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Three different species of Myrtaceae growing in Australia and New Zealand are known as ‘Tea-tree’:
the Australian Tea tree (Melaleuca alternifolia), the New Zealand Manuka (Leptospermum scoparium)
and Kanuka (Kunzea ericoides). All three essential oils are used by aromatherapists, although onlyMela-
leucahas been tested for toxicity, and its antimicrobial effects studied. The pharmacology and antimicro-
bial activity of the three ‘tea-tree’ oils was determined using guinea-pig ileum, skeletal muscle (chick
biventer muscle and the rat phrenic nerve diaphragm) and also rat uterusin vitro. Differences were
shown between the three essential oils in their action on smooth muscle: Manuka had a spasmolytic
action, while Kanuka and Melaleuca had an initial spasmogenic action. Using the diaphragm, Manuka
and Melaleuca decreased the tension and caused a delayed contracture; Kanuka had no activity at the
same concentration. The action on chick biventer muscle was, however, similar for all three oils, as was
the action on the uterus, where they caused a decrease in the force of the spontaneous contractions. The
latter action suggests caution in the use of these essential oils during childbirth, as cessation of contrac-
tions could put the baby, and mother, at risk. The comparative antimicrobial activity showed greater dif-
ferences between different samples of Manuka and Kanuka thanMelaleuca samples. The antifungal
activity of Kanuka was inversely proportional to its strong antibacterial activity, whilst Manuka dis-
played a stronger antifungal effect, though not as potent asMelaleuca. The antioxidant activity of Manu-
ka samples was more consistent than that of Kanuka, whileMelaleuca showed no activity. The
variability in the Manuka and Kanuka essential oils suggests caution in their usage, as does the fact that
the oils have not been tested for toxicity.

Keywords:pharmacology; antimicrobial action; tea tree oils;Melaleuca alternifolia; Manuka;Leptospermum scoparium;
Kanuka;Kunzea ericoides.

INTRODUCTION

Both Australia and New Zealand have indigenous ‘tea-
trees’ in the family Myrtaceae which were reputedly used
for brewing tea by Captain Cook. There is, however, no
resemblance between real tea,Camellia sinensis, Camel-
liaceae, and the taste or odour of these species.

The Australian tea tree oil fromMelaleuca alternifolia
and otherMelaleuca species has strong antimicrobial
potential (Carson and Riley, 1993, 1994, 1995; Lis-
Balchin et al., 1999). The whole plant extract had been
used originally by aboriginals and the essential oils
themselves had been used during the Second World War
as a general antimicrobial agent and insect repellant, and
provided in the first aid kits of serving Australian

soldiers. The essential oil is nowadays used as a strong
antimicrobial and antifungal agent in creams, soaps,
toothpastes and other preparations and has been used both
externally and internally by both herbalists and aro-
matherapists for some years (Blackwell, 1991; Lis-
Balchin, 1997).

There is scant evidence that Manuka (Leptospermum
scoparium) and Kanuka (Kunzea ericoides) has such
potential (Bloor, 1992; Cooke and Cooke, 1994; Lis-
Balchin et al., 1996a; Lis-Balchinet al., 1998b), but as
the essential oils are said to have remarkable powers of
healing, based on folk medicinal usage (Brookeret al.,
1987), these oils are being used by some aromatherapists,
although there have been no safety/toxicological evalua-
tions performed on them.

Many of the folk-medicinal uses of the New Zealand
‘tea-tree’ oils are related to both species, e.g. the leaves of
Manuka and Kanuka were used as vapour baths for colds;
an infusion was very astringent and various uses were
found for concoctions including urinary complaints and
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asafebrifuge(Brookeretal., 1987).Kanukawasapplied
to scaldsand burns, used to stop coughing and as a
sedative; it was also used against dysentery. The
decoctionof boiled leavesand bark was usedto treat
stiff backs etc. Seed capsuleswere boiled to give a
decoctionfor externalapplicationto treat inflammation
or drankfor diarrhoea;the capsulesor leaveswerealso
chewedfor dysentery.The water from boiled bark was
usedfor treatinginflamedbreastsandalsoto treatmouth,
throatandeyeproblems.

