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Abstract ‘Lemon Myrtle’ is becoming increasingly pop-
ular in Europe both for use in cuisine and phytotherapy.
However, this common name covers two completely differ-
ent species, Backhousia citriodora F. Muell. and Lepto-
spermum citratum Challinor, Cheel & A.R.Penfold. These
species differ with respect to secondary compounds and
even can cause, if mixed up and applied in high dose, toxic
effects. We describe how the two species can be discrimi-
nated microscopically making use of differences in the mor-
phology of leaf pavement cells and the relative size of
palisade parenchyma. Based on the large subunit of ribu-
lose-1,5-bisphosphate carboxylase oxygenase (rbcL) as
molecular marker, the phylogenetic position of the two spe-
cies within the Myrtaceae could be clarified. This sequence
information was used to develop a simple assay to discrim-
inate the two species even in dried and highly fragmented
mixtures as typically occurring in commercial samples.
This assay utilises the occurrence of single-nucleotide
exchanges between those species that produce different
fragments when the rbcL. amplificates are restricted with
Sac 11
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Introduction

As part of the trend for functional foods and dietary/health
supplements numerous plant products derived from tradi-
tional herbal medicine of foreign cultures enter the European
market. In the public perception, herbal products are consid-
ered to be ‘natural’ and therefore a priori harmless since they
had been used traditionally. However, this perception ignores
the fact that in most cases, there exists a specific cultural and
medical tradition that safeguards against undesired side
effects, adverse interactions, toxicity, and adulteration. When
the use of these plants becomes isolated from this traditional
context, health risks may result (reviewed in [1]). Many of
these novel herbs are located somewhere at the interface
between health and food supplements, and only few are clas-
sified as medicines and fall within the remit of the EU Tradi-
tional Herbal Medicinal Products Directive. Most herbal
preparations that do not have a long historical record of use
in the EU, or which do not have a defined medicinal use fall
under the legislation of the Novel-Food-Regulation of the
European Union [2]. Such food products require an explicit
admission, before they can be commercialised. This includes
that these products and their components can be unequivo-
cally identified to exclude potential health risks. Thus, robust
and reliable diagnostics of these plants and their parts in food
preparations is a prerequisite for the control and surveillance
of the Novel-Food-Regulation.

Food monitoring has the aim to safeguard consumers
against deception and misinformation and is pivotal for
consumer trust [3]. The non-standardised traditional
nomenclature for novel herbs in combination with the prev-
alence of dried herbal mixtures poses special challenges to
food monitoring. So far, microscopic diagnostics has been
the most reliable way to test multi-component specimens
such as those typical for herbal mixtures. There exists a
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wealth of technical literature that describes and illustrates
food plants commonly used in Europe, for example, to
assist microscopical diagnostics [4]. However, for most of
the introduced novel species, such information is com-
pletely lacking. This is not surprising—diagnostic assays of
those plants have not been in the focus of the traditional
medical systems that use those plants, but mainly deal with
the medical and beneficial effects of these herbs.

The economic payoff that can be achieved by trendy
herbal preparations, the limitations of supply for these exotic
herb, and the difficulty to reliably address these ingredients in
food diagnostics provide ideal conditions for the spread of
surrogate or adulterated preparations. This problem warrants
novel diagnostic methods that allow the identification of the
individual components in these herbal mixtures. These meth-
ods have to be reliable, versatile, and cost-effective.

