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ABSTRACT
Introduction: Brachychiton acerifolius (A.Cunn. ex G.Don) Macarthur and 
C. moore is a large tree that is native to subtropical regions of the east 
of Australia. Decoctions and infusions produced from the leaves of the 
related species Brachychiton diversifolius were used by the first Austra-
lians to treat a variety of bacterial diseases. Despite this, B. acerifolius leaf 
and flower extracts have not been rigorously examined for antibacterial 
properties against many pathogens. Methods: The antimicrobial activity 
of B. acerifolius leaf and flower extracts was investigated by disc diffu-
sion and growth time course assays against a panel of pathogenic bacteria. 
The growth inhibitory activity was quantified by MIC determination. Toxicity 
was determined using the Artemia franciscana nauplii bioassay. Results: 
Methanolic B. acerifolius leaf and flower extracts inhibited the growth of a 
wide range of bacterial species. Growth of both gram positive and gram-
negative bacteria was inhibited by the B. acerifolius leaf and flower extracts, 
although the gram negative bacteria were substantially more susceptible 
to the extracts than the gram positive bacteria were. The leaf extracts were 
more potent growth inhibitors than the flower extracts against all bacteria 
tested. The B. acerifolius leaf extract was a strong inhibitor of A. faecalis, 
K. pneumonia, P. fluorescens, S. newport, S. sonnei, B. cereus, S. aureus 
and S. pyogenes growth, with MIC values substantially <1000µg/mL. The 
antibacterial activity of the methanolic B. acerifolius leaf extract was fur-

ther investigated by growth time course assays which showed significant 
growth inhibition in cultures of P. fluorsecens and B. cereus within 1hr of 
exposure. Both extracts were determined to be nontoxic in the Artemia 
franciscana nauplii bioassay, indicating their safety for internal use as well 
as for topical uses. Conclusion: The lack of toxicity of the B. acerifolius leaf 
and flower extracts and their growth inhibitory bioactivity against a panel 
of pathogenic bacteria partially validate the traditional usage of this species 
to treat bacterial diseases and indicates their potential in the development 
of antiseptic agents. 
Key words: Malvaceae, Illawarra flame tree, Australian plants, Antibacterial 
activity, Toxicity, Medicinal plants.
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Brachychiton acerifolius (A.Cunn. ex G.Don) Macarthur and C. 
moore Leaf and Flower Extracts Inhibit the Growth of a Panel of 
Pathogenic Bacteria

INTRODUCTION
In recent years, many bacterial strains have acquired resistance genes, 
rendering them either extremely (XDR) or totally drug resistant (TDR) 
to many antibiotics.1 Few therapeutic options remain to treat the diseases 
caused by these pathogens and this situation is likely to worsen as bacteria 
exchange resistance genes and more strains become multi-drug resistant 
(MDR). For this reason, the development of alternative antibiotic 
chemotherapies is considered by the World Health Organisation (WHO) 
to be one of the most serious challenges facing medical science.2 It is 
unlikely that the previous methods of antibiotic discovery/development 
will be as successful in the future and new therapeutic options are 
urgently required. 
Traditional plant derived medicines are an attractive option for the de-
velopment of new antibiotic therapies as they have been used for a va-
riety of therapeutic purposes, including fighting microbial disease and 
their uses have often been well documented.3 Indeed, the ability of plant 
extracts to block the growth of pathogenic bacteria has become the focus 
of much recent study.4,5 Much of the research into traditional medici-
nal plant use has focused on Asian,6,7 African8-12 and South American13,14 
plants. Similarly, the medicinal properties of Australia flora has also re-
ceived recent attention. Australian Aborigines understood the therapeu-
tic properties of a wide variety of Australian plants and how to use them 
effectively.15 Whilst studies have reported antibacterial activity for some 
Australian plant species,16-19 the antibacterial activity of many Australian 
native plants remains unexamined. 
Brachychiton acerifolius (A.Cunn. ex G.Don) Macarthur and C. moore 

