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INTRODUCTION

Plants produce a wide variety of  compounds which 
in addition to giving them characteristic pigment, 
odour and flavour characteristics, may also have anti-
microbial properties.[1] For thousands of  years, tradi-
tional plant derived medicines have been used in most 
parts of  the world and their use in fighting micro-
bial disease is becoming the focus of  intense study.[2,3]  

Much of  the research into traditional medicinal plant use 
has focused on Asian,[4] African[5] and South American[6] 
plants. Relatively few studies have focused on the antibac-
terial activity of  Australian native plants, although recently 
there has been increased study in this field.
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ABSTRACT: Introduction: Backhousia citriodora is a native Australian plant with uses as a bush food component as 
well as in toiletries and cosmetics. Essential oils produced from leaves of this plant have reputed antiseptic properties. 
Despite this, solvent extractions of Backhousia citriodora leaves have not been rigorously examined for antiseptic 
properties. Methods: The antimicrobial activity of methanolic leaf extracts of Backhousia citriodora was investigated 
by disc diffusion and growth time course assays against a panel of bacteria and fungi. Toxicity was determined 
using the Artemia franciscana nauplii bioassay. Results: B. citriodora leaf methanolic extract proved to be a versatile 
antibacterial agent inhibiting the growth of 12 of the 14 bacteria tested (86%). Only C. fruendii and S. aureus growth 
were unaffected by B. citriodora extract. Gram-positive and Gram-negative bacteria were both affected by B. citriodora 
extract although Gram-negative bacteria appeared more susceptible. The extract also displayed antifungal activity 
against a nystatin resistant strain of Aspergillus niger but did not affect Candida albicans or Saccharomyces cerevisiae 
growth. The antibacterial activity of B. citriodora extract was further investigated by growth time course assays 
which showed significant growth inhibition in cultures of Bacillus cereus, Bacillus subtilis, Aeromonas hydrophilia and 
Pseudomonas fluorescens within 1 h. The extract displayed low toxicity in the Artemia franciscana nauplii bioassay. 
Conclusions: The low toxicity of the methanolic extract and its inhibitory bioactivity against a panel of bacteria validate 
Australian Aboriginal usage of B. citriodora as an antiseptic agent and confirms its medicinal potential. 
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Backhousia citriodora (lemon myrtle) is an Australian plant, 
native to subtropical areas of  eastern Australia. The 
leaves of  this plant are widely used as a bush food and 
as a component of  toiletries and cosmetics.[7] Studies in 
this laboratory[8] and elsewhere[9,10] have demonstrated the 
antibacterial activity of  B. citriodora leaves. Interestingly, no 
reports of  Aboriginal medicinal use of  B. citriodora were 
found in the literature, although the leaves were used in 
cooking. Most of  the studies of  B. citriodora antibacterial 
potential focus on the essential oil of  the leaves.[9,10] In 
most plants of  this species, more than 90% of  the oil is a 
mixture of  neral (α-citral; Figure 1a) and geranial (β-citral; 
Figure 1b).[11] Both neral and geranial have been previ-
ously reported to have potent antibacterial activity against 
a variety of  bacteria.[9,12,13]

The use of  essential oils for the testing of  antimicrobial 
activity is not without problems. The relative insolubility 
of  many of  the oil components retards their diffusion 
through agar gels in agar dilution or disc diffusion studies. 
Many studies have utilised solubilising agents (eg. Tween 80)  
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to aid oil component diffusion, resulting in variable 
results.[14,15] Solubilising agents appear to increase the 
susceptibility of  some bacteria to antimicrobial agents, 
decrease the susceptibility of  others, whilst having no 
effect on yet other bacteria. A recent study has demon-
strated the antibacterial activity of  methanolic extracts 
of  B. citriodora leaves against a limited panel of  bacteria.[8] 

The current study was undertaken to validate and extend 
these observations against a wider panel of  bacteria and 
fungi. 

