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ABSTRACT

The essential oils obtained from the eucalyptus have many medicinal and
commercial uses. The oils possess many bioactivities (antimicrobial, antiviral,
fungicidal, insecticidal and herbicidal activities). The commercial uses of essential oils
have increased the research on their extraction, chemical composition, bioactivity and
mode of actions. Eucalyptus species differs in their chemical composition. The
bioactivity of essential oils is highly associated with their unique chemical
composition. The novel biological functions of eucalyptus essential oils suggest
research on all eucalyptus species to fully exploit their commercial benefits. This
review, discusses the recent progresses in above research areas and future research

prospects.
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1. INTRODUCTION

Eucalyptus (family Myrtaceae) is native to Australia, however, its few species are
indigenous to neighbouring countries (30). It grows over wide range of soils and climates,
hence, has been introduced into North and South Africa, Asia and Southern Europe (3).
The interspecific hybrids are grown in Brazil, Congo, China, Indonesia and South Africa
and small plantations in Phillippines, Vietnam, Thailand and Malaysia and South
Americas (Argentina, Chile, Paraguay and Uruguay) (35). There are approximately 700
species worldwide and only about 1% are used for industrial purposes (76). Its timber is
now used for fuel, shelterbelts, windbreaks and for hardwood fibre (86).

Its essential oils have many medicinal and commercial uses (47). They can be
used as folk medicine and are anesthetic, anodyne, antiperiodic, antiphlogistic, antiseptic,
astringent, deodorant, diaphoretic, disinfectant, expectorant, febrifuge, fumigant, hemostat,
inhalant, insect repellant, preventitive, rubefacient, sedative yet stimulant, suppurative,
tonic, and vermifuge (34). Its 9-species are used for medicinal and commercial purposes
(Table 1). Besides, E. cinerea and E. cneorifolia also possess medicinal value and F.
macarthurii in perfumery.

Table 1. Cultivated Eucalyptus species

Uses Species Country
Medicinal  Eucalyptus globulus Labill. China, Portugal, Spain, India, Brazil,
Chile,Bolivia, Uruguay, Paraguay
E. smithii R. Baker South Africa, Swaziland,
Zimbabwe
E. polybractea R. Baker (syn. E. Australia
fruticetorum F. Muell. ex Miq.)
E. exserta F. Muell. China
E. radiata Sieber ex DC. (syn. E. South Africa, Australia
australiana, E. radiata var. australiana)
E. dives Schauer Australia
E. camaldulensis Dehnh. (syn. E. rostrata Nepal
Schildl.)
Perfumery  E. citriodora Hook. China, Brazil, India
E. staigeriana F. Muell. ex Bailey Brazil
Source : 38

Growth inhibition of plants by other plants in their vicinity has been known for a
long time. The chemical interaction between plants is referred to as allelopathy (80).
Intensive allelopathy research has been conducted in recent decades and progress has made
in analysis and identification of allelochemicals (10,37,42,51,84,116). The rapid advances
in the identification of bioactive allelochemicals in eucalyptus oils have prompted research
into potential natural herbicidal compounds for weed management in agriculture
(16,17,81).

Owing to the wide range of traditional uses and potential commercial prospects of
eucalyptus oils, extensive research on yield and chemical composition of oils has been
undertaken, as well as development of extraction and analytical techniques. This paper
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reviews the progress on isolation, identification, bioactivity and mode of actions of
essential eucalyptus oils.

2. ESSENTIAL OIL CHEMISTRY

2.1. Extraction methods

Essential oils are secondary metabolites produced by plants in response to stress,
infection or parasitic attack. Eucalyptus oils are volatile organic compounds found in
fruits, flowers, bark, seeds, wood and roots. However, they are mainly extracted from
leaves (3,20). There are 5-extraction methods (11,19,43,45,82,90) :

(i). Hydrodistillation: It involves placing plant material and water in a container and
heating from below. The heat releases the aromatic vapour, which is condensed into liquid
containing little hydrosol (water). Total oil yield increases with increase in distillation
time, but the principle component (%) reduces accordingly (11).

(ii). Steam distillation: It involves placing the plant material in a flask and forcing steam
through the plant material to vaporize the volatile oils. It is similar to hydrodistillation, but
higher oil yield is obtained (90).

(iii). Vacuum distillation: To extract essential oils from many eucalyptus species, vacuum
distillation is done at lower temperatures, avoiding the change in essential oil chemical
composition during distillation(19).

(iv). Supercritical fluid extraction (SFE): It uses the ability of certain gases (generally
CO, is used) to act as non-polar solvents at certain temperature and pressure. It is more
efficient and faster than hydrodistillation (82).

(v). Subcritical-water extraction (SWE): It uses hot water (100-374°C) as extractant and
high pressure. It is faster and efficient than hydrodistillation (45). The advantages are
shorter extraction time, high quality of extract, lower costs of extracting agent and
environmental friendly (43).

2.2. Essential oils Yields

The yields of eucalyptus oils from leaves depends on the species studied and
varies from 0.10 to 9.0 % on dry weight basis (Table 2). Several factors affect the
eucalyptus oils yields: tree age (5), leaf age (39,96), altitude (62), season (77), harvest time
(32) and fertilizer application (61). Young leaves contains more oil than old leaves (39),
while leaves from older trees gave slightly higher yield (5). However, oil production is
more influenced by altitude than age (62). Oil content also fluctuates with season. E.
citriodora leaves collected in Pakistan in April-May contained 0.9% oil than 1.3% in
December (77). Good eucalyptus oil yields in central Thailand were obtained between
January to July (32). Application of nitrogen, phosphorus and potassium fertilizers
increased the production of essential oils (61).
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Table 2. Yields of eucalyptus essential oils

Species Yield * (%) Reference
E. bakeri 1.8-3 22
E. brachycorys, E. crucis 0.75-3.75 19
E. caesia 0.97 7
E. camaldulensis 0.39° 113
E. camaldulensis 0.25-0.46 39
E. cinerea 1.2-2.3 39
E. citriodora 0.6 16
E. citriodora 0.9-1.3 71
E. crebra 0.29-1.33 3
E. dunnii 3.67 112
E. globulus 1.3-2.7° 96
E. grandis 0.36%" 113
E. microtheca, E. spahulata 0.38-1.88 88
E. nitens, E. denticulata 0.7-0.8 54
E. porosa 0.57 6
E. propinqua, E. pulverulenta 0.22-3.56 120
E. radiata ssp. robertsonii 6.7-8.4 97
E. radiate ssp. radiata, E. smithii 6.0-9.0 28
E. remophil, E. oleosa, E. patellaris, E. ranscontienalis, E. salubris 0.1-5.3 36
E. tereticornis 1.57-2.09 94
E. viminalis 0.5-1.2 39

*Dry weight basis; "Fresh weight basis.

2.3. Chemical composition

The oil composition of different eucalyptus species has been reviewed till 1998
(30). This current review collates the research advances from 1999 (Table 3). The number
of components identified and main components in essential oils from different eucalyptus
species are presented in increasing order of 1,8-cineole content. The main components are
monoterpenes (1,8-cineole, p-cymene, citronellal, citronellol, limonene, a-phellandrene, 3-
phellandrene, o-pinene, B-pinene, trans-pinocarveol, terpinolene, a-terpineol, o-thujene)
and sesquiterpenes (B-caryophyllene, B-eudesmol, globulol, spathulenol and virdiflorol).

