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a b s t r a c t
Three southern African endemic species of the genus Teucrium, T. africanum, T. kraussii and T. triﬁdum (Lamiaceae)
are used in traditional medicine to treat digestive and respiratory ailments. These three species are poorly studied
with regard to their anatomy, essential oil composition and the scientiﬁc validation of their traditional medicinal
uses. A summary of ethnobotanical information is presented verbatim. Micro-morphological and anatomical
studies of stems, leaves and fruits were done on specimens from three populations of each species using light
microscopy and on specimens from single populations using scanning electron microscopy. Materials from single
populations were used to obtain the essential oils and to prepare water, methanol and dichloromethane–
methanol (1:1) extracts of the different plant parts. These were used for antimicrobial assays to determine the
minimum inhibitory concentrations (MIC) against the bacteria; Bacillus cereus, Escherichia coli, Klebsiella
pneumoniae, Moraxella catarrhalis, Pseudomonas aeruginosa, Staphylococcus aureus and Streptococcus pyogenes.
The composition of the oils was determined by gas chromatography-mass spectrometry (GC-MS). The fruits
are taxonomically important in their surface sculpturing and indumentum to discriminate among the three
species. The surface sculpturing is more prominently reticulate in T. africanum and T. triﬁdum than in
T. kraussii. The trichomes on the stem, leaf and fruit surfaces are peltate, capitate and non-glandular, which are
common in the family and the genus. Sphaerocrystals, which are known to be taxonomically informative, were
present in all three species. The volatile constituents of T. africanum and T. triﬁdum are very similar with
α-cubebene, β-cubebene as main compounds in both species, and β-caryophyllene, δ-cadinene and several
others as minor constituents. Teucrium africanum showed antibacterial activity against E. coli, with an MIC
value of 0.125 mg/ml (dichloromethane: methanol extract) and against S. pyogenes, with an MIC value of
0.16 mg/ml (essential oil). These data at least provisionally validate the traditional uses of Teucrium species to
treat digestive and respiratory ailments.
© 2015 SAAB. Published by Elsevier B.V. All rights reserved.

1. Introduction
The genus Teucrium L. (Lamiaceae/Labiatae) is represented
by about 300 species which are mainly conﬁned to the northern
hemisphere, especially the Mediterranean region. A few other species occur in Australia, South America and Africa. The African representatives are most abundant in north-east tropical Africa, on
the mountains, and range through East Africa to South Africa.
There are three species (T. africanum Thunb., T. kraussii Codd and
T. triﬁdum Retz.) which are endemic to southern Africa and important in traditional medicine (Codd, 1977; Van Wyk, 2008). The
three southern African species have a sympatric distribution
(Fig. 1); however, T. africanum occurs mostly in the Western Cape,
while T. kraussii is distributed along the eastern part of southern
Africa (notably KwaZulu-Natal) and extends into Swaziland.
Teucrium triﬁdum has the widest distribution range, overlapping
with both T. africanum and T. kraussii.

http://dx.doi.org/10.1016/j.sajb.2015.06.008
0254-6299/© 2015 SAAB. Published by Elsevier B.V. All rights reserved.

Southern African Teucrium species can be distinguished from other
Lamiaceae in the region by the combination of a one-lipped corolla,
subequally lobed calyx and the absence of a basal rosette of leaves
(Leistner, 2000). The growth form of all three species is similar, as
seen in Fig. 2 (A1, B1 and C1). Teucrium africanum is a grayish, bushy
shrublet while T. kraussii and T. triﬁdum are both erect soft undershrubs
(Codd, 1985). The leaves of T. africanum and T. triﬁdum (Fig. 2, A2 and
C2) are more or less deeply triﬁd or three-lobed and turn grayish
when dry, while those of T. kraussii (Fig. 2, B2) are entire or fewtoothed towards the apex and usually turn dark brown when dry. According to Thiselton-Dyer (1912) and Codd (1985), T. africanum
(Fig. 2, A3) has peduncles which are usually one-ﬂowered and much
shorter than the internodes while T. triﬁdum and T. kraussii (Fig. 2, B3
and C3) have three- to seven-ﬂowered peduncles, with the cymes
often as long as or longer than the internodes.
According to Menichini et al. (2009), Teucrium species have been
used as diuretics, diaphoretics, antiseptics, antipyretics, antispasmodics,

176
A.K. Ruiters et al. / South African Journal of Botany 102 (2016) 175–185

Fig. 1. The recorded geographical distribution of Teucrium africanum, T. kraussii and T. triﬁdum. Based on all herbarium specimens in the National Herbarium (PRE), J and JRAU.
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Fig. 2. The habit (1), leaves (2) and ﬂowers (3) of Teucrium africanum (A), T. kraussii (B) and T. triﬁdum (C). Photographs of T. africanum and T. triﬁdum by B.-E.Van Wyk and those of
T. kraussii by L. Lofﬂer.

