mg/mL, followed by A. bakeri which reached MIC80 
at 0.63 mg/mL. X. chrysanthus reached MIC80 at 2.50 mg/
mL. S. australe showed the least potency on S. aureus with 
a MIC80 of 5.00 mg/mL (Table 1). Only four plant species 
reached MIC80 for P. aeruginosa. X. chrysanthus and S. 
australe reached MIC80 at 5.00 mg/mL. A. bakeri and C. 
viminalis reached MIC80 at 10.00 mg/mL (Figure 2, Table 1). 
M. leucadendra and C. ficifolia did not inhibit 80 percent of P. 
aeruginosa and thus did not reach MIC80 (Table 1).
 Some wells of the P. aeruginosa plates appeared yellow, 
suggesting that resazurin may have reduced into the non-
fluorescent dihydroresorufin. To investigate the natural 
reduction of resazurin by the crude extracts we prepared 
an additional microplate without bacteria. Without bacteria, 

Figure 1: The mean percentage inhibition of S. aureus caused 
by Myrtaceae crude extracts. Inhibition was measured at ten 
different concentrations after 21 hours of incubation in a cell viability 
bioassay. Percentage inhibition was calculated from Relative 
Fluorescence Units (RFU), presented in mean percentage inhibition 
± half the range, represented by the error bars (n=3). 
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wells should remain blue, but S. australe naturally reduces 
the resazurin into resorufin. To confirm the inhibition of P. 
aeruginosa from S. australe, we prepared an agar plate with 
P. aeruginosa and placed a sample of the 5.00 mg/mL S. 
australe crude extract before the agar plate was incubated. 
There was no measurable zone of inhibition, suggesting that 
MIC80 for S. australe was closer to 10.00 mg/mL than 5.00 
mg/mL.
 We found a significant difference between the percentage 
inhibition of S. aureus and P. aeruginosa for the S. australe 
(p = 0.001219), M. leucadendra (p = 0.000003), A. bakeri (p 
= 0.027883), C. ficifolia (p = 0.000000) and C. viminalis (p = 

0.001230) conditions (Table 2). X. chrysanthus illustrated little 
inhibition in both S. aureus and P. aeruginosa thus there was 
no significant difference between the two bacterial conditions 
(p = 0.257339) (Table 2). In concentrations greater than 0.63 
mg/mL, p-values were less than 0.05 (Table 3). The most 
significant difference between inhibition of S. aureus and P. 
aeruginosa was at 2.50 mg/mL (p = 0.008925) (Table 3). At 
low concentrations, there was less inhibition, thus percentage 
inhibition was similar, regardless of the concentration 
Therefore, the difference between S. aureus inhibition and 
P. aeruginosa inhibition was statistically insignificant for 
concentrations lower than 1.25 mg/mL as the p-values were 
greater than 0.05 (Table 3).

Table 2: P-values for the six tested Myrtaceae species calculated 
from one-way t-test. P-values < 0.05, the inhibition observed for 
that crude extract was significantly different between S. aureus and 
P. aeruginosa.

Table 1: Minimum Inhibitory Concentration of 80% (MIC80). Concentration (mg/mL) at which MIC80 was reached against S. aureus and 
P. aeruginosa. 

Figure 2. The mean percentage inhibition of P. aeruginosa 
caused by Myrtaceae crude extracts. Inhibition was measured 
at ten different concentrations after 18 hours of incubation in a cell 
viability bioassay. Percentage inhibition was calculated from Relative 
Fluorescence Units (RFU), presented in mean percentage inhibition 
± half the range, represented by the error bars (n=3).

