Mānuka Oil
Subjects: Pharmacology & Toxicology
Submitted by:
Jackson

Thomas

Definition
Mānuka oil is an essential oil derived from Leptospermum scoparium, a plant that has been used by the
indigenous populations of New Zealand and Australia for centuries. Both the extracted oil and its individual
components have been associated with various medicinal properties. This entry aimed to collate available
evidence on the antimicrobial, anti-parasitic and anti-inﬂammatory activities of mānuka oil and its
components. Given the rise in resistance to conventional antibiotics, natural products have been targeted
for the development of antimicrobials with novel mechanism of action. The present entry found extensive
in vitro data supporting the antimicrobial eﬀects of mānuka oil warrants further clinical studies to establish
its therapeutic potential. Clinical evidence on its eﬃcacy, safety and dosing guidelines are necessary for its
implementation for medical purposes. Further work on regulation, standardization and characterization of
the medicinal properties of mānuka oil is required for establishing consistent eﬃcacy of the product.

1. Introduction
Mānuka (Leptospermum scoparium), also known as kahikatoa, red mānuka and tea tree, belongs to the
Myrtaceae plant family and is found throughout New Zealand and Australia

[1].

Commonly grouped under

‘tea trees,’ which also includes Camellia sinensis, Kunzea ericoides, Leptospermum petersonii and
Melaleuca alternifolia, these species have been used by the Māori, the Aboriginals and early European
settlers as topical preparations for wounds, cuts, sores and skin diseases and as inhalations for colds and
fevers. Interest in the medicinal properties of mānuka, particularly mānuka honey, has grown over the last
30 years. There is also a growing interest in the volatile oil due to its potential application as a medicinal
agent or cosmetic ingredient

[2][3].

Currently, there has not been a critical review on the eﬃcacy and

potential applications of mānuka oil while there have been extensive reviews on Mānuka honey and its
medical applications.

2. Chemical Composition and Medicinal Properties
2.1. Chemical Composition
Mānuka oil (CAS 219828- 87-2) is a volatile essential oil derived from the foliage, bark and seeds of
Leptospermum scoparium plants of the Myrtaceae family of trees and shrubs [4]. A clear liquid with an
aromatic odor is produced by a steam distillation process from plants harvested mostly in the autumn,
summer and spring, with a yield ranging from 0.2–1%, depending on seasonal and geographical factors
[5][6]

(also commercial data held by Phytomed Medicinal Herbs Ltd., Auckland, New Zealand). The oil is

generally distilled using leaves and young stems, although oil has also been produced from the seeds
The use of biowaste fertilizer has recently been reported to enhance oil production and content

[8]

[5][7]

.

.

A large number of studies have examined the constituents of mānuka oil, which vary depending on the
source of the oil

[7][9][10]

as well as the plant chemotype and season of collection [11]. Overall, 100

components were identiﬁed from 16 commercial samples of mānuka oil, of which 51 components made up
95% of the content

[7]

. The major components of commercially available mānuka oils are reported to be

leptospermone (0.8–19.4%), calamenene (2.5–18.5%), δ-cadinene (0.9–6.9%), cadina-1,4-diene (0.1–5.9%),
ﬂavesone (0.7–5.8%), cadina-3,5-diene (3.0–10.0%), α -copaene (4.3–6.5%) and α-selinene (1.3–5.0%)
(Table 1)

[7][9][11][12][13][14]

. Chemotypes found in the East Coast of the North Island of New Zealand tend to

contain higher levels of β-triketones than oil sourced from other regions

[11]

. The compartmentalization of

β-triketones and grandiﬂorone within oil glands inside mānuka leaves may defend the plants against
[15]

mānuka’s herbicidal activity
(21.5%)

[11]

[15]

. There are also some types of L. scoparium that are high in α-pinene

, though the majority of plants possess lower levels of this monoterpene (0.6–11%) [7][9][10][11].

