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Backhousia citriodora products are used as bushfoods and flavorings and by the aromatherapy
industry. The antimicrobial activity of 4 samples of B. citriodora oil, leaf paste, commercial tea (0.2
and 0.02 g/mL), and hydrosol (aqueous distillate) were tested against 13 bacteria and 8 fungi. Little
or no activity was found to be associated with the leaf tea and hydrosol, respectively. Leaf paste
displayed antimicrobial activity against 7 bacteria including Clostridium perfringens, Pseudomonas
aeruginosa, and a hospital isolate of methicillin resistant Staphylococcus aureus (MRSA). The 4
essential oils were found to be effective antibacterial and antifungal agents; however, variation was
apparent between oils that did not correlate with citral content. The antimicrobial activity of B. citriodora
essential oils was found to be greater than that of citral alone and often superior to Melaleuca
alternifolia essential oil. B. citriodora has significant antimicrobial activity that has potential as an
antiseptic or surface disinfectant or for inclusion in foods as a natural antimicrobial agent.
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INTRODUCTION confirmed the antimicrobial activity of the oil; however the
number of bacteria tested was limited and only single samples
of oil were investigated12—14). The antimicrobial actions of

B. citriodoraare believed to be directly related to the high citral
content; however, it is known that the antimicrobial activity of
essential oils can differ from that of their major constituents,
probably due to synergistic or antagonistic effects of minor
components 15, 16).

In this study we investigate the antimicrobial activity Bf
citriodora oil and hydrosol, both of which are used as
antimicrobial agents. As this plant is also commonly used as a
bush food, for example as a tea or included in cheeses, the
antimicrobial activity of leaf paste and leaf tea derived frBm
citriodora were also includedn addition, as previous unpub-
lished data from this laboratory have indicated that variation in
antimicrobial activity occurs in differer. citriodora oils, we
have included samples from four different sources. This report
presents the results of the first phase of this weatktermination
of the antibacterial and antifungal propertiesBf citriodora
essential oils, leaf paste, tea, and hydrosol (aqueous distillate).

Backhousia citriodoraor lemon myrtle has been identified
as one of the plants that are likely to undergo major commercial
exploitation over the next 5 years,(2). The leaves are used
both as a bushfood and to produce an essential3il The
essential oil is then either incorporated into food products,
cosmetics, or toiletries or used as an aromatherapy oil. The
leaves contain between 1.1 and 3.2% oil and can be of one of
two chemovars, the most common of which is the citral form
(4, 5). Citral, an isomeric mix of geranial and neral, is a known
antimicrobial agent with activity against both bacteria and fungi
(6, 7). For example, citral is thought to be responsible for the
resistance to postharvest fungal infection of lemd)s Citral
present in essential oils may also control food-borne pathogens
and prevent spoilages). Essential oils with citral as a main
constituent include lemon, lemon verbena, and lemongrass.
These oils are also known for their antimicrobial activigy(

11) although their citral content is considerably less than that
of B. citriodora

The levels of citral inB. citriodora oil can vary between 80
and 98% with each of the other components (e.g. linalool and
myrcene) accounting for less than 1% eaBh B. citriodora MATERIALS AND METHODS
oil is repute_d to possess gntimi_cropial activity; hoyvever,_there All test substances were derived fraBackhousia citriodoraand
ha§ been I'ttle .SCIentIf.IC mvestlgatlon of the antlbact.erlal O consisted of four essential oils, obtained from independent sources, a
antifungal activity of this oil. Recent study into the activity of = commercial brand oB. citriodoratea, a hydrosol, and crushed dried
B. citriodora oil against a limited number of microorganisms |eaf material. All assays were repeated a minimum of two times.
Preparation of Test Material. All four 100% pure, steam-distilled,
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Table 1. Antibacterial and Antifungal Activity of Backhousia citriodora Essential Oils as Determined by the Disk Diffusion Assay?