An example for the conflict between traditional nomen-
clature and the difficulty to warrant consumers against
potential hazards is the novel trend herb ‘Lemon Myrtle’
derived from traditional medicine of the Australian Aborig-
ines and presently popularised as ‘Queen of the Lemon
Herbs’ as major ingredient of so called Bushfood Flavours.
‘Lemon Myrtle’ actually comprises two different species of
the Myrtaceae: Backhousia citriodora F.Muell (common
names ‘Lemon Myrtle’, ‘Lemon Scented Myrtle’, ‘Lemon
Scented Ironwood’ [5]), and Leptospermum citratum (ex.
J.F.Bailey & C.T.White) Challinor, Cheel & A.R.Penfold
(the taxonomy of this genus has been revised several times,
therefore there exist several traditional synonyms that are
still in use: Leptospermum petersonii subsp. petersonii,
Leptospermum petersonii F.M.Bailey, and Leptospermum
flavescens var. citratum J.F.Bailey & C.T.White; common
names ‘Lemon Myrtle’, ‘Lemon Tea Tree’, ‘Lemon
Scented Tea Tree’ [6]). Both species originate from North
West Australia (Queensland) are found as shrubs or small
tree and are rich in aromatic oils.

The Australian Aborigines have used ‘Lemon Myrtle’
for both cooking and healing. The leaves are often used as
dried flakes, or in the form of an encapsulated flavour
essence for enhanced shelf-life and are used as flavours in
shortbread, pasta, and macadamia and vegetable oils. How-
ever, the main use is teas, mostly in mixtures. In addition,
‘Lemon Myrtle’ is used as lemon flavour replacement in
milk-based foods, such as cheesecake or ice-cream to avoid
curdling associated with acidity of lemon fruits. In addition
to its aromatic properties, extracts of ‘Lemon Myrtle’ pos-
sess a strong antimicrobial activity [7], are used as insect
repellents [8], cure certain viral diseases such as molluscum
contagiosum [9] and recently have acquired interest as
efficient antifungal compound in the treatment of skin dis-
eases [10] and food protection [11].

Leaves of ‘Lemon Myrtle’ are unusually rich in aromatic
oils (typically up to 5%), with citral as dominating com-
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pound with additions of neral, geranial, myrcene, linalool,
citronellal, cyclocitral and methyl-heptenone. However,
rare chemotypes with a high content of L-citronellal exist
as well, at least in B. citriodora [12]. Despite the generally
positive effects of ‘Lemon Myrtle’, toxicity on mammalian
cells [13], especially skin cells [14] have been reported,
depending on concentration and composition of the extract.
This underlines the need to control the use of ‘Lemon Myr-
tle’ and to discriminate at least between the two species
commercialised as ‘Lemon Myrtle’. To address not only the
common tea mixtures, but also more processed forms of
this product, we combined traditional microscopic analysis
with molecular identification based on the large subunit of
ribulose-1,5-bisphosphate carboxylase oxygenase (rbcL).
This marker has been recently proposed by an international
consortium together with the matK marker as identifier for
genetic bar coding of plants due to high coverage, sequenc-
ing accessibility and discriminative power [15]. Using this
marker, we can clearly locate the position of the two spe-
cies of ‘Lemon Myrtle’ within the Myrtaceae, and we can
develop a simple assay to discriminate the two species even
in dried and highly fragmented mixtures as typically occur-
ring in commercial samples by combining PCR with a
restriction digest.

Materials and methods
Plant material and samples

Since vegetative plant morphogenesis is variable depending
on environmental factors, mainly light quantity and quality,
the specimens were cultivated in parallel under identical con-
ditions (substrate Floraton 3, day temperature 18-25 °C,
night temperature 15 °C, illumination time 10h) in the
Botanical Garden of the Karlsruhe Institute of Technology.
The specimens were purchased from a commercial source
(Rithlemanns, Horstedt, Germany), and their identity verified
by the morphology of flowers and leaves based on the taxo-
nomic literature [16]. They are maintained as living specimens
under the IPEN codes xx-0-UNKAR-2012-1844-Baccit-01
(B. citriodora F.Muell) and xx-0-UNKAR-2012-1845-
Lepcit-01 (L. citratum (ex. J.F.Bailey & C.T.White) Challinor,
Cheel & A.R.Penfold). Four commercial tea samples were
used for validation of the assay and partially sorted and iden-
tified based on the microscopic criteria developed during the
current study prior to molecular analysis. The composition of
these samples is given in Table 2.