The antibacterial effect of honeys derived from
Kanuka and Manuka blossomagainst Staphylococcus
aureus was shown by Allen et al., (1991), and more
recentlyManukahoneywasshownto be activeagainst
Helicobacterpylori (Somalet al., 1994).L. scoparium
containsleptospermone,which hasantihelminthicprop-
ertiesandis closelyrelatedto compoundshavingsimilar
propertiesin male ferns; leptospermonehasinsecticidal
properties,and is similar in structureto the insecticide
valone (Brooker et al., 1987). There are virtually no
studieson the pharmacologicaleffects of any of these
‘tea-tree’oils, exceptfor Lis-Balchinet al. (1996a),Lis-
Balchin and Hart (1998); thereforethe presentstudies
wereinitiatedto studythepharmacologicalbasisof their
‘aromatherapeutic’action (if any) and to comparethe
modeof actionof thedifferent ‘tea-tree’oils in different
tissuesin vitro. Due to their use in body massage,the
action was studied in skeletal muscle, using chick
biventer muscle and rat phrenic nerve diaphragm
preparations,as well as in smoothmuscle(guinea-pig
ileum), due to the possibleabsorptionof somecompo-
nents (Bronough et al., 1990). The pharmacological
action was also studiedin the uterus(using rat uterine
preparations),as aromatherapistsuse various essential
oils duringpregnancyandchildbirth (Lis-Balchin,1997),
without knowing their possibleeffects or side-effects
(Burns and Blamey,1994).Someof the major compo-
nentsof the‘tea-tree’oils werealsoassessed,in orderto
ascertainwhich componentswere responsiblefor the
particularpharmacologicalactivity.

The comparative antimicrobial activity was also
investigated in vitro for the tea-tree oils using 25
different bacterial species, 20 different varieties of
Listeria monocytogenesand threespeciesof fungi. The
antioxidant activity was also compared.Some of the
major componentsof theoils werealsoinvestigated.

MATERIALS AND METHODS

Essential oils. Thesewere donatedby Butterbur and
Sage,Reading,UK; The componentswere purchased
from Sigma,UK.

Pharmacologicalstudies.Guinea-pigileum wasusedas
the smoothmuscleand2cm lengthsweremountedin a
25mL organbath, with field stimulation applied using
two parallelplatinumelectrodesplacedeithersideof the
tissueandattachedto a stimulator(0.5ms,0.1Hz, 70V).
Changesin tensionof themusclewererecordedwith an
isometrictransducerattachedto apenrecorder.Essential
oils and components,diluted in methanol,were intro-
duced into the bath at 5� 10ÿ5 v/v in a maximum
volumeof 0.2mL, at which volumetherewasno solvent
interference.

Studieson skeletalmusclewere performed in vitro
usingmalealbino rat diaphragmpreparations(Bulbring,
1946) with the muscle stimulated directly or via the
phrenic nerve. The diaphragm was suspendedin a
100mL organbathin Krebsbuffer at 34°C, gassedwith
95% oxygen in carbon dioxide. Stimulation was at
0.21Hz (0.5ms,40V). Theessentialoils andcomponents
werepresentedat 2.5� 10ÿ3 v/v.

Preparationsof chick biventermusclewerealsoused
as a skeletal muscle, with the essential oils and
componentspresentedat 1� 10ÿ3 v/v.

All experimentswere repeatedat leastfive times on
different tissues:results, where appropriate,were ex-
pressedasthe meanpercentageinhibition (or changein
the electrically induced or spontaneouscontractions)
� SEM.

The chemical compositionof the essentialoils was
determinedby gas chromatographyusing a Shimadzu
Model GC 8A with an OV1 column, 0.32mm� 58m;
temperatureprogrammefrom 100°–230°C at 4°C min.

Microorganisms used. The 25 different species of
bacteria included both food spoilage organismsand
pathogenicbacteria,with 9 Gram-positiveand16 Gram-
negative(Deansand Ritchie, 1987); the 20 strainsof
Listeriamonocytogenesusedwereobtainedfrom various
airline foods(Lis-Balchin et al., 1997).

Microbiological techniques. The antibacterialstudies
wereconductedaspreviouslydescribed(Lis-Balchin et
al., 1996c) using 10mL of essentialoils pipetted into
wells madein agarpreviously inoculatedwith a single
bacterium.Zonesof inhibition weremeasuredafter 48h
incubationin thedark,at theappropriatetemperaturefor
eachbacterium.Antifungal activity wasassessedagainst
Aspergillusniger,A. ochraceusandFusariumculmorum
(Lis-Balchin et al.,1996b). 1mL and 10mL dosesof
essentialoil wereaddedto testtubescontaining10mL of
YES broth, then seededwith eachsingle fungus.After
incubationin the dark for 10 daysat 25°C the solution
wasfilteredandthedry fungi weighed.The% Inhibition
wascalculatedfrom:

Testweight (g)ÿ control weight (g)
Control weight (g)

� 100:

RESULTS

Thepharmacologicalactionon guinea-pigileum in vitro
showed a strong spasmolyticactivity for Manuka in
contrastto an initial spasmogenicactionfor Kanukaand
Melaleuca, which wasfollowed by a spasmolyticaction
(Table 1). a-Terpineol and terpinen-4-ol produced a
substantial spasmolytic action, while a-terpinene, b-
pineneand a(ÿ)pineneproducedan initial contraction
followed by spasmolysisat the sameconcentration;the
(�) a-pineneenantiomerproducedonly a spasmogenic
response.l,8-cineole produceda rise in tone of the
electrically inducedcontractions.

