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Abstract

Rooibos tea, a herbal tea derived frékspalathus lineari{Fabaceae—tribe Crotalarieae)
has become increasingly popular as a health drink. The beneficial properties are partly ascribed
to the phenolic constituents in the plant, which are enzymatically modified during processing.
Within the species, distinct geographical forms can be recognised, differing in habit, fire-
survival strategy, vegetative and reproductive morphology, enzyme patterns and flavonoids.
Several phenolic compounds are known to occuAirlinearis The main constituent of the
commercial tea type (also known as the Rocklands type or the red tea type) is the dihydrochal-
cone aspalathin, but the presence of other flavonoids such as nothofagin, orientin, isoorientin,
vitexin, rutin and isoquercetrin has been reported. These compounds are found in the processed
product, as well as the dried leaves. The relative quantities of phenolic compounds show large
qualitative and quantitative differences between populations and provenances of the wild tea
types. Within populations, however, the patterns are remarkably uniform. Aspalathin was found
to be the main compound in processed (“fermented”) tea and also in dried leaves of several
tea types. The compound is absent in some wild tea populations, where other flavonoids occur
as the main phenolics, notably orientin, isoorientin and rutin. Rutin is invariably the main
compound inAspalathus pendulaa close relative ofA. linearisthat is rarely used to make
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tea. An overview of natural variation in phenolic compounds of the main wild tea types is
presented.
[0 2003 Elsevier Science Ltd. All rights reserved.

Keywords: Aspalathus linearifRooibos tea; A. pendula Fabaceae; Phenalics; Infraspecific chemica vari-
ation

1. Introduction

Aspalathus linearigBurm.f.) Dahlg. is commercialy cultivated on a large scale
for the production of rooibos tea, a traditional herbal health drink (Morton, 1982;
Van der Walt and Machado, 1992). A closely related species, A. pendulaDahlg., as
well as severa wild types of A. linearis are sometimes used to make tea on a non-
commercial scale. The genus Aspalathus(Fabaceae-tribe Crotalarieag) comprises
about 278 species and is endemic to South Africa. The species are concentrated in
the Cape region, with a few spreading to southern KwazZulu-Natal. Aspalathus lin-
earisand A. pendulabelong to asmall but very distinct group of species with simple,
needle-like leaves (phyllodes). This group was first treated as a subgenus by Dahlgren
(1968), [formally described as subgenus Nortieria Dahlg.] but in a comprehensive
revision (Dahlgren, 1988), the species were treated as an informal group, Lebeckii-
formes Some subspecies were combined, while others were given specific status. A
summary of the two classification systems and the correct nomenclature of all the
taxa are given in Table 1.

Aspalathus lineariss exceptionally polymorphic and distinct geographical forms
can be recognised (Dahlgren, 1968, 1988). Each of these forms differs in habit,
fire-survival strategy, vegetative and reproductive morphology, enzyme patterns and
flavonoids (Dahlgren, 1968; Van der Bank et al., 1995, 1999). No satisfactory infras-
pecific classification system has yet been devised.

Severa phenolic compounds are known to occur in A. linearis The main constitu-
ent of the commercial tea type (also known as the Rocklands type or the red tea
type) is a unique dihydrochalcone, aspalathin (Koeppen and Roux, 1965), but the

Table 1
Summary of taxonomic and nomenclatural changes: Aspalathus linearisand related species

System according to Dahlgren (1968) System according to Dahlgren (1988)

Subgenus Nortieria Dahlg. (2 species) Group Lebeckiiformeg4 species)

la A. linearis (Burm.f.) Dahlg. subsp. linearis 1. A. linearis

1b. A. linearis (Burm.f.) Dahlgr. subsp. 1. A. linearis (no longer distinguished as a
pinifolia (Marloth) Dahlg. subspecies)

1c. A. linearis (Burm.f.) Dahlg. subsp. 2. A. lebeckioidedahlg. (raised to rank of species)
latipetala Dahlg.

2. A. pendulaDahlg. 3. A. pendulaDahlg.

4. A. nudifloraHarv. (added to group)
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presence of several other flavonoids such as nothofagin, orientin, isoorientin, vitexin,
rutin and isoquercetrin has been reported (Rabe et al., 1994; Joubert, 1996). These
studies all focussed on the commercial tea type, and nothing appears to be have been
published on the phenolic compounds of the various wild tea types. Dahlgren (1968)
used two-dimensional thin layer chromatography to show the flavonoid patterns of
the main tea types, but none of the compounds were identified. The relative quantities
of phenolic compounds are to some extent influenced by processing (Joubert, 1996;
Marais et al., 2000), but this variation is small when compared to large qualitative
and quantitative differences between populations and provenances of the wild tea
types derived from A. linearis.