(Figure 1a; Family Malvaceae; commonly known Illawarra flame tree) 
is a large tree that grows in subtropical regions on the east coast of 
Australia. It has large variable leaves, with up to 7 deep lobes (Figure 
1b) which it sheds in the dry winter season. B. acerifolius produces 
masses of red flowers (Figure 1c) in late spring which develop into dark 
brown pod-like fruits up to 10cm in length. The seeds are nutritious 
and were roasted and eaten by Aborigines. Whilst we were unable to 
find records of the medicinal usage of B. acerifolius to treat bacterial 
disease, the related species Brachychiton diversifolius R.Br. (commonly 
known as northern kurrajong) was used by the first Australians to treat 
wound infections, as well as diarrhoea and dysentery.20 The antibacterial 
activity of B. acerifolius is also poorly studied. However, B. diversifolius 
has been reported to have moderate growth inhibitory activity against 
Bacillus subtilis and Sarcina lutea.21 The same study reported that the 
extracts were completely ineffective against Staphylocoxccus aureus and 
Pectobacterium carovorum at 2000μg/mL. However, that study tested 
the bacteria against a single concentration and did not determine MIC 
values, making it difficult to compare the activity to that of other studies. 
A recent study also reported that Brachychiton rupestris (T.Mitch. ex 
Lindl.) K.Schum. leaf extracts are potent inhibitors of Streptococcus 
pyogenes growth.22

Several investigations have reported the chemical composition of B. 
acerifolius leaves and several interesting phytochemical components 
have been identified. The flavonoid content has been particularly well re-
ported and apigenin-7-O-glucuronide (Figure 1d), rutin (Figure 1e), lu-
teolin-7-O-D-glucuronide (Figure 1f), quercetin (Figure 1g), kaempferol 
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(Figure 1h), luteolin (Figure 1i) and apigenin (Figure 1j) have been iden-
tified.23 Interestingly, many flavonoids (including some of those identi-
fied in that study) have good antibacterial activities24 and may give the 
leaves bacterial growth inhibitory properties. Despite these promising 
studies, the antibacterial properties and phytochemistry of the leaves 
from B. acerifolius is poorly studied. We were also unable to find any 
studies that tested the flowers for antibacterial activity. The current re-
port was undertaken to screen B. acerifolius leaf and flower extracts for 
growth inhibitory properties against a panel of pathogenic bacteria. 

MATERIALS AND METHODS
Plant collection and extraction
Brachychiton acerifolius (A.Cunn. ex G.Don) Macarthur and C. moore 
leaves and flowers were obtained from verified trees on Logan campus 
of Griffith University, Brisbane, Australia. The leaf and flower samples 
were dried in a Sunbeam food dehydrator and stored at -30°C. Prior to 
use, the dried plant materials were freshly ground to a coarse powder 
and 1g quantities were weighed into separate tubes. A volume of 50mL 
methanol was added to individual tubes and extracted for 24 hr at 4°C 
with gentle shaking. All solvents were obtained from Ajax, Australia and 
were AR grade. The extracts were filtered through filter paper (Whatman 
No. 54) under vacuum and dried in an Eppendorf concentrator 5301. 
The resultant pellets were dissolved in 10mL sterile deionised water 
(containing 1% DMSO). The extracts were passed through 0.22µm filter 
(Sarstedt) and stored at 4°C until use.

Qualitative phytochemical studies
Phytochemical analysis of the B. acerifolius leaf and flower extracts for 
the presence of phenolic compounds, flavonoids, saponins, triterpenoids, 
phytosteroids, cardiac glycosides, anthraquinones, tannins and alkaloids 
was conducted by previously described assays.25,26

Antibacterial screening
Test microorganisms
All media was supplied by Oxoid Ltd., Australia. Clinical isolate 
microbial strains of Aeromonas hydrophilia, Alcaligenes feacalis, Bacillus 
cereus, Citrobacter freundii, Escherichia coli, Klebsiella pneumoniae, 
Proteus mirabilis, Pseudomonas fluorescens, Salmonella newport, Serratia 
marcescens, Shigella sonneii, Staphylococcus aureus, Staphylococcus 
epidermidis and Streptococcus pyonenes were obtained from Ms Michelle 
Mendell and Ms Jane Gifkins, Griffith University. All stock cultures were 
subcultured and maintained in nutrient broth at 4°C. 