Extraction of genomic DNA

Fresh leaf material (preferably young leaves) was har-
vested from healthy plants. About 40 mg of the sample were
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transferred into a reaction tube (2 ml, Eppendorf) together
with one stainless steel bead (diameter 5 mm) and shock
frozen in liquid nitrogen. The frozen sample was then
ground three times for 15 s at 20 Hz (Tissuelyser, Qiagen,
Hildesheim, Germany). After each individual grinding step,
the sample was returned into liquid nitrogen to ensure that
the powder did not thaw during the extraction. Genomic
DNA was extracted using a modified extraction method
based on cetyl trimethyl ammonium bromide (CTAB, [17])
using about 25 mg ground and frozen leaf tissue. The pow-
der was complemented with 1-ml pre-warmed extraction
buffer (3% w/v CTAB) containing 8 pl/ml mercaptoethanol
and incubated for 30 min at 55 °C followed by a centrifuga-
tion to remove debris. Subsequently, the sample was
digested with proteinase K (55 °C, 30 min), then mixed
with 750 pl of chloroform/isoamylalcohol (24:1) and then
spun down for 10 min (14,000 g, 25 °C), and the aqueous
upper phase (containing the DNA) was transferred into a
fresh reaction tube; the DNA was precipitated with 0.65
volumes of isopropanol, collected by centrifugation (10 min,
14,000 g), washed with 70% EtOH and dissolved in 50 pl
ddH,0. The concentration of the eluted DNA was deter-
mined photometrically (NanoDrop ND-100, peqlab). The
E260/E280 of the extracted DNA was between 1.7 and 2.1.
The quality of the DNA extracts was controlled by electro-
phoresis on a 1.5% agarose gel supplemented with 5% v/v
of the fluorescent dye SYBR Safe (Invitrogen).

PCR-amplification and restriction digestion of rbcL

A partial sequence of the large subunit of the ribulose-bis-
phosphate carboxylase gene (rbcL), rbcLa, was amplified by
PCR in a 10-pl reaction using 50 ng of genomic DNA as
template and a reaction mix containing single-strength buffer
(thermopol, NEB), 200 M mixed dNTPs (NEB), 200 nM of
each primer (rbcLa_F/rbcLa_R, Invitrogen), 0.4 units Taq
polymerase (NEB) and 10 mg/ml bovine serum albumine
(Sigma-Aldrich, Deisenhofen, Germany). The amplificates
were separated by electrophoresis in a 1.5% agarose gel and
their size verified using a 100-bp DNA ladder (NEB) after
fluorescent staining with SYBR Safe (Invitrogen). The
amplificates were extracted from the gel using the Nucleo-
Spin® Extract II kit (Macherey—Nagel, Karlsruhe), following
the protocol of the producer, and then sequenced (GATC
Biotech, Konstanz). The sequences were verified by BLAST
search and alignment with related rbcL-sequences (ClustalX,
http://www.clustal.org) and are deposited in Genebank under
the accession numbers JN676919 (L. citratum) and
IN676920 (B. citriodora). To discriminate the two species,
6 pl of the rbcLa PCR were digested overnight at 37° C in a
25-pl reaction volume consisting of 2.5 pul 10x enzyme
buffer (NEB, No. 4), 2.0 ul Sac Il enzyme (NEB) and 14.5 pl
bidestilled water. The digested amplificates were separated

by electrophoresis in a 1.5% agarose gel along with a 100-bp
DNA ladder as size marker (NEB).

Phylogenetic analysis of the rbcL sequence

The rbcL sequences were used as input for a BLAST search
for Myrtaceae rbcL, the retrieved 16 sequences were auto-
matically aligned using the ClustalX algorithm in MEGA
4.0 [18] and the evolutionary relationships were inferred by
means of the neighbour-joining algorithm [19] with boot-
strap values based on 500 replicates [20]. Branches corre-
sponding to partitions reproduced in less than 50%
bootstrap replicates were collapsed. All positions (both
coding and non-coding) were included; gaps and missing
data were eliminated from the dataset.