The action of the three‘tea-tree’ oils on the phrenic
nervediaphragmmuscleillustrateda different response
for MelaleucaandManukaoils (showingbothadecrease
in tension and a delayed increasein resting tone, or
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contracture)comparedwith Kanuka,which showedno
responseat that concentration (Table 2). The two
enantiomersof a-pineneshoweda similar effect to that
of MelaleucaandManuka,but theresponsewaslower in
the (ÿ) isomer (Table 2). The responsewas almost
identical if the diaphragm muscle was stimulated
directly.

Using the chick biventer muscle,all three ‘tea-tree’
oils produceda decreasein tension,in contrastto the
increasein toneor contractureshownby a- andb-pinene
andalsop-cymene(Table2).

The effect on the uterinemuscleby all the ‘tea-tree’
oils andcomponentswasinvariably a decreasein force,
whichin thecaseof a-terpinenewasalsoaccompaniedby

a decreasein the frequencyof the spontaneouscontrac-
tions (Table3).

Theantibacterialactivity against25 differentbacterial
speciesand 20 Listeria monocytogenesvarieties was
strongestfor Melaleucaoils comparedwith Manukaand
Kanukaoils from different sitesin New Zealand(Table
4); different samplesof the New ZealandManukaand
Kanuka oils showed considerable variation, whilst
Melaleuca oils from different sites remained more
constant.

The actual activity of two samplesof Melaleuca
alternifolia oil and some of their componentsagainst
individual bacteria(Table5a,b)showedsomevariation,
with g-terpineneexhibiting very low activities on all
twenty five of 25 bacteriaanda-terpineneshowingonly
onehigh antibacterialactivity. The individual activities
against Listeria monocytogenesstrains are shown in
Table 6. The activities were generally low for all the
components,with g-terpineneexhibitingnoactivity atall.

The antifungalactivity of the MelaleucaandManuka

Table 1. Pharmacologicalstudieson tea tree oils and their
major components

Essential oil/
component Pharmacological action

Smooth Muscle Spasmogenesis Spasmolysis
Guinea-pig ileum % %
Conc. 5� 10ÿ5 v/v
Melaleuca oil 15 (3.5) initially 46.8 (4.6)

Manuka 38.1 (1.4)
Kanuka 28.6 (3.1) initially 59.7 (4.6)

Components
1, 8-Cineole 25 (4.5) rise in tone
a-Pinene (�) 7 (4.6)
b-Pinene (ÿ) 98 (4.7) 23.5 (3.5)
g-Terpineol 86 (2.5)
a-Terpinene 78 (3.2) 87 (2.5)
g-Terpinene 3.8 (0.5) 73 (2.2)
Terpinen-4-ol 93 (3.5)

Table 2. Pharmacological activity of Melaleuca oil and
componentsin skeletalmuscle

Increase in resting tone
Decrease
in tension

Rat phrenic nerve diaphragm at 2.5� 10ÿ3

Melaleuca 87.5 (4.8)
�delayed increase to 100%

Manuka 82.5 (2.5)
�delayed increase to 100%

Kanuka No effect
a-Pinene (�) 85 (4.0)

�delayed increase to 56%
b-Pinene (ÿ) 18 (2.4)

Rat diaphragm direct at 2.5� 10ÿ3

Melaleuca 66.7 (3.8)
�delayed increase to 100%

Manuka 65.0 (8.8)
�delayed increase to 100%

Kanuka No effect

Chick biventer muscle at 1� 10ÿ3

Melaleuca 71.0 (5.8)
Manuka 27.8 (4.7)
Kanuka 24.0 (2.5)
a-Pinene 15% rise in resting tone
b-Pinene 10% rise in resting tone
r-Cymene 20% increased twitch,

�14% increase in resting tone

Numbers indicate mean (SEM) %

Table 3. Pharmacological activity of Melaleuca oil,
Manuka and Kanuka and some of their compo-
nents in uterine muscle

Pharmacological effect

Rat uterus at 1� 10ÿ5

Melaleuca 26.0 (1.5) decrease in forcea

Manuka ( at 1� 10ÿ6) 100% decrease in force, quick
recovery

Kanuka (at 1� 10ÿ6) 100% decrease in force, quick
recovery

1,8-Cineole 51.0 (2.5) decrease in force
a-Pinene 21.0 (1.7) decrease in force
b-Pinene 25.0 (2.5) decrease in force
a-Terpineol 100% decrease in force and loss

of contractions
a-Terpinene 100% decrease in force and

frequency, quick recovery
r-Cymene 25 (0.5) decrease in force
Terpinen-4-ol 100% decrease in force

a Decrease in force of spontaneous contractions.