Evaluation of antimicrobial activity
Antimicrobial activity of all plant extracts was determined using a 
modified disc diffusion assay.27,28 Briefly, 100µL of each bacterial culture 
was grown in 10mL of fresh nutrient broth until they reached a count 
of ~108 cells/mL. A volume of 100µL of the bacterial suspension was 
spread onto nutrient agar plates and extracts were tested for antibacterial 
activity using 5mm sterilised filter paper discs. Discs were infused with 
10µL of the plant extracts, allowed to dry and placed onto the inoculated 
plates. The plates were allowed to stand at 4°C for 2hr before incubation 
at 37°C for 24hr. The diameters of the inhibition zones were measured 
to the closest whole millimetre. Each assay was performed in at least 
triplicate. Mean values (± SEM) are reported in this study. Standard 
discs of ampicillin (10µg) and chloramphenicol (2μg) were obtained 
from Oxoid, Australia and were used as positive controls to compare 
antibacterial activity. Filter discs infused with 10µL of distilled water 
(containing 1% DMSO) were used as a negative control.

Minimum inhibitory concentration (MIC) determination
The minimum inhibitory concentration (MIC) of each extract against 
susceptible bacteria was determined as previously described.6,29 Briefly, 
the B. acerifolius extracts were diluted in deionised water (containing 1% 
DMSO) and tested across a range of concentrations. Discs were infused 
with 10µL of the test dilutions, allowed to dry and placed onto inoculated 
plates. The assay was completed as outlined above and graphs of the zone 
of inhibition versus concentration were plotted for each extract. Ln 
linear regression was used to determine the MIC values of each extract.

Bacterial growth time course assay
Bacterial growth time course studies were performed as previously 
described.30 Briefly, 3mL of the log phase P. fluorescens and B. cereus 
bacterial cultures in nutrient broth were added individually to 27mL 
nutrient broth containing 3mL of 10mg/mL methanolic leaf extract to 
give a final concentration of 1000µg/mL in the assay. The tubes were 
incubated at 37°C with gentle shaking. The optical density was measured 
hourly at 550nm for a 6hr incubation period. Control tubes were 
incubated under the same conditions but without the extract. All assays 
were performed in triplicate.

Toxicity screening
Reference toxin for toxicity screening
Potassium dichromate (K2Cr2O7) (AR grade, Chem-Supply, Australia) 
was prepared as a 4mg/mL solution in distilled water and was serially 
diluted in artificial seawater for use in the Artemia franciscana nauplii 
bioassay. 

Artemia franciscana nauplii toxicity screening
Toxicity was tested using an adapted Artemia franciscana nauplii le-
thality assay.31,32 Briefly, 400µL of seawater containing approximately 63 
(mean 63.3, n=75, SD 11.3) A. franciscana nauplii were added to wells of 
a 48 well plate and immediately used for bioassay. A volume of 400µL of 
diluted plant extracts or the reference toxin were transferred to the wells 
and incubated at 25±1°C under artificial light (1000 Lux). A 400µL sea-
water negative control was run in triplicate for each plate. All treatments 
were performed in at least triplicate. The wells were checked at regular 
intervals and the number of dead were counted. The nauplii were con-
sidered dead if no movement of the appendages was detected within 10 
sec. After 24hr, all nauplii were sacrificed and counted to determine the 
total % mortality per well. The LC50 with 95% confidence limits for each 
treatment was determined using probit analysis. 

Statistical analysis
Data are expressed as the mean ± SEM of at least three independent 
experiments. One-way ANOVA was used to calculate statistical 
significance between control and treated groups with a P value <0.01 
considered to be statistically significant.

