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Safety of Artemisia afar has been a controversial issue due to its high thujone content. Despite the declaration of the World 
Health Organization in the 1970s of the plant being unsafe for consumption, it is still commonly used in folklore medication in 
South Africa, especially in winter. Essential oils were isolated by hydrodistillation from the twigs of A. afra plants from 
different locations in the Eastern Cape, Free State and KwaZulu-Natal. Analyses of the oils by GC and GCMS revealed 
compositional variations in the levels of α-and β-thujone, 1,8-cineole and camphor. α-Thujone was the major component of the 
essential oils of A. afra from Philippolis (Free State) and Keiskammahoek (Eastern Cape) (62-74%), while the camphor content 
was very low (≤ 0.1-0.6%). The samples from Gqumahshe, Hogsback (Eastern Cape) and Empangeni (KwaZulu Natal) had 
low α-thujone contents (3.7-20.0%) while 1,8-cineole (13.0-49.5%) and camphor (13.9-21.2%) were the main components of 
the essential oils. It was further observed that the concentration of α-thujone increased significantly in the dry leaves when 
compared with the fresh leaves. This implies that fresh leaves are better used for infusion than dry leaves. This study reveals 
that not all A. afra contain high concentrations of α- and β- thujone.  
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Most Artemisia species, like other medicinal essential 
oil plants, such as Salvia officinalis (sage), Tanacetum 
vulgare (tansy), Thuja occidentalis (yellow cedar), 
Juniperus species (junipers), Chamaecyparis species 
(cypresses), and Achillea millefolium (yarrow), are 
classified as been toxic due to their high thujone 
content [1a]. Essential oils containing thujone have 
been used in traditional medicine in treating common 
cold (cedar leaf oil, wormwood oil), as anthelmintics 
(tansy, wormwood, mugwort), for digestive problems 
and as carminatives (sage, cedar, tansy, mugwort), 
and for the treatment of fever, cough, rheumatism and 
acne (cedar) [1a-1d,2a].  
 
Artemisia afra Jacq. (umhlonyane), family 
Asteraceae, known as African woodworm, is one of 
the plants most widely used in herbal remedies in 
Southern Africa due to its availability throughout the 
year [2b-2c]. The herb is used to treat various types of 
chest infections, cough, cold, colic, heartburn, 
flatulence, whooping cough and gout. Most often, the 

leaves and stems are used in the form of either a tea 
(infusion) or decoction [2b,3a-3c]. Furthermore, the 
plant is used to treat patients with asthma (as an 
inhalation therapy) and respiratory infections 
(infusion therapy) in the Hospice Clinic within the 
KwaZulu-Natal region. 
 
A. afra has been reported to contain α- and β-thujone 
in high concentrations [2c,3b-3d]. Thujone has been 
identified as a volatile organic compound emitted by 
vegetation to the atmosphere [3e]. Plants containing 
thujone, when used regularly and in large quantities, 
in addition to causing yellow-tinged vision, produce 
behavioral changes, convulsions, brain cortex lesions 
and renal failure [3f,3g]. Symptoms of prolonged 
ingestion include vomiting, restlessness, convulsion 
and fatty degeneration of the liver.  HHoowweevveerr,,  tthhee  
ssolubility of thujone in water is extremely low, hence 
its safety when used by traditional healers and locals 
[3h]. Thujones are known to be among the bioactive 
constituents of the essential oil [3i,4]. The LD50 (s.c.) 
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of α-thujone in mice was found to be 87.5 mg/kg, 
while, that of β-thujone was 42.5 mg/kg [5]. 
Bonkovsky et al. [6] reported that thujone makes up 
40-90% (by weight) of the essence of woodworm. In 
1979, the FAO / WHO Codex Committee on Food 
Additives restricted the use of α-and β- thujone in 
finished products to 0.5 ppm in food and 10 ppm in 
alcoholic drinks [7,8,9a]. This shows that despite its 
toxicity, thujone still has good flavoring, 
pharmaceutical and economical potential. Essential 
oils, of which A. afra is one [9b], are used as raw 
materials in the flavor and fragrance industry. Some 
of the components of the essential oil are bioactive 
while others may either increase their bioavailability 
or serve to aid the absorption rate of the active 
ingredient when used [2a]. Thus a plant containing 
one or two toxic constituents cannot be classified as 
being totally toxic or poisonous.  
 