anti-ulcers, antirheumatics, antibacterials, antioxidants, hypoglycemics and antifeedants. Extracts of these species have also been
found to be useful against stomach and intestinal problems, rheumatism, haemorrhoids and renal inﬂammations as well as asthma.
Due to their biological activities, many Teucrium species have been
commercialized and are well-known worldwide. One of these important species is T. chamaedrys L. which is used as a tonic, mouthwash and for diarrhea. It is also popularly used in weight loss
programs (Van Wyk and Wink, 2004). Another species which is
important in folk medicine in Turkey and useful for stomach ailments and to treat wounds is T. polium L. (Darabpour et al., 2010).
Yet another species that has been commercialized is T. marum L.
which is known to be effective in treating “disorders of the head
and nerves” (Lockhart, 1997). Different Teucrium species are
responsible for hepatotoxicity which has been ascribed to neoclerodane diterpenoids, and therefore the use of several medicinal
products is no longer considered safe (Kundaković et al., 2011).
Although the chemical compositions of T. africanum, T. kraussii and
T. triﬁdum are not well-known, neo-clerodane diterpenoids have
been reported: teutriﬁdin and 4α,18-epoxytafricanin A occur in

T. triﬁdum while T. africanum yielded tafricanins A and B (Hanson
and Rivett, 1982; Davies-Coleman et al., 1994).
The aim of this study was to investigate the micro-structural variation,
chemical composition and ethnobotanical uses of the three endemic
species and to validate possible anti-infective properties through antimicrobial assays. This study is a contribution to a larger project on Cape
Herbal Medicine (Van Wyk, 2008) in which an ethnopharmacognostic
approach is followed to record and compare various features and properties of understudied Cape herbal medicines.

2. Materials and methods
2.1. Literature
To comprehensively report the traditional uses of the three southern
African Teucrium species, several literature sources were consulted
as found in Arnold et al. (2002). Smith (1966) was consulted for common names, listed in Table 2 along with synonyms for T. triﬁdum and
T. kraussii (Germishuizen and Meyer, 2003).
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2.2. Materials studied
Fresh and rehydrated material, taken from the herbaria of the
Universities of the Witwatersrand (J) and Johannesburg (JRAU), was
collected for the micro-morphological, anatomical, gas chromatographymass spectrometry (GC-MS) and minimum inhibitory concentration
(MIC) studies. Some of the fresh material was also used to prepare herbarium specimens and these are housed at JRAU. The localities of the nine
populations studied (three of each species) and voucher specimen details
are supplied in Table 1.
2.3. Anatomical procedures
Stem, leaf and fruit material were ﬁxed in formalin–acetic acid–
alcohol (FAA; 10:5:50) for 24 h. Small portions of material were
dehydrated, and then inﬁltrated and embedded in glycol methacrylate
(GMA) according to a modiﬁcation (a ﬁve day ﬁnal inﬁltration) of the
method described by Feder and O’Brien (1968). Sections, 3–5 μm thick,
were cut using an ultramicrotome. Unstained sections were viewed
under polarized light for the presence of any crystals. Sections were
stained using the periodic acid-Schiff/toluidine blue (PAS/TB) method of
Feder and O'Brien (1968). All sections were viewed with a Leitz Wetzlar
light microscope and photographed with a JVC KY-F1030 digital camera
with AcQuis digital imaging software version 4.0.1.7.
FAA material was used to study the fruit surfaces using a scanning
electron microscope (SEM). Fruits were mounted on copper stubs and
gold coated using an Emscope gold coater. These were then viewed
with a Tescan SEM at 8 kV using the VegaTC software program and
photographed with an Oxford instruments X-Max camera.
2.4. Distillation and analysis of essential oils
The aerial parts were air-dried and the volatile oil was isolated
by hydrodistillation using a Clevenger type apparatus for 3 h. About
500 g of each sample was used. The oil was then collected and the
yield determined before storage at 7 °C.
This oil was analyzed by gas chromatography using a GC-MS system
with a ﬂame ionization detector (FID). An Agilent 6890N coupled directly to a 5973 mass spectrometry system equipped with an HP-Innowax
polyethylene glycol column (60 m × 250 μm i.d. × 0.25 μm ﬁlm
thickness) was used under the following conditions: the oven temperature program was 60 °C for the ﬁrst 10 min, rising to 220 °C at
a rate of 4 °C/min and held for 10 min and then rising to 240 °C at
a rate of 1 °C/min. Helium was used as a carrier gas at a constant
ﬂow of 1.2 ml/min and a volume of 1 μl of oil (20% diluted in hexane)
was injected (using a split ratio of 200:1) with an autosampler at 79 psi
and an inlet temperature of 250 °C. Spectra were obtained by electron impact at 70 eV, scanning from 35 to 550 m/z. The percentage compositions