Backhousia citriodora essential oil conc

growth 100% 10% 1% 0.1% Melaleuca alternifolia
test organism properties  conditions (°C) oil A oil B oil A oil B oil A oilB  oilA oiB essential oil (100%)
Alcaligenes faecalis G -ve 37 40.75 46 14.25 255 8.75 8.5 0 0 13
Clostridium perfringens G +ve 37 115 11 0 8.5 0 0 0 0 19
Echerichia coli G -ve 37 10 11 10.25 11.25 75 7.5 0 0 15
Echerichia coli type B® G-ve 37 nt nt 16.5 18 9.25 8 0 0 20.5
Enterococcus faecalis G -ve 37 1275 16 35 75 0 0 0 0 9
Mycobacterium phlei acid-fast 37 nt nt 75 1225 0 0 0 0 20.5
MRS A? G +ve 37 115 165 775 0 0 0 0 0 18
Pseudomonas aeruginosa G -ve 37 0 0 0 0 0 0 0 0 0
Staphylococcus aureus G +ve 37 18 32 11.5 13 0 0 0 0 12
Salmonella california G-ve 37 7.75 8.5 0 9.25 0 8 0 0 20
Salmonella enteritidis G -ve 37 10 9 7.5 9.75 0 8 0 0 19
Salmonella typhimurium G -ve 37 8 8 8.5 8.5 7 7 0 0 185
Shigella sonnei G -ve 37 1575 0 18 33 825 85 0 0 15
Candida albincans yeast 37 0 0 0(115 0(15 O 0 0 0 0
Aspergillus niger fungi 37 >90* >90*  >90* >90* >00*  >90* 0 12 255
Fusarium graminearum fungi 30 >90* >90* 18 95 0 0 0 0 nt
Leptospaeria maculans fungi 30 >90* >00¢ 21 13 0 0 0 0 nt
Microsporum gypsium fungi 30 >90* >90 25 0 0 0 0 0 55
Trichophyton mentagrophytes fungi 30 >90* >90* 40 16.5 0 0 0 0 nt
Trichophyton rubrum fungi 30 >90* >90* 45 40 0 0 0 0 57.5
Trichophyton tonsurans fungi 30 >90* >00¢ 11 16 8 10 8 10 nt

a All figures indicate the mean of at least two assays. Unless otherwise indicated, all tests were performed on nutrient agar plates. Key: >90* indicates no growth on
plates containing test substance; E. coli B® and MRSA? are hospital isolates; nt indicates not tested; G —ve = gram negative; G +ve = gram positive.

these oils was between 93 and 98% according to CG-MS data supplieddeionized water (10—10"*) before adding 1.5 mL of each dilution to

by each producer. All oils were stored in the dark at room temperature,
and the date of breaking the seal was recortiéglaleuca alternifolia
oil was donated by one of the primary producers.

A commercial brand of lemon myrtle leaf tea was obtained and
infused in boiling water for 20 min under foil to prevent vapor loss at
two concentrationss g in 25 mL ofboiling water anl 5 g in 250 mL

a further 13.5 mL of molten agar, giving final concentrations of20

1075 A 15 mL volume of agar containing the diluted test substance
was subsequently placed in a sterile Petri dish and allowed to set. A
loopful of each microorganism (% 1C° organisms/mL), taken from a
fresh 24 h broth culture, was streaked onto a plate of each test substance
at each concentration after the method of Mitscher efl@). The plates

of boiling water. These represent a 10 and 1 times concentrate of thewere then incubated at appropriate growth conditions and checked after
manufacturers recommended concentration of tea. An additional sample24 and 48 h. Microbial growth was scored on a scale-e4,1where 0

of 5 g in 25 mL ofwater cooled to 43C was also included. Infusions
were subsequently passed through a @26syringe filter (Sartorius)
and used immediately.

equals no growth and 4 equals full growth as determined by growth of
organism on control plates. Control plates consisted of agar containing
either 15 mL of nutrient agar alone, 10% sterile deionized water

Dried leaf material was made into a paste in sterile, room-temperature (produces normal growth of all microorganisms), or commercial

water (2:1 ratio), briefly (1 min) ground in a mortar and pestle, and
used immediately.

antibiotics. Antibiotic controls consisted of either streptomycin sulfate
(final concentration 1@g/mL) or amphotericin B (final concentration

Citral (analytical grade, Sigma) was prepared at a concentration of 10 ug/mL). All organisms used in this study were susceptible to at
10% and 1% in sterile water in the presence or absence of 0.5% Tweenleast one of theses antibiotics with the exception of the hospital isolate

80 and used immediately.