The chemical profile and main components of oils from eucalyptus leaves varied
significantly between species (88,120). For example, the main components of E.
largiflorens oil were 1,8-cineole (37.5%), p-cymene (17.4%), neo-isoverbenol (9.1%),
limonene (6.5%) and spathulenol (6.7%), while those of E. spathulata oil were 1,8-cineole
(72.5%), a-pinene (12.7%) and trans-pinocarveol (3.3%), with the absence of neo-
isoverbenol, limonene and spathulenol or at lower amounts (88). The monoterpenes, 1,8-
cineole and a-pinene, are the main components in most species, while, E. citriodora is rich
in citronellal (49.5-87%) and citronellol (8-20%). The content of 1,8-cineole in eucalyptus
oils ranges from 10-90%. Generally, the content of o-pinene is below 20%. The
composition of eucalyptus oils differs even between the trees of same species in different
periods, sites (25) and extraction method/time (11,90).
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Table 3. Chemical compesition of eucalyptus essential cals

Species Other components (7) Refexnoe
E kochii 63 923 s 09 o9 e-Terpineel (0L6) 1s
E hriger a3 902 LE 10 Lé a-Tespineel (0.T) 115
E cinerea L5 ] s 52 12 as 120
E pohvbraciema 63 £73 LS 14 21 B-Pinene (0.7}, aterpineal (.6) 1s
F bayeriana £ £7.1 4.1 o3 120
E amuldwlensis 5 857 58
E leycaxylon 7 855 0
E smihii g3 512 47 09 23 120
E bridpesiana &3 816 32 21 30 120
E ingenyexsa 10 806 2
E microgheca £3 03 o4 36 a9 120
E foccunda 83 755 173 09 il 120
E sar peruii 17 755 &3 B-Eudesmol (4.1) 0
E pudverylemsa 83 75.1 46 20 21 e-Copane (4.8) 120
E globulys 15 748 63 57 n
E sncklandii 17 712 92 2
E spashalasa 21 s 1237 mrans-Pimocarveal (3.3) -1
E pricklandii 17 7.2 82 2
E caesia 21 694 83 ans-Pimocarveole (2.4), cayophyllene 7
(6.1), globulal (2.8)
E propincua £ 6.5 24 16.1 32 rans-Pinocarveale (2.2) 120
E loxophieba 63 649 130 13 32 £ Mathyl 2 pentyl acetate (6.1}, & 15
terpineol (1.2)
E kruseana 15 a3 59 e Phellmdmene (0.6-80) 2
E parosa 586 128 Nopinane (3.11) é
E sarpersii 16 567 49 B Eudesmol (6.0) 2
E crebra 19438 16182 27 e-Phellandmene (0.6-8.0% careen (L3- 15
5.6), p-pinene (05-2.1)
E plarypus 18 aus 26 0
E larpiflorens 15 I Spathulenol (11.6), virdiflorol (15.9) 2
E larpiflorens 26 ns 174 &3 neo-lsaverdencl (9.1), spathulencl 58

67%)
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Species Number of Wﬂ (% of total essential cils) Other compone nts (%) Re fex nee
components | 8- e-Pincne  p- Limonene  Citronellal e
Cinecke Cymene Thujene

E microheca 13 352 68

E microtheca 2 M n7 124 B-Pinene (10.5) 88

E camaldylensis 62 26 97 152 Terpinclene (3.0), p-pinene (3.9) 106

E camaldulensis 2 26.1 126 144 Spathulencl (13.2), f-phellandsne (9.2) ]

E grandis 65 198 1L4 21 47 m._manuwu"-nrl:u.urﬁi 106

E brockwayi 25 s 140 grans-Pimocarveale (12), f-pinene (7.5), 2
rio-cymene (5.3)

E wophylia 51 139 L8 23 ¥ Terpinene(26.2) 106

E alba n 133 o7 129 329  p-Caryophyliene (7.8%). e-erpinecl m
(2.6%), spathulencd (1.8%),
caryophylie novide (1.8%)

E saligna 25 122 06 48 638 e Tespineol Q6%), erpinalene (27) 7

E cigriadora 35 19 L3 49.5 Citroneliol (| L9), B-pinene (2.2) 106

E cirisdora 6 6757 Citronellol (8-20), iscpelegol (1.6-3.3) 5

E cigrisdora 17 522 Citroneliol { 12.3), isoisopulegol (11.9) 16

E decaisneana 49 22 0.8 28 e-Phellandmene (31. 1), y-terpi (1LT) &1
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3. ESSENTIAL OIL BIOACTIVITY

Eucalyptus essential oil has range of bioactivity [antimicrobial (53,56,107),
antiviral (26), fungicidal (92,93), insecticidal (57,63), anti-inflammatory (95),
antinociceptive activity (55), antioxidant capacity (104,119) and phytotoxic (91) activity]
(Tables 4,5).

3.1. Bioactivity on organisms

3.1.1. Antimicrobial activity: Sumitra and Sharma (107) reported that E. feriticornis
essential oils had antibacterial activity against six bacteria (Staphylococcus aureus,
Bacillus cereus, Escherichia coli, Micrococcus luteus, Proteus mirabilis and Alcaligenes
faecalis). Cermelli et al. (26) showed that Haemophilus influenzae, Haemophilus
parainfluenzae and Stenotrophomonas maltophilia were the most susceptible to E.
globulus essential oils, followed by Streptococcus pneumoniae and Streptococcus
agalactiae. The highest activity was found at 1.25pl ml" for H. influenzae, H.
parainfluenzae and S. maltophilia. Antiviral activity assays using virus yield experiments
indicated mild activity on the mumps virus (26).

3.1.2. Antifungal activity: E. citriodora essential oil is effective against Microsporum
nanum, Trichophyton mentagrophytes and Trichophyton rubrum (93). Pure oil controlled
M. nanum in 20 s and T. mentagrophytes and T. rubrum in only 15 s. It was more effective
than prevalent synthetic antifungal drugs (Dactrine, Nizral and Tenaderm) without any
adverse side effects on mammalian skin up to 5% concentration. E. citriodora oil has also
clinical value in dermatophytoses, when used as a broad spectrum antimycotic ointment.
E. robusta, E. rostrata, E. camaldulensis, E. tereticornis, E. globulus and E. citriodora oils
are antibacterial (66,83) and antifungal (53,56,103).

3.1.3. Insecticidal activity: E. globulus essential oil has high insecticidal activity against
Aphis gossypii (63). E. grandis and E. globulus oils are resistant to termite followed by
E. citriodora and E. urophylla oils (57).

3.1.4. Antioxidant: Eucalyptus oils also antioxidant, due to the presence of phenolic
compounds (104,119) and their radical scavenging properties (119). They can also trigger
a series of induced chemical defence responses (21,110).