Light microscopy

Leaves and shoots of all specimens were documented macro-
scopically (Exilim Z750, Casio) and by stereo microscopy
(M420, Leica; Bensheim) equipped with a digital camera
(DFC 500, Leica; Bensheim) both in the fresh state and after
drying. In addition, tangential hand sections from the adaxial
and the abaxial surface of completely developed leaves were
brightened with 60% chloral hydrate and then analysed under a
light microscope (Axioskop, Zeiss; Jena) equipped with a digi-
tal image acquisition system (Axio-Cam, Zeiss; Jena). Cross-
sections obtained after fixation for 50 min in paraformaldehyde
(4% wiv) in 50 mM 1,4-piperazine-di-ethanesulfonic acid
(PIPES) with 3mM ethylene glycol-bis (f-aminomethyl
ether)-N,N,N',N'-tetraacetic acid (EGTA), adjusted to pH 6.8
with NaOH. After fixation, the specimens were washed three
times for 10 min in fixation buffer without paraformaldehyde
and subsequently dehydrated by a ethanolic series (50, 70, 90,
100, 100%; 30 min in each step). For embedding in LR White
(Plano, Wetzlar, Germany), the specimens were led through a
series with increasing proportions of LR White over EtOH on
an orbital shaker (ratio 1:2 over night, 1:1 for 4 h, 2:1 over
night, pure LR White over the day). Subsequently, the LR
White embedded specimens were transferred into gelatine cap-
sules used for electron microscopy and were then hardened
over night in a drying oven. The embedded specimens were
then sectioned on a microtome, collected on a slide and stained
by toluidine blue [21], labelling non-lignified cell walls violet.

Results and discussion

Morphological and histological characteristics
of B. citriodora and L. citratum

Plants of the two species can be clearly discriminated by
habitus and morphology. Plants of B. citriodora show a
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Fig. 1 Habitus of ‘Lemon Myrtle’. a Young plant of B. citriodora and L. citratum in comparison. b Shoot tip and three leaves illustrating different
stages of expansion for B. citriodora. ¢ as b for L. citratum. Size bar 50 mm

clearer apical dominance, whereas in L. citratum side
branches compete with the main axis producing a shrub-
like appearance (Fig. 1a). Leaves of B. citriodora exhibit a
broader lamina, with young leaves being slightly tinted by
anthocyanins (Fig. 1b), whereas leaves of L. citratum are
smaller and narrower with an eliptoidical shape and an
intensely green colour (Fig. 1c).

Although it is easy to discern the two species, when
whole plants are considered, the discrimination of commer-
cial products based on these species is much more difficult.
Both species share typical features of Myrtaceae such as
numerous schizogenic oil cavities (Fig. 2¢c, d), idioblasts,
filled with calcium oxalate druses and cells with single cal-
cium oxalate crystals lining the vascular bundles (Table 1).
Moreover, leaves of both species are covered with numer-
ous unicellular, unbranched trichomes.

However, the two species can be discriminated from
cross-sections of the shoots (Fig. 2¢c, d). In B. citriodora, the
cross-section is round. In both cases, numerous oil cavities
are embedded in the cortical parenchyma. In B. citriodora,
the cortical parenchyma is separated into a external layer rich
in chloroplasts, and an inner, chloroplast-depleted layer. The
cortical parenchyma is subtended by a massive ring of
phloém fibers delineating phloém, cambium and xylem, sur-
rounding the extensive central pith parenchyma. In contrast,
the cross-section of the shoot is triangular in L. citratum, and
the central pith parenchyma is narrower in relation to the cor-
tical parenchyma outside of the xylem ring.