RESULTS 
Liquid extraction yields and qualitative phytochemical 
screening
Extraction of 1g of dried and powdered B. acerifolius leaves and flowers 
with methanol yielded 320mg and 375mg respectively (Table 1). The 
dried extracts were resuspended in 10mL of deionised water (containing 
1% DMSO), resulting in 32 and 37.5mg/mL concentrations respectively. 
Qualitative phytochemical studies showed that both the leaf and flower 
extracts similar phytochemical profiles. Both contained high levels of 
polyphenolics, saponins and phytosterols, moderate levels of flavonoids, 
as well as low levels of triterpenpoids and tannins. 
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Antimicrobial activity 
To determine the growth inhibitory activity of the B. acerifolius leaf and 
flower extracts against the panel of pathogenic bacteria, aliquots (10µL) 
of each extract were screened in the disc diffusion assay. The B. acerifolius 
leaf extract inhibited the growth of several gram negative bacterial spe-
cies (Figure 2). Of the 10 g negative bacterial strains tested, 5 (50%) were 
inhibited by the methanolic B. acerifolius leaf extract. A. faecalis, P. flu-
orescens and S. newport were most susceptible to the B. acerifolius leaf 
extract, with ZOIs of 16.7, 18.2 and 14mm respectively. The inhibition 
of these bacteria by this extract was similar or better than the inhibition 
by the positive controls ampicillin and chloramphenicol. Strong activity 
was also recorded against K. pneumonia and S. sonnei, each with 10mm 
ZOIs. In contrast, the flower extracts were completely ineffective against 
all gram negative bacterial species. Similarly, the B. acerifolius leaf extract 
was much more effective than the flower extract against a panel of gram 
positive bacteria (Figure 3). The leaf extract was particularly potent 
against S. aureus, with a ZOI of 16.6mm measured. In contrast, a 7.2mm 
ZOI was measured for the flower extract against the same bacterium. 
The leaf extract was also a good inhibitor of B. cereus and S. pyogenes, 
with ZOIs of 9.6 and 8.2mm respectively. These results are comparable to 
the inhibition seen for the ampicillin and chloramphenicol controls. In 
contrast, all extracts were completely ineffective against a panel of fungi 
(Figure 4).
The antimicrobial efficacy was further quantified by determining the 
MIC values for each extract against the microbial species which were 
determined to be susceptible. The B. acerifolius leaf extracts were good 
growth inhibitors of several bacterial species, although the flower 
extracts were only effective against the gram positive bacteria (as judged 
by MIC; Table 2). P. fluorescens was the most susceptible bacteria to the 
B. acerifolius leaf extract leaf extracts, with an MIC value of 25µg/mL 
(approximately 0.25µg infused into the disc). The MIC values determined 
for the leaf extract against A. faecalis (76μg/mL), S. newport (84μg/mL) 
and B. cereus (58μg/mL) are also indicative of potent growth inhibition. 
The MIC values of the leaf extract against K. pneumonia, S. sonnei, S. 
aureus and S. pyogenes were also <1000μg/mL and therefore also indicate 

good growth inhibitory activity. In contrast, the flower extract only 
inhibited the growth of the gram-positive bacteria and the MIC values 
(>1000μg/mL) indicate only moderate growth inhibitory activity.

Bacterial growth time course assay
The most susceptible gram negative (P. fluorescens) and gram positive 
(B. cereus) bacterial species were selected for further study by growth 
time course assays in the presence and absence of the leaf extract. Only 
the effect of the leaf extract on the bacterial growth time courses was 
evaluated as this extract was generally the most potent extract at inhib-
iting bacterial growth. The starting concentration of the extract used in 
these assays was 1000µg/mL. The methanolic B. acerifolius leaf extract 
significantly inhibited P. fluorescens (Figure 5a) and B. cereus (Figure 5b) 
growth within 1h, indicating a rapid antimicrobial action. Notably, the 
growth of both bacterial species was inhibited for the entire growth time-
course, indicating that the growth inhibition of these bacteria may be 
bacteriocidal at the concentrations tested against these bacteria. 

Quantification of toxicity
The toxicity of the B. acerifolius leaf and flower extracts was initially 
tested in the Artemia franciscana nauplii bioassay at a concentration 
of 2000µg/mL (Figure 6). Both extracts induced >50% mortality at 24, 
48 and 72hr and were thus deemed to be non-toxic. The potassium 
dichromate positive control also induced mortality within 4h (results 
not shown), with 100% mortality induction seen by 24hr. To further 
quantify the effect of toxin concentration on the induction of mortality, 
the extracts were serially diluted in artificial seawater to test across a 
range of concentrations in the Artemia nauplii bioassay (Table 2). For 
comparison, serial dilutions of potassium dichromate were also tested. 
All extracts were determined to be nontoxic, with LC50 values >1000µg/
mL following 24hr exposure. Extracts with an LC50 >1000µg/mL towards 
Artemia nauplii have previously been defined as being nontoxic.32

Figure 1: B. acerifolius (a) whole tree, (b) leaves and (c) flowers, as well 
as the chemical structures of (d) apigenin-7-O-glucuronide, (e) rutin, (f ) 
luteolin-7-O-b-D-glucuronide, (g) quercetin, (h) kaempferol, (i) luteolin, 
(j) apigenin.23