The purpose of this paper is to give a broad overview of natural variation in the
phenolic compounds of the main wild types of Aspalathus linearis and the closely
related A. pendula. Recent studies on the beneficial effects of rooibos tea have
focussed on antioxidant and antimutagenic properties (Von Gadow et al., 1997a,
1997b; Marnewick et al., 2000; Standley et al., 2001). It is conceivable that these
activities will be influenced by the nature and relative quantities of flavonoids present
in the tea. The large quantitative and qualitative variation described below may
eventualy be of value in the selection and breeding of superior tea types.

2. Materials and methods

Leaf material was collected from ten individual plants of each of 18 populations
of Aspalathus linearis and two populations of A. pendula. Herbarium voucher speci-
mens for each of the populations sampled, as well as accurate locality data recorded
by GPS, are listed in Table 3. Three samples (rarely one or two samples only, in
one case six) of each population (1.0 g rapidly dried, fresh leaves per sample) were
ground to a fine powder and extracted with methanol. Extracts were filtered through
celite and prepared for TLC and HPLC analysis by solid phase extraction on Cig
columns (Machery-Nagel Chromabond(l, 6 ml/1000 mg). Samples were taken to
dryness on arotary evaporator, redissolved in methanol, mixed with an equal volume
of water and subjected to HPLC analysis. The HPLC system for routine analyses
comprised an IB-Sil column (C18, 5 um, 250x4.6 mm, flow rate 1 ml min'%, 20 pl
sample loop). The solvent system was a 30-100% linear gradient of methanol in 1%
acetic acid-water over 20 min. Detection was by diode array detector, using two
channels (A set at 280 + 40 nm, B set at 330 = 70 nm). The presence of aspalathin,
nothofagin, orientin, iso-orientin and rutin was confirmed in two samples by co-
injection with authentic standards (see Joubert, 1996). The identity of some of the
main flavonoids was confirmed by LC-MS. Five selected samples were subjected to
HPLC-MS studies using the following system: Waters 2690 HPLC system
(Phenomenex Agua C,g column, 250x2.1 mm) equipped with both a 996 photodiode
array (PDA) detector and a Thermabeam mass selective detector (TMD) [electron
impact (EI) mode], or alternatively aZ spray mass selective detector (ZMD) [electro-
spray mode]. The TMD detector was operated in electron impact mode with the
ionizer at 70 eV, with again of 10 and scanning a mass range of 50-550 amu. The
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flow rate of the HPLC was 0.2 ml/min and the gas flow through the nebulizer 30
L/h. The nebulizer temperature was 80 °C, the expansion region 90 °C and the source
temperature 225 °C. No flow splitter was used. The ZMD was operated in positive
mode with no flow splitting and an HPLC flow rate of 0.2 ml/min.

Observations on the morphology and fire-survival strategy of Aspalathus popu-
lations were made by one of us (BEVW) during periodic field studies over many
years (since 1983 to the present).

3. Results and discussion
3.1. Morphological variation and infraspecific taxonomy

Aspalathus linearisis an extremely variable species complex with numerous popu-
lations or biotypes (Dahlgren, 1968). These populations or biotypes can be divided
into two basic groups according to their fire-survival strategy (Schutte et al., 1995):
1, Reseeders, which are killed by fire and re-establish through seeds—plants typically
have single stems and an erect growth form; 2, Resprouters, which are not killed by
fire but resprout again from a subterranean lignotuber—they have multiple stems
and often a prostrate growth form. Van der Bank et a. (1995, 1999) have shown
that there are genetic differences between seeding and sprouting populations and that
sprouting may be a derived character that has evolved to ensure survival in a firep-
rone environment. The closely related A. pendula is a reseeding species with a slen-
der main trunk of up to 5 m tal. A similar habit is seen in the arborescent form of
A. linearis, which is also a reseeder. This so-called tree type has glaucous leaves,
similar to the grey resprouters from the Citrusdal area. Flowers vary markedly in
size, shape and colour from one population to the next. The Wuppertha form of the
species (previously subsp. pinifolia), for example, has a pronounced awn at the tip
of the maroon-coloured keel petals. The commercial (cultivated) form of the species
is areseeder with yellow flowers, bright green leaves and an erect, densely branched
growth form. Several populations have the flowers partly or completely reddish to
maroon or mauve.

A preliminary infraspecific classification system for the various biotypes of A.
linearis, based on fire-survival strategy and overall morphology, is given in Table 2.

