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Citral itself has a generally recognized as safe (GRAS) listing by the United States Food and Drug Administration (FDA),

whereby when added to food, it is considered safe by experts. Hence, lemon myrtle oil has been used for citral

applications and added as a flavoring and scenting agent to foods, cosmetics, aromatherapy massage oils and various

household products (such as detergents, soaps, air fresheners, and insect repellents) to give a lemon or verbena scent.

Citral is also an excellent starting material for the synthesis of vitamin A and the valuable fragrant ionones.
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1. Introduction

There are many natural sources of lemon oil or lemon scent. According to a recent ISO Strategic Business Plan , the top

production of lemon oils comes from lemon (7500 tonne), Litsea cubeba(1700 tonne), citronella (1100 tonne) and

Eucalyptus (now Corymbia) citriodora(1000 tonne). Lemon oil itself, cold pressed from the peel of Citrus limon L.,

Rutaceae, contains 2–3% of citral (geranial + neral) , the lemon flavor ingredient. Consequently, the oil, along with

numerous other citrus species, is used more for its high limonene (60–80%) and minor component content as a fragrance,

health care additive  or solvent rather than a citral lemon flavor.

2. Essential Oil

The citral chemotype yields 1.1–3.2% (fresh weight of leaf) of oil with 80–98% citral . For commercial equipment,

consistent yields of 1.5% (w/w, containing some twig) were reported compared with a variable 0.4–3.2% for laboratory

distillations .

A first report of the less common citronellal chemotype indicated yields of 0.5–0.9% (fresh weight) of oil with 62–80%

citronellal . Propagation of seed from a single citronellal-type mature tree gave mixed progeny with an approximate

1:1 ratio of the citral and citronellal chemotypes. In contrast, progeny from two citral chemotypes gave only 3/48 of the

citronellal chemotype . (-) Citronellal provides a starting material for the stereospecific synthesis of terpenoids used in

the perfume and flavor industry .

3. Oil Chemistry

The major components of the leaf essential oil of B. citriodora are shown in Table 1, Figure 1 and Figure 2. Initially

thought to be one compound, the major component was called citral because of its lemony aroma and flavor. This terpene

aldehyde was found to be a mixture of the two geometric isomers neral 9 (IUPAC Name: (2E)-3,7-dimethylocta-2,6-

dienal), and geranial 10 ((2Z)-3,7-dimethylocta-2,6-dienal) also known as citral a and citral b, respectively in the ratio of

1.2–1.5, as shown in Table 1 .
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Figure 1. Major constituents of B. citriodora essential oil.

Figure 2. Gas chromatographic trace of B. citriodora oil on a polar column.

Table 1. The percentage proportion ranges for key constituents in the essential oil of the citral chemotype of Backhousia

citriodora.

Component Min % Max %

β -Myrcene (1) tr 0.7

2.3-Dehydro-1.8 cineole (2) tr 0.9

6-Methyl-5-hepten-2 one (3) tr 2.9

Citronellal (4) tr 1.0

exo-Isocitral  (5) tr 2.0

Z-Isocitral  (6) tr 2.7

Linalool (7) tr 1.0

E-Isocitral (8) tr 4.3

Neral (9) 32.0 40.9

Geranial (10) 44.0 60.7

Nerol (11) tr 0.6

Geraniol (12) 0.5 2.5

Total citral 80.0 96.0

 tr = traces < 0.01%.  Total citral is the addition of all five citral isomers.  On non-polar gas chromatography (GC)

column stationary phases, nerol often co-elutes with neral.

B. citriodora components were determined by gas chromatography using flame ionisation detection (GCFID) and gas

chromatography–mass spectrometry (GC–MS). These isomers of citral seem to always co-exist with citral and are thought

to be oxidative, thermal or acid/base rearrangement artefacts of citral sourced either naturally or synthetically .

A published patent reported the purification of citral by fractional distillation in a controlled acidic environment (pH 3–7).

This procedure reduced the formation of iso-citrals .