Table 1. Chemical composition of Mānuka oil and known properties of each component.

Component

Percentage
in
Commercial
Compositions

Known Properties

Ref.

Reported to have antibiotic
resistance modulation,
anticoagulant, antitumor,
antimicrobial, antimalarial,
antioxidant, anti-inflammatory, antiLeishmania, and analgesic effects in
association with other essential oils.

[16][17]

Herbicidal; antibacterial: treatment
with 5–20 mg/disc of concentrate
was effective against foodborne
bacteria: Listeria monocytogenes,
Staphylococcus aureus and
Staphylococcus intermedius and
three Gram-negative bacteria:
Salmonella typhimurium, Shigella
flexneri and Shigella sonnei

[18][19][20]

2.5–18.5%

Major constituent of mānuka oil;
contributes to insecticidal,
antiseptic, bactericidal, analgesic
and anti-inflammatory properties.
Antibacterial effect against S.
aureus and MRSA was shown.

[12][21]

δ-cadinene

0.9–6.9%

Pesticidal effects against mosquito
have been shown for constituents
isolated from Kadsura heteroclita
leaf oil.

[22]

Cadina-1,4diene

0.1–5.9%

Not reported

Cadina-3,5diene

3.0–10.0%

Not reported

α-pinene

IUPAC Name

Up to 21.5%

6-isovaleryl-2,2,4,4tetramethyl-1,3,5cyclohexanetrione

Leptospermone

0.8–19.4%

1,6-Dimethyl-4-isopropyltetralin

Calamenene

Component

Percentage
in
Commercial
Compositions

IUPAC Name

Known Properties

Ref.

Antiviral properties.

[23]

Enhances mating in male
Mediterranean fruit flies; Lures for
trapping Redbay ambrosia beetle
(Xyleborus glabratus).

[24][25]

Insecticidal: retarding the growth of
mosquito larvae.

[21]

Antifungal effects; preservative for
the postharvest storage of grapes
and other fruits; has been shown to
suppress the production of
inflammatory mediators when
sourced from Tea tree oil.

[26][27]

Spasmolytic activity; antiinflammatory properties have been
characterized in constituent isolated
from Melaleuca alternifolia.

[28]

2,2,4,4-Tetramethyl-6-(3methylbutanoyl)cyclohexane1,3,5-trione

Flavesone

0.7–5.8%

(1R,2S,6S,7S,8S)-8-isopropyl1,3dimethyltricyclo[4.4.0.02,7]dec3-ene
α-copaene

4.3–6.5%

C15H 24
7-Epi-alpha-Selinene

α-selinene

1.3–5.0%

α-selinene
C15H 24
2-(4-methylcyclohex-3-en-1yl)propan-2-ol

α-terpineol

1–2%

C10H 18O
4-methyl-1-propan-2ylcyclohex-3-en-1-ol

terpinene-4-ol

0.8–1.4%

C10H 18O

* IUPAC names were obtained from https://pubchem.ncbi.nlm.nih.gov/compound/; Chemical structures
were obtained from https://pubchem.ncbi.nlm.nih.gov/.
Variation of the components in mānuka oil was found both between and within natural populations of L.
[7][11][16]

scoparium

[7][11][16]

. Higher levels of triketones (known to have strong antibacterial properties) were

predominant in samples from the East Cape population. Higher levels of the monoterpenes, α- and βpinene, were present in the Northland populations

[16]

. Samples from L. scoparium grown in Australia had

higher monoterpene levels and almost no triketones compared to those from New Zealand

[16].

Mānuka oil

from New Zealand was shown to have low concentrations of monoterpenes in comparison to kanuka oil
(75% α-pinene) and negligible amounts of terpinen-4-ol and 1,8-cineole predominant in Australian tea tree
oil

[7]

. In general, mānuka oils from diﬀerent geographic locations around New Zealand can be simpliﬁed

into 3 basic chemo-type groups based on the ratio of the monoterpenes:sesquiterpenes:ß-triketones

[29].