3.2. Chemical variation in tea types

Most people are familiar with the commercia red tea type, but there are severa
other (wild) types that differ markedly in texture, colour and aroma. The main ones
are the red, grey, black, Wupperthal and yellow types (the last-mentioned is made
from A. pendula). Within each of these basic types there are various subtypes
(populations) with subtle differences in colour and aroma, not unlike the range of
variation found in wine cultivars. Some of these tea types have distinctive phenolic
profiles. The dehydrochalcone aspalathin is the main phenolic compound in the red
tea type, and occurs as the main constituent in many populations of A. linearis.
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Table 2
Suggested infraspecific classification system for Aspalathus linearis. Note that there are significant mor-
phological, genetic and chemical differences amongst populations within each of the basic biotypes

Resprouting types Reseeding types
1. Southern resprouter 4. Red type
Small, 0.2-0.3 m, erect to procumbent; leaves thin, Medium-sized, 0.6-2 m, erect, dense; leaves
bright green, often pubescent; flowers small, bright green; flowers medium-sized, yellow.
yellow.
Populations: Franschhoek Pass Populations: Rocklands
Romansrivier Boskloof
Kriedouw Nardouwsberg
Kriedouw
2. Grey resprouter 5. Black type

Medium-sized, 0.3-0.8 m, erect to procumbent; Medium-sized, 0.6-2 m, erect, sparse; leaves
leaves usudly thick, glaucous, glabrous; flowers ~ medium-sized, greyish-green; flowers medium-

medium-sized, partly yellow, partly reddish. sized, partly yellow, partly reddish.
Popul ations: Elandskloof Populations: Piekenierskloof
Kriedouw

Duiwelskop

3. Northern resprouter 6. Tree type

Medium-sized, 0.3-0.5 m high, up to 0.8 m wide, Large, 2-4 m high, erect, sparse, single-stemmed,;
procumbent; leaves usually medium-sized, green to leaves thick, glaucous; flowers medium-sized,

dlightly glaucous, glabrous; flowers small to partly yellow, partly reddish.
medium-sized, partly to predominantly reddish-

purple.

Populations: Pakhuis Pass Popul ations: Duiwel skop
Gifberg Kriedouw

Nieuwoudtville
7. Wupperthal type (“ssp. pinifolia”)
Medium-sized, 0.5-1.5 m high, dense, erect;
leaves thin, bright green; flowers small, yellow
and maroon-red, with an apiculate carina.

Populations: Biedouw
Eselbank

Several other flavonoids are present, including unique occurrences in some popu-
lations. A summary of the main compounds in 57 plants from 20 populations of A.
linearis and A. pendula is given in Table 3. It can be seen that a high concentration
of rutin, combined with a small amount of a compound tentatively identified as
nicotiflorine and a total absence of aspalathin or any other flavonoids, are character-
istic of A. pendula. Only the southern resprouter from Kriedouw has (unexpectedly)
the same profile, athough trace amounts of aspalathin appear to be present here. In
general, A. linearis has aspalathin as amajor phenolic compound in most populations,
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but occasionally thisis replaced by orientin and isoorientin. The remarkable uniform-
ity within populations is noteworthy—variation, if any, is quantitative only. Most of
the variation is at the level of population — the various tea types show large differ-
ences, and the phenolic profiles are rarely of diagnostic value to differentiate between
tea types. There are no clearcut differences between resprouters and reseeders, and
also not between black, red, grey and tree types.

The two southern resprouting populations (Franschhoek Pass and Romansrivier)
appear to be quite distinct. The combination of aspalathin and the unknown
flavanone/dihydrochal cone X 1 appears to be diagnostic for the Wupperthal type. The
farm Kriedouw near Citrusdal has no fewer than four distinct types and appears to
be a centre of diversity for the species. What is quite remarkable is that the morpho-
logical differences between these types are maintained even though they sometimes
occur in close proximity. During several years of field observations, one of us
(BEVW) has only once seen putative hybrids (three plants) in the narrow zone
between two populations of the red and tree types.

Some populations have unique compounds not found in any others. Examples are
the black type (Piekenierskloof), the Gifberg population and the Boskloof population.
Boskloof has been suggested as one of the possible original seed sources of the
cultivated red tea type, but judging from the HPLC results this seems unlikely. The
Rocklands population has the same phenolic profile as the commercial type, and it
should be quite easy to compare the commercia type with other wild red types,
because the phenolic diversity is unexpectedly high. The Nardouwsberg population
seems misplaced amongst populations of the red type as it has the same main com-
pounds as the black type (Piekenierskloof) even though it lacks the distinctive
unknown flavanone/dihydrochalchone of the latter. Table 3 shows that most popu-
lations have a distinctive “fi ngerprint” of flavonoids and that further exploration of
the total chemical diversity in the species could yield promising results. It may aso
be worthwhile to isolate and identify the unknown compounds, as these may help
to explain more fully the biochemical pathways along which some populations seem
to have diversified.

4. Conclusions

The results show that A. linearis is a remarkably polymorphic species, not only
in terms of morphological and ecological characters but also in its phenolic constitu-
ents. Even though aspalathin is the main compound in most of the tea types, several
populations have orientin, isoorientin, rutin or various other flavonoids as major con-
stituents. Some tea types and several populations can be identified by unique and
distinctive flavonoid profiles. It is clear that growth characteristics and phenolic com-
pounds provide much scope for new crop development and product development in
A. linearis and A. pendula.
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