With gas chromatography (GC), the preferred analytical method for determining essential oil quality, the choice of solvent

for injection of aldehyde-rich oils such as B. citriodora is important. Alcoholic or ketonic solvents such as ethanol or

acetone are unsuitable because of their tendency to form acetals and ketals if left in these solvents for a length of time

. This was also seen in the analysis of cinnamaldehyde from Cinnamomum species using methanol as a solvent .
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4. Bioactivity

An increasing amount of data is now being published affirming the popularity of lemon myrtle as a complimentary

medicine .

Many anecdotal reports of bioactivity are now being confirmed by in vitro and in vivo investigations. The Australian

Therapeutic Goods Administration (TGA) is reported to have approved threeB. citriodoraessential oil medicines by 2006

 and by 2017 expressed an awareness of the increasing number of products containing citral .

Even when Rideal–Walker co-efficients were the chief measure of microbial activity, Backhousia citriodora essential oil

scored well, Lemon myrtle oil was shown to possess significant antimicrobial activity against the organisms

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Candida albicans, methicillin-resistant S.

aureus(MRSA), Aspergillus niger, Klebsiella pneumoniae and Propionibacterium acnes comparable to its major

component—citral . For example, Minimum Inhibitory Concentrations (%v/v) against Aspergillus niger have

been recorded as 0.1, i.e., lower than tea tree oil (0.4) and equivalent to citral (0.1) . citriodora essential oils was found

to be greater than that of citral alone and often superior to Melaleuca alternifolia essential oil.

The leaf paste has been confirmed for its antimicrobial and antifungal properties against many microbes including

Clostridium perfringens, Pseudomonas aeruginosa, and a hospital isolate of methicillin-resistant Staphylococcus

aureus(MRSA) . Three others found the oil/extract to also be an effective antibacterial and antifungal agent against

(a) food pathogenic bacteria and food spoilage yeasts , where damage of the yeast cell membrane through penetration

caused swelling and lysis, leading to cell death; (b) against food-borne pathogens , where MIC values againstS. aureus

and Escherichia coli were 16- and 8-fold, respectively, better than tea tree oil; and (c) against the plant postharvest

pathogen Monilinia fructicola , where in vitro inhibition of spore germination and mycelial growth was recorded.

Antiviral activity has been recorded in a clinical trial in treating Molluscum contagiosum, a skin virus causing pearly, flesh-

coloured, dome-shaped papules with central umbilication frequently among children . The trial showed that at the

end of 21 days, there was a more than 90% reduction in lesions in 9/16 children treated with lemon myrtle oil.

Anti-inflammatory and antioxidative properties have also been investigated . Lemon myrtle extract (LME) inhibited

the production of inflammatory mediators such as nitric oxide (NO). Enzyme-linked immunosorbent assay and reverse-

transcriptase polymerase chain reaction (RT-PCR) revealed that pretreatment with LME suppressed the protein

expression and mRNA levels of pro-inflammatory cytokines such as interleukin IL-6, and tumor necrosis factor (TNF)-α in

a concentration-dependent manner, respectively. This activity suggested that lemon myrtle extract could be used as a

potential therapeutic agent with potent anti-inflammatory effects that could be used to treat inflammatory bowel disease.

In another study, the efficacy of lemongrass (Cymbopogon flexuosus) essential oil and its bioactive part citral against dual-

species biofilms formed by Staphylococcus aureus and Candida species was evaluated in vitro . Biofilm staining and

viability tests showed both lemongrass essential oil and citral were able to reduce biofilm biomass and cell viability of each

species in the biofilm.

In addition, it has been suggested that lemon myrtle extract is suitable for use in ocular health nutritional products, not

because of the presence of citral in the extract, but because the extract is a source of lutein and other antioxidants along

with folate and the trace minerals, magnesium and calcium .

Studies with insects have shown that effective insect repellents based on natural active ingredients can deliver repellency

on par with synthetic actives in the field. For example, Greive et al.  showed in preliminary studies that lemon myrtle oil

has insect deterrent activity. Repellency of 82% was recorded againstAedes aegyptimosquitoes for 30 min in laboratory

tests, with greater efficacy (97%) achieved when mixed (1:5) with Melaleuca ericifolia oil, a source of linalool.