of the individual components were obtained from electronic integration
measurements using a ﬂame ionization detector (FID, 250 °C). A standard
selection of n-alkanes were used as reference points in the calculation of
relative retention indices (RRI) and component identiﬁcations made by
comparing mass spectra and retention indices. Library searches were carried out using NIST®, Mass Finder® and Flavour® libraries and retention
indices (Kamatou et al., 2010).
2.5. Antimicrobial studies
Some of the most frequently reported uses for the three Teucrium
species are for stomach and respiratory ailments as well as for wound,
eye and urinary tract infections. Selected pathogens related to these
uses were tested. These include Bacillus cereus ATCC 11778 (stomach
problems), Escherichia coli ATCC 8739 (stomach and urinary tract infections), Klebsiella pneumoniae ATCC 13883 (respiratory tract and wound
infections), Moraxella catarrhalis ATCC 23246 (respiratory tract infections), Pseudomonas aeruginosa ATCC 27858 (urinary tract and wound
infections), Staphylococcus aureus ATCC 25923 (wound infections) and
Streptococcus pyogenes ATCC 8668 (throat infections) (Bannister et al.,
2000; Mandell et al., 2005).
The method described by Eloff (1998) was used to determine the
MIC value of water, methanol and dichloromethane–methanol (1:1) extracts and essential oils, using a micro-dilution technique. Extracts were
prepared according to Hulley et al. (2010).
The methanol, dichloromethane–methanol (1:1) extracts and essential oils were diluted in acetone and the water extracts were diluted
in water. The method used to apply the prepared extracts and oils to the
microtiter plates as well as the incubation of the cultures is described in
more detail in Hulley et al. (2010).
A volume of 100 μl of sterile water was transferred into each well.
After this, 100 μl of the extracts or oils was added to the ﬁrst row across
the columns in duplicate at starting concentrations of 32 mg/ml along
with the positive control ciproﬂoxacin, which was made up to a concentration of 0.01 mg/ml, the negative control (acetone made up with
water) and the culture control. The culture control was a Tryptone
Soya broth for all the bacteria except S. pyogenes, where a MuellerHinton broth (MHB) containing 2.5% sheep blood was used. A serial dilution was then undertaken and 100 μl of the bacterial cultures was
added to each well. The bacterial cultures were diluted to an approximate inoculum range of 1 × 106 colony forming units (CFU)/ml. The microtiter plates were sealed and incubated overnight.
After incubation, the color reagent ρ-iodonitrotetrazolium chloride
(INT) was prepared (0.4 mg/ml) and 40 μl was transferred into each
well. After 3 h, bacterial growth was determined by a pink color change.
For S. pyogenes, no INT was added since the growth of the pathogen
causes hemolysis of the blood cells and if blood is still present in the
well, the bacteria were inhibited and therefore did not rupture the red

Table 1
Voucher specimen numbers and locations of the herbarium specimens of Teucrium species and what each was used for.
Species and locality

Vouchers

Used for

T. africanum
SW Cape, Bredasdorp District, near Napier
Zuurberg National Park, Kabouga River bed, Eastern Cape
In collibus pr. Riversdale

B.-E. Van Wyk 5723 (JRAU)
B.-E. and M. Van Wyk 1812 (JRAU)
R. Schlechter 1793, 1799 (fruits) (J)

A, MIC, GC-MS
A
A

T. kraussii
Swaziland, Paraglide Koppie, old road to Hawane
Mpumalanga
Near Durban

L. Lofﬂer s.n. (JRAU)
K. Balkwill, M.-J. Balkwill, D. Goyder and A. Paton 10888 (J)
Miss Brueckner 5582 (J)

A, MIC, GC-MS
A
A

T. triﬁdum
Gauteng, Pretoria, Moreleta Spruit hiking trail
Gauteng, Johannesburg, Melville Koppies Nature Reserve (eastern side)
Zuurberg National Park, Eastern Cape

Ruiters and Van Wyk RvW001 (JRAU)
A. De Castro 388 (JRAU)
B.-E. and M. Van Wyk 942 (JRAU)

