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ABSTRACT 
The objective of the study was to determine seasonal variation in the concentration of tannins in wild bush tea (Athrixia phylicoides L.) 
leaves. The BuOH-HCl_FeIII reagent was used to analyze condensed tannins, whereas hydrolysable tannin was analyzed using potassium 
iodate. The absorbance was measured using a spectrophotometer. Significant seasonal variations in both condensed and hydrolysable 
tannins in leaf tissue occurred. The highest concentrations of condensed tannins were found in autumn (4.82%) compared with winter 
(2.44%), spring (2.66%) and summer (3.04%). The hydrolysable tannins were lowest during summer (0.10%) compared with autumn and 
winter (0.14%) and spring (0.13%). The data obtained from this study suggests that winter and autumn are the best times to harvest bush 
tea to maximize tannin contents of bush tea leaves. 
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INTRODUCTION 
 
Bush tea (Athrixia phylicoides L.) is a beverage used as a 
herbal tea and traditional African medicinal plant known 
for cleansing the blood, treating boils, headaches, infected 
wounds and cuts (van Wyk and Gericke 2000). Herbal teas 
contain low tannin content, which helps to prevent cancers 
and heart problems by lowering the tendency of blood 
platelets to stick together (Stensveld et al. 1992). Tannin 
content in tea leaves is the main potential indicator of medi-
cinal potential due to its antioxidant activities (Hirasawa et 
al. 2002). Tannins are phenolic compounds that typically 
astringent found in a variety of herbal products and they 
may be grouped into hydrolysable and condensed tannins 
(Bokuchova and Skobeleva 1980). Condensed tannins are 
polymers of 2 to 5 or more flavonoid units that are joined 
by carbon-carbon bonds, which are not susceptible to hyd-
rolyzation (van Wyk and Gericke 2000). Hydrolysable tan-
nins are hydrolyzed by weak acids or bases to produce car-
bohydrates and phenolic acids (Haslam 1996). 

Herbal tea quality is one of the critical factors deter-
mining the price of tea for export. It is currently measured 
by tea taster's scores from sensory evaluation, which is 
prompted to be subjective, depending upon the sensory 
tasting skills of the taster (Taylor et al. 1992). The sensory 
quality attributes are astringent taste, bitterness, sweatiness 
and aroma (Hu et al. 2001a). The other chemical compo-
nents of tea quality parameters are total ployphenols (Ven-
takatesan et al. 2004), amino acids (Chen et al. 1985) car-
bohydrates (Sanderson et al. 1976), organic acids (San-
derson and Selvendran 1965), vitamins (Hu et al. 2001b), 
volatile flavour compounds and plant pigments (Taylor et 
al. 1992). 

Factors that affect tea quality parameters can be clas-
sified into four major categories viz., cultivars (Owour et al. 
2000), environmental conditions (Chiu 1989), cultural prac-
tices (Taylor et al. 1992) and seasonal variation (Sud and 
Baru 2000). Thus, climatic conditions in different coun-
tries and variation in seasons make it impractical to produce 
tea of the same quality throughout the year (Roberts and 
Smith 1963; Owour et al. 1997). 

Mudau et al. (2006) found that concentrations of total 
polyphenols in wild leaves of wild bush tea plants were 
lowest in March and April (autumn), September (spring) 

and highest in June and July (winter). However, data that 
describe the seasonal variation of tannin content, harvesting 
and production methods in wild bush tea leaves are lacking. 
The plant materials are only harvested in large-scale from 
the wild for medicinal and herbal tea. The objective of this 
study was to determine seasonal variation in the concen-
tration of tannin in wild bush tea leaves harvested from the 
wild in an attempt to increase knowledge on chemical com