MATERIALS AND METHODS

Plant collection and extraction
The extracts investigated in this study have been 
described previously.[8] Briefly, Backhousia citriodora leaves 
were collected from a verified tree on Logan campus of  
Griffith University, Australia. Leaf  samples were dried in 
a Sunbeam food dehydrator and the dried material was 
ground to a coarse powder. 1 g of  each of  the powdered 
leaves was extracted extensively in 50 ml methanol (Ajax, 
AR grade) for 24 hours at 4oC with gentle shaking. The 
extract was filtered through filter paper (Whatman No. 54)  
under vacuum, followed by drying by rotary evaporation 
in an Eppendorf  concentrator 5301. The resultant pellet 
was dissolved in 15 ml 20% methanol to give a 15 mg/ml  
sample. The extract was passed through 0.22 µm filter 
(Sarstedt) and stored at 4oC until use.

Test microorganisms
All media was supplied by Oxoid Ltd. All microbial strains 
were obtained from Tarita Morais, Griffith University. 
Stock cultures of  Aeromonas hydrophilia, Alcaligenes feacalis, 
Bacillus cereus, Bacillus subtilis, Citrobacter freundii, Enterobacter 
aerogenes, Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeuroginosa, Pseudomonas fluorescens, Salmonella salford, Serra-
tia marcescens, Staphylococcus aureus and Yersinia enterocolitia 
were subcultured and maintained in nutrient broth at 4oC. 

Aspergillus niger, Candida albicans, and Saccharomyces cerevisiae 
were maintained in Sabouraud media at 4oC.

Evaluation of antimicrobial activity
Antimicrobial activity of  B. citriodora leaf  extract was 
determined using a modified Kirby-Bauer disc diffusion 
method.[16,17] Briefly, 100 µl of  the test bacteria/fungi were 
grown in 10 ml of  fresh media until they reached a count 
of  approximately 108 cells/ml for bacteria, or 105 cells/ml  
for fungi. 100 µl of  microbial suspension was spread onto 
agar plates corresponding to the broth in which they were 
maintained. 

The extract was tested using 6 mm sterilised filter 
paper discs. Discs were impregnated with 10 µl of  the 
test sample, allowed to dry and placed onto inoculated 
plates. The plates were allowed to stand at 4oC for  
2 hours before incubation with the test microbial agents. 
Plates inoculated with Alcaligenes feacalis, Aeromonas hydro-
philia, Bacillus cereus, Bacillus subtilis, Citrobacter freundii, 
Klebsiella pneumoniae, Pseudomonas aeuroginosa, Pseudomonas 
fluorescens, Serratia marcescens, Yersinia enterocolitia, Candida 
albicans and Saccharomyces cerevisiae were incubated at  
30oC for 24 hours, and then the diameters of  the inhibi-
tion zones were measured in millimetres. Plates inocu-
lated with Enterobacter aerogenes, Escherichia coli, Salmonella 
Salford and Staphylococcus aureus were incubated at 37oC 
for 24 hours, and then the diameters of  the inhibition 
zones were measured. Aspergillus niger inoculated plates 
were incubated at 25oC for 48 hours then the zones of  
inhibition were measured. All measurements were to 
the closest whole millimetre. Each antimicrobial assay 
was performed in at least triplicate. Mean values are 
reported in this report. Standard discs of  ampicillin  
(2 µg), chloramphenicol (10 µg) or ciprofloxacin (2.5 µg) 
were obtained from Oxoid Ltd. and served as positive 
controls for antimicrobial activity. For fungi, nystatin 
discs (100 µg, Oxoid Ltd.) were used as a positive con-
trol. Filter discs impregnated with 10 µl of  distilled water 
were used as a negative control. 

Bacterial growth time course assay
Bacterial growth time course studies were performed 
as previously described.[18–20] Briefly, 3 ml of  bacterial 
cultures (Bacillus cereus, Bacillus subtilis, Pseudomonas fluores-
cens, Aeromonas hydrophilia) in nutrient broth were added to 
27 ml nutrient broth containing 3 ml B. citriodora extract 
(diluted 1 in 100 in sterile deionised water). The tubes 
were incubated at 30oC with gentle shaking. The optical 
density was measured at 550 nm after 0, 1, 2, 4 and 6 h  
incubations. Control tubes were incubated under the 
same conditions but without the extract. All assays were 
performed in triplicate.