Table 3: P-values for the ten concentrations of crude extract 
calculated from one-way t-test. P-values < 0.05, the inhibition 
observed at that concentration was significantly different between S. 
aureus and P. aeruginosa.
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DISCUSSION
 Our investigation aimed to explore the antimicrobial 
properties of native Australian Myrtaceae species against 
S. aureus and P. aeruginosa. Our results suggest that all 
the Myrtaceae species demonstrate varying antimicrobial 
properties. These results suggest that native Australian 
Myrtaceae are a viable and large source of secondary 
metabolites, whether that be as phytochemical adjuvants 
which increase immunity or as a direct defence against 
pathogens. All six species exceeded MIC80 for S. aureus and 
four species exceed MIC80 for P. aeruginosa. The species 
with the most potential are C. ficifolia for S. aureus (Figure 
1).  X. chrysanthus was the most potent against P. aeruginosa 
(Figure 2). The six Myrtaceae species illustrated inhibition 
to varying extent, supporting the hypothesis. For five out of 
the 6 species P. aeruginosa was significantly less inhibit than 
S. aureus (p < 0.027883) (Table 2). X. chrysanthus was the 
only extract were P. aeruginosa and S. aureus had similar 
percentage inhibition (p = 0.257339) (Table 2).
 Statistical indicators of variability often require large 
datasets to be an accurate representation of variation. In this 
case, half of the range is the best metric to measure variability 
because there are few apparent outliers and as range only 
looks at the two most extreme values of a data set, therefore 
the fact there are only 3 repeats is less significant to the 
calculation of variability. Generally, the variance is higher for 
the lower concentrations, as the concentration increases the 
variance decreases. The clear trend observed regardless of 
the range of variance suggests that the variation between 
repeats is largely insignificant to the accuracy of the results 
and conclusions.
 The yellow undertones in some of the wells suggest that 
resorufin was reduced to the non-fluorescent dihydroresorufin, 
which the plate readers recognize as inhibition. The misreading 
of fluorescence can result in an inaccurate representation of 
inhibition. We prepared an additional microplate to evaluate 
the reduction of resazurin. Resazurin is a blue dye which is 
nonfluorescent, it reduces to resorufin which is pink in medium 
cell activity. Resorufin further reduces to dihydroresorufin. 
Without bacteria, the wells should remain blue, but S. australe 
naturally reduces the resazurin into resorufin and possibly 
into dihydroresorufin. The reduction caused by extracts was 
only substantially evident in S. australe. Therefore, our S. 
australe data has lower confidence compared to the other 
tested species.
 Even with the reduction caused by S. australe, the overall 
interpretation of our data remains unaffected, because for 
the S. aureus condition there is a clear trend that illustrates 
inhibition occurred regardless of the natural reduction of 
resazurin (Figure 1). Although the extent that S. australe 
reduces resazurin is the same in both bacteria conditions, it 
is only significant for P. aeruginosa. Reduction only appeared 
relevant for 10.00 mg/mL and 5.00 mg/mL concentrations of 
S. australe crude extract. In the S. aureus condition, there 
are clear trends in inhibition, even at lower concentrations 
where the crude extract would not naturally reduce the 
resazurin, which suggests that even though reduction 
may occur in the higher concentrations, it is secondary to 
inhibition (Figure 1). In the P. aeruginosa condition inhibition 
in the four extracts that reached MIC80 occurred at relatively 
high concentrations, which coincides with the reduction that 
occurs naturally (Figure 2). Therefore, supplementary testing 