In South Africa, A. afra is a medicinal plant traded in 
the KwaZulu-Natal and Faraday Muti Markets. 
Internationally, A. afra is one of the marketed 
Artemisia essential oil yielding plants (Table 1). In 
view of the common usage of the plant, the safety of 
this herb as it relates to the toxic chemical 
components and their recommended dosage by the 
Food and Drug Administration, and the economic 
potential of the plant prompted our interest in the 
levels of these toxic compounds. A. afra from 
different locations within the Eastern Cape Province 
was the onset of this study, which later spread to the 
Free State and KwaZulu Natal Provinces. Also the 
storage of the plant by traditional healers for their 
ready availability prompted a comparative study of 
the dry and fresh plants. The oil yields (w/w) obtained 
by hydrodistillation, color and odor are presented in 
Table 2. Except for the sample from Philippolis in the 
Free State, all the essential oils had minty-
peppermint-like odors. The chemical profiles of these 
essential oils are presented in Table 3. 
 
α-Thujone formed over 70% of the total oil of both 
the dry and fresh leaves of A. afra from Philippolis; 
this was closely followed by the oils isolated from the 
Keiskammahoek samples (60-65%) and the dry leaves 
from the University of Fort Hare farm (43.8%). Very 
low concentrations were detected in both the fresh 
and dry oil samples from the plants collected from 
Gqumahshe (1.6-5.1%), University of Zululand 
Botanical Garden (10.5-12.2%) and Empangeni    
(2.3-7.9%).   The  fresh  essential oil isolated from the 

Table 1: Traded quantities and values of some Artemisia essential oils on 
the International markets. 
 

Essential oil Artemisia  
species 

Volume 
(t)  

Value 
(US$000)  

Value/ton 
(US$000)  

Armoise A. herba-alba 32  1100  34.4  
Tarragon A. dracunculus   10  800  80.8  
Wormwood A. absinthum  6  200  33.3  
Artemisia maritima A. maritima  1  <0.1     
Davana A. pallens 1  300  300.0  
Artemisia afra A. afra 0.8  51  68.0  
Artemisia annua  A. annua   0.6  16  26.7  
Artemisia vestita  A.vestita 0.05  unknown     
Source: COMTRADE, UNSO, cited in [9c] 
 
Hogsback material had relatively low α-thujone 
content (8.1%), while the dry sample showed a 
remarkable increase to 16.7%. This could be due to 
oxidation during drying or distillation. α-Thujone was 
completely absent in the essential oil from 
Gqumahshe samples, while the concentrations in 
other samples were between 8.1-17.3%. Interestingly, 
it was observed that essential oils with a high 
percentage content of α-and β- thujone had low or 
trace amounts of camphor and 1,8-cineole. 
 
1,8-Cineole was another prominent compound in all 
the samples with that from Gqumahshe having the 
highest concentration of 47.0-49.5% in the dry and 
fresh samples, respectively. This compound, has a 
cold relieving effect with an expectorant and 
mucolytic properties [9d]. Essential oils of A afra 
from Hogsback and University Farm were the only 
specimens that had artemisia ketone and alcohol as 
major constituents. Not much compositional variation 
was noticed in the fresh and dry oil analyses. Thus the 
use of either dry or fresh plant material did not have 
significant impact on the composition of the main 
compounds, expect for the University farm sample. 
The amount of α- and β-thujone in the dry sample was 
twice that of the fresh sample, while this was the 
reverse for the camphor composition (Table 3).  
 
The chemical composition of the oils isolated from 
the three Provinces shows that there are three 
chemotypes of A. afra in South Africa, namely, 
chemotype 1, those with high α- thujone content, and 
chemotype 2, those with a high 1,8-cineole content. A 
third chemotype could be said to contain a high 
content of β-thujone (fresh Hogback specimen). Thus 
not all South African A. afra essential oils have high 
α- thujone contents. Graven et al. [2c] reported that 
the essential oils of South African A. afra contain 
high α- and β-thujone contents (74.9-75.3%) and low 
concentrations of 1,8-cineole (1.3-13.7%). Further 
studies by Graven et al. [3b] of the same species from 
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Table 2: Physiochemical properties of the essential oils of Artemisia afra from seven different locations. 
 

Location Plant sample Weight of sample extracted (g) Percentage yield (w/w) Color Odor 
Fresh 300 1.15 light blue mint Gqumahshe 
Dry 200 1.43 light green mint 
Fresh 300 1.26 greenish yellow mint Keiskammahoek 
Dry 200 1.50 light yellow mint 
Fresh 300 1.03 light blue mint Hogsback 
Dry 200 1.08 bluish green peppermint 
Fresh 300 2.12 cloudy blue strong mint UFH Farm 
Dry 200 2.73 deep blue strong mint 
Fresh 300 1.31 light yellow pungent Philippolis 
Dry 200 1.56 golden yellow pungent 
Fresh 300 2.26 light yellow Peppermint Empangeni 
Dry 200 2.85 yellow Peppermint 
Fresh 300 1.90 light blue Mint UZN Botanic Garden 
Dry 200 2.25 bluish green mint 

UFH University of Fort Hare; UZN – University of Zululand 
 

Table 3: Major essential oil constituents of A. afra oils from seven different locations. 