Figure 1. The chemical structures of  (a) neral (α-citral) and (b) 
geranial (β-citral), the major oil components of  B. citriodora leaf  
essential oils.
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Toxicity screening
Reference toxins for toxicity screening
Potassium dichromate (K2Cr2O7) (AR grade, Chem- 
Supply, Australia) was prepared as a 1.6 mg/ml solution 
in deionised water and was serially diluted in artificial sea-
water for use in the Artemia franciscana nauplii bioassay. 
Mevinphos (2-methoxycarbonyl-1-methylvinyl dimethyl 
phosphate) was obtained from Sigma-Aldrich as a mix-
ture of  cis (76.6%) and trans (23.0%) isomers and pre-
pared as a 4 mg/ml stock in distilled water. The stock was 
serially diluted in artificial seawater for use in the bioassay.

Artemia franciscana nauplii toxicity screening
Toxicity was tested using a modified Artemia franciscana 
nauplii lethality assay.[21–23] Artemia franciscana Kellogg 
cysts were obtained from North American Brine Shrimp, 
LLC, USA (harvested from the Great Salt Lake, Utah). 
Synthetic seawater was prepared using Reef  Salt, AZOO 
Co., USA. Seawater solutions at 34 g/l distilled water 
were prepared prior to use. 2 g of  A. franciscana cysts were 
incubated in 1 L synthetic seawater under artificial light at 
25oC, 2000 Lux with continuous aeration. Hatching com-
menced within 16–18 h of  incubation. Newly hatched 
A. franciscana (nauplii) were used within 10 h of  hatch-
ing. Nauplii were separated from the shells and remaining 
cysts and were concentrated to a suitable density by plac-
ing an artificial light at one end of  their incubation vessel 
and the nauplii rich water closest to the light was removed 
for biological assays. Seawater (400 µl) containing approx-
imately 39 (mean 39.2, n = 124, SD 18.6) nauplii were 
added to wells of  a 48 well plate and immediately used for 
bioassay. The plant extracts were diluted to 5 mg/ml in 
seawater for toxicity testing, resulting in a 2.5 mg/ml con-
centration in the bioassay. 400 µl of  diluted plant extracts 
and the reference toxins were transferred to the wells and 
incubated at 25 ± 1°C under artificial light (1000 Lux). 
A negative control (400 µl seawater) was run in at least 
triplicate for each plate. All treatments were performed in 
at least triplicate. The wells were checked at regular inter-
vals and the number of  dead counted. The nauplii were 
considered dead if  no movement of  the appendages was 
observed within 10 seconds. After 72 h all nauplii were 
sacrificed and counted to determine the total number per 
well. The LC50 with 95% confidence limits for each treat-
ment was calculated using probit analysis. 

RESULTS AND DISCUSSION

B. citriodora leaf  extract was diluted to a 15 mg/ml con-
centration and 10 µl was tested in the disc diffusion assay 
against 17 microorganisms (Table 1). The extract had 
broad antibacterial activity, being capable of   inhibiting 

the growth of  12 of  the 14 bacteria tested (86%). Only  
C.  fruendii and S. aureus were unaffected by B. citriodora 
extract. However, the antibacterial activity was not par-
ticularly strong against any of  the bacteria tested (as 
determined by the diameter of  the zone of  inhibition) 
compared to the inhibition of  the antibiotic controls. 