These include triketone-rich in the East Cape (marketed as Manex™), monoterpene-, linalool- and
eudesmol-rch in Nelson (Kaiteriteri™) and monoterpene- and pinene rich in Canterbury

[5][9][16][30]

. A

varied chemotype in mānuka grown in South Africa in comparison to New Zealand-grown was shown by
van Vurren

[31]

. The age of the plant also plays a role in the nature of the essential oil, with higher

sesquiterpene content in young plants and a mixed amount of monoterpenes and sesquiterpenes in
mature ones [9].
The lack of consistency in constituents is a common problem with natural extracts and a source of
inconsistency in medicinal properties [32]. Though mānuka oil is listed under the New Zealand Inventory of
chemicals (CAS 219828- 87-2), ECHA (CAS 223749-44-8) and EINECS (425-630-7), further research into
regulation, standardization and characterization of the medicinal properties from varying origins is
required.

2.2. Medicinal Properties
Mānuka grows abundantly throughout New Zealand and has been a part of traditional Maori medicine for a
variety of applications. The bark of the tree has been used for the treatment of skin diseases, as a sedative
and as a mouthwash. The leaves are boiled in water for treating colds or crushed and applied to ease
itching and scabs, while the leaves have been used as tea, as a febrifuge and for pain relief. The seeds
were used for treating dysentery and diarrhea

[33][34].

Contemporary data, prominently from in vitro

studies, clearly demonstrates a broad spectrum of antibacterial, antifungal, anti-parasitic/insecticidal, antiinﬂammatory, antiviral and spasmolytic activity.

2.3 Antibacterial Activity
The antibacterial activity of mānuka oil is the most characterized, being eﬀective against both Grampositive and Gram-negative bacteria. These eﬀects are variable depending on the type and source of the
oil.

2.4 Antifungal Activity
Varying rate of inhibition against a wide range of fungi were shown using fumigant and microdilution
methods depending on the source of Manuka oil. Inhibitory eﬀects were shown against phytopathogenic
fungi, Aspergillus niger, A. ochraceous, F. culmorum, Malassezia furfur, Trichosporon mucoides, Candida
albicans and C. tropicalis.

2.5 Antiparasitic/Insecticidal Activity
Several studies demonstrated antiparasitic activity of mānuka oil against parasites with signiﬁcant impact
on plants, humans and animals including poultry red mites (Dermanyssus gallinae), scabies (Sarcoptes
scabei), house dust mites (Dermatophagoides

farina a n d D. pteronyssinus), stored product mites

(Tyrophagus putrescentiae) and mosquitos (Aedes aegypti). Mānuka oil has also been used as a lure to
attract Xyleborus glabratus (Redbay ambrosia beetle), an exotic wood-borer that transmits the fungal
agent (Raﬀaelea lauricola) responsible for laurel wilt, which has had a severe impact on forest ecosystems
in South-East United States.

2.6 Anti-Inflammatory Effects

Experiments to assess the anti-inﬂammatory potential of mānuka oil found that THP-1 cells stimulated with
lipopolysaccharide (LPS) and co-treated with 0.1–10% mānuka oil had signiﬁcantly reduced release of TNFα but there was no signiﬁcant eﬀect on the release of IL-4.

2.7 Photo-Protective Effects
Solar ultraviolet (UV) radiation is the primary environmental factor causing skin damage and consequently
premature aging. Kwon et al. (2013) evaluated mānuka oil (from Coast Biologicals Ltd., Auckland, New
Zealand) for its eﬀects against photoaging in UV-B-irradiated hairless mice. After 8 weeks of exposure to
UVB radiation, mice that were treated topically with 10% mānuka oil experienced a reduction in typical
UVB-related skin changes, such as skin thickening, appearance of wrinkles and loss of skin collagen.