Microorganisms and Media. A variety of microorganisms (bacteria
and fungi) that differ in cell structure, biochemical properties, and
growth conditions were used in antimicrobial assays (liste@ahle
1). To ensure that the chemical composition of the growth media did
not interfere with the diffusion of the oil components, all organisms
were grown on nutrient broth (10 g of tryptare g of yeast extract,

10 g of sodium chloride, water to 1 L) and/or nutrient agar (as for
nutrient broth plus 15 g of agar/L of media). All assays were repeated,
independently, a minimum of two times. All organisms were originally

obtained from the culture collection of the University of New South

Wales with the exception of the hospital isolates of methicillin resistant
Staphylococcus aure#RSA) andEscherichia colitype B E. coli

type B).

Normal growth of all microorganisms was evaluated by growth on
nutrient agar at appropriate conditions (37 or’80as shown ifrable

MRSA. All organisms within this study displayed expected antibiotic
sensitivity profiles (data not shown).

Disk Diffusion Assay. The 24 h broth cultures of bacteria were
freshly prepared for each assay. Nutrient agar plates (15 mL) were
prepared, allowed to set, and then surface dried®(3730 min). A 1
mL volume of bacterial broth culture (¥ 10° organisms/mL) was
subsequently poured evenly over the surface of the dried agar plates,
and the plates were placed at 3Z for approximately 20 min until
bacterial overlay had dried on the surfaée6 mm sterile paper disk
(Wattman) was placed onto the dried surface, in the center of the plate,
and 12ulL of test substance was gently placed onto the disk. Plates
were subsequently incubated at the appropriate temperature for 24 h.
Zones of inhibition were calculated by measuring diameter in mm
(including disk). Control plates consisted of nonimpregnated disks and
disks impregnated with 12L of sterile distilled water, both of which
resulted in full growth of all organisms. Disks impregnated with 12

1) in the absence of any test substance. Where possible, organismg:L of 100% tea tree oil lelaleuca alternifolia were also included

were grown preferentially at 37C to avoid the effects of temperature
variation on loss of volatile components from the oils. Anaerobic

for comparison. This assay was repeated for a limited number of
organisms Table 3) with addition of 0.5% Tween 80 into the test

conditions were achieved by placing agar plates in a “GasPak” anaerobicsubstance. All assays were repeated, independently, at least twice.
jar (Sigma). Antimicrobial assays were carried out using standard agar

dilution and disk diffusion methods.

Agar Dilution Assays. Dilutions of each test substance were
prepared in cooled (42C) molten nutrient agar (1.5 mL of test
substance plus 13.5 mL of agar; 2@lilution) or prediluted in sterile

RESULTS

B. citriodora hydrosol, leaf paste, and leaf tea were tested
against 15 microorganismglcaligenes faecalis, Clostridium
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perfringens Echerichia colj Echerichia colitype B, Entero-
coccus faecalisMycobacterium phleiMRSA, Pseudomonas
aeruginosa Staphylococcus aurepsSalmonella california
Salmonella enteritidisSalmonella typhimuriupBhigella sonnei
Candida albincansandAspergillus niger With the exception

of the tea prepared at 10 times recommended strength (0.2 sgaphylococcus aureus

g/mL), no antimicrobial activity was detected at any concentra-
tion for either the hydrosol or the tea infusions irrespective of

assay system used (data not shown). The tea (0.2 g/mL) showed

a slight inhibition ofClostridium perfringensvith a 9 mmzone

of inhibition (including disk). The leaf paste, however, dem-
onstrated antimicrobial activity against 7 bactera;faecalis
(213 mm) C. perfringeng29.5 mm) M. phlei(15 mm) MRSA
(16 mm),P. aeruginosa13 mm) S. aureug16 mm), andC.
albicans (8 mm). M. alternifolia oil (100%) demonstrated
activity against all organisms tested excBpaeruginosgTable

1).

Initially, two B. citriodora essential oils, A and B, were
evaluated using the disk diffusion assay. With the exception of
P. aeruginosa both oils demonstrated varying degrees of
antimicrobial activity against all 21 organisms tested, with the
fungi being the most susceptibl&gble 1). Both oils demon-
strated activity against six of the organisms faecalis, E. coli,

E. coli type B, S. typhimurium, S. sonnei, A. njgend T.
tonsuran$ at a concentration of 1%. Oil B also demonstrated
antimicrobial activity agains. enteritidisandS. californiaat

a 1% concentration. Oil B continued to demonstrate activity
againstA. niger, and both oils inhibited growth dF. tonsurans

at a concentration of 0.1%. Variable results were, however,
apparent with selected organisms. For examgle faecalis
repeatedly displayed no susceptibility to either oil at concentra-
tions of 100% yet demonstrated susceptibility at both 10% and
1% concentrations. Resulfigr C. albicanswere also variable.