@ Springer

The leaf of B. citriodora is bifacial with one tier of pali-
sade parenchyma, subtended by a conventional spongy
parenchyma with large intercellular spaces (Fig.2a). In
contrast, L. citratum is equifacial, with two tiers of palisade
parenchyme at the upper, adaxial and one tier at the lower,
abaxial side of the leaf, separated by one or two tiers of
spongy parenchyma (Fig. 2b).

For the discrimination in processed samples, such as
dried tea mixtures, the shape of epidermal pavement cells
seems to be marker with the best discriminative power
(Fig. 3a): In B. citriodora, only the lower, abaxial epider-
mis harbours guard cells. These are anemocytic. Pavement
cells are generally puzzle-shaped in both sides of the
leaves, polygonoid cells are observed only above vascular
bundles. Unicellular, thick-walled trichomes are found in
both leaf sides, whereby in the abaxial side, additionally,
long hairs are found, in the adaxial side, trichomes appear
slightly twisted (Fig. 3b). In L. citratum, pavement cells
are always polygonoid and unlobed on both sides of the
leaf (Fig.3a). In addition, distinct cuticular folds are
observed on both sides of the leaf that are absent in B.
citriodora. Again, unicellular, thick-walled and slightly
bent trichomes can be found on both leaf sides. However,
here, the lower, abaxial face of the leaf the trichomes are
less abundant as compared to the upper, adaxial face
(Fig. 3b). Moreover, the long hairs met in B. citriodora are
absent in L. citratum. A summary of the discriminative
traits is given in Table 1.
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Fig. 2 Cross-sections through the aerial organs of ‘Lemon Myrtle’
after staining with Toluidine Blue. a, b Cross-section through the leaf
blade in B. citriodora (a) and L. citratum (b). ¢, d Cross-section of the

Backhousia citriodora

epidermal
cells

Leptospermum citratum

ep
cortex

p

ep

protxy.

xylem

shoot in B. citriodora (¢) and L. citratum (d). Abbreviations: spongy p
spongy parenchyma, palisade p palisade parenchyma, protx protoxy-
lem ep epidermis, ir hair

Table 1 Characteristic features observed in fully developed leaves of B. citriodora F.Muell and L. citratum Challinor, Cheel & A.R.Penfold

Backhousia citriodora

Leptospermum citratum

Leaf type
E-ad

E-ab
Guard cells E-ad

Guard cells E-ab
Trichomes E-ad

Trichomes E-ab

Mesophyll

Palisade cells/pavement cell

Bifacial

Puzzle-shaped pavement cells, polygonoid
cells above vascular bundles

Like in E-ad

None

Anemocytic

Unicellular, unbranched, weakly coiled

Unicellular, unbranched, like in E-ad, in addition,
more thick-walled and longer
unicellular, unbranched, trichomes

Numerous schizogenic oil cavities

Idioblasts, calcium oxalate druses

Cell files filled with single calcium oxalate
crystals lining vascular bundles

Mostly 6-8

Equifacial

Polygonal pavement cells, distinct cuticular folds

Like E-ad, with cuticular folds
Tetracytic, anemocytic
Tetracytic, anemocytic

Unicellular, unbranched, weakly coiled trichomes
that are aligned

Less than in E-ad

Numerous schizogenic oil cavities

Idioblasts, calcium oxalate druses

Cell files filled with single calcium oxalate crystals
lining vascular bundles

Mostly 2-5

E-ad adaxial epidermis, E-ab abaxial epidermis
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Abaxial epidermis

A Adaxial epidermis

Backhousia citriodora

Leptospermum citratum

Fig. 3 a View on the adaxial, upper and the abaxial, lower, leaf epi-
dermis of ‘Lemon Myrtle’ as visible by brightfield microscopy in tan-
gential leaf sections. Different focal planes are shown for the abaxial
epidermis to clarify the structure of guard cells and trichomes. The
schematic drawings emphasise the relative size of epidermal pavement