Table 4. Summary of the activity of the different samplesof
three ‘tea-tree’ oils against 25 different bacterial
speciesand 20 different Listeria monocytogenes
strains

25 bacteria
species

20 Listeria
strains

Melaleuca alternifolia Austr. 24 20
Melaleuca alternifolia NZ 24 15
Manuka NI 15 20
Manuka SI 11 0
Kanuka NI 12 19
Kanuka SI 16 20
Kanuka/Manuka NI 18 18
1,8-Cineole 16 0
r-Cymene 6 0
Terpinene-4-ol 24 20
a-Terpinene 14 8
g-Terpinene 5 0
a-Pinene 23 9
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andKanukaoils from differentsites(Table7) againshow
greaterdifferencesin activity betweenthe two Manuka
and Kanukasamplesthan the Melaleucasamples.This
difference is also reflected in the antioxidant activity
(Table8). Only g-terpineneandterpinen-4-olout of the
componentsstudiedexhibitedantioxidantactivity.

DISCUSSION AND CONCLUSIONS

The possible therapeutic application of Melaleuca,
Manuka and Kanuka was initially investigated by
studyingtheir modeof action in smoothmuscle(using
guinea-pigileum), due to the possibleabsorptionof at
leastsomeof its components,if not all (Bronoughet al.,
1990).Thepharmacologicalactionwasdifferentbetween
the ‘tea-tree’oils, showinga strongspasmolyticactivity
for Manukain contrastto an initial spasmogenicaction
for Kanuka and Melaleuca, which was followed by a
spasmolyticaction:this wasa reflectionof thedifference
in thechemicalcomposition.KanukaandMelaleucaoils
containeda large proportion of monoterpenes,which
havebeenshownto berelatedto thespasmogenicactivity
(Lis-Balchin et al, 1996b) whilst Manuka contained
mostly sesquiterpenes.The differencesin the activity of

the individual componentswaspronounced:a-terpineol
andterpinen-4-olproducingsimplyastrongspasmolysis,
while a- and g-terpinenesproduced both an initial
spasmogenicaction followed by a spasmolyticaction.
1,8-cineolegavea distinctive rise in tone,ratherthana
contraction,unlike any of the othercomponentsstudied
(Table 1). This is difficult to explain, as Eucalyptus
globulus, containing about 90% of this component
showedonly a spasmolyticeffect in the same tissue
(Lis-Balchin et al., l996b). The difference in activity
betweentheenantiomersof a-pinenehadpreviouslybeen
reported(Lis-Balchin et al 1999)andthis could makea
substantialdifferenceto the pharmacologicalactivity of
different essentialoils, dependingon their enantiomeric
proportions.Melaleucaalternifolia oils were found to
contain many different enantiomericcomponentswith
different proportionsof eachenantiomer(Leachet al.,
1993); nowadays the commercial ‘tea tree’ oil is
producedfrom many different speciesof Melaleuca in
Australia and there are also possible enantiomeric
differencesin the oils producedfrom plantsgrowing in
otherpartsof theworld giving riseto differentgradesof
oil of different pharmacologicalaction.Someof the so-
called ‘therapeuticgradetea-treeoils’ now producedin
Australia,containdoubletheproportionof terpinen-4-ol
compared with normal grade oils and this could
dramaticallyalter thepharmacologicalaction.

Differencesin themodeof actionin guinea-pigileum
hadpreviouslybeenshownbetweenManukaandKanuka

Table 5a. Antibacterial activity of ‘tea-tree oils’ from
Melaleuca alternifolia, Leptospermumscoparium
(Manuka) and Kunzea ericoides (Kanuka) and
some of their main components against 25
different speciesof bacteria

mm diameter

Organism a b c d e f

1 9.1 5.4 6.0 6.3 6.8 0
2 12.9 5.8 6.4 7.8 7.6 5.9
3 9.4 5.7 0 11.6 9.8 5.6
4 10.7 0 14.3 7.3 6.3 6.3
5 11.6 6.5 5.4 4.9 9.3 6.3
6 11.4 6.5 10.6 8.7 8.0 7.7
7 8.5 6.3 19.9 10.7 7.6 10.6
8 11.0 0 0 0 0 0
9 16.0 12.2 26.0 31.5 9.3 22.0

10 8.3 0 0 0 0 0
11 11.8 0 10.6 5.6 0 0
12 10.4 5.5 6.3 12.8 6.3 0
13 5.8 0 5.9 7.0 0 0
14 5.9 0 0 0 0 0
15 8.3 5.7 4.7 5.4 5.9 5.1
16 6.9 0 16.7 5.7 7.0 5.7
17 10.4 0 24.2 6.5 6.0 5.0
18 9.5 0 0 0 0 0
19 12.2 0 0 0 5.5 0
20 9.1 0 0 0 0 0
21 9.8 0 0 7.4 0 0
22 8.0 0 0 6.5 0 0
23 7.6 8.9 11.7 12.6 12.3 10.8
24 6.2 0 8.0 14.4 6.0 0
25 9.3 0 0 0 5.3 0
No. �ve 9 5 9 8 9 8
No. ÿve 14 6 6 10 7 4
Total 25 11 15 18 16 12

a, Melaleuca oil, Australian; b, Manuka from South Island;
c, Manuka from North Island; d, Manuka/Kanuka mix;
e, Kanuka from South Island; f, Kanuka from North Island.