References

1. International Standards Organisation. Yearly World Production of the Most Representative Essential Oils. ISO-TC54
N3114 Approval of the ISOTC 54 Strategic Business Plan; International Standards Organisation: Geneva, Switzerland,
2019.

2. Boelens, M.H.; Jimenez, R. The Chemical Composition of Mediterranean Citrus Oils. J. Essent. Oil Res. 1989, 7, 151–
159.

3. Dellacassa, E.; Rossini, C.; Lorenzo, D.; Moyna, P.; Verzera, A.; Trozzi, A.; Dugo, G. Uruguayan Essential Oils. Part III.
Composition of the Volatile Fraction of Lemon Essential Oil. J. Essent. Oil Res. 1995, 7, 25–37.

[19][20]

[21] [20]

[10][22][23][24]

[22]

[23][24]

[25]

[26]

[27]

[28][21]

[29][30]

[31]

[29][32]

[33]



4. International Standards Organisation. Oil of Lemon [Citrus limon (L.) Burm. f.], Obtained by Expression, ISO 855:2003;
International Standards Organisation: Geneva, Switzerland, 2003.

5. Dosoky, N.S.; Setzer, W.N. Biological Activities and Safety of Citrus spp. Essential Oils. Int. J. Mol. Sci. 2018, 19, 1966.

6. Guenther, E. The Essential Oils; D. Van Nostrand Company, Inc.: New York, NY, USA, 1950; Volume IV.

7. Guenther, E. The Essential Oils; D. Van Nostrand Company, Inc.: New York, NY, USA, 1950; Volume III.

8. Southwell, I.A.; Russell, M.; Smith, R.L.; Archer, D.W. Backhousia citriodora F. Muell. (Myrtaceae), a Superior Source of
Citral. J. Essent. Oil Res. 2000, 12, 735–741.

9. Doimo, L. Iso-Citrals and Iso-Geraniols in Lemon-Myrtle (Backhousia citriodora F. Muell.) Essential Oils. J. Essent. Oil
Res. 2001, 13, 236–237.

10. Archer, D. Backhousia citriodora F. Muell. Lemon Scented Myrtle: Biology, Cultivation and Exploitation; Toona: Sutton,
Australia, 2004.

11. Lassak, E.V.; Southwell, I.A. Essential Oil Isolates from the Aust. Flora. Int. Flav. Food Add. 1977, 126–132.

12. Doran, J.C.; Brophy, J.J.; Lassak, E.V.; House, A.P.N. Backhousia citriodora F. Muell.—Rediscovery and chemical
characterization of the L-citronellal form and aspects of its breeding system. Flavour Fragr. J. 2001, 16, 325–328.

13. Fergeus, J. What Will Be the Next Big Oil from Australia? In Proceedings of the 1999 International Federation of
Essential Oil and Aroma Traders (IFEAT), Hong Kong, China, 1–4 November 1999.

14. Guenther, E. The Essential Oils; Van Nostrand Company, Inc.: New York, NY, USA, 1950; Volume II.

15. Ohloff, G. Zur thermischen isomerisation von citral. Tetrahedron Lett. 1960, 1, 10–14.

16. Sasser, D.E. Process for the Purification of Citral. European Patent EP 0 481 798 A2, 1991.

17. Southwell, I.; Dowell, A.; Russell, M.; (Plant Science, Southern Cross University, Lismore, NSW, Australia). Personal
communication, 2020.

18. He, Y.; He, F.; Zhang, Y.; Wang, F.; Zheng, X.; Dai, Z.; Ma, S. Formation of cinnamaldehyde dimethyl acetal in methanol
during analysis. J. Essent. Oil Res. 2021.

19. Wolters Kluwer Health. Drugs.com Herbal Database, Lemon Myrtle Uses, Benefits & Dosage. Available online:
https://www.drugs.com/app/lemon-myrtle.html (accessed on 14 May 2021).

20. Therapeutic Goods Administration, Australian Government. Australian Register of Therapeutic Goods Department of
Health. December 2017. Available online: https://search.tga.gov.au/s/search.html?collection=tga-websites-
web&query=Lemon+Myrtle&op=Search (accessed on 6 May 2021).