Clarification of the phylogenetic position of the two species
of ‘Lemon Myrtle’ based on the rbcL marker

The taxonomy of the genus Leptospermum has been
revised several times [6] and is still obscured by the coexis-
tence of different synonyms, not to speak about the ambigu-
ous common names used by commercial providers. We
therefore used a partial sequence of rbcL. proposed as one
of the central molecular markers for plant genetic bar cod-
ing [15] to determine the position of L. citratum with
respect to B. citriodora and other Myrtaceae and to define
sequence divergences that might be useful for molecular
diagnostics. We successfully obtained and verified a rbcL.
sequence for both L. citratum (Genebank accession
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Leptospermum citratum  Backhousia citriodora

Adaxial epidermis

cells over the subtending cells of the palisade parenchyma (shaded in
green). Note that puzzle-shaped pavement cells occur only in B. citri-
odora, whereas these cells are polygonal in L. citratum. b Trichomes
at both leaf sides of the two ‘Lemon Myrtle’ accessions

IN676919) and B. citriodora (Genebank accession
IN676920). As to be expected, both sequences were highly
similar (Fig. 4a). Available rbcL-sequences of the core
Myrtaceae, Olinia emarginata and Strasbourgeria robusta
as outgroup were used to determine the phylogenetic posi-
tion of the two specimens of ‘Lemon Myrtle’ investigated
in the current study. B. citriodora rbcL. was located, along
with a previously published sequence into the core Myrta-
ceae such as species of the genera Eugenia, Myrtus,
Eucalyptus, Myrcianthes and Metrosideros. In contrast,
L. citratum was found to be basal to the core Myrtaceae
positioned distal to O. emarginata consistent with the
reclassification of the genus Leptospermum into a specific
subgenus Leptospermoideae.
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A Primer rbcLa_F
>>>>ATGTC.
Back A TGTC. 8AAGTGTTGGATTCAAAGCTGGTGTTAAAGATTATAAACTGACTTATNATACTNCTGACTATGAAACCAARAGATA 100
Lept A TGTC @A AGTGTTGGATTCAAAGCTGGTGTTAAAGATTATAAACTGACTTATTATACTCCTGAATATGAAACCAAAGATA 100
BstAP
AlwN1
\
Back 101 CTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCAGGAGTTCCTCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGAC 200
Lept 101 CTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCCTCCTGAGGAAGCAGGGGCCGCGGTAGCTGCTGAATCTTCTACTGGTACATGGAC 200
Sac2
Back 201 AACTGTGTGGACCGATGGGCTTACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTTAT 300
Lept 201 AACTGTGTGGACCGATGGGCTTACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTTAT 300
Back 301 GTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTTGGGTTCAARAGCCCTGCGCGCTCTAC 400
Lept 301 GTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTTGGGTTCAAAGCCCTGCGCGCTCTAC 400
Back 401 GTCTGGAGGATCTGCGAATCCCTCCTTCCTATACGAAAACTTTCCAAGGCCCGCCTCATGGCATCCAAGTTGAGAGAGAT., TTGAACAAGTATGGCCG 500
Lept 401 GTCTGGAGGATCTGCGAATCCCTACTGCCTATACGAAAACTTTCCAAGGCCCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAGTATGGGCG 500
Back 501 TCCCCTATTGGGATGTACTATTAAACCTAAATTGGGGTTATCCGCTAAGAACTACGGTAGAGCAGTTTATGAATGTCT TeeiNel
Lept 501 TCCCCTATTGGGATGTACTATTAAACCTAAATTGGGGTTATCCGCTAAGAACTACGGTAGAGCAGTTTATGAATGTCTTY
<<<<CGTGGTGGACTTGATTTTAC<<<<
Primer rbcLa_R
B g5 | Eugenia patrisii GQ428583.1
43 L Eugenia patrisii GQ428581.1
—— Eugenia uniflora AF294255.2
el B— Eugenia cucullata GQ428585.1
Eugenia macrocalyx NH200102
53 Eugenia feijoi GQ428586.1
40
Myrtus communis AF294254.2
a7 Myrcianthes fragrans U26328.2
4 Eugenia coffeifolia 8133.1
48