 
other parts of South Africa revealed that the 
percentage composition of 1,8-cineole was higher 
(50.4%) than that of α- and β-thujone (27.3-60.1%). 
Viljoen et al. [9e] recently reported the percentage 
composition of α-thujone in the A. afra essential oils 
from Giant Castle to be 0.9-38.6%, from Qwa-qwa 
0.1-5.6%, and those from Klipriversberg 15.0-55.6%. 
This report supports that not all A. afra has high 
thujone contents and, in some of the oils studied, α-
thujone was not detected. Our findings reveal that 
environmental conditions play a significant role in the 
formation of these compounds. The results obtained 
in this study also show that plants with high thujone 
contents are still below the maximum recommended 
dosage for food and in alcoholic drinks, thereby 
making the South African material safe for export and 
consumption. Studies have shown that some South 
African A. afra, depending on location, have high 1,8-
cineole and chrysthmone contents, both compounds 
being of economic value. Chrysthmone has great 
inhibitory potency against insects, especially weevils 

and beetles. Furthermore, these oils are also rich in 
camphor. A afra is economically valuable for 
essential oil production for the pharmaceutical 
industry (those with 1,8-cineole and chrysthmone 
content). The value of this essential oil opens the 
doors to encourage farmers in South Africa to 
cultivate the plants with low thujone and high        
1,8-cineole, camphor and chrysthmone contents for 
local and commercial purposes. 

Experimental 
Plant materials: Fresh, mature, wild plants of A. afra 
was collected from the University of Fort Hare Farm, 
Gqumahshe, Keiskammahoek and Hogsback, all in 
the Eastern Cape; Philippolis in the Free State; and 
University of Zululand Botanical Garden 
(KwaDlangewza) and Anne Hutching’s  private 
garden in Empangeni, both in KwaZulu Natal. The 
samples were authenticated by Mr T Dold of the 
Selmar Schonland Herbarium, Grahamstown, and   
Mr MA Ngwenya of Durban Herbarium; voucher 
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Fresh   1.2 49.5 - -   1.6   - - 21.2 18.7   1.2 1.0 Gqumahshe 
Dry   0.9 47.0 - -   5.1   - - 23.1 15.6   1.2 0.9 
Fresh   - 18.6 - - 62.2 17.3 -   t   t   1.8 - Keiskammahoek 
Dry   - 17.2 - - 65.2 12.6 -   0.6   t   1.6 - 
Fresh   4.6 13.0 31.1   2.8   3.6 16.5 - 13.9   3.2   1.3 1.3 Hogsback 
Dry 12.2 22.2 19.5 12.6 11.4   2.7 - 10.0   0.9   1.3 1.3 
Fresh   1.6 23.8   6.7   0.2 19.3   8.1 8.6 16.4   2.9   3.0 - UFH Farm 
Dry   0.5 21.4   2.9   3.4 43.8 16.7 -   6.7   1.0   0.7 - 
Fresh   -   5.2   -   - 74.0 14.9 -   0.4   -   0.9 - Philippolis 
Dry   -   5.2   -   - 74.7 13.6 -   0.4   -   0.4 - 
Fresh   2.0 38.7 17.0   5.8   2.3   1.4 - 15.4   8.5 12.9 1.9 Empangeni 
Dry   2.4 36.7 10.5 11.7   7.9   0.6  10.1   5.7 11.5 1.8 
Fresh   4.9 35.6   4.9   2.7 10.5   4.5 3.6 20.5   3.4   5.3 1.5 UZN Botanic 

 Garden Dry   3.0 37.8   3.0   1.9 12.2   2.6 2.1 23.6   2.7   4.9 1.6 
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specimens were deposited at the Universities of Fort 
Hare and Zululand Herbaria. 
 
Isolation and analyses of the volatile oils: Fresh 
mature leaves (300 g) were hydrodistilled for 3 h 
within 24 h of collection. The remaining plants were 
air-dried for a week and then 200 g was distilled in an 
all glass Clevenger apparatus using the British 
Pharmacopoeia (1980) method [10a]. GC analyses 
was carried out on a Hewlett Packard Gas Chromato-
graphy HP 5890 equipped with FID detector and HB-
5 column (60 m x 0.25 mm id), 0.25 μm film 
thickness and split ratio of 1:25. The oven 
temperature was programmed from 50oC (after 2 min) 

to 240oC at 5oC / min and the final temperature was 
held for 10 min. Injection and detector temperatures 
were 200oC and 240oC, respectively. The diluted oil 
(0.2 μL) was injected into the GC. GC-MS analyses 
of the oils were performed under the experimental 
conditions as reported earlier [10b]. The oil 
constituents were identified by comparison of their 
mass spectra and retention indices with those of 
standard samples and literature data [10c-10e]. 
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