Table 5b. Antibacterial activity of tea tree Melaleuca
alternifolia Australian and New Zealand oil and
someof its main componentsagainst25 different
speciesof bacteria

(Melaleuca oils and components) mm diameter

Organism a b c d e f g h

1 12.6 8.4 0 7.9 15.6 7.5 8.0 9.1
2 9.1 8.6 0 8.3 7.5 5.8 8.7 12.9
3 13.1 11.5 0 9.0 10.8 0 26.9 9.4
4 11.5 9.6 0 8.4 10.3 5.3 6.2 10.7
5 7.7 8.9 0 10.5 7.2 8.3 14.9 11.6
6 11.6 0 6.2 8.5 14.3 7.5 17.9 11.4
7 11.7 6.9 7.7 14.1 16.9 8.8 13.0 8.5
8 8.2 0 0 10.4 10.8 0 15.6 11.0
9 36.1 31.5 0 8.6 19.5 37.2 6.9 16.0

10 8.7 7.3 0 9.2 6.0 5.2 5.9 8.3
11 12.2 7.4 0 7.6 9.5 0 19.2 11.8
12 6.5 0 7.0 9.6 6.2 6.5 21.4 10.4
13 10.7 8.9 0 8.5 12.9 5.0 18.3 5.8
14 9.4 0 0 6.0 8.1 0 6.0 5.9
15 9.4 8.2 0 9.8 10.4 6.0 7.5 8.3
16 34.1 0 8.4 0 20.7 7.9 15.7 6.9
17 8.4 0 9.1 8.0 9.7 9.5 6.6 10.4
18 9.4 0 0 8.9 11.6 0 5.3 9.5
19 9.6 8.3 0 7.5 10.9 0 16.1 12.2
20 0 0 0 6.4 0 0 0 9.1
21 9.7 0 0 8.8 10.9 0 22.2 9.8
22 0 0 0 8.6 6.0 0 7.8 8.0
23 15.6 9.0 0 8.8 7.0 6.4 11.9 7.6
24 11.6 0 0 5.8 6.0 5.3 6.2 6.2
25 8.6 9.6 0 8.0 9.2 4.9 12.0 9.3
Total 23 14 5 24 24 16 24 25

a, a-pinene; b, b-terpinene; c, g-terpinene; d, a-terpineol;
e, terpinen-4-ol; f, 1,8-cineole; g, Melaleuca oil, New Zealand;
h, Melaleuca oil, Australian.
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(Lis-Balchin and Hart, 1998) where there was some
evidence for the involvement of cyclic AMP in the
mechanismof actionof Manuka,butnotKanuka;neither
usedcyclic GMP, andthey did not seemto behavelike
calciumchannelblockersof potassiumchannelopeners.
Theactivity of Melaleucaoils resemblesKanukato some
extent as the oil has an initial spasmogenicaction
followed by a potentspasmolyticaction;themechanism
of thelatteractionwasapparentlyneithervia cAMP, nor
cGMP or acting as potassiumchannelopenersat low
concentrations,but some evidence was obtained for
actionascalciumchannelblockersat higherconcentra-
tions (Lis-Balchin andHart, 2000).

Dueto their usein bodymassagein aromatherapy,the
actionof the‘tea-tree’oils wasstudiedin skeletalmuscle,
using chick biventer muscle and rat phrenic nerve
diaphragmpreparations.The action in skeletalmuscle

wasalsostudiedto ascertainwhethertheir activity was
similar to that in smoothmuscleandsecondlywhetherit
was similar for all the ‘tea-tree’ oils. The action of
Manuka was almost identical to that of Melaleuca,
showingbothadecreasein tension(throughaninhibition
of thetwitch responseto nervestimulation)andadelayed
butveryprofoundincreasein restingtonewhichsignifies
contracturewhetherthemusclewasstimulateddirectlyor
via the phrenicnerve.The sameactionswereshownby
clary sage,dill, fennel, frankinsenceandnutmeg,all of
which, exceptclary sage,arevery stronglyspasmogenic
onsmoothmuscle(Lis-BalchinandHart,1997).Kanuka,
at the sameconcentration,did not show any effect on
either the nerve-stimulatedor solely muscle-stimulated
diaphragm,similar to that of angelica root oil (Lis-
BalchinandHart,1997).The(�) enantiomerof a-pinene
exhibiteda similar reactionto Manukaand Melaleuca,
but the(ÿ) enantiomershowedjust a decreasein tension
at the same concentration:this again illustrated the
difference in the enantiomericpharmacologicaleffect.
The effect of Manuka showeda differencein the two
muscletissuesandindicateda ratherlessrelaxingeffect
on skeletalmusclethan that obviously wantedthrough
aromatherapeuticmassage:the effect of Manuka on
muscle fatigue or muscle cramp could thus be very
detrimental.