Eucalyptus globulus AY780259.1
Metrosideros nerwlosa AJ235785.1

B4

57 Backhousia citriodora JN676920
Backhousia citriodora U26318.2

Olinia emarginata AJ605089.1

——— Leptospermum citratum JN676919 u

-
0.002

Fig. 4 Characteristics of the rbcL marker isolated from B. citriodora
and L. citratum. a alignment with restriction sites. b NJ tree of 17 spe-
cies of the Myrtaceae based on the rbcL marker. Bootstrap values are

Molecular identification of ‘Lemon Myrtle’
based on restriction of the rbcL. marker

Despite the high conservation of the rbcL. marker between
B. citriodora and L. citratum, a molecular differentiation
should become possible by restriction analysis. We chose

Strasburgeria robusta AJ403007.1

based on 500 replicates. Boxes highlight the position of B. citriodora
and L. citratum

as target a specific Sac II restriction site differing between
the two species of ‘Lemon Myrtle’. The digest should yield
two fragments of 458 and 141 bp in L. citratum, whereas in
B. citriodora, the original 599 bp rbcL amplificate would
remain complete (Fig. 5a). We tested this prediction using
dried leaves from both species, amplified the rbcL. marker
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8 3
= |
L35 TS
qan —S0
600 599 bp
500 b, —
400 bp 458 bp
300 bp
200 bp —
141 bp
100 bp

Fig. 5 Molecular diagnostics of ‘Lemon Myrtle’ based on restriction
digest of the rbcL genomic fragment a Predicted fragment sizes for di-
gest with Sac 11 in B. citriodora versus L. citratum. b Verification of
the prediction using pure leaf samples of B. citriodora, L. citratum and
the ‘Lemon Myrtle’ surrogate D. moldavica. M size marker (100-bp
DNA ladder), DNA control test for the specificity of the PCR without
added DNA template. Arrows indicate the two smaller fragments

and restricted the amplificates by Sac II. The unrestricted
rbcL amplificate was found to correspond to one band of
around 600 bp in size for all species (data not shown).
Upon Sac II restriction, there was no change for the B. citri-
odora amplificate, consistent with the prediction that, here,
no Sac II recognition site is present (Fig. 5b). In contrast,
restriction of L. citratum yielded a larger fragment of
around 450 bp and a smaller fragment of around 150 bp,
consistent with the prediction (Fig. 5a). A control, where
the DNA template in the PCR mix was omitted, was
included as negative control to check for potential contami-
nations. In addition to the two species of ‘Lemon Myrtle’,
we tested Dracocephalum moldavica, which shares a simi-
lar citric flavour and is sometimes used in combination with
‘Lemon Myrtle’ (e.g. in commercial sample 3). Here, the
restriction pattern resembled that observed for L. citratum.
We finally tested whether this assay can be administered
to commercial samples where typically dried leaf frag-
ments of ‘Lemon Myrtle’ are blended with other herbal
compounds (Table 2). Sample D; contained ‘Lemon Myr-
tle’ as second compound followed by ‘Moldavian Dragon-
head’ and produced a pattern with three bands (Fig. 5c¢) of
600 bp (corresponding to the full-length rbcL. amplificate)
and 450+ 150bp (corresponding to the fragments
expected for L. citratum). The morphological analysis
gave clear evidence for B. citriodora, however (data not
shown). To test, whether the two smaller bands are actu-
ally originating from B. citriodora or from the surrogate
D. moldavica, the leaf fragments recognised as ‘Lemon
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resulting from the restriction digest with Sac2. ¢ Validation of the as-
say using commercial tea blends containing ‘Lemon Myrtle’. Samples
D, and D, have been sorted as b. Citriodora from the commercial prod-
ucts D5 and D, respectively, using the microscopic discrimination giv-
en in Table 1. Commercial product D; contained also Dracocephalum
moldavicum, commercial product D, did not. Commercial product Ds
contained B. citriodora, Dy L. citratum as verified by microscopy