Figure 2: Antibacterial activity of B. acerifolius leaf and flower extracts 
and ampicillin (10µg) and chloramphenicol (10µg) controls measured 
as zones of inhibition (mm) against Gram negative bacteria. LE = leaf 
extract; FE = flower extract; Amp = ampicillin; Chl = chloamphenicol. Re-
sults are expressed as mean ± SEM of three determinations in triplicate 
(n=9). * indicates results that are significantly different to the untreated 
control (p<0.01).
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DISCUSSION
Recent increases in bacterial resistance has made the development of 
new antibiotic therapies a high priority.1,2 A concurrent decrease in 
the development of new antibiotic therapies has further increased this 
problem and new antibiotic therapies are urgently needed. Interest in 
re-evaluating medicinal plants for new antibiotic chemotherapies has 
increased substantially in recent years. Although we were unable to 
find evidence that B. acerifolius was also used for these purposes, the 
first Australians used several other Brachychiton spp. to treat multiple 
diseases and infections caused by bacterial pathogens.15,20 Furthermore, 
limited scientific evaluations have rigorously evaluated the antibacterial 
properties of B. acerifolius. 
Our study examined the ability of B. acerifolius leaf and flower extracts 
to inhibit the growth of a panel of medicinally important bacterial path-
ogens. The B. acerifolius leaf extract was a particularly potent inhibitor 
of P. fluorescens with an MIC value of 25µg/mL. The leaf extract was also 

Figure 3: Antibacterial activity of B. acerifolius leaf and flower extracts 
and ampicillin (10µg) and chloramphenicol (10µg) controls measured 
as zones of inhibition (mm) against Gram positive bacteria. LE = leaf ex-
tract; FE = flower extract; Amp = ampicillin; Chl = chloamphenicol. Re-
sults are expressed as mean ± SEM of three determinations in triplicate 
(n=9). * indicates results that are significantly different to the untreated 
control (p<0.01).

Figure 4: Antifungal activity of the B. acerifolius leaf and flower extracts 
and a nystatin control (100µg) measured as zones of inhibition (mm). LE 
= leaf extract; FE = flower extract; Nys = nystatin. Results are expressed 
as mean ± SEM of three determinations in triplicate (n=9). * indicates 
results that are significantly different to the untreated control (p<0.01).

Figure 5: Bacterial growth curves for the B. acerifolius leaf extract 
against (a) P. fluorescens and (b) B. cereus. All bioassays were performed 
in at least triplicate and are expressed as mean ± SEM. * = growth results 
in the presence of the leaf extract that are significantly different to the 
untreated control growth (p<0.01).

Figure 6: The lethality of the B. acerifolius leaf and flower extracts 
(2000µg/mL), potassium dichromate (1000µg/mL) and a seawater con-
trol. Blue bars represent the % mortality following 24hr exposure to the 
extract/toxin; white bars represent the % mortality following 48h expo-
sure to the extract/toxin; black bars represent the % mortality following 
72hr exposure to the extract/toxin; NC = negative (seawater) control; 
PC = positive control (1000µg/mL potassium dichromate). All bioassays 
were performed in at least triplicate and are expressed as mean ± SEM.* 
indicates results that are significantly different to the negative controls 
(P<0.01).
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a potent inhibitor of several bacterial pathogens associated with food 
poisoning and diarrhoea. Strong growth inhibitory activity was also 
noted for the B. acerifolius leaf extract against A. facealis (MIC 76µg/
mL), S. newport (MIC 84μg/, L) and B. cereus (MIC 58µg/mL). The leaf 
extract was also a good inhibitor of K. pneumonnia (MIC 120µg/mL), S. 
sonnei (183μg/mL), S. aureus (672μg/mL) and S. spyogenes (870μg/mL). 
Therefore, the leaf extract has potential for the treatment of diarrhoea 
and gastrointestinal disease. 
The ability of the B. acerifolius leaf extract to inhibit the growth of both 
gram-positive and gram-negative bacteria is in agreement with previous 
reports of the antibacterial activity of other Australian plant species.33 
In this study, the gram-negative and gram-positive bacteria were both 
susceptible to the B. acerifolius leaf extracts. In contrast, many previous 
studies have reported substantially greater susceptibility for gram-pos-
itive bacteria to South American,34 African11,12 and Australian33 plant 
extracts. Results within our laboratory have also confirmed the greater 
susceptibility of gram-positive bacteria towards many other Australian 
plant extracts.35,36 The gram-negative bacterial cell wall outer membrane 
is thought to act as a barrier to many substances including several 
antibiotics.37 In contrast, other studies have demonstrated that gram-
negative bacteria are often as susceptible (or more susceptible) to plant 
extracts from different Australian plant species.38