3.2. Bioactivity on weeds and crops

Volatile allelochemicals derived from eucalyptus oils also have herbicidal activity
against many weed species (13,16,17,79,91). Volatile essential oils from E. citriodora was
phytotoxic to Bidens pilosa, Amaranthus viridis, Rumex nepalensis and Leucaena
leucocephala, with no germination occurring at 0.06% eucalypt oil concentration under
laboratory conditions (91). Essential oils from E. nicholii strongly inhibited the
germination of Amaranthus retroflexus, Portulaca oleracea and Acroptilon repens (79).
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Table 4. Bioactivity of eucalyptus essential oils on organisms

Species Bioactivity Reference
A. Antimicrobial activity
E. camaldulensis, Antimicrobial activity 27
E. tereticornis
E. citriodora Antibacterial activity against Escherichia coli, 66
Staphylococcus aureus, Proteus mirabilis, Pseudomonas
aeruginosa, Proteus vulgaris.
E. citriodora Antimicrobial activity against Trichophyton rubrum, 60
Histoplasma capsulatum, Candida albicans, E.coli and
Mycobacterium smegmatis
E. globulus Antimicrobial activity against S. aureus, E. coli 4
E. maidenii Antimicrobial activity against 12 bacteria 41
E. robusta, Antimicrobial activity against S. aureus, E. coli and C. 83
E. saligna albicans
E. teriticornis Antibacterial activity against S. aureus, Bacillus cereus, E. 107
coli, Micrococcus luteus, P. mirabilis and Alcaligenes
faecalis
E. globulus Antiviral activity 26
B. Antifungal activity
E. camaldulensis,  Antifungal activity 27
E. tereticornis
E. citriodora Antifungal effects against mildew and wood decay fungi 106
E. dalrympleana Antifungal agent against Epidermophyton floccosum, 92
Microsporum gypseum and T. rubrum
E. globulus Antifungal effects against three Candida species 56
E. rostrata, Fungitoxic properties against four human pathogens: 103
E. camaldulensis Trichophyton mentagrophytes, Epidermophyton floccosum and
Microsporum canis
C. Insecticidal activity
E. globulus Insecticidal activity against Aphis gossypii adults 63
E. globulus Fumigant toxicities 53
E. globulus, Repellent effects against adults Apriona germarii, Psacothea 117
E. citriodora hilaris and Monochamus alternatus
E. grandis Larvicidal activity 59
E. saligna Repellent effects against Sitophilus zeamais and Tribolium 111
confusum
E. urophylia, Antitermite activity 57
E. citriodora
D. Antioxidant
E. camaldulensis Antioxidative activities 104
E. staigeriana Antioxidant capacity 119
D. Others
E. camaldulensis ~ Antinociceptive properties 55
E. citriodora, Anti-inflammatory and analgesic effects 95
E. tereticornis,
E. globulus
E. tereticornis Relaxant effects on guinea-pig tracheal smooth muscle 29
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Table 5. Biological activity of eucalyptus essential oils on plants

Eucalyptus species Bioactivity Reference

Crops

E. camaldulensis Growth inhibition against Allium cepa, Spinacia oleracea, 64
Lepidium sativa, Zea mays and Lycopersicon esculentum

E. citriodora Phytotoxicity against crops (Triticum aestivum and Oryza sativa) 17

E. exserta, Growth inhibition against Raphanus sativus and Lactuca sativa 118

E. urophylla

Weeds

E. camaldulensis Growth inhibition against Echinochloa crus-galli, Avena fatua 64
and Rumex acetosella.

E. citriodora Inhibition on germination and growth against Cassia occidentalis 16
and E. crus-galli

E. citriodora Phytotoxicity against weeds (Amaranthus viridis and E. crus- 17
galli)

E. citriodora Herbicidal activity against Anagallis arvensis, Chenopodium 65
album and Spergula arvensis

E. citriodora Herbicidal activity against Bidens pilosa, A. viridis, Rumex 91
nepalensis and Leucaena leucocephala

E. citriodora Germination inhibition in Parthenium hysterophorus 100

E. globulus Germination inhibition in Amaranthus retroflexus and Portulaca 9
oleraceae

E. globulus Germination inhibition in P. hysterophorus 49

E. nicholii Herbicidal activity against A. retroflexus, P. oleracea and 79

Acroptilon repens

The eucalyptus oils are also herbicidal against Parthenium hysterophorus, Cassia
occidentalis, Echinochloa crus-galli and A. viridis (16,17,100). Thus compounds in
eucalyptus oils have potential for further use as natural herbicides.

However, the phytotoxic activity of eucalyptus oils can also cause damage to
some crops (64,118). Batish et al. (13,17) found that eucalyptus oils from E. citriodora not
only inhibited weed (A. viridis and E. crus-galli) growth, but also caused injuries to wheat
(Triticum aestivum), maize (Zea mays), radish (Raphanus sativus) and rice (Oryza sativa).
It is therefore critical to maximise the herbicidal activity of eucalyptus oils against weeds
but at the same time to minimise the negative impact of crop growth.

3.3. Mechanism of oil bioactivity

Antibacterial and antifungal compounds may target various cell structures or
chemical pathways, such as cell wall degradation, membrane damage, dissipation of the
proton motive force, decrease in extracellular protease activity, o-lipopolysaccharide
rhamnose content, ergosterol content or unsaturated fatty acids (23,44,72,73). However,
research data are very limited on the mechanism of antimicrobial and antifungal activity of
eucalyptus oils. The mode of actions of essential oils and chemical compounds from other
plant species may assist the understanding of the possible mechanism involved in
eucalyptus oil bioactivity.

Cox et al. (31) reported that tea tree (Melaleuca alternifolia) essential oils
inhibited the growth of E. coli through reduction in glucose-dependent respiration and
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enhanced leakage of intracellular K*. Cytoplasmic membrane damage was reported in S.
aureus after treatment with tea tree oil or its main monoterpene components, leading to
lysis, the loss of 260-nm-absorbing material and the loss of tolerance to NaCl (24). It was
shown that the oils of E. citriodora exerted its antimicrobial activity through the
synergistic action of citronellal and citronellol (58).

The antifungal mechanism of Thymus spp. essential oils against yeasts and
filamentous fungi was identified due to the inhibition of germ tube formation (74), with
additional impairment of ergosterol biosynthesis in some strains (75). Rapid propidium
iodide (PI) penetration into cells detected by flow cytometry assays indicates that the
fungicidal effect is through primary cell membrane damage rather than secondary
membrane damage caused by metabolic impairment. The biochemical nature of the
monoterpenes suggests they probably act as a solvent of the cell membrane. The major
components of Thymus spp. essential oils such as carvacrol, thymol and p-cymene
exhibited similar fungicidal activity against Candida species with synergistic effects noted
for thymol/p-cymene and thymol/1,8-cineole mixtures (74). The synergism helps explain
the differences in bioactivity between essential oils and their pure major compounds.

The bioactivity mechanism of eucalyptus oils on plants reduces cell survival,
chlorophyll content, RNA contents, acid soluble carbohydrate and water soluble
carbohydrate (50). Moradshahi er al. (64) found that the presence of different
concentrations of crude volatile oils from E. camaldulensis decreased the mitotic index in
the root apical meristem of Allium cepa, affected the Hill reaction in isolated spinach
(Spinacia oleracea) chloroplast and reduced peroxidase activity in Lepidium sativa, E.
crus-galli, Avena fatua, Rumex acetosella, Z. mays and Lycopersicon esculentum. Under
laboratory conditions, volatile oils from lemon-scented eucalypt (E. citriodora) decreased
weed emergence and earlier seedling growth by severely inhibiting photosynthetesis and
respiration at 0.06% (93) and 0.07% (15) concentration levels. Rapid electrolyte leakage in
the leaf tissue suggested that the mode of actions of the eucalyptus oils is a result of the
disruption of membrane integrity (15). a-Pinene, one of the common monoterpenoids from
eucalyptus oils, has been regarded as a key compound contributing to the disruption effect
(102). From these studies, it can be concluded that eucalyptus species suppress the growth
of other plant species by affecting several biochemical and physiological processes.