Both Gram-positive and Gram-negative bacteria were 
affected by B. citriodora extract although Gram-nega-
tive bacteria appeared to be more susceptible. Of  the  
11 Gram-negative bacteria tested, 10 (91%) were inhibited 
by B. citriodora leaf  extract. The leaf  extract inhibited the 
growth of  2 of  the 3 Gram-positive bacteria tested (67%). 
This is in agreement with a previous report of  the anti-
bacterial activity of  essential oil from B. citriodora which 
also reported the susceptibility of  both Gram- positive 
and Gram-negative bacteria to an essential oil from  
B. citriodora.[9] Other studies have shown Gram-negative 
bacteria to be more susceptible to other Australian plant 

Table 1: Antibacterial activity of B. citriodora extract

Microbial species Mean zone of inhibition ± SD 
(mm)

Antibiotic B. citriodora 
extract

Gram negative rods
Aeromonas hydrophilia 17.3 ± 0.6 (Chl) 8.3 ± 0.6

Alcaligenes faecalis 13.3 ± 0.6 (Amp) 7.7 ± 1.2

Citrobacter fruendii 23.0 ± 1.0 (Chl)  – 

Enterobacter aerogenes 17.3 ± 0.3 (Chl) 7.0 ± 0

Escherichia coli 16.7 ± 0.6 (Amp) 6.0 ± 0

Klebsiella pneumoniae 18.3 ± 0.6 (Amp) 7.0 ± 0

Pseudomonas aeuroginosa 31.6 ± 0.3 (Cip) 7.6 ± 0.3

Pseudomonas fluorescens 21.0 ± 0 (Chl) 7.6 ± 0.3

Salmonella salford 25.3 ± 0.3 (Amp) 7.6 ± 0.3

Serratia marcescens 25.7 ± 0.6 (Chl) 6.3 ± 0.3

Yersinia enterocolitia 16.3 ± 0.3 (Amp) 7.3 ± 0.3

Gram positive rods
Bacillus cereus 25.3 ± 0.6 (Chl) 7.6 ± 0.3

Bacillus subtilis 22.7 ± 0.6 (Amp) 7.6 ± 0.3

Gram positive cocci
Staphylococcus aureus 16.3 ± 0.3 (Amp)  – 

Fungi
Aspergillus niger 18.0 ± 0 (Cip) 8.6 ± 0.3

Candida albicans 25.7 ± 0.6 (Nys)  – 

Yeast
Saccharomyces cerevisiae 21.3 ± 0.6 (Nys)  – 
Numbers indicate the mean diameters of inhibition of triplicate experiments ± 
standard deviation. – indicates no growth inhibition. Amp indicates ampicillin  
(2 µg). Chl indicates chloramphenicol (10 µg). Cip indicates ciprofloxacin (2.5 µg). 
Nys indicates nystatin (100 µg).
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extracts.[24–26] However, this is in contrast to previous 
inhibition results reported for other plant extracts. A 
greater susceptibility of  Gram-positive bacteria has been 
previously reported for South American,[27] African[28,29] 
and Australian[30] plant extracts. Results within this 
laboratory have also confirmed the greater susceptibility 
of  Gram-positive bacteria towards other Australian 
plant extracts.[8,31–35] The Gram-negative bacterial cell 
wall outer membrane is thought to act as a barrier to 
many substances including antibiotics.[36] Due to the 
susceptibility of  Gram-negative bacteria to B. Citriodora 
leaf  extract, it appears that the uptake of  the B. citriodora 
extract antibiotic compounds are presumably not affected 
by the cell wall outer membrane.

The B. citriodora extract also demonstrated limited anti-
fungal activity. The extract inhibited the growth of  a nys-
tatin resistant strain of  A. niger but was unable to inhibit  
C. albicans growth. This is an important result as this strain 
of  A. niger was resistant to all other antimicrobial agents 
tested except ciprofloxacin. The only yeast tested in these 
studies (S. cerevisiae), was not inhibited by the B. citriodora 
extract. 

The antibacterial activity of  the B. citriodora extract was 
further investigated by bacterial growth time course assays 
in the presence and absence of  the extract. The concen-
tration of  the extract used in these assays was 13.6 µg/ml. 
B. citriodora extract was able to significantly inhibit Bacillus 
cereus (Figure 2a), Bacillus subtilis (Figure 2b), Pseudomonas 
fluorescens (Figure 2c) and Aeromonas hydrophilia (Figure 2d) 
growth within 1 h for all bacteria tested indicating a rapid 
antimicrobial action. 