C. albicansresults showed that, of the three assays carried out,

no inhibition at oil concentrations of 100% or 1% was observed,

Wilkinson et al.

Table 2. Determination of the Antimicrobial Activity of Backhousia
Citriodora Oil by Agar Dilution?

dilution of oil in agar
0.1% 0.01%
3

test organism 10% 1% 0.001%

o

Echerichia coli
Salmonella typhimurium
Mycobacterium phlei
Clostridium perfringens
Candida albicans
Aspergillus niger

coococoo
OFRPrORFRrNRE
oMWW
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aKey: 0 = no growth of organism; 1 = 25% of normal growth; 2 = 50% of
normal growth; 4 = 100% of normal growth as compared to water controls. All
figures are based on the mean of at least two independent assays. All assays
were carried out on nutrient agar. Results shown are for B. citriodora ail A.

Tween 80. The addition of 0.5% Tween 80 into the disk
diffusion assay had variable effecBaple 3). The presence of
Tween 80 significantly reduced the susceptibility of bBticoli
andS. aureugo 10% citral andS. aureugo 1% citral whileA.
faecalisbecame more susceptible to 1% citral in the presence
of Tween 80. Similarly, the apparent susceptibility ©f coli

and S. typhimuriumto B. citriodora oil B (10%) and oil D
(10%), respectively, was also reduced. Conversely the presence
of 0.5% Tween 80 apparently increased the susceptibili§y.of
aureusto B. citriodora oils C (10% and 1%) and D (10%.
typhimuriumsusceptibility to oil B (10%), and\. faecalisto

oil B (1%). No organism tested displayed any growth, irrespec-
tive of oil source, when 109B. citriodora essential oil was
incorporated into the agaféble 3). No organism displayed
any growth inhibition in the presence of 0.5% Tween 80 alone
(data not shown). Further repeats of the agar dilution assay for
10% concentrations of all oils and commercial citral resulted
in no growth of any organism testedgble 3).

yet one of three assays at a 10% concentration indicated an 11.5 [N general, the antimicrobial activity @&. citriodora oil was

mm (oil A) and 15 mm (oil B) zone of inhibition while the
remaining two assays again indicated no activity.

Although both oils demonstrated activity against the majority

of the organisms, there was considerable variation in the activity

of oil A compared to oil B. For exampleZ. perfringenswas
apparently more susceptible to oil B than oil A while MRSA
was more susceptible to oil A than oil B at concentrations of
10%. M. altenifolia oil (100%) displayed varying degrees of
activity against all organisms tested, with the exceptiorP of
aeruginosa

A limited number of organisms, chosen on the basis of their
varying susceptibilities t8. citriodoraoil, were utilized to assay
antimicrobial activity ofB. citriodora oil A via agar dilution,
S. aureus, E. coli, S. typhimurium, M. phlei, C. perfringens, C.
albicans andA. niger.Antimicrobial activity was demonstrated
against all organisms at dilutions up to 1% with some inhibition
of all bacteria other thaR. coli still evident at 0.1%Table 2).
A. nigerandCl. perfringensgrowth was completely inhibited
at 1%. Growth of all organisms was normal at dilutions greater
than 0.1% with the exception of the fungi nigerwhich was
fully inhibited by dilutions of 0.01% and demonstrated ap-
proximately 50% inhibition at a concentration of 0.00B%
citriodora oil.

The effect of adding a solubilizing agent, Tween 80, into the

greater than that of citral against all organisms, although
variation in the efficacy of the different oils was apparent. Oils
A and B were more effective than citral against all five
organisms tested. Citral was more effective agdinstoli than

oils C and D and also againSt aureughan oil C. All four oils
were more effective than citral againSt typhimurium, C.
albicans andA. faecalis(Table 3).

The antimicrobial activity ofB. citriodora oil was greater
than that ofMelaleuca alternifoliaoil againstA. faecalis, M.
phlei, S. aureus, F. graminearum, M. gypsium, T. mentagro-
phytesandT. rubrum The activity ofM. alternifolia oil (100%)
was significantly greater than that 8f citriodora againstC.
perfringensand theSalmonellaspp. tested. All other organisms
were equally susceptible to the two types of essential oil.