The activity of the three ‘tea-tree’ oils on the chick
biventermusclewasvery similar showinga decreasein
tension:Melaleucaproducedmorethandoubletheeffect

Table 6. Antibacterial activity of tea tree Melaleuca alter-
nifolia Australian and New Zealand oil and some
of its main componentsagainstListeria monocyto-
genes

Melaleuca oils and components mm
diameter

No. Bact. a b c d e f g h

1 0 5.9 0 7.3 5.4 0 5.8 8.7
2 7.0 6.6 0 6.0 6.4 0 5.9 8.0
3 0 0 0 6.8 5.0 0 5.6 6.9
4 6.5 0 0 7.4 6.5 0 5.4 8.6
5 6.0 5.6 0 6.6 5.1 0 0 9.2
6 0 0 0 5.4 6.3 0 5.1 7.7
7 0 0 0 5.9 7.0 0 0 7.8
8 0 0 0 7.5 6.1 0 0 9.0
9 9.1 0 0 7.2 5.6 0 8.9 8.5

10 0 0 0 6.0 6.4 0 5.6 7.7
11 6.4 6.0 0 6.0 5.5 0 5.9 6.7
12 0 6.6 0 7.0 5.2 0 6.2 6.5
13 0 0 0 6.6 5.5 0 8.3 8.8
14 0 5.1 0 7.5 6.2 0 0 9.1
15 5.1 0 0 7.9 5.4 0 6.0 7.1
16 7.0 0 0 7.9 5.4 0 6.0 7.1
17 7.0 0 0 7.0 5.5 0 6.0 8.0
18 11.9 0 0 5.9 6.2 0 0 7.6
19 0 6.6 0 7.2 5.5 0 5.9 7.3
20 0 6.6 0 6.0 5.7 0 7.2 7.3
Total no. 9 8 0 20 20 0 15 20

a, a-pinene; b, a-terpinene; c, g-terpinene; d, a-terpineol;
e, terpinen-4-ol; f, 1,8-cineole; g, Melaleuca oil; New Zealand;
h, Melaleuca oil, Australian.

Table 7. Antifungal activity of Melaleuca alternifolia oil against Manuka and Kanuka
samples

Antifungal activity

NZ Mel Austr Mel Man1 Man2 M/K Kanl Kan2

Aspergillus niger 94 85 64 68 30 1 0
Aspergillus ochraceus 89 91 49 87 13 10 27
Fusarium culmorum 78 76 25 57 0 0 16

NZ Mel, New Zealand Melaleuca; Austr Med, Australian Melaleuca; Man 1, Manuka from North
Island; Man Z, Manuka from South Island; M/K, Manuka/L6 Kanuka mix, Kaul, Kanuka from
North Island; Kan Z, Kanuka from South Island.
Note: Numbers approaching 100 indicate most potent antifungal activity.

Table 8. Antioxidant activity of Melaleuca alternifolia oil
againstManuka and Kanuka samples

Essential oil Zone (mm) Intensity

Melaleuca Australian 0
Man 1 11.1 �
Man 2 8.2 �
Kan/Man 0
Kan 1 17.7
Kan 2 0
a-Pinene 0
a-Terpinene 7.1 �
a-Terpinene 0
Terpinene-4-ol 9.1 �
a-Terpineol 0

� indicates a faint intensity.
Mel, Melaleuca; Man 1, Manuka from North Island; Man 2,
Manuka from South Island; Man/Kan, Manuka/Kanuka mix;
Kan 1, Kanuka from North Island ; Kan 2, Kanuka from South
Island.
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of the otheroils. The pinenesandr-cymeneshowedan
opposingeffect of contracture.

Thepharmacologicalactionon uterinemusclein vitro
indicated a similarity for all the ‘tea-tree’ oils and
componentsalike and resembledpreviousstudieswith
over 30 essentialoils andmixturesof different essential
oils (Lis-BalchinandHart,1997)whereareductionin the
size of the spontaneouscontractionsalways occurred.
This was often accompaniedby a reduction in the
frequencyof contractionsfor manyessentialoils. There
is thereforeapossiblecautionfor theuseof essentialoils
during childbirth, as they could stop contractionsand
therebyput thebaby(aswell asthemother)at risk.

Thereis a wide rangeof effectsof different essential
oils onthesameskeletalmusclein vitro (Lis-Balchinand
Hart,1997),andthepresentresultsshowdifferencesalso
in the actual skeletal tissuestudied.There is therefore
difficulty in understandingthe aromatherapists’belief
(withoutanyscientificevidence)thatagivenessentialoil
is ‘relaxing’, especiallyastheyseemto imply it achieves
this through its activity when applied via massage.
Perhaps,it is the massagealone which is relaxing, as
thereis noclinical studyasyet,to provethatessentialoils
actuallyhaveany furtherbenefit(Lis-Balchin,1997).