4. RELATIONSHIP BETWEEN BIOACTIVITY AND
CHEMICAL COMPONENTS

Progress has been made toward better understanding of relationship between the
observed biological activity and the key bioactive chemical components of eucalyptus oils.
Major compounds, such as 1,8-cineole, a-pinene, B-pinene, p-cymene, limonene,
citronellal and citronellol are principle bioactive compounds in essential oils.

Sartorelli et al. (83) reported that E. robusta oil is more active than E. saligna oil
against both E. coli and S. aureus due to the higher concentrations of the monoterpenes o-
pinene, B-pinene and limonene. Pure solutions of 1,8-cineole and a-pinene are bioactive
against Pseudomonas tolaasii, exhibiting bacteriostatic activity at 7.0 pl ml’' and
bactericidal activity at 10.0 pl ml”" (105). Antibacterial activity of citronellal and
citronellol suggest that most monoterpenes in eucalyptus oils are antibacterial (85,87). The
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relationship between the chemical composition and antifungal activity has also been
documented. Su et al. (106) reported that the chemical components and antifungal
activities varied significantly among E. urophylla, E. grandis, E. camaldulensis, and E.
citriodora, with E. citriodora the most effective for controlling mildrew. E. urophylla, on
the other hand, was least effective, suggesting that antifungal activity is associated with
citronellal and citronellol, two major compounds in the essential oils of E. citriodora. This
conclusion was supported by antifungal tests using the pure citronellal and citronellol
compounds (46).

Antitermite properties of eucalyptus oils are conferred by monoterpene o-pinene,
followed by monoterpenes p-cymene and 1,8-cineole, while the other components in the
oils were less effective (57). a-Pinene has stronger larvicidal activity than pure 1,8-cineole,
suggesting that o-pinene is a principal larvicidal component of E. grandis essential oils
(59).

The phytotoxic and herbicidal activities of eucalyptus oils are highly related to
chemical composition of essential oils, with E. citriodora essential oils being strongly
phytotoxic (13,65,100). The monoterpenes (citronellal, citronellol, 1,8-cineole and o-
pinene) inhibited the germination and initial seedling growth of C. occidentalis, A.
conyzoides, E. crus-galli, Cassia obtusifolia and Z. mays (1,81,98,99,102). Singh et al.
(101) assessed the phytotoxicity of citronellal against Ageratum conyzoides, Chenopodium
album, P. hysterophorus, Malvastrum coromandelianum, C. occidentalis and Phalaris
minor. Emergence of A. conyzoides and P. hysterophorus was inhibited by citronellal at a
concentration of 50 ug g (sand) and the weed emergence and early seedling growth of
other species were completely inhibited at 100 pg g™

The bioassay results suggest that the bioactivity of eucalyptus oils may be due to
their monoterpene components. However, essential oils are a complex chemical mixture
and they possess higher activities than their individual components (52). Therefore, total
bioactivity of essential oils may be due to the combined effects of several minor
components or the synergistic effect of essential oil components (12,52).

5. APPLICATIONS OF EUCALYPTUS ESSENTIAL OILS

Eucalyptus essential oils are widely used in many industries and mainly in
therapeutic natural medicine (108).

Eucalyptus is a traditional medicinal plant to treat cold, flue, fever, diabetics and
bronchial infections (70,92,95) or to prevent and control other pathogenic diseases (4,109).
Eucalyptus oil based products are used as topically applied medication to relieve muscular
pain and as solvent/sealer in dentistry (3) and as disinfectant (38). The bioactive
components identified from eucalyptus essential oils may develop new classes of analgesic
and anti-inflammatory drugs (95).

Similarly, the insecticidal activity of eucalyptus oils could provide opportunities
for new biodegradable products for pest control. The oil is used as an insect repellent since
1948 (48) and now many commercial repellents are available in US and China (14). A
commercial mosquito repellent has also been developed from p-manthane-3,8-diol isolated
from E. citriodora (14). Kegley et al. (48) has reported that eucalyptus oil based products
ranked 4th amongst the insecticides used for repelling insects from beehives.
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The widespread use of synthetic herbicides has resulted in the rapid evolution of
herbicides-resistant weeds and increasing public concern over the impact of synthetic
herbicides on human health and the environment (114). Alternative weed management
options based on natural products are being sought (33), with essential oils from plants
receiving much attention due to their ready availability and low cost (8,33). A commercial
herbicide with the active ingredient cinmethylin, has been developed based on the natural
chemistry of 1,8-cineole, the major monoterpene in eucalyptus essential oils (40). A
myriad of compounds are present in eucalyptus essential oils and determination of their
chemical structure and bioactivity may provide novel leads for development of herbicides
with new modes of action.

Eucalyptus oils are widely used in fragrance industry (soaps, detergents, creams,
lotion, deodorizer, perfumes) and as flavouring agents in food industry (38,69,78).
Eucalyptus oils are also used as a flotation agent in the mining industry (3) and as a source
of citronellal for the chemical industry (38).

6. CONCLUSIONS

Eucalyptus essential oils are gaining increasing interest due to their varied
commercial applications particularly as insect repellents, fragrants and traditional
medicines. Despite the commercial prospects, till now only limited eucalyptus species
have been studied. Considering that the chemical composition of eucalyptus oils and its
associated biological activities varies significantly between species, other species deserves
further attention. It should be emphasized that the research into eucalyptus oil chemistry
may lead to the development of natural pesticides with new mode of actions.

The relationship between the bioactivity and chemical composition has been
reported, yet information on the mode of actions of eucalyptus oils is limited. Modern
molecular and biochemical approaches have provided excellent research tools to facilitate
the study of mechanisms of action and the biosynthesis of essential oils.

Progress has been made in identification of genes responsible for essential oil
biosynthesis in peppermint (Mentha piperita), with subsequent metabolic engineering
significantly altering essential oil composition and yield. This success in genetic
manipulation of essential oil biosynthesis in peppermint suggests similar improvements in
eucalyptus essential oil production may be possible. An extensive review on the advances
in genetic transformation of eucalypts indicates that significant progress has already been
made into understanding eucalyptus genetics. Quantitative trait loci associated with
essential oil biosynthesis in E. grandis x E. urophylla hybrids have already been identified.
Future modification of eucalyptus essential oil biosynthesis will require close collaboration
between plant biologists, biochemists and molecular biologists as well as plant breeders to
develop products for new applications.

ACKNOWLEDGEMENTS

Authors acknowledge the funding support from Meat and Livestock of Australia.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Chemistry and bioactivity of Eucalyptus essential oils 325

7. REFERENCES

Abrahim, D., Braguini, W.L., Kelmer-Bracht, A.M. and Ishii-Iwamoto, E.L. (2000). Effects of four
monoterpenes on germination, primary root growth, and mitochondrial respiration of maize.
Journal of Chemical Ecology 26: 611-624.

Abravesh, Z., Sefidkon, F. and Assareh, M.H. (2007). Extraction and identification of essential oil
components of five Eucalyptus species in warm zones of Iran. Iranian Journal of Medicinal and
Aromatic Plants 23: 323-330.