A, MIC, GC-MS
A
A

A = anatomy; MIC = minimum inhibitory concentration; GC-MS = gas chromatography-mass spectrometry; J = herbarium of the University of the Witwatersrand; JRAU = herbarium
of the University of Johannesburg.
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Table 2
A literature review of the traditional uses of Teucrium africanum, T. kraussii and T. triﬁdum as recorded since 1895.
Teucrium africanum Thunb. [Afrikaans: akkedispoot (Watt and Breyer-Brandwijk, 1932), ambeibossie, bitterbossie, paddaklou (Smith, 1966), aambeibitterbos (Palmer, 1985);
Dutch: padde klauw; Xhosa: ubuHlungu, ubuHlungu-benyushu (Smith, 1895)]
Smith (1895): “It is the chief plant relied on by the Gcalekas as an antidote to snakebite. It is also used in Pondoland and among the Tembus. They [black people] employ it in
cases of bite by a puff-adder.”; “Used for glanders [inﬂamed glands] in horses.”; “Its various uses point to its being a germ-killer.”; “It is employed in disinfecting milt ziek
[anthrax infected] meat.”; “Tonic properties”.
Githens (1948): “[leaves] Tonic, snakebite, sore throat”; “[essential oils] Carminative, anti-colic, anti-catarrh”.
Watt and Breyer-Brandwijk (1932, 1962): “The Xhosa and Mfengu drink an infusion of the leaf of Teucrium africanum Thunb. for snakebite and as a tonic. They also sterilize
anthrax- infected meat by boiling it with the plant although Hewat states that the plant is used in this regard rather as a condiment. The Gcaleka, Mpondo and Thembu use it
as a snakebite remedy, while the dry bark is used by some Africans as a tonic. For the bite of small very venomous snakes Leonotis leonurus is mixed with the Teucrium in
making the remedy. Sometimes the Xhosa administer a decoction of the plant with Rumex sp. prob. Rumex crispus for the treatment of anthrax. In the Willowmore district a
strong decoction is drunk in the treatments of haemorrhoids and is often applied locally for the same condition. The decoction is frequently taken as a diaphoretic in
feverishness. The African in the Butterworth district either chews the leaf or swallows a decoction of the leaf for the relief of sore throat. A decoction of the plant has also been
used as a remedy for gall-sickness in the calf and the goat. In the neighbourhood of Pearston C.P. the plant is used as a remedy for stomach disorders. Dragendorff long ago
recorded the use of the plant in South Africa in eye inﬂammations. The leaf is said to contain a volatile oil.”
Codd (1985): “The southern African species are used medicinally for stomach disorders and haemorrhoids as well as for treating snakebite and meat suspected of being infected
with anthrax.”
Palmer (1985): “Amongst the most famous of all remedies (for snakebites)”; “Blood puriﬁer”.
Rood (1994, 2008): “Die swart mense drink ‘n afstreksel van die blare vir slangbyt en seer keel. In Willowmore se wêreld is ‘n sterk brousel van die plant vroeër gedrink vir
aambeie.” [The black people drink an infusion of the leaves against snakebite and a sore throat. In the Willowmore region, strong decoction of the plant was formerly drunk
against piles.]
Neuwinger (2000): “To sterilize anthrax-infected”; “meat: meat is boiled with the plant”; “Hemorrhoids: a strong plant decoction is drunk and applied locally”; “Sore throat:
leaf is chewed or leaf decoction is swallowed”; “Snakebite”; “Tonic: leaf infusion is drunk”; “Gall sickness in calves and goats, diaphoretic when fevered: plant decoction is
drunk.”
Van Wyk (2008): “tonic, sore throat; hot infusion for snake bite; leaf paste for tooth ache”.
Van Wyk et al. (2009): “Teucrium species are considered to have diaphoretic, carminative and slight purgative activities”; “a popular tonic use”.
2011. Herbarium sheet (B-E. Van Wyk 5723, JRAU): “Back pain”.
Van Wyk (2011): “Indigestion, colds, fever, general tonic (leaves)”.
Teucrium kraussii Codd. (Previously T. riparium Hochst.) [Xhosa: ubuHlungu (Watt and Breyer-Brandwijk, 1932, 1962); Zulu: isiHlungu (Hutchings et al., 1996); Swati:
umnunuwenkkhangala (Adeniji et al., 1998)]
Githens (1948): “(leaves) Snakebite, emetic, (essential oils) carminative, anti-colic, anti-catarrh”.
Watt and Breyer-Brandwijk (1932, 1962): “The Zulu take a strong infusion as an emetic in snakebite, while the Xhosa and Mfengu use a decoction as a tonic”.
Codd (1985): “Plant is used by native tribes in the eastern Cape Province to counteract anthrax by boiling the plant with meat suspected of being infected, while an infusion is
taken to cure snake-bite and as a tonic.”
Palmer (1985): “Blood puriﬁer”.
Hutchings et al. (1996): “Zulu medicinal usage. Strong infusions are taken as emetics for snakebite.”; “Other medicinal usage. Plant decoctions are used as tonics by the Xhosa
and Mfengu. Plants are boiled with meat to counteract suspected anthrax in the eastern Cape.”
Adeniji et al. (1998): “The leaves are used to treat lethargy”; [citing traditional healer S. Mabuza]: “Grind 5 g of fresh or dried leaves and mix with one litre of water. Take one
table spoon orally as required for a week. Vomiting may occur”.
Neuwinger (2000): “Snakebite: strong plant infusion is drunk as an emetic.”; “Tonic: plant decoction is drunk. Plant is boiled with meat to counteract suspected anthrax.”
Van Wyk et al. (2009): “Teucrium species considered to have diaphoretic, carminative and slight purgative activities”; “a popular tonic use”.
Molander et al. (2014): “Used in traditional treatment of snakebite induced tissue necrosis”.
Teucrium triﬁdum Retz. (Previously T. capense Thunb.) [Afrikaans: aambeibossie, akkedispoot, kaaitjiedrieblaar, koorsbossie, maagbossie (Smith, 1966), paddaklou (Van Wyk et al.,
2009); English: Dutchman’s fever plant (Smith, 1966), lizards foot (Palmer, 1985)]
Githens (1948): “(leaves) Tonic, snakebite, fever, (essential oils) Carminative, anti-colic, anti-catarrh”.
Watt and Breyer-Brandwijk (1932, 1962): “Teucrium capense is a popular remedy among the older Dutch folks. Brandy in which the plant has been soaked is taken as a
stomachic in indigestion and tonic and a tea-like infusion is drunk for the relief of haemorrhoids. Both European and African take a decoction for fever and inﬂuenza. The
Xhosa use an infusion as a snake-bite remedy and for sore throat and to sterilize anthrax-infected meat by boiling it with the plant. Both the Xhosa and Gcaleka regard the
plant as a tonic. Hewat states that it is a carminative. An infusion of the leaf is used by the European as a diabetes remedy and is said to be slightly purgative. Externally a
preparation of the plant is applied locally for whitlow, and bee sting and to aid the healing of wounds.”
Codd (1985): “Widely used medicinally for dysentery and haemorrhoids. It is also used by native tribes to treat snake-bite and as a measure against anthrax by boiling it with
meat which is thought to be infected.”
Palmer (1985): “Like the others, it is much prized as a blood puriﬁer, and is used in a decoction for piles. All are tonics: Andrew Smith wrote of “a gentleman in shattered health
who could not eat, sleep nor walk to his ofﬁce, who drank Teucrium tea and was cured”.; “Believed to have disinfectant and tonic properties”; “used for digestion, colds, sore
throats. Africans boil the plant with anthrax-infected meat to disinfect it.”
Ellis (1989): “(Leaves) external application and other”.
Rood (1994, 2008): “T. triﬁdum was gewilde medisyne by die Nederlandse families. Die swart sowel as witmense drink ‘n aftreksel vir koors, griep en aambeie. Die witmense het dit in
brandewyn geweek, deur gesyg en as middel teen slegte spysvertering of as tonikum gebruik. Hulle het ‘n aftreksel van die blare ook gedrink vir suikersiekte, fyt, bysteek en ander
wonde terwyl swartmense dit onder meer vir slangbyt en seer keel aangewend het.” [T. triﬁdum was a popular medicine amongst Dutch families. The black as well as the white
people drank an infusion for fever, inﬂuenza and haemorrhoids. The white people soaked it in brandy and used it ﬁltered as a remedy for indigestion or as tonic. They also
drank an infusion of the leaves for diabetes, whitlow, bee sting and other wounds, while black people applied it for, amongst others, against snakebite and sore throat.]
Van Wyk et al. (2008): “Colds, back pain, bladder problems in woman – drink an infusion of the herb. Colds and inﬂuenza – drink an infusion. Fever in sheep and cattle. The
three South African species are widely used as general tonics.”
Van Wyk (2008): “tonic, sore throat; hot infusion for snake bite; leaf paste for tooth ache”.
Van Wyk et al. (2009): “Brandy tinctures of T. triﬁdum are an old Cape remedy for indigestion and were used as a general tonic. The other two species are also well recorded as
having a popular tonic use. Infusions are taken to treat haemorrhoids while decoctions are still popular in rural areas to treat colds, fever and inﬂuenza. The plant has been
used to treat snakebite, back pain, bladder ailments, sore throat and diabetes and applied externally to alleviate whitlow and bee sting. A leaf paste has been used to treat
toothache. Tinctures, infusions or decoctions are traditionally used.”
Van Wyk (2011): “Indigestion, colds, fever, general tonic (leaves)”.