DISCUSSION

The antimicrobial activity oB. citriodoratea was investigated
on the basis of three tea preparations: tea prepared as per
manufacturers instructions in boiling water, tea prepared as per
manufacturers instruction but in water at 45 to prevent loss
of any antimicrobial activity through evaporation, and finally
tea prepared at 10 times the manufacturers recommended
concentration. Only the 20 concentrate tea displayed any
antimicrobial activity against the 15 organisms tested. A small

disk diffusion assay was also undertaken as part of a comparisorzone of inhibition (9 mm) was consistently detected when this

to the antibacterial activity dB. citriodoraoil and commercial
citral. The disk diffusion assay was repeated, with a limited

tea preparation was tested agai@kistridium perfringensLike
the 10x concentrate ted;. perfringensvas also susceptible to

number of organisms, in the presence and absence of 0.5%the leaf paste but consistently produced a much greater zone of
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Table 3. Antimicrobial Activity of Backhousia Citriodora Oil and Citral in the Presence and Absence of 0.5% Tween 802

0.5% Tween 80 test organism
sample assay method conc of oil (%) incorporated? E. coli S. aureus S. typhimurium C. albicans A. faecalis

B. citriodora oil A agar incorporation 10 - ng ng ng ng ng
disk diffusion 10 - 10.25 115 8.5 22 145
disk diffusion 10 + 8 13 0 22 19
disk diffusion 1 - 75 7 7 0 8.75
disk diffusion 1 + 0 7 0 8 7

B. citriodora oil B agar incorporation 10 - ng ng ng ng ng
disk diffusion 10 - 11.25 13 85 17 25.5
disk diffusion 10 + 0 11 9 20 14
disk diffusion 1 - 75 7 7 7 8.5
disk diffusion 1 + 0 7 0 8 8

B. citriodora oil C agar incorporation 10 - ng ng ng ng ng
disk diffusion 10 - 0 45 6.5 22 25
disk diffusion 10 + 0 8.75 8 20 28
disk diffusion 1 - 0 0.5 0 7 9
disk diffusion 1 + 0 25 0 8 9

B. citriodora oil D agar incorporation 10 - ng ng ng ng ng
disk diffusion 10 - 0 8 7 16 27
disk diffusion 10 + 0 15 0 18 32
disk diffusion 1 - 0 7 0 8 8
disk diffusion 1 + 0 7 0 10 9

citral (Sigma) agar incorporation 10 - ng ng ng ng ng
disk diffusion 10 - 17 11 0 0 15
disk diffusion 10 + 75 4.25 0 0 15
disk diffusion 1 - 0 6.5 0 0 0
disk diffusion 1 + 0 0.25 0 0 0

aKey: growth of all organisms in disk diffusion assay was measured in diameter of zone of including the disk (6 mm). All figures are based on the mean of at least
two independent assays. Growth on agar dilution was recorded as no growth (ng) for each of the organisms in this table. All assays were carried out on nutrient agar.

inhibition (29.5 mm). This is probably due to the much greater concentrations higher than 0.01%. The results for the disk
concentration of leaf material present in the leaf paste and diffusion assay did however show some degree of incon-
consequent higher concentration of oil. Interestingly, of the sistency with certain microorganisms, most notaBlycoli B,
seven organisms inhibited by the leaf paste, dvilyphleiwas Salmonellasp., andC. albicans C. albicanshas previously been
more sensitive to 1009/. alternifolia oil. In addition, P. reported to be susceptible B citriodora oil with a minimum
aeruginosagrowth was inhibited by th8. citriodoraleaf paste inhibitory concentration (MIC) of 0.03%214). This incon-

but not the teas, hydrosols, or any of the essential oils used insistency may be explained by the use of oils from different
this study includingM. alternifolia. These findings are con-  sources (and hence slight variation in the chemical composition
sistent with previous reports which show an innate resistance of the oils) or different growth conditions for the organisms or
of P. aeruginosato M. alternifolia oil, although it has been by the use of different isolates @f. albicans Variation in strain
suggested that some strain variation in susceptibility may occur susceptibility of microorganisms to essential oils has previously

as reports oP. aeruginosaeing susceptible th. alternifolia been reportedl®). This phenomenon warrants further investiga-

oil have appeared in the literaturg4( 18). No antimicrobial tion.