Whilst a detailed investigation of the phytochemistry of the B. acerifo-
lius leaf extracts was beyond the scope of our study, qualitative screening 
studies were used to determine the classes of compounds present. Both 
the leaf and flower extracts contained relatively high levels of total phe-
nolics and saponins. It is likely that these and other phytochemical class-
es, may contribute to the growth inhibitory properties of these extracts. 
Our qualitative phytochemical screening studies also indicated that fla-
vonoid, triterpenoids and phytosterols were present in the B. acerifolius 
leaf extract. Many studies have reported potent antibacterial activities for 
a wide variety of these compounds.24 Further phytochemical evaluation 
studies and bioactivity driven isolation of active components is required 
to further evaluate the mechanism of bacterial growth inhibition.
It is likely that other phytocompounds may also contribute to the an-
tibacterial properties of the B. acerifolius extracts. Several monoter-
penoids including α-pinene, β-pinene, sabinene, mycrene, terpinene, 

Table 1: The mass of dried extracted material, the concentration after resuspension in deionised water and qualitative phytochemical screenings of the B. 
acerifolius leaf extracts.
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Table 2: Minimum bacterial growth inhibitory concentration (µg/mL) of 
the B. acerifolius leaf and flower extracts against susceptible bacterial spe-
cies and the LC50 in the Artemia nauplii assay.

Bacterial species B. acerifilius Extract

LE FE

Gram negative    

A. hydrophilia  -  -

A. faecalis 76  -

C. freundi  -  -

E. coli  -  -

K.pneumoniae 120 -

P. aeruginosa  -  -

P. fluroscens 25  -

S. newport 84  -

S. marcenscens  -  -

S. sonnei 183  -

Gram positive  

B. cereus 58 1220

S. aureus 672 1853

S. pyogenes 870 1025

Fungi    

A. niger  -  -

C. albicans  -  -

S. pyogenes  -  -

Artemia nauplii toxicity (LC50)    

24 hr exposure 1680 1247

Numbers indicate the mean MIC values of triplicate determinations. - indicates 
no inhibition.
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limonene, piperitone and β-phellandrene inhibit the growth multiple 
bacteria.24 Antibacterial activities have also been reported for several 
sesquiterpenoids including α-cubebene, copaene and caryophyllene.24 

The phytochemical studies described in this report did not test for these 
classes of compound. However, it is likely that they are present and that 
they may contribute to the antibacterial activity reported here. Tannins 
were also detected in our study. Interestingly, tannins have bacterial 
growth inhibitory activity against a broad panel of bacteria via a variety 
of mechanisms.39 Thus, it is likely that multiple compounds within the B. 
acerifolius extracts are contributing to the antibacterial activity reported 
here.
The findings of this study also demonstrate that the B. acerifolius extracts 
extracts were nontoxic towards Artemia franciscana nauplii, with LC50 
values substantially >1000µg/mL. Extracts with LC50 values >1000µg/
mL towards Artemia nauplii are defined as being nontoxic.32 Whilst our 
preliminary toxicity studies indicate that these extracts may be safe for 
therapeutic use, studies using human cell lines are required to further 
evaluate the safety of these extracts. Furthermore, whilst these studies 
have demonstrated the potential of the B. acerifolius extracts in the de-
velopment of future antibiotic chemotherapeutics, more work is required 
to isolate the inhibitory components and determine the mechanism of 
inhibition. 

CONCLUSION
The results of this study demonstrate the potential of the B. acerifolius 
extracts as inhibitors of pathogenic bacteria growth. Furthermore, 
their lack of toxicity indicates that they are safe for internal treatment. 
Further studies aimed at the purification and identification of bioactive 
components are required to examine the mechanisms of action of these 
agents. 
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• B. acerifolius leaf and flower extracts were screened for the ability 
to block the growth of a panel of bacterial pathogens.

• The growth inhibition of both gram-positive and gram-negative bac-
teria was tested.

• The antibacterial activity was quantified by determining the MIC val-
ues of each extract.

• Growth time course studies were also undertaken against P. fluore-
scens and B. cereus.

• Toxicity of the B. acerifolius leaf and flower extracts was determined 
using the Artemia nauplii toxicity bioassay.
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