Ahmad, N.R., Hanif, M. A. and Umer, R. (2005). Chemical compositional and intra provenance variation for
content of essential oil in Eucalyptus crebra. Asian Journal of Plant Sciences 4: 519-523.

Ahonkhai, I. and Ayinde, B.A. (2005). Antimicrobial activities of some volatile oils against some pathogenic
organisms. Journal of Pharmacy and Bioresources 2: 120-123.

Andrade, A.M. and Gomes, S.D.S. (2000). Influence of some non-genetic factors on the essential oil content
of leaves of Eucalyptus citriodora Hook. Floresta e Ambiente 7: 181-189.

Asareh, M.H., Barazandeh, M.M. and Jaimand, K. (2005). Essential oil composition of Eucalyptus porosa.
Iranian Journal of Medicinal and Aromatic Plants Research 20: 469-476.

Assareh, M.H., Abravesh, Z. and Rezaee, M.B. (2006). Essential oil composition of Eucalyptus caesia Benth.
Iranian Journal of Medicinal and Aromatic Plants 22: 135-144.

Azirak, S. and Karaman, S. (2008). Allelopathic effect of some essential oils and components on germination
of weed species. Acta Agriculturae Scandinavica 58: 88-92.

Azizi, M. and Fuji, Y. (2006). Allelopathic effect of some medicinal plant substances on seed germination of
Amaranthus retroflexus and Portulaca oleraceae. Acta Horticulturae 699: 661-667.

Bagavathy, S. and Xavier, G. S. A. (2007). Effects of aqueous extract of Eucalyptus globulus on germination
and seedling growth of sorghum. Allelopathy Journal 20:395-402.

Barazandeh, M.M. (2005). The effect of the method and duration of distillation on the essential oil yield and
composition of Eucalyptus globules. Iranian Journal of Medicinal and Aromatic Plants Research
21:75-93.

Barney, J.N., Hay, A.G. and Weston, L.A. (2005). Isolation and characterization of allelopathic volatiles
from mugwort Artemisia vulgaris. Journal of Chemical Ecology 31: 247-265.

Batish, D.R., Setia, N., Singh, H.P. and Kohli, R.K. (2004). Phytotoxicity of lemon-scented eucalypt oil and
its potential use as a bioherbicide. Crop Protection 23: 1209-1214.

Batish, D.R., Singh, H.P., Kohli, R.K. and Kaur, S. (2008). Eucalyptus essential oil as a natural pesticide.
Forest Ecology and Management 256: 2166-2174.

Batish, D.R., Singh, H.P., Nidhi, S., Kohli, R.K., Shalinder, K. and Yadav, S.S. (2007). Alternative control of
littleseed canary grass using eucalypt oil. Agronomy for Sustainable Development 27: 171-1717.

Batish, D.R., Singh, H.P., Nidhi, S., Shalinder, K. and Kohli, R.K. (2006). Chemical composition and

inhibitory activity of essential oil from decaying leaves of Eucalyptus citriodora. Zeitschrift fur
Naturforschung 61: 52-56.

Batish, D.R., Singh, H.P., Nidhi, S., Shalinder, K. and Kohli, R.K. (2006). Chemical composition and
phytotoxicity of volatile essential oil from intact and fallen leaves of Eucalyptus citriodora.
Zeitschrift fur Naturforschung 61: 465-471.

Bhatti, H.N., Zafar, I., Shahzad Ali, S.C. and Bukhari, L.H. (2007). Variations in oil potential and chemical
composition of Eucalyptus crebra among different districts of Punjab-Pakistan. International
Journal of Agriculture and Biology 9: 136-138.

Bignell, C.M., Dunlop, P.J. and Brophy, J.J. (1997). Volatile leaf oils of some south-western and southern
Australian species of the genus Eucalyptus (Series I). Part XVIIL. Flavour and Fragrance Journal
12: 423-432.

Boland, D.J., Brophy, J.J. and House, A.P.N. (1991). Eucalyptus Leaf Oils: use, chemistry, distillation and
marketing. Inkata Press, Melbourne. 252 pp.

Bonaldo, S.M., Schwan-Estrada, K.R.F., Stangarlin, J.R., Cruz, M.E.S. and Fiori-tutida, A.C.G. (2007).
Contribution for the study of antifungal and phytoalexins elicitors in sorghum and soybean
activities by eucalyptus (Eucalyptus citriodora). Summa Phytopathologica 33: 383-387.

Brophy, J.J. and Boland, D.J. (1989). Leaf essential oil of Eucalyptus bakeri. ACIAR Monograph 10: 205-
207.

Burt, S. (2004). Essential oils: their antibacterial properties and potential applications in foods — a review.
International Journal of Food Microbiology 94: 223-253.



326

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.
42.

43.

44.

Zhang et al

Carson, C.F., Mee, B.J. and Riley, T.V. (2002). Mechanism of action of Melaleuca alternifolia (tea tree) oil
on Staphylococcus aureus determined by time-kill, lysis, leakage, and salt tolerance assays and
electron microscopy. Antimicrobial Agents and Chemotherapy 46: 1914-1920.

Castro, N.E., Carvalho, G.J., Cardoso, M.G., Pimentel, F.A., Correa, RM. and Guimaraes, L.G. (2008).
Yield evaluation of both the essential oil and the main component of Eucalyptus citriodora Hook.
leaves harvested in different seasons in the municipalities of Minas Gerais. Revista Brasileira de
Plantas Medicinais 10: 70-75.

Cermelli, C., Fabio, A., Fabio, G. and Quaglio, P. (2008). Effect of eucalyptus essential oil on respiratory
bacteria and viruses. Current Microbiology 56: 89-92.

Chaudhari, D.C., Goel, C.L., Suri, R.K. and Deshmukh, P.K. (1989). In-vitro antimicrobial activity of
essential oil of newly evolved Eucalyptus hybrid FRI-5. Indian Forester 115: 264-267.

Chisowa, E.H. (1997). Chemical composition of essential oils of three Eucalyptus species grown in Zambia.
Journal of Essential Oil Research 9: 653-655.

Coelho-de-Souza, L.N., Leal-Cardoso, J.H., Matos, F.J., Lahlou, S. and Magalhaes, P.J. (2005). Relaxant
effects of the essential oil of Eucalyptus tereticornis and its main constituent 1,8-cineole on
guinea-pig tracheal smooth muscle. Planta Medica 71: 1173-1175.

Coppen, J.J.W. (2002). Eucalyptus: The Genus Eucalyptus. Taylor and Francis, London, 450 pp.

. Cox, S.D., Gustafson, J.E., Mann, C.M., Markham, J.L., Liew, Y.C., Hartland, R.P., Bell, H.C., Warmington,

J.R. and Wyllie, S.G. (1998). Tea tree oil causes K* leakage and inhibits respiration in
Escherichia coli. Letters in Applied Microbiology 26: 355-358.

Doran, J.C., Caruhapattana, B., Namsavat, S. and Brophy, J.J. (1995). Effect of harvest time on the leaf and
essential oil yield of Eucalyptus camaldulensis. Journal of Essential Oil Research T: 627-632.

Dudai, N., Poljakoff-Mayber, A., Mayer, A.M., Putievsky, E. and Lerner, H.R. (1999). Essential oils as
allelochemicals and their potential use as bioherbicides. Journal of Chemical Ecology 25: 1079-
1089.