The presentresultssupportthe work of Buchbaueret
al. (1993) in showingthat essentialoils haveselective
actionson biological tissuesandthat their bioactivity is
not dueto non-specifictoxic actionson cell membranes
(Buchbaueret al., 1993).

The antibacterialand antifungalactivities was stron-
gest for Melaleuca oils comparedwith Manuka and
Kanuka oils (Table 4); different samplesof the New
ZealandManukaand Kanukaoils showedconsiderable
variation,whilst Melaleucaoils remainedmoreconstant.
However,the productionof morepotentMelaleucaoils
(labelledastherapeutic)by someAustraliancompanies,
which containa higher percentageof terpinen-4-oland
lower 1,8-cineole indicates that there is an expected
differencein antimicrobialactivity: theseoils were not
includedin thepresentstudy.

Thedatapresentedin Table5 showhow two different
Melaleucaoils and their main componentsact against
individualbacteria:a-terpineolhasvery low antibacterial
activity againstonly 5 of 25 different species,whilst a-
terpinenehasonly one potentactivity and againshows
low activity againstthe rest of the 14 of 25 bacteria.
Terpinen-4-ol shows the highest activity against 24
bacteria,which is comparableto that of the whole oil,
whilst 1,8-cineoleshowsreducedantibacterialactivity
againstmostof thespecies.Theresultsarein agreement
with studiesby CarsonandRiley (1994)who studiedthe
antibacterial effect of eight Melaleuca components
against 10 different bacteria. The results against 20
Listeria monocytogenesvarietiesshow that g-terpinene
and1,8-cineolehaveno effect,whilst a-pinenehasa low
effect againstonly eight varieties(Table6) ; a-terpineol

is slightly moreeffectivethanterpinen-4-olagainstmost
of theListeriavarieties,whichshowsthatgeneralizations
cannot be made as to the effectivenessof individual
essentialoils or componentsagainstall bacteria.There
wasa markeddifferencein theactivity betweenthe two
Melaleucasamples.

The antifungalactivity of the different ‘tea-tree’ oils
showedmarkedvariationsfor the Manukaand Kanuka
samples but not for the Melaleuca samples. The
possibility of mistaking the two latter speciescan be
demonstratedin the sample marked M/K (Manuka/
Kanuka),whichwasvery little differentfrom theKanuka
samplesin theantibacterialstudies,butshowedprofound
differencesagainstthe fungi. There was a very strong
negativecorrelationbetweenthe pure Kanukasamples
and the antifungal activity, comparedwith the more
effective antifungalactivity of Manuka; the mixture of
Kanuka/Manuka showed an intermediate antifungal
activity.

Thereis a voguefor manyscientificallynon-qualified
aromatherapiststo practise ‘clinical aromatherapy’,
wherethey prescribethe internalusageof essentialoils.
Internal prescribing involves oral, rectal and vaginal
intake: however,the useof tamponssoakedin various
potentiallytoxic essentialoils, like thevarious‘tea-tree’
oils with variable biological potential could have a
possibleharmful effect on the delicateinternalmucosal
membranes.The possibility of misdiagnosisof a urino-
genital condition by medically unqualifiedaromathera-
pists or by the patientsthemselvescould also result in
seriousconsequences.

Theantioxidantactivity of the ‘tea-tree’oils wasvery
variable in the presentstudies, the Manuka samples
showing more effectivenessthan one of the Kanuka
samples and the Kanuka/Manukamixture. Only g-
terpineneandterpinen-4-olshowedantioxidantpotential.
The latter are also the most potentantibacterialagents
and possibly exert someof this activity through their
antioxidantaction.

The problem with many Myrtaceaeis that of their
genetic variation or the production of spontaneous
chemotypes,giving manydifferentessentialoil composi-
tions with differing bioactivities. The quality of com-
mercial Australian Tea tree has now been generally
stabilized, mainly by the selectionof clones and the
blendingof differentessentialoils from differentspecies
of Melaleucato conformwith the AustralianStandards,
but theproblemof diversityremainsin otherpartsof the
world where Melaleucaspeciesgrow, e.g. Zimbabwe,
New Zealand,Indonesiaetc. The diversity of Manuka
andKanukaoils is evenmorepronouncedandtheuseof
theseNew Zealandoils, especiallyin aromatherapymay
therefore be premature,unless their quality can be
assured and also toxicological studies (which are
available for all essentialoils used in the Food and
CosmeticsIndustry)areundertaken.

REFERENCES

Allen KL, Molan PC, Reid GM. 1991. A survey of the
antibacterial activity of some New Zealand honeys. J
Pharm Pharmacol 43, 817±822.

Blackwell R. 1991. An insight into aromatic oils: lavender and
tea tree. Br J Phytother 2, 26±30.

Bloor SJ. 1992. Antiviral phloroglucinols from New Zealand
Kunzea species. J Nat Prod 55, 43±47.