blood cells. Where the hemolysis of the blood was not certain, the samples were streaked out and incubated overnight to determine the presence or absence of bacterial growth.
The MIC values of the different extracts, oils and controls were determined according to the starting concentrations. The values were then
averaged and the ﬁnal MIC values were recorded.

3. Results and discussion
3.1. Ethnobotany
A comprehensive list of ethnobotanical uses for the three southern African Teucrium species described in the literature is quoted
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Fig. 3. Leaf trichomes found in the three Teucrium species: (A) non-glandular trichome of T. triﬁdum; (B) peltate gland of T. kraussii; (C) capitate gland with one-celled head on T. africanum
and (D) capitate gland with two-celled head on T. triﬁdum. Vouchers: (A) Ruiters and Van Wyk RvW001 (JRAU); (B) Lofﬂer s.n. (JRAU); (C) Schlechter 1793 (J); (D) De Castro 388 (JRAU). For
localities see Table 1. Scale: 0.04 mm.

verbatim and chronologically in Table 2. From these sources it
is clear that these plants are commonly used among many African
cultures such as the Xhosa and Mfengu people as well as older

people of Khoisan and Dutch ancestry. The three species are mostly regarded as having similar medicinal uses which especially include their use as a tonic, for snakebites and to disinfect anthrax-

Fig. 4. Cross section of stems in (A) Teucrium africanum, (B) T. kraussii and (C) T. triﬁdum showing the distribution of tissues. Vouchers: (A1) Schlechter 1793 (J); (A2) Van Wyk 5723 (JRAU);
(A3) Van Wyk 5723 (JRAU); (A4) Van Wyk and Van Wyk 1812 (JRAU); (A5) Van Wyk and Van Wyk 1812 (JRAU); (B1) Balkwill et al. 10888 (J); (B2) Brueckner 5582 (J); (B3) Lofﬂer s.n. (JRAU);
(B4) Lofﬂer s.n. (JRAU); (C1) De Castro 388 (JRAU); (C2) De Castro 388 (JRAU); (C3) Ruiters and Van Wyk RvW001 (JRAU); (C4) Ruiters and Van Wyk RvW001 (JRAU); (C5) Van Wyk and Van
Wyk 942 (JRAU); (C6) Van Wyk and Van Wyk 942 (JRAU). For localities see Table 1. Scale: 0.7 mm.
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Fig. 5. Cross section of leaves showing the distribution of tissues in (A) Teucrium africanum, (B) T. kraussii and (C) T. triﬁdum. Vouchers: (A1) Schlechter 1793 (J); (A2) Van Wyk 5723 (JRAU);
(A3) Van Wyk and Van Wyk 1812 (JRAU); (B1) Balkwill et al. 10888 (J); (B2) Brueckner 5582 (J); (B3) Lofﬂer s.n. (JRAU); (C1) De Castro 388 (JRAU); (C2) Ruiters and Van Wyk RvW001 (JRAU);
(C3) Van Wyk and Van Wyk 942 (JRAU). For localities see Table 1. Scale: 0.2 mm.

infected meat. Just as frequently mentioned is their use for stomach
disorders, sore throats, eye infections, bladder problems and to
treat wounds, all of which could be provisionally validated by antimicrobial tests.