2.8 Antiviral Activity
Pre-treatment with a β-triketone-rich mānuka oil has been reported to exhibit inhibitory eﬀects on HSV-1
and HSV-2.

3. Safety and Tolerance
Mānuka oil, like other essential oils, has been classiﬁed as safe and tolerable for human use (CAS (US and
EU) 223749-44-8; CTFA monograph ID 10572 and EINECS 425-630-7). However, the lack of clinical trials
means there is limited data to inform dosing practices and toxicology proﬁles. No signs of toxicity were
observed on treatment with 10% active aqueous or oily phase of the cosmetic formulation for Campo
Mānuka Oil Extract in ﬁbroblast cells. In vitro organogenesis assay (Living Dermal Matrix (LDM)), a toxicity
assay that closely mimics the eﬀect of a substance on human skin, consists of skin cells in a 3D-construct
made of collagen. The LDM test proved Campo Mānuka oil to be non-irritant with 99.4% cell viability after
treatment with an undiluted sample in comparison to 100% propylene glycol (73%; a non-irritant) and
100% morpholine (6%; a moderate irritant).

4. Future Directions
Mānuka oil has been extensively used in traditional medicinal preparations and its individual fractions,
particularly β-triketone constituents, exhibit many bioactive properties. Yet its application in clinical
medicine remains under explored. The emergence of new strains of pathogens, including bacteria, viruses,
parasites and fungi, coupled with the continued rise in antibiotic resistance, warrants further study of the
potential antimicrobial activity of essential oils as therapeutic agents for their control and eradication. In
contrast to tea tree oil, there is limited evidence on the eﬃcacy and safety of mānuka oil in terms of
geographic origin, parts of the plant used, dilutions and variation among formulations. The elucidated
mechanisms of action exerted by topical application of mānuka oil are general to those of essential oils.
Further reproducible studies looking into the mechanistic and lethal action of mānuka oil as well as its
fractions are required to accurately compare eﬃcacy between formulations and sources of the oil. Future
studies on the synergistic eﬃcacy of mānuka oil with synthetic drugs or other essential oils could improve
its eﬃcacy against pathogen, for instance Gram negative bacteria. In vivo studies on the medicinal
properties of mānuka oil could inform therapeutic and interventional clinical trials. Additionally, there is a
clear need for standardization of manuka oil (e.g., the International Organization for Standardization [ISO]
and Association Française de Normalization [AFNOR] for quality speciﬁcation of key bioactive terpene
components) to meet the growing needs of therapeutic grade product.

5. Conclusion
With emerging resistance to drug-based antimicrobial and anti-parasitic treatments, as well as a growing
interest in alternative therapies, the extensive in vitro data supporting the medicinal properties of mānuka
oil warrant further clinical studies to characterize its true therapeutic beneﬁts. Commercialization and
therapeutic application of mānuka oil requires extensive regulation and standardization of the oil and
clinical evidence for its medicinal properties. The review highlights an underutilized essential oil with

potential medical applications similar to tea tree oil and mānuka honey. Further characterization of
antimicrobial activity of manuka oil will clearly improve its potential to become a clinically useful product.
The current in vitro data suggest that manuka oil products may have eﬃcacy in the treatment of many
cutaneous skin infections. These data also provide a sound basis from which to proceed to in vivo and
clinical work—which is critical in translating early laboratory ﬁndings into clinically useful outcomes.
Since the mechanism of action has implications for the selectivity and safety of antimicrobial agents, this
issue is becoming increasingly important. Despite growing interest in the oil for therapeutic purposes, the
current data remains limited, highlighting the need for further research to understand how manuka oil
works. There is enormous potential to expand the manuka oil industry if claims about its medicinal
properties are to be veriﬁed. Scientiﬁc validation regarding the antimicrobial activity of manuka oil may
assist in accessing of international markets and the registration of the oil with national regulatory bodies.
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