21. Brinckmann, J.A. Treatment of Molluscum contagiosum in a Child with Sensory Defensiveness. J. Am. Herb. Guild
2007, 7, 22–25.

22. Hayes, A.J.; Markovic, B. Toxicity of Australian essential oil Backhousia citriodora (Lemon myrtle). Part 1. Antimicrobial
activity and in vitro cytotoxicity. Food Chem. Toxicol. 2002, 40, 535–543.

23. Wilkinson, J.M.; Hipwell, M.; Ryan, T.; Cavanagh, H.M.A. Bioactivity of Backhousia citriodora: Antibacterial and
Antifungal Activity. J. Agric. Food Chem. 2003, 51, 76–81.

24. Zouhir, A.; Jridi, T.; Nefzi, A.; Ben Hamida, J.; Sebei, K. Inhibition of methicillin-resistant Staphylococcus aureus
(MRSA) by antimicrobial peptides (AMPs) and plant essential oils. Pharm. Biol. 2016, 54, 3136–3150.

25. Alderees, F.; Mereddy, R.; Webber, D.; Nirmal, N.; Sultanbawa, Y. Mechanism of Action against Food Spoilage Yeasts
and Bioactivity of Tasmannia lanceolata, Backhousia citriodora and Syzygium anisatum Plant Solvent Extracts. Foods
2018, 7, 179.

26. Thielmann, J.; Muranyi, P.; Kazman, P. Screening essential oils for their antimicrobial activities against the foodborne
pathogenic bacteria Escherichia coli and Staphylococcus aureus. Heliyon 2019, 5, e01860.

27. Lazar-Baker, E.E.; Hetherington, S.D.; Ku, V.V.; Newman, S.M. Evaluation of commercial essential oil samples on the
growth of postharvest pathogen, Monilinia fructicola (G. Winter) Honey. Lett. Appl. Microbiol. 2011, 52, 227–232.

28. Burke, B.E.; Baillie, J.E.; Olson, R.D. Essential oil of Australian lemon myrtle (Backhousia citriodora) in the treatment of
Molluscum contagiosum in children. Biomed. Pharmacother. 2004, 58, 245–247.

29. Konczak, I.; Zabaras, D.; Dunstan, M.; Aguas, P.; Roulfe, P.; Pavan, A. RIRDC Pub. No. 09/133s Health Benefits of
Australian Native Foods. An Evaluation of Health-Enhancing Compounds; Union Offset Printing: Canberra, Australia,
2009; Available online: http://www.agrifutures.com.au/wp-content/uploads/publications/09-133.pdf (accessed on 8 July
2021).



30. Shim, S.-Y.; Kim, J.-H.; Kho, K.-H.; Lee, M. Anti-inflammatory and anti-oxidative activities of lemon myrtle (Backhousia
citriodora) leaf extract. Toxicol. Rep. 2020, 27, 277–281.

31. Gao, S.; Liu, G.; Li, J.; Chen, J.; Li, L.; Li, Z.; Zhang, X.; Zhang, S.; Thorne, R.F.; Zhang, S. Antimicrobial Activity of
Lemongrass Essential Oil (Cymbopogon flexuosus) and Its Active Component Citral Against Dual-Species Biofilms of
Staphylococcus aureus and Candida Species. Front. Cell Infect. Microbiol. 2020, 10, 603858.

32. Sawant, P. Unique Australian Native Botanical—Lemon Myrtle as a Natural Source of Ocular Health Super-Nutrient.
Eye Glaucoma Res. 2019. Available online: https://www.boffinaccess.com/eye-and-glaucoma-research/unique-
australian-native-1-102/egr-1-102.pdf (accessed on 8 July 2021).

33. Greive, K.A.; Staton, J.A.; Miller, P.F.; Peters, B.A.; Oppenheim, V.M.J. Development of Melaleuca oils as effective
natural-based personal insect repellents. Austral. J. Entomol. 2010.

Retrieved from https://encyclopedia.pub/entry/history/show/29663