3.2. Micro-morphology and anatomy
Non-glandular trichomes as well as peltate and capitate glands, the
latter with one-celled or two-celled heads (Fig. 3), were observed on

Fig. 6. Cross sections of parts of leaves as viewed under normal light (left) and polarized light (right) showing the characteristic distribution of sphaerocrystals of (A) Teucrium africanum
where the crystals are found in the epidermal cells; (B) T. kraussii where the crystals are found in the mesophyll (not to be confused with the cluster of vessels which also shows birefringence) and (C) T. triﬁdum where the crystals are also found in the epidermal cells. Vouchers: (A) Schlechter 1799 (J); (B) Lofﬂer s.n. (JRAU); (C) De Castro 388 (JRAU). For localities see
Table 1. Scale: 100 μm.
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Fig. 7. Cross sections of young and mature fruits of the three Teucrium species showing the distribution of tissues as well as surface sculpturing of (A) T. africanum, (B) T. kraussii and
(C) T. triﬁdum. Vouchers: (A1) Schlechter 1799 (J); (A2) Van Wyk 5723 (JRAU); (A3) Van Wyk and Van Wyk 1812 (JRAU); (B1) Brueckner 5582 (J); (B2) Balkwill et al. 10888(J); (B3) Lofﬂer
s.n. (JRAU); (C1) De Castro 388 (JRAU); (C2) Ruiters and Van Wyk RvW001 (JRAU); (C3) Van Wyk and Van Wyk 942 (JRAU). For localities see Table 1. Scale: 0.7 mm.

the stems and leaves of all three species. These four trichome types are
common in other members of the genus (Lakušić et al., 2010). All four
types of trichomes occur on both leaf surfaces, but the non-glandular
trichomes on the abaxial surfaces are denser and longer than those on
the adaxial surfaces.

As with most Lamiaceae, the stems are characteristically square in
cross section, as clearly seen in younger stems (Fig. 4). All three species
show a similar distribution of tissues with an abundance of collenchyma
strengthening the corners of the young stems. Large parenchymous
cells ﬁll the pith of all the stems.

Fig. 8. Scanning electron micrographs showing the fruit surface of (A) Teucrium africanum with a prominently reticulate sculpturing, glands and a lack of hairs; (B) T. kraussii with a less
prominent reticulate sculpturing, glands and distal hairs and (C) T. triﬁdum with a prominently reticulate sculpturing, glands and hairs. Vouchers: (A) Van Wyk 5723 (JRAU); (B) Lofﬂer s.n.
(JRAU); (C) Van Wyk and Van Wyk 942 (JRAU). For localities see Table 1. Scale: 500 μm.
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Table 3
The composition of hydrodistilled essential oils of Teucrium africanum and T. triﬁdum as
analyzed by gas chromatography-mass spectrometry (GC-MS). RRI = relative retention
index; FID = ﬂame ionization detection.
RRI

Compounds

1160
1435
1447
1453
1468
1470
1493
1511
1517
1533
1540
1573
1576
1591
1594
1596
1604
1637
1644
1647
1660
1674
1694
1703
1723
1728
1741
1763
1763
1768
1789
1798
1844
1895
1926
1930
1942
1948
1956
1971
1993
2010
2037
2050
2074
2080
2090
2108
2141
2185
2199
2201
2218
2268
2287
2340
2355

α-Phellandrene
1,3-Octadiene
1-Octen-3-ol
α-Cubebene
Cyclosativene
Bicycloelemene
α-Copaene
α-Bourbonene
β-Bourbonene
α-Gurjunene
β-Cubebene
Aristolene
β-Ylangene
β-Elemene
β-Copaene
β-Caryophyllene
Aromadendrene
Cadina-3,5-diene (T)
γ-Amorphene
alloAromadendrene
7Bh, 10bH-Cadina-1(6)4-diene(T)
α-Humulene
γ-Muurolene
Ledene
Bicyclosesquiphellendrene
α-Muurolene
Bicyclogermacrene
δ-Cadinene
Pathoulene*
γ-Cadinene
Cadina-1,4-diene
α-Cadinene
cisCalamanene
epiCubebol
Calamanene
α-Calacorene
Cubebol
Palustrol
Unknown 1
γ-Calacorene
α-Calacorene
Caryophyllene oxide
Axenol
Ledol
Cubenol
1-epiCubenol
Globulol
Unknown 2
Spathulenol
T-Cadinol
T-Muurolol
α-Cadinol
Unknown 3
Unknown 4
4aH10ahguia-1-(5)-6-diene
4bH10ahguia-1-(5)-6-diene
Unknown 5
Total

Percentage area calculated
from the FID
T. africanum

T. triﬁdum

–
0.1
–
29.3
0.1
–
3.2
0.1
1.1
1.7
20.5
0.3
–
–
–
1.6
0.3
–
–
–
–
0.1
0.4
0.4
3.2
0.8
–
3.0
3.7
2.0
0.5
–
–
–
4.0
–
–
–
2.4
–
0.3
–
–
–
–
–
–
2.1
–
–
–
–
1.2
5.0
1.3
0.9
2.0
91.6

tr
–
tr
11.4
–
1.1
1.4
0.8
–
1.4
31.1
–
0.4
0.2
0.3
7.7
tr
0.4
0.1
0.2
0.5
1.3
0.3
0.4
4.2
0.6
4.2
5.2
–
1.3
1.0
0.2
0.5
4.2
–
0.1
3.5
0.2
–
0.1
–
0.9
0.2
1.1
0.8
1.1
0.4
–
1.6
1.4
0.3
2.1
–
–
–
–
–
94.4

RRI = relative retention index; tr = trace amount (b0.05%).