The toxicity of  the B. citriodora extract was tested in the 
Artemia franciscana nauplii bioassay at a concentration 
of  2000 µg/ml (Figure 3). The B. citriodora leaf  extract 
induced low levels of  mortality at 24 and 48 h (Figure 3a), 
similar to the % mortality seen for the seawater control 
(Figure 3d). However, exposure to B. citriodora leaf  extract 
induced elevated mortality by 72 h compared to that of  
the seawater control, although even these results indicate 
a low level of  toxicity. In contrast, both positive controls 
induced mortality within 24 h, with 100% mortality 
induction seen by 36 h. 

To quantify the toxicity of  the extract, LC50 values were 
determined by testing across the concentration range  
2000 µg/ml to 10 µg/ml in the Artemia franciscana nau-
plii bioassay (Table 2). For comparison, serial dilutions of  
potassium dichromate and Mevinphos were also tested. 
No LC50 values are reported for the B. citriodora leaf  

Table 2: LC50 (95% confidence interval) for brine 
shrimp nauplii exposed to B. citriodora leaf methanolic 
extract, the reference toxins potassium dichromate 
and Mevinphos

Plant 
species

Plant part 
tested

LC50 (µg/ml)
24 h 48 h 72 h

B. 
citriodora leaves NA NA 1428 ± 92

Mevinphos 1418 ± 172 546 ± 45 123 ± 18

Potassium 
Dichromate  – 82 ± 4 79 ± 5
NA indicates that LC50 values were not obtained as ≥ 50% mortality was not 
reached for this time point. Results represent the mean ± standard deviation of 
triplicate determinations.

Figure 3. Brine shrimp lethality of  (a) B. citriodora leaf  
methanolic extract (2000 µg/ml), (b) potassium dichromate 
(800 µg/ml), (c) Mevinphos (2000 µg/ml) and (d) seawater 
control. All bioassays were performed in at least triplicate 
and are expressed as mean ± standard error.

Figure 2. Inhibition of  bacterial growth by B. citriodora leaf  
methanolic extract against (a) B. cereus, (b) B. subtilis, (c) P. 
 fluorescens, (d) A. hydrophilia. For all graphs, □ represent meas-
ured bacterial growth values for test cultures (with extract) 
and ■ represent control bacterial growth values (no extract). 
All bioassays were performed in at least triplicate and are 
 expressed as mean ± standard deviation.
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extract at 24 or 48 h as no significant increase in mortality 
above the seawater controls was seen for these extracts at 
any time tested, indicating that the extract is non-toxic. 
The extract does display low toxicity at 72 h with an LC50 
value of  1428 ± 92. As LC50 values ≥ 1000 µg/ml are 
defined as non-toxic,[37] the B. citriodora leaf  extract was 
classed as non-toxic.

In conclusion, the findings of  this study have established 
the susceptibilities of  a broad range of  microbes to  
B. citriodora leaf  methanolic extract. Both Gram- positive 
and Gram-negative were equally susceptible. The broad 
range of  microbial susceptibilities indicates the poten-
tial of  B. citriodora leaf  extract as a surface disinfectant 
as well as for medicinal purposes and as food additives 
to inhibit spoilage. However, further studies are needed 
before these extracts can be applied to these purposes. 
In particular, further toxicity studies using human cells 
are needed to determine the suitability of  these extracts 
for use as antiseptic agents and as a food additive. 
Currently there are conflicting reports on the toxicity 
of  B. citriodora components towards mammalian cells. 
One study reported no toxicity of  low concentrations 
of  B. citriodora essential oil towards HeLa and Hep2 
cell lines.[9] However, a different study found a toxic 
effect towards F1-73 and HepG2 cells as well as skin 
 fibroblasts.[38] Further studies are needed to determine 
the toxicity of  B. citriodora leaf  components.
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