Bronough RL, Wesler RC, Bucks D, Maibach HI, Sarason R.
1990. In vivo percutaneous absorption of fragrance
ingredients in rhesus monkey and humans. Food Chem
Toxicol 28, 369±374.

Brooker SG, Cambie RC, Cooper RC. 1987. New Zealand
Medicinal Plants, 3rd edn, Reed Books: New Zealand.

Buchbauer G, Jager W, Jirovetz L, Ilmberger J, Dietrich H.

628 M. LIS-BALCHIN ET AL.

Copyright# 2000JohnWiley & Sons,Ltd. Phytother.Res.14, 623–629(2000)



1993. Therapeutic properties of essential oils and fra-
grances. In Bioactive Volatile Compounds From plants,
Teranishi R, Buttery G, Sugisawa H (eds). American
Chemical Society: 159±165.

Bulbring E. 1946. Observations on the isolated phrenic nerve
diaphragm. Br J Pharmacol 1, 38±61.

Burns E, Blamey C. 1994. Using aromatherapy in childbirth.
Nurs Times 90, 55±60.

Carson CF, Riley TV. 1993. Antimicrobial activity of the
essential oil of Melaleuca alternifolia. Lett Appl Microbiol
16, 49±55.

Carson CF, Riley TV. 1994. Susceptibility of Propionibacter-
ium acnes to the essential oil of Melaleuca alternifolia.
Lett Appl Microbiol 19, 24±25.

Carson CF, Riley TV. 1995. Antimicrobial activity of the major
components of the essential oil of Melaleuca alternifolia.
J Appl Bacteriol 78, 264±269.

Cooke A, Cooked MD. 1994. An Investigation into the
Antimicrobial Properties of Manuka and Kanuka oil.
Cawthron Report No. 263, New Zealand.

Deans SG, Ritchie G. 1987. Antibacterial properties of plant
essential oils. Int J Food Microbiol 5, 165±180.

Leach DN, Wyllie SG, Hall JG, Kyratzis I. 1993. The
enantiomeric composition of the principle components
of Melaleuca alternifolia. J Agric Food Chem 41, 1627±
1632.

Lis-Balchin M, Deans SG, Hart S. 1996a. Bioactivity of New
Zealand medicinal plant essential oils. Acta Hort, 426, 13±
27

Lis-Balchin M, Hart S, Deans SG, Eaglesham E. 1996b.
Comparison of the pharmacological and antimicrobial
action of commercial plant essential oils. J Herbs Spices
Med Plants 4, 69±86.

Lis-Balchin M, Deans SG, Hart, S. 1996c Bioactivity of

commercial geranium oil from different sources. J Essent
Oil Res 8, 281±290.

Lis-Balchin M. 1997. Essential oils and `aromatherapy': their
modern role in healing. J Royal Soc Health 117, 324±329.

Lis-Balchin M. Deans SG. 1997. Bioactivity of selected plant
essential oils against Listeria monocytogenes. J Appl
Microbiol 82, 759±762.

Lis-Balchin M, Hart S. 1997. Pharmacological effect of
essential oils on the uterus compared to that on other
different tissue types. Proceedings of 27th International
Symposium Essential Oils, Vienna, Austria, 8-11 Septem-
ber 1996, Franz C, Mathe A, Buchbauer G (eds). Allured
Pub. Corp.: Carol Stream, III, 24±28.

Lis-Balchin M, Hart S. 1998. An Investigation of the actions of
the essential oils of Manuka (Leptospermum scoparium)
and Kanuka (Kunzea ericoides), Myrtaceae on guinea-pig
smooth muscle. J Pharm Pharmacol 50, 809±811.

Lis-Balchin M, Deans SG, Eaglesham E. 1998. Relationship
between the bioactivity and chemical composition of
commercial plant essential oils. Flavor Fragr J 13, 98±104.

Lis-Balchin M, Hart SL, Deans SG. 1998b Pharmacological
and antimicrobial studies on different `tea-tree' oils from
Australia and New Zealand. 5th Annual Symposium on
Complementary Health Care, University of Exeter, 10-12
Dec.

Lis-Balchin M, Ochocka RJ, Deans SG, Asztemborska M, Hart
S. 1999, Differences in bioactivity between the enantio-
mers of a-pinene. J Essent Oils Res, 11, 393±397.

Lis-Balchin M, Hart SL. 2000 Pharmacological studies of the
essential oil of tea tree (Melaleuca alternifolia), (Maiden &
Betche) Cheel, Myrtaceae on smooth muscle. In prepara-
tion.

Somal NAl, Coley KE, Molan PC, Hancock BM. 1994
Susceptibility of Helicobacter pylori to the antibacterial
activity of Manuka honey J Roy Soc Med 87, 9±11.

BIOACTIVITY OF TEA TREE OILS 629

Copyright# 2000JohnWiley & Sons,Ltd. Phytother.Res.14, 623–629(2000)