Duke. A.S. (1983). Handbook of Energy Crops. unpublished.
http://www.hort.purdue.edu/newcrop/duke energy/Eucalyptus.html (accessed 12th August 2009).

Dungey, H.S and Nikles, D.G. (2000). An international survey of interspecific hybrids. In: Hybrid breeding
and genetics of forest trees, Proceedings of QFRI/CRC-SPF Symposium (Eds. H.S. Dungey, M.J.
Dieters and D.G. Nikles), pp. 419-425. Department of Primary Industries, Brisbane, Queensland,
Australia.

Elaissi, A., Chraif, I., Bannour, F., Farhat, F., Salah, M.B., Chemli, R. and Khouja, M.L. (2007).
Contribution to the qualitative and quantitative study of seven Eucalyptus species essential oil
harvested of Hajeb's Layoun arboreta (Tunisia). Journal of Essential Oil-Bearing Plants 10: 15-
25.

Espinosa-Garcia, F. J., Martinez-Hernandez, E. and Quiroz-Flores, A. (2008). Allelopathic potential of
Eucalyptus spp. plantations on germination and early growth of annual crops. Allelopathy Journal
21:25-38.

FAO (1995). Flavours and Fragrances of Plant Origin. Non-wood Forest Products, Vol. 1. FAO, Rome,
Italy.

Goguadze, V.V., Bukhbinder, A.A. and Kakhaya, N.E. (1986). Essential oil content and composition of
coppiced eucalyptus in the Kolkhida lowland. Subtropicheskie Kul'tury 6: 25-32.

Grayson, B.T., Williams, K.S., Freehauf, P.A., Pease, R.R., Ziesel, W.T., Sereno, R.L. and Reinsfelder, R.E.
(1987). The physical and chemical properties of the herbicide cinmethylin (SD 95481). Pesticide
Science 21: 143-153.

Gundidza, M., Chinyanganya, F. and Mavi, S. (1993). Antimicrobial activity [against 12 bacteria and 7
fungi] of the essential oil from Eucalyptus maidenii. Planta Medica 59: A705-706.

Hegab, M. M. and Ghareib, H.R. (2009). Potential of Swiss chard (Beta vulgaris L. var. cicla) autotoxicity
for weed control. Allelopathy Journal 24: 301-308.

Herrero, M., Cifuentes, A. and Ibanez, E. (2006). Sub- and supercritical fluid extraction of functional
ingredients from different natural sources: plants, food-by-products, algae and microalgae. Food
Chemistry 98: 136-148.

Iwalokun, B.A., Gbenle, G.O., Adewole, T.A., Smith, S.I., Akinsinde, K.A. and Omonigbehin, E. O. (2003).
Effects of Ocimum gratissimum L. essential oil at subinhibitory concentrations on virulent and
multidrug-resistant  Shigella strains from Lagos, Nigeria, APMIS, Acta Pathologica,
Microbiologica et Immunologica Scandinavica 111: 477-482.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Chemistry and bioactivity of Eucalyptus essential oils 327

Jimenez-Carmona, M.M. and Luque de Castro, M.D. (1999). Isolation of eucalyptus essential oil for GC-MS
analysis by extraction with subcritical water. Chromatographia 50: 578-582

Jirovetz, L., Wlcek, K., Buchbauer, G., Gochev, V., Stoyanova, A., Schmidt, E. and Geissler, M. (2007).
Antifungal activity of some oxygenated acyclic monoterpenes (OAMs) and OAM-rich essential
oils against 38 clinical isolates of Candida albicans. International Journal of Essential Oil
Therapeutics 1: 61-66.

Kandasamy, O.S., Mohamed Yassin, M. and Babu, R.C. (2000). Biology, ecology, silviculture and potential
uses of Eucalyptus - an overview. Journal of Medicinal and Aromatic Plant Sciences 22: 330-
335.

Kegley, S., Hill, B. and Orme, S. (2007). PAN Pesticide Database. Pesticide Action Network, _North
America, San Francisco, C.A. Available online at http://www.pesticideinfo.org.

Kohli, R.K., Batish, D.R. and Singh, H.P. (1998). Eucalypt oils for the control of Parthenium (Parthenium
hysterophorus L.). Crop Protection 17:119-122.

Kohli, R.K., Parveen, C., and Anita, K. (1988). Impact of Eucalyptus on Parthenium - a weed. Indian
Journal of Range Management 9:63-67.

Kordali, S., Cakir, A., Ozer, H., Cakmakci, R., Kesdek, M. and Mete, E. (2008). Antifungal, phytotoxic and
insecticidal properties of essential oil isolated from Turkish Origanum acutidens and its three
components, carvacrol, thymol and p-cymene. Bioresource Technology 99: 8788-8795.

Koroch, A.R., Rodolfo Juliani, H. and Zygadlo, J.A. (2007). Bioactivity of essential oils and their
components. In: Flavours and Fragrances: Chemistry, Bioprocessing and Sustainability (Ed.
R.G. Berger), pp. 87-115. Springer, Berlin Heidelberg.

Lee, S., Choi, W., Lee, H. and Park, B. (2000). Cross-resistance of a chlorpyrifos-methyl resistant strain of
Oryzaephilus surinamensis (Coleoptera: Cucujidae) to fumigant toxicity of essential oil extracted
from Eucalyptus globulus and its major monoterpene,1,8-cineole. Journal of Stored Products
Research 36: 383-389.

Li, H. and Madden, J.L. (1995). Analysis of leaf oils from a Eucalyptus species trial. Biochemical
Systematics and Ecology 23: 167-177.

Liapi, C., Anifantis, G., Chinou, I., Kourounakis, A.P., Theodosopoulos, S. and Galanopoulou, P. (2007).
Antinociceptive properties of 1,8-cineole and B-pinene, from the essential oil of Eucalyptus
camaldulensis leaves, in Rodents. Planta Medica 73: 1247-1254.

Lim, S. and Shin, S. (2008). Combined effects of the essential oil from FEucalyptus globulus with
ketoconazole against Candida and Trichophyton species. Natural Product Sciences 14: 27-31.

Lin, T. (1998). Effects of essential oil from the leaves of seven Eucalyptus on the control of termite. Forest
Products Industries 17: 751-760.

Low D., Rawal B.D. and Griffin, W.J. (1974). Antibacterial action of the essential oils of some Australian
Myrtaceae with special references to the activity of chromatographic fractions of oil of
Eucalyptus citriodra. Planta Medica 26: 184-189.

Lucia, A., Audino, P.G., Seccacini, E., Licastro, S., Zerba, E. and Masuh, H. (2007). Larvicidal effect of
Eucalyptus grandis essential oil and turpentine and their major components on Aedes aegypti
larvae. Journal of the American Mosquito Control Association 23: 299-303.

Lugman, S., Dwivedi, G.R., Darokar, M.P., Kalra, A. and Khanuja, S.P. (2008). Antimicrobial activity of
Eucalyptus citriodora essential oil. International Journal of Essential Oil Therapeutics 2: 69-75.

Maffeis, A.R., Silveira, R.L. and Brito, J.O. (2000). Macronutrients and boron deficiencies reflexes on plant
growth, production and essential oil in Eucalyptus citriodora. Scientia Forestalis 57: 87-98.

Manian, K. and Gopalakrishnan, S. (1995). Physiological basis for ecological preference of Eucalyptus
globules Labill. (bluegum). II. Growth and oil production. Indian Forester 121: 300-305.