activity was detected in thB. citriodorahydrosol tested in this While the standard methods of disk diffusion and agar dilution
study. utilized in this study are suitable for the agueous teas and

Two methods were trialed to determine the antimicrobial hydrosols, the insoluble nature of the majority of constituents
activity of B. citriodora essential oil, the agar dilution assay of essential oils often limits their diffusion through agar, leading
and the disk diffusion assay. The agar dilution assay was initially to incorrect or inconsistent resultg). Many studies now use
used to evaluate antimicrobial activity against a limited number solubilizing agents, such as Tween 80, to overcome this problem
of microorganismsUsing this assay, some degree of anti- (11, 18). The introduction of 0.5% Tween 80 into the disk
microbial activity was demonstrated By citriodoraoil against diffusion assay produced variable effects. With some organisms
all organisms to a 1% concentration. Growth of all the bacteria the presence of Tween 80 significantly reduced the susceptibil-
was normal at dilutions greater than 0.1%, except that growth ity; with others the susceptibility was increased, while others
of Aspergillus nigerwas prevented up to dilutions of 0.01% were unaffected. No organism displayed any growth inhibition
with growth at 0.001% approximately half that on the control in the presence of 0.5% Tween 80 alone. While some authors
plate. The results for the agar dilution assay were consistentcontinue to publish data relating to the antimicrobial activity
and reproducible, and the oil was found to form a stable mix of essential oils on the basis of the disk diffusion assay (with
with the agar. or without solubilizing agents), from this study we would

In the disk diffusion assay, the oil was found to prevent the conclude that this assay did not yield consistent results and is
growth of all organisms tested at 100% concentration other than not recommended for future testing of essential oils. Conversely,
P. aeruginosak. coli B, andC. albicans At this concentration the agar dilution method gave consistent reproducible results

B. citriodoraoil was consistently more effective than 100%b for both the oils and citral.
alternifolia oil against the bacteriA. faecalis E. faecalis, S. While this study found that the antimicrobial activity Bf
aureus and the fungiAspergillus, Microsporumand Tricho- citriodora was, in general, greater than that of citral alone, Hayes

phyton B. citridorawas found to be particularly effective against and Markovic (4) reported little difference between the
the fungi with the growth of some being inhibited to at all antimicrobial activity of citral andB. citriodoraoil. The different
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oils used in this present study did show surprising degrees of for preservation and prevention of microbial spoilage. Further
variation with oils A and B being consistently more effective studies are currently underway to investigate the biocidal versus
than oils C and D despite similar citral content. The fact that the biostatic effect of this oil, as determination of the biocidal
the antimicrobial activity oB. citriodora oil was greater than  activity will play a vital role in the potential use of this oil as
that of citral against all organisms tested other tBaooli raises a therapeutic agent. Evaluation of the effectBofcitriodora
interesting questions and suggests that other compounds withiroil on other bacteria and fungi of importance to the medical,

the oil effect the susceptibility of the microorganisms. food, agricultural, and horticultural industries in addition to
Hayes and Markovicl(4) also report thaB. citriodoraoil is determination of any antiviral, antiparasitic, or antioxidant
more effective thaM. alternifolia oil againstS. aureus, E. coli,  activity is currently under investigation.

P. aeruginosa, C. albicans, A. nigandKlebsiella pneumoniae.
TheB. citriodoraoils utilized in this study also displayed greater
activity than M. alternifolia oil against a wide range of  The authors thank the following companies for the kind donation
organisms, although not againBt aeruginosaor E. coli of theBackhousia citriodorgroducts used in this study: Toona
Inhibition of P. aeruginosawas only found with theB. Essential Oils; Australian Botanical Products; Summit Coffee;
citriodora leaf paste in this study. Again, strain related or growth Australian Native Foods Management. We also thank Mr. R.
related differences might be responsible for these differences.Johnston of Wagga Wagga Base Hospital for supplying the
P. aeruginosavas grown on NA in this study while Iso-sensitest MRSA andE. coli B isolates.

broth (Oxoid) was used by Hayes and Markovid)( Various
degrees ofP. aeruginosasusceptibility toM. alternifolia oil
have been reported 4, 19). We have also found that while the (1) Dyer, K.Eat Well Conference, Adelaidettp://www.chdf.org.au/
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