was only necessary for P. aeruginosa.
 To test the implication of the error, we prepared an agar 
plate as a supplementary test. If MIC80 for S. australe was 
truly 5.00 mg/mL, the contact sites with the extract should be 
distinctly less opaque than the bacterial culture surrounding 
it, creating clear zones of inhibition. The little inhibition we 
observed suggests that MIC80 for S. australe was closer to 
10.00 mg/mL than 5.00 mg/mL. Thus, we interpreted MIC80 
for S. australe at 10.00 mg/mL after the supplementary test.
 Some of the stock plates indicate possible contamination 
in isolate wells. These isolated wells were considered outliers 
and excluded from the mean percentage inhibition calculations 
because they were reflective of contamination rather than the 
inhibition itself. The fact that they are isolated suggests that 
the contamination is most likely a handling error, rather than a 
systematic error.
 The tested Myrtaceae species appear to be effective 
antimicrobial agents against S. aureus, suggesting that the 
secondary metabolites found within the crude extracts have 
high potential in antibiotic development against S. aureus 
infections and potentially Methicillin-resistant S. aureus. C. 
ficifolia (p = 0.000000), M. leucadendra (p = 0.000003) and 
C. viminalis (p = 0.001230) had the most significant difference 
in percentage inhibition between S. aureus and P. aeruginosa 
and were the most effective against S. aureus (Table 2). 
This suggests that within the crude extracts, there are highly 
effective secondary metabolites that either work in isolation 
or collectively with other secondary metabolites to inhibit the 
metabolic processes of the bacteria. Thus, these species 
may contain highly potent bioactive compounds that could be 
used to develop antibiotics in the future. 
 P. aeruginosa appeared less susceptible to the tested 
crude extracts, which we hypothesized because P. aeruginosa 
is a gram-negative bacterium and typically is less affected 
by antimicrobial agents, suggesting that penetrability of the 
crude extracts is an important factor in how effective extracts 
are against bacteria (23). There is significant difference 
in inhibition in concentrations higher than 0.63 mg/mL 
between S. aureus and P. aeruginosa (p < 0.015148) (Table 
3). Although P. aeruginosa was not as susceptible to crude 
extracts, it may be because effective bioactive compounds 
were in small concentrations within the extracts or higher 
concentrations of extracts were needed to inhibit the more 
resistant P. aeruginosa. Other Myrtaceae species, especially 
species closely related to X. chrysanthus, S. australe, A. 
bakeri, and C. viminalis, which were effective on both bacteria, 
may have highly effective secondary metabolites.  
 There is some evidence regarding the antimicrobial 
properties of Myrtaceae species which supports the findings 
of this investigation. Syzygium aromaticum and Melaleuca 
alternifolia essential oils are effective against P. aeruginosa 
and S. aureus biofilms (24). There is also substantial evidence 
that extracts of Myrtaceae species are less effective on gram-
negative bacteria. Myrcia alagoensis essential oils appear less 
effective on gram-negative bacteria (25). Such observations 
were explained to be due to the lack of permeability of the 
outer membrane or efflux pumps that export antimicrobial 
agents providing protection against antibiotic action (25). 
Evidence suggests that most gram-positive bacteria illustrate 
similar degrees of inhibition to Myrtaceae species. For 
example, gram-positive bacteria S. aureus, S. pyogenes, 
E. faecalis and E. faecium exhibit similar MIC50 and MIC90 
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values (26). However gram-negative bacteria indicate more 
variability. Myrcianthes hallii was tested against E. coli and 
P. aeruginosa. The MIC value was considerably higher than 
the four gram-positive bacteria, but E. coli had a much higher 
MIC50 and MIC90 value compared to P. aeruginosa (26). 
Although gram-negative bacteria appear less susceptible, 
there is significant evidence that Myrtaceae species inhibit 
these bacteria. Callistemon citrinum leave and flower extracts 
were found to cause significant zones of inhibition against 
gram-negative bacteria such as Vibro alginolyticus and 
Aeromonas hydrophila (27). When extracts of Eucalyptus 
were tested against P. aeruginosa, MIC was reached at 25 
mg/mL, which suggests that higher concentrations of extracts 
are needed to be effective against highly resistant bacteria 
like P. aeruginosa (28). 
 To fully evaluate the potential of Myrtaceae species in 
antimicrobial drug development, the scope of the investigation 
needs to be extended. Further experimentation includes 
isolating the secondary metabolites in the crude extracts that 
were able to meet MIC80. Secondary metabolites are largely 
responsible for the pharmacological properties of botanical 
species (17). Existing chemical analyses of common 
Myrtaceae species suggests that extracts may include 
compounds that damage cell walls, cause metabolic failure, or 
inhibit the production of essential biological compounds (29-
31). High Performance Liquid Chromatography (HPLC) can 
be used to isolate and identify these bioactive compounds. 
HPLC is a process that involves ratios of solvents with 
different polarities, where crude extracts can be separated 
into their individual constituents; the molecules are identified 
and quantified within the extract (32). For drug development, 
molecules must be isolated, and the same methodology must 
be conducted to find MIC80 for each pure molecule. There 
is evidence that leaf and flower extracts contain different 
secondary metabolites, thus demonstrating different degrees 
of inhibition (33). 
 The bioassay provides a quantitative analysis of cell 
viability; however, it is not indicative of the mechanisms 
or interactions between secondary metabolites and 
microorganisms which causes inhibition. Understanding 
and investigating these mechanisms could reveal how 
effective secondary metabolites inhibit microorganisms, 
this knowledge could be used to guide the search for more 
secondary metabolites that specifically target these aspects 
of a pathogen. Furthermore, we only tested the effectiveness 
of Myrtaceae species at inhibiting two bacterial strains. 
Although S. aureus and P. aeruginosa provide insight into 
ESKAPE pathogens and gram-positive and gram-negative 
bacteria, respectively, we would need to perform experiments 
on other ESKAPE pathogens to determine if our results 
generalize to these pathogens. Further investigation of the 
effective species should include isolation of secondary 
metabolites, exploring leaf extracts, and testing extracts on a 
broader spectrum of bacteria.