Mareggiani, G., Russo, S. and Rocca, M. (2008). Eucalyptus globulus (Mirtaceae) essential oil: efficacy
against Aphis gossypii (Hemiptera: Aphididae), an agricultural pest. Revista Latinoamericana de
Quimica 36: 16-21.

Moradshahi, A., Ghadiri H. and Ebrahimikia, F. (2003). Allelopathic effects of crude volatile oil and aqueous
extracts of Eucalyptus camaldulensis Dehnh. leaves on crops and weeds. Allelopathy Journal
12:189-195.

Mukhopadhyay, S.K., Mondal, D.C. and Hossain, A. (1995). Possible production of plant herbicides from
Eucalyptus. In: Proceedings of the national symposium on sustainable agriculture in sub-humid
zone, (Eds M.K. Dasgupta et al.), pp. 281-285. Visva-Bharati Institute of Agriculture, Birbhum,
India.



328

66.

67.

68.
69.
70.
71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

82.

83.

84.

85.

86.

87.

Zhang et al

Nair, R., Vaghasiya, Y. and Chanda, S. (2008). Antibacterial activity of Eucalpytus citriodora Hk. oil on few
clinically important bacteria. African Journal of Biotechnology 7: 25-26.

Ogunbinu, A.O., Okeniyi, S.O., Flamini, G., Cioni, P.L., Ogunwande, L.A., Olayinka, E.T. (2009). Essential
oil-bearing plants from Nigeria: studies on Vernonia perrottettii (leaf and stem bark), young
leaves from Eucalyptus decaisneana and immature leaves of Hyptis suaveolens. Journal of
Essential Oil Research 21: 154-158.

Olawore, N.O., Ekundayo, O., Ogunwande, I.A. and Kunle, O. (1999). Volatile leaf oil constituents of two
Eucalyptus spp. growing in Nigeria. Journal of Tropical Forest Resources 15: 148-154.

Opdyke, D.L.J. (1975). Monographs on Fragrance Raw Materials: eucalyptus oil. Food and Cosmetics
Toxicology 13: 107.

Otoom, S.A., Al-Safi, S.A., Kerem, Z.K. and Alkofahi, A. (2006). The use of medicinal herbs by diabetic
Jordanian patients. Journal of Herbal Pharmacotherapy 6: 31-41.

Oyedeji, A.O., Olawore, O.N., Ekundayo, O. and Koenig, W.A. (1999). Volatile leaf oil constituents of three
Eucalyptus species from Nigeria. Flavour and Fragrance Journal 14: 241-244. .

Paparella, A., Taccogna, L., Aguzzi, I., Chaves-L.pez, C., Serio, A., Marsilio, F. and Suzzi, G. (2008). Flow
cytometric assessment of the antimicrobial activity of essential oils against Listeria
monocytogenes. Food Control 19: 1174-1182.

Pasqua, R.d., Betts, G., Hoskins, N., Edwards, M., Ercolini, D. and Mauriello, G. (2007). Membrane toxicity
of antimicrobial compounds from essential oils. Journal of Agricultural and Food Chemistry 55:
4863-4870.

Pina-Vaz, C., Rodrigues, A.G., Pinto, E., Costa-de-Oliveira, S., Tavares, C., Salgueiro, L., Cavaleiro, C.,
Goncalves, M.J. and Martinez-de-Oliveira, J. (2004). Antifungal activity of Thymus oils and their
major compounds. Journal of the European Academy of Dermatology and Venereology 18: 73-
78.

Pinto, E., Pina-Vaz, C., Salgueiro, L., Goncalves, M.J., Costa-de-Oliveira, S., Cavaleiro, C., Palmeira, A.,
Rodrigues, A. and Martinez-de-Oliveira, J. (2006). Antifungal activity of the essential oil of
Thymus pulegioides on Candida, Aspergillus and dermatophyte species. Journal of Medical
Microbiology 55: 1367-1373.

Quoirin, M. and Quisen, R. (2006). Advances in genetic transformation of Eucalyptus species. In: Molecular
Biology of Tropical Plants (Ed. C. Franche), pp. 41-56. Research Signpost, Kerala, India.

Rafique, M. and Chaudhary, F.M. (1996). Seasonal variations in the composition of essential oil of
Eucalyptus citriodora of Pakistan. Pakistan Journal of Scientific and Industrial Research 39: 83-
84.

Rajeswara Rao, B.R., Kaul, P.N., Syamasundar, K.V. and Ramesh, S. (2003). Comparative composition of
decanted and recovered essential oils of Eucalyptus citriodora Hook. Flavour and Fragrance
Journal 18: 133-135,

Ramezani, S., Saharkhiz, M.J., Ramezani, F. and Fotokian, M.H. (2008). Use of essential oils as
bioherbicides. Journal of Essential Oil-Bearing Plants 11: 319-327.

Rice, E.L. (1984). Allelopathy, 2™ ed. Academic Publisher, New York, 422 pp.

. Romagni, J.G., Allen, S.N. and Dayan, F.E. (2000). Allelopathic effects of volatile cineoles on two weedy

plant species. Journal of Chemical Ecology 26: 303-313

Rozzi, N.L., Phippen, W., Simon, J.E. and Singh, R.K. (2002). Supercritical fluid extraction of essential oil
components from lemon-scented botanicals. Lebensmittel-Wissenschaft und -Technologie 35:
319-324.

Sartorelli, P., Marquioreto, A.D., Amaral-Baroli, A., Lima, M.E.L. and Moreno, P.R.H. (2007). Chemical
composition and antimicrobial activity of the essential oils from two species of Eucalyptus.
Phytotherapy Research 21: 231-233.

Sasikumar, K., Vijayalakshmi, C. and Parthiban, K. T. (2002). Allelopathic effects of Eucalyptus on black
gram Phaseolus mungo L. Allelopathy Journal 9:205-214.

Sato, K., Krist, S. and Buchbauer, G. (2006). Antimicrobial effect of trans-cinnamaldehyde, (-)-
perillaldehyde, (-)-citronellal, citral, eugenol and carvacrol on airborne microbes using an
airwasher. Biological and Pharmaceutical Bulletin 29: 2292-2294.

Schopmeyer, C.S. (1974). Seeds of woody plants in the United States, Agriculture Handbook No. 450. US
Forest Service, Washington, D.C., 883 pp.

Scortichini, M. and Rossi, M.P. (1991). Preliminary in vitro evaluation of the antimicrobial activity of
terpenes and terpenoids towards Erwinia amylovora (Burrill). Journal of Applied Bacteriology
71: 109-112.



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Chemistry and bioactivity of Eucalyptus essential oils 329

Sefidkon, F., Assareh, M.H., Abravesh, Z. and Barazandeh, M.M. (2007). Chemical composition of the
essential oils of four cultivated Eucalyptus species in Iran as medicinal plants (E. microtheca, E.
spathulata, E. largiflorens and E. torquata ). Iranian Journal of Pharmaceutical Research 6: 135-
140.

Sefidkon, F., Assareh, M.H., Abravesh, Z. and Mirza, M. (2006). Chemical composition of the essential oils
of five cultivated Eucalyptus species in Iran: E. intertexta, E. platypus, E. leucoxylon, E. sergentii
and E. comaldulensis. Journal of Essential Oil-Bearing Plants 9: 245-250.