The leaves of all three species are anatomically similar (Fig. 5). The
one-layered palisade parenchyma, however, is seen to have larger intercellular spaces in T. kraussii than in the other two species. The leaves
were found to be hypostomatic, the midribs rounded, the outer epidermal cell walls thick, the trichomes relatively dense and the palisade
mesophyll layer thick (occupying a relatively high proportion of the mesophyll width in cross section). According to Dinc et al. (2008) these features all indicate xeromorphy.
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Sphaerocrystals are easily identiﬁed in the epidermal cells of
T. africanum and T. triﬁdum. In T. kraussii however, they are only visible
under polarized light since they are found in the mesophyll of the leaves
where they can be masked by chloroplasts. The distribution of
sphaerocrystals in all three species is shown in Fig. 6. Sphaerocrystals
have a restricted occurrence and therefore a high diagnostic value
(Dinc et al., 2008).
Fig. 7 shows the distribution of tissues in the fruits among the different populations of the three species which appear to be very similar.
A more prominently reticulate surface sculpturing is found in the fruits
of T. africanum and T. triﬁdum than in T. kraussii (Fig. 8). This difference
in surface sculpturing is visible in the cross sections (Fig. 7). All three
species are highly glandular and all three types of glands are found on
the fruits. Both T. kraussii and T. triﬁdum have hairs on their fruit surfaces, with T. triﬁdum being densely hairy and T. kraussii only having
hairs on the distal surface.
3.3. Essential oil composition
The leaves of all three species are known to contain volatile oils
(Watt and Breyer-Brandwijk, 1932, 1962). The composition of these
oils, however, has not previously been investigated and the chemistry
of the three species is not well-known (Van Wyk et al., 2009). The yields
of the essential oils from each of the plants after distillation were very low
and T. kraussii did not yield enough oil to be analyzed by GC-MS. The composition and main compounds of the essential oils of T. triﬁdum and
T. africanum were determined, as shown in Table 3.
The two main compounds found in T. triﬁdum are β-cubebene with a
percentage area of 31.1 and α-cubebene with a percentage area of 11.4.
A relatively large amount of β-caryophyllene was also present (percentage area of 7.7). In T. africanum the main compounds are β-cubebene
with a percentage area of 20.5 and α-cubebene with a percentage
area of 29.3. In this case a lower yield of β-caryophyllene was obtained
(percentage area of 1.6). Alcohols such as 1-octen-3-ol and T-muurolol
are found in T. triﬁdum while there are no alcohols found in the oil of
T. africanum. Another compound only found in T. triﬁdum is the oxygenated sesquiterpene caryophyllene oxide. The sesquiterpene hydrocarbons β-caryophyllene, α-humulene, δ-cadinene and γ-cadinene are
found in both species. Of the 44 compounds in T. triﬁdum, 14 of
them are found to be in common with the 29 compounds found in
T. africanum and three of these are of the main compounds found
in both species.
3.4. Antimicrobial studies
According to Fabry et al. (1998) extracts with MIC values below
8 mg/ml can be assumed to have some antimicrobial activity and it
is noteworthy when natural products have an MIC value below
1 mg/ml (Gibbons, 2004; Rios and Recio, 2005). Essential oils with
an MIC value of 2 mg/ml or lower are also considered noteworthy
(Van Vuuren, 2008). Other authors such as Eloff (2004), Cos et al.
(2006) and Gertsch (2009) suggested other cut-off points for
considering antimicrobial activity to be noteworthy. As seen in
Table 4, T. africanum showed noteworthy activity against E. coli
(leaf, dichloromethane–methanol extract) with an MIC value of
0.125 mg/ml and S. pyogenes (essential oil) with an MIC value of
0.16 mg/ml. Teucrium kraussii had noteworthy activity against
S. pyogenes (leaf, methanol extract) with an MIC value of 0.8 mg/ml.
Teucrium triﬁdum showed noteworthy activity against S. aureus (essential
oil) with an MIC value of 2 mg/ml and against P. aeruginosa (fruit, dichloromethane–methanol extract) with an MIC value of 0.5 mg/ml.
These results should be viewed as preliminary because only two
replicates were used.
These results do seem to validate some of the traditional uses
(assuming a bacterial involvement) of the three Teucrium species for
stomach complaints and urinary tract infections (E. coli), respiratory
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Table 4
The minimum inhibitory concentrations (MIC's) in mg/ml for the extracts and essential oils of Teucrium africanum, T. kraussii and T. triﬁdum.
Sample

B. cereus ATCC
11778

E. coli ATCC
8739

K. pneumoniae ATCC
13883

M. catarrhalis ATCC
23246

P. aeruginosa ATCC
27858

S. aureus ATCC
25923

S. pyogenes ATCC
8668

Teucrium africanum
(S) H2O extract
(S) MeOH extract
(S) MeOH:CH2Cl2 extract
(L) H2O extract
(L) MeOH extract
(L) MeOH:CH2Cl2 extract
(F) H2O extract
Essential oil

4.0
N8.0*
4.0
8.0
3.0
1.0
N8.0
N8.0

4.0
6.0
3.0
4.0
2.0
0.125
N8.0
4.0

2.0
4.0*
4.0
2.0
4.0
2.0
N8.0
4.0

6.0
8.0*
4.0
8.0
4.0
4.0
N8.0
N8.0

N8.0
N8.0*
4.0*
N8.0
4.0
2.0
N8.0
N8.0

1.0
3.0
2.0
2.0
1.0
2.0
N8.0
N8.0

5.3
X
X
4.0
1.0
1.0
6.0
0.16

Teucrium kraussii
(S) H2O extract
(S) MeOH extract
(S) MeOH:CH2Cl2 extract
(L) H2O extract
(L) MeOH extract
(L) MeOH:CH2Cl2 extract
(F) H2O extract
Essential oil