Myrtle’ were sorted from the mixture and extracted and
analysed separately. The resulting sample D, yielded only
one band of 600 bp as to be expected for B. citriodora,
suggesting that the smaller bands originated from the
surrogate D. moldavica. Sample D, contained ‘Lemon
Mpyrtle’ as one of the minor compounds and produced a band
of 600 bp, which was consistent with the results of the
morphological analysis clearly identifying B. citriodora.
Again, these fragments were sorted and analysed sepa-
rately yielding D, that produced a single band of 600 bp as
expected. In sample D5, ‘Lemon Myrtle’ (identified mor-
phologically as B. citriodora) was a major component.
Again, a single band of 600 bp was observed. In the last
sample, Dy, ‘Lemon Myrtle’ the morphological features
identified L. citratum as major component, consistent
with the presence of the 450 and 150 bp bands. The upper
600-bp band, corresponding to the undigested amplificate,
is most likely originating from the other components that
do not harbour a corresponding Sac2 restriction site (data
not shown).

Conclusions and outlook

As exemplary case study for many other cases, where
plants used in traditional medical or culinary cultures are
transferred as trend food supplements to the Western mar-
kets, we have analysed ‘Lemon Myrtle’, actually two dis-
tantly related species of the Myrtaceae derived from the
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Table 2 Declared composition of commercial samples used in this study and rbcL fragments obtained after digest with Sac2

Sample Declared composition rbcL-Sac2 fragments (bp)
D; ‘Lemon Grass’, ‘Lemon Myrtle’, ‘Moldavian Dragonhead’, ‘Elderberry Flowers’ ~600, ~450, ~150
D, ‘Ginger’, ‘Lemon Grass’, ‘Lemon Peel’, ‘Lemon Myrtle’, ‘Liquorhize’ ~600
D; ‘Rooibos’, ‘Lemon Myrtle’, ‘Lemon Grass’, ‘Lemon Verbena’, ‘Cranberry’, ‘Orange Peel’, ~600
‘Peppermint’, ‘Lemon Peel’
D¢ ‘Orange Leaves’, ‘Ginger’, ‘Sweet Bramble Leaves’, ‘Lemon Myrtle’, ‘Natural Orange Oil’ ~600, ~450, ~150

culture of the Australian Aborigenes. By a combination of
classical microscopic analysis with molecular diagnostics
using restriction length polymorphisms in the rbcL. marker,
we can discriminate between B. citriodora and L. citratum
in dried mixtures as typically encountered in commercial
samples.

Principally, this approach should be transferrable to
more processed samples as well (such as ‘Lemon Myrtle’
flakes), where anatomical features are difficult to be
assessed. However, if not supported by anatomical features,
the approach suffers from limitations: in the presence of
D. moldavica (which in some samples is added due to its
similar lemon-type flavour), the restriction pattern hampers the
discrimination between B. citriodora and L. citratum. Thus,
in case that only the upper RAPD band is detected, this
reports that neither L. citratum nor the surrogate D. moldav-
ica are present. However, the presence of the smaller
RAPD does not with certainty report the presence of L. cit-
ratum, because the same pattern could be caused by the sur-
rogate D. moldavica. In order to extend the discriminative
power of the assay to samples, where the anatomical fea-
tures have been lost due to strong processing, we presently
develop molecular and microscopic markers for a clear
identification of D. moldavica. First data show that a strat-
egy based on nested primers for the rbcL. marker allows for
superior discriminative power.
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