Sefidkon, F., Bahmanzadegan, A. and Assareh, M.H. (2008). Effect of distillation methods and harvesting
times on the essential oil and cineole content of Eucalyptus dealbata. Chemistry of Natural
Compounds 44: 250-253.

Setia, N., Batish, D.R., Singh, H.P. and Kohli, R.K. (2007). Phytotoxicity of volatile oil from Eucalyptus
citriodora against some weedy species. Journal of Environmental Biology 28: 63-66.

Shahi, S.K., Mamta, P., Shukla, A.C. and Anupam, D. (2001). Botanical drug for therapy against fungal
infections in human beings. National Academy Science Letters 24: 73-78.

Shahi, S.K., Shukla, A.C., Bajaj, A.K., Medgely, G. and Anupam, D. (1999). Broad spectrum antimycotic
drug for the control of fungal infection in human beings. Current Science 76: 836-839.

Shiva, M.P., Paliwal, G.S., Jain, P.P., Suri, R.K. and Chaudhari, D.C. (1989). Production potential of pinene
rich essential oil from Eucalyptus tereticornis leaves. Indian Perfumer 33: 84-86.

Silva, J., Abebe, W., Sousa, S.M., Duarte, V.G., Machado, M.I. and Matos, F.J. (2003). Analgesic and anti-
inflammatory effects of essential oils of Eucalyptus. Journal of Ethnopharmacology 89: 277-283.

Silvestre, A.J., Cavaleiro, J.S., Delmond, B., Filliatre, C. and Bourgeois, G. (1997). Analysis of the variation
of the essential oil composition of Eucalyptus globulus Labill. from Portugal using multivariate
statistical analysis. Industrial Crops and Products 6: 23-27.

Singh, AK. (1994). Chemical composition of the leaf oil of Eucalyptus radiata Sieb. ex. DC subsp.
robertsonii (Blakely) L. Johnson et D. Blaxell: a rich source of eucalyptus oil of pharmacopoeia
grade. Journal of Essential Oil Research 6: 657-659.

Singh, H.P., Batish, D.R., Kaur, S., Ramezani, H. and Kohli, R.K. (2002). Comparative phytotoxicity of four
monoterpenes against Cassia occidentalis. Annals of Applied Biology 141: 111-116.

Singh, H.P., Batish, D.R. and Kohli, R.K. (2002). Allelopathic effect of two volatile monoterpenes against
bill goat weed (Ageratum conyzoides L.). Crop Protection 21: 347-350.

Singh, H.P., Batish, D.R., Setia, N. and Kohli, R.K. (2005). Herbicidal activity of volatile oils from
Eucalyptus citriodora against Parthenium hysterophorus. Annals of Applied Biology 146: 189-
194.

Singh, H.P., Batish, D.R., Shalinder, K., Kohli, R.K. and Komal, A. (2006). Phytotoxicity of the volatile
monoterpene citronellal against some weeds. Zeitschrift fur Naturforschung 61: 334-340.

Singh, H.P., Batish, D.R., Shalinder, K., Komal, A. and Kohli, R.K. (2006). a-Pinene inhibits growth and
induces oxidative stress in roots. Annals of Botany 98: 1261-1269.

Singh, S., Singh, S.K. and Tripathi, S.C. (1988). Fungitoxic properties of essential oil of Eucalyptus
rostrata. Indian Perfumer 32: 190-193.

Siramon, P. and Ohtani, Y. (2007). Antioxidative and antiradical activities of Eucalyptus camaldulensis
leaf oils from Thailand. Journal of Wood Science 53: 498-504.

Sokovic, M. and Griensven, L.J.L.D.van (2006). Antimicrobial acticity of essential oils and their
components against the three major pathogens of the cultivated button mushroom, Agaricus
bisporus. European Journal of Plant Pathology 116: 211-224.

Su, Y., Ho, C., Wang, I. and Chang, S. (2006). Antifungal activities and chemical compositions of
essential oils from leaves of four eucalypts. Taiwan Journal of Forest Science 21: 49-61.

Sumitra, S. and Sharma, S.K. (2005). Antibacterial activity of essential oil and root extract of Eucalyptus
teriticornis. Indian Journal of Natural Products 21: 16-17.

Taddei-Bringas, G.A., Santillana-Macedo, M.A., Romero-Cancio, J.A. and Romero-Tellez, M.B. (1999).
Acceptance and use of therapeutic medical plants in family medical care. Salud Publica de
Mexico 41: 216-220.

Takarada, K., Kimizuka, R., Takahashi, N., Honma, K., Okuda, K. and Kato, T. (2004). A comparison of
the antibacterial efficacies of essential oils against oral pathogens. Oral Microbiology and
Immunology 19: 61-64.

Takeuchi, H., Moriya, N. and Kurahashi, T. (2003). Response induced by the essential oil in single
olfactory receptor cells. Aroma Research 4: 336-343.



330

111.

112.

113.

114.

115.

116.

117.
118.
119.

120.

Zhang et al

Tapondjou, A.L., Adler, C., Fontem, D.A., Bouda, H. and Reichmuth, C. (2005). Bioactivities of cymol
and essential oils of Cupressus sempervirens and Eucalyptus saligna against Sitophilus zeamais
Motschulsky and Tribolium confusum du Val. Journal of Stored Products Research 41: 91-102.

Tian, Y., Liu, X., Zhou, Y. and Huang, H. (2006). Extraction and determination of volatile constituents of
leaves from Eucalyptus dunnii. Journal of Nanjing Forestry University (Natural Sciences Edition)
30: 55-582.

Toloza, A.C., Lucia, A., Zerba, E., Masuh, H. and Picollo, M.I. (2008). Interspecific hybridization of
Eucalyptus as a potential tool to improve the bioactivity of essential oils against permethrin-
resistant head lice from Argentina. Bioresource Technology 99: 7341-7347.

Vyvyan, J.R. (2002). Allelochemicals as leads for new herbicides and agrochemicals. Tetrahedron 58:
1631-1646.

Wildy, D.T., Pate, J.S. and Bartle, J.R. (2000). Variations in composition and yield of leaf oils from alley-
farmed oil mallees (Eucalyptus spp.) at a range of contrasting sites in the western Australian
wheatbelt. Forest Ecology and Management 134: 205-217.

Wu, H., Pratley, J. and Haig, T. (2003). Phytotoxic effects of wheat extracts on a herbicide-resistant
biotype of annual ryegrass (Lolium rigidum). Journal of Agricultural and Food Chemistry 51:
4610-4616.

Yan, A. and Tan, Q.A. (1998). Repellency effects of essential oil derived from Eucalyptus leaf against
three species of sawyers. Journal of Nanjing Forestry University 22: 87-90.

Zeng, R. and Li, P. (1997). Allelopathic effects of Eucalyptus exserta and E. urophylla. Journal of South
China Agricultural University 18: 6-10.

Zhao, Q., Bowles, E.J. and Zhang, H. (2008). Antioxidant activities of eleven Australian essential oils.
Natural Product Communications 3: 837-842.

Zrira, S., Bessiere, J.M., Menut, C., Elamrani, A. and Benjilali, B. (2004). Chemical composition of the
essential oil of nine Eucalyptus species growing in Morocco. Flavour and Fragrance Journal 19:
172-17.



Chemistry and bioactivity of Eucalyptus essential oils 331