3.0
6.0
X
2.0
3.0
2.0
N8.0
X

6.0
4.0*
2.0
2.6
1.0
1.0
N8.0
X

6.0
4.0
X
4.0
1.6
2.0
N8.0
X

6.0
6.0
X
8.0
4.0
4.0
8.0
X

N8.0
8.0*
X
8.0
1.0
1.0
N8.0
X

2.0
4.0
1.0
1.5
1.0
1.0
3.0
X

2.0
X
X
6.6
0.8
X
4.0
4.0

Teucrium triﬁdum
(S) H2O extract
(S) MeOH extract
(S) MeOH:CH2Cl2 extract
(L) H2O extract
(L) MeOH extract
(L) MeOH:CH2Cl2 extract
(F) H2O extract
(F) MeOH extract
(F) MeOH:CH2Cl2 extract
Essential oil
Ciproﬂoxacin (μg/ml)
Negative control

2.0
N8.0
X
4.0
4.0
1.5
N8.0
2.0
2.0
4.0
0.31
N8.0

2.0
N8.0
X
2.0
1.0
1.0
N8.0
4.0
4.0
4.0
0.63
N8.0

2.6
N8.0
X
8.0
2.0
2.0
N8.0
2.0
4.0
4.0
0.63
N8.0

8.0
N8.0
X
8.0
8.0
3.0
N8.0
4.0
4.0
N8.0
0.63
N8.0

8.0
N8.0
X
8.0
4.0
4.0
8.0
4.0
0.5
N8.0
0.63
N8.0

N8.0
4.0
1.0*
6.0
1.3
1.0
1.0
2.0
2.0
2.0
0.63
N8.0

X
4.0
X
8.0
4.0
4.0
8.0
1.0
X
3.6
0.31
4.0

* = 1 determination only due to limited availability of sample (low yield); X = no MIC undertaken due to limited availability of sample; S = stems; L = leaves; F = fruits.

problems (S. pyogenes and K. pneumoniae) and wound infections
(S. aureus and P. aeruginosa). According to Watt and Breyer-Brandwijk
(1932, 1962), “in the neighbourhood of Pearston C.P. the plant
[T. africanum] is used as a remedy for stomach disorders” and Rood
(1994, 2008) documented that the black people drink an infusion
of the leaves [of T. africanum] to treat snakebite and sore throat
(Table 2). From the results, it can be seen that T. africanum does have activity against a bacterium that causes stomach problems (E. coli) as well
as one that causes throat infections (S. pyogenes). Teucrium kraussii is
“believed to have disinfectant and tonic properties; used for digestion,
colds, [and] sore throats” (Palmer, 1985). Since it showed activity
against S. pyogenes, the claim that it can be used for sore throats appears
to be valid. Watt and Breyer-Brandwijk (1932, 1962) reported that
“externally a preparation of the plant [T. triﬁdum] is applied locally for
whitlow, and bee sting and to aid the healing of wounds”. Van Wyk
et al. (2008) reported the use of this plant as an infusion for treating
bladder problems in women. The results showed the validity of these
claims since T. triﬁdum was found to be active against S. aureus which
causes wound infections as well as P. aeruginosa which could be responsible for urinary tract infections.
Leaves are mostly used, less frequently dry bark or whole plants
(Watt and Breyer-Brandwijk, 1932, 1962; Rood, 1994, 2008). The
use of fruits or fruiting material is not mentioned in the literature
and it is therefore noteworthy that the dichloromethane–methanol
extract of the fruit had activity against P. aeruginosa (MIC value of
0.5 mg/ml).
According to Van Wyk et al. (2009) decoctions, tinctures and infusions of the three Teucrium species are used. Hydro-alcoholic extracts
would extract a wider range of polar compounds as well as non-polar
compounds (e.g. essential oils), as is reﬂected in the MIC results. The
MeOH extracts, for example, were more active than the non-polar extracts and also the essential oil samples.

4. Conclusions
The three Teucrium species are known to be used, from limited published information, mainly for digestive and respiratory ailments. Ethnobotanical ﬁeld surveys are likely to yield new data on these plants
and their uses. The species are very similar morphologically and anatomically with their main differences being found in the distribution
of sphaerocrystals in their leaves and also the surface sculpturing and
distribution of hairs on their fruits. The extracts and essential oils of
the three species have been found to be active against some important
pathogens with the most noteworthy activities being for T. africanum
against E. coli with an MIC value of 0.13 mg/ml and S. pyogenes with
an MIC value of 0.16 mg/ml. Teucrium kraussii had noteworthy activity
against S. pyogenes with an MIC value of 0.8 mg/ml and T. triﬁdum
showed noteworthy activity against S. aureus with an MIC value of
2 mg/ml and P. aeruginosa with an MIC value of 0.5 mg/ml. These activities provisionally validate the medicinal uses of these three species
for ailments such as stomach disorders, sore throats, bladder problems
and to treat wounds. As shown by GC-MS, the main compounds in the
essential oils of T. africanum and T. triﬁdum are α-cubebene and βcubebene, with β-caryophyllene and several others as minor constituents. These species should be further investigated with regards to
their chemical composition and the activity of individual compounds
in contributing to the medicinal properties.
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