MATERIALS AND METHODS
Flower collection
 X. chrysanthus, S. australe, M. leucadendra, A. bakeri, 
C. ficifolia and C. viminalis flowers were obtained from trees 
around the Southeast Queensland region during December, 
which is the blooming season for most Myrtaceae. Flowers 
were collected straight from wild trees to limit the effect of 

contamination from substances such as pesticides which 
could influence the bioactive compounds within the flowers. All 
leaves and stems were removed from the specimens. Flowers 
were left in a shaded, dry room at 26˚C for 3 months, to avoid 
the denaturation and breakdown of bioactive compounds that 
can occur with direct sunlight or heat (34). An electric grinder 
was used to grind the dry samples and 1.00 g (± 0.01 g) was 
measured into a test tube. 

Extraction Process
 Each ground flower was put into a test tube and dissolved 
in 6 mL of 100% methanol. Methanol, a polar substance, 
extracts polar bioactive compounds; however, it has the 
capacity to extract some non-polar compounds (34). 
Methanol also has a relatively low evaporation temperature 
at 64.7˚C, making it efficient for extraction processes (34). 
Samples were sonicated for 20 minutes to agitate particles 
or discontinuous fibers in a liquid, in order to accelerate the 
extraction process (35). Sonicated samples were filtered 
through Pasteur pipettes containing filter paper, and the 
filtered methanol was collected into the empty test tube which 
was previously measured for its empty mass.
 Ground flowers were then re-saturated with an additional 8 
mL of methanol and the same sonication and filtering process 
was completed five times (using new methanol each time) to 
fully extract the methanol soluble compounds. Discoloration 
of the methanol was used as an indicator of the degree of 
extraction with each repetition. 
 Methanol extracts were placed in a Genevac to evaporate 
the methanol. The temperature was set at 40˚C, the pressure 
slowly decreased from 300 Pa to 20 Pa and rotated at 1390 
rpm. The mass of the dried extracts was measured, and the 
concentration of the crude extract was calculated. Dried 
extracts were redissolved in 10 mL of methanol and different 
volumes of each extract was put in the rotatory evaporator to 
obtain 40 mg of each dried extract. The final concentration of 
the first column in the serial dilution needed to be 200 mg/mL, 
40 mg of dried extracts were dissolved in 200 μL of dimethyl 
sulfoxide (DMSO). DMSO was used as the solvent for the 
bioassay crude extracts because methanol has antimicrobial 
properties and thus could compromise the accuracy of the 
bioassay (36).

Bioassay
 Bacterial stocks were kept frozen at -81˚C and then 
streaked on agar plates, under sterile condition, and 
incubated at 37˚C prior to experiments. S. aureus and P. 
aeruginosa were incubated for their optimum growth periods, 
approximately 20 hours and 16 hours, respectively, (37, 38). 
The same streak plates were used for all three repeats of 
each bacterium and were placed in the fridge (4˚C) in between 
experiments. One colony was collected from the streak plate 
using a sterile micropipette tip and put into 10 mL of single 
strength LB broth, two broth cultures were made per bioassay 
alongside a blank. To form the inoculate for each bioassay, 
1 mL of the overnight culture was put into 20 mL of single 
strength LB Broth. Spectrophotometry was used to estimate 
the starting concentration of bacteria for each experiment. 
To normalize for differences in starting amount of bacteria 
the raw data was converted to percentage growth and 
then percentage inhibition. DMSO blanks were used as an 
indicator of bacterial growth and used to calculate the slope 
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of growth for each repeat.
 Bioassays allow for quantitative data on the efficiency of 
agents against target cells in vitro to be collected (39). We 
used resazurin (7-Hydroxy3H-phenoxazin-3-one 10-oxide), 
which in the absence of cell activity it remains in its original 
form (blue), which is non-fluorescent if cells are viable and 
metabolic processes continue the dye reduces into resorufin 
which is pink and fluoresces (40), thus RFU can be used as 
an indicator of cell viability. 5 μL of the extract was placed into 
each well which contained 25 μL of H2O, 25 μL of LB Double 
Strength Broth, and 50 μL of bacterial inoculate.
 To control for and easily identify the source of any 
contamination, each plate contained five control conditions. 
We used antibiotics to check if the plate was contaminated 
with other bacteria. Erythromycin was the antibiotic used 
against S. aureus and Tobramycin was the antibiotic used 
against P. aeruginosa. Wells that contained only broth and 
inoculate ensured that growth could occur in our bioassays 
and the blank condition which not contain inoculate checked 
for contamination of our reagents. Additionally, we had 
controls that contained DMSO (our solvent for dried extracts) 
to check for any inhibition of growth caused directly by DMSO 
(DMSO + inoculate) as well as DMSO-blank which checked 
for contamination of our DMSO stock.
 After the bioassays were incubated according to the 
bacterium’s incubation period, 10 μL of resazurin was added 
to all wells. The S. aureus microplates were incubated for an 
additional 1 hour at 37˚C and P. aeruginosa was incubated 
for an additional 2 hours (41). Fluorescence was measured by 
BMG LABTECH, FLUOstar Omega fluorescent plate reader 
with excitation at 544 nm and emission at 590 nm. For the 
supplementary test, a volume of 10 μL of resazurin was added 
to each sample well, and the plate was put into the incubator 
for 1 hour, no bacterium was added. In addition, the agar plate 
spread with P. aeruginosa, aimed to test the inhibition of 5.00 
mg/mL S. australe crude extract was incubated for 16 hours 
at 37˚C. 

Data Processing
 Raw data was measured in Relative Fluorescence Units 
(RFU). The mean RFU of the DMSO Blank condition was taken 
as 0% growth. The mean RFU of the DMSO growth condition 
was taken as 100% growth. Excel was used to calculate the 
slope and intercept of the regression between 0% and 100% 
growth. The slope and intercept were calculated for each 
repeat to normalize the data to overcome the difference in 
starting bacterial concentrations. Percentage growth was 
calculated based on the equation:  Percentage Growth = 
((RFU x Slope) + Intercept) x 100). Percentage inhibition was 
calculated by the equation: Percentage Inhibition = 100 – 
Percentage Growth. Variance was measured in the form of 
mid-range, with the equation Variation = Range / 2. Error bars 
represented this variance (Figure 1,2). For a species to be 
considered active, the percentage inhibition must be greater 
than 80% (42). Percentage inhibition between 50% and 80% 
is considered to be partially active, and percentage inhibition 
less than 50% is characterized as inactive (42). Therefore, 
minimum inhibitory concentration (MIC) is calculated in 
reference to 80% inhibition (MIC80). As percentage inhibition 
was calculated from percentage growth some percentage 
inhibition values appear negative, this indicates that growth 
has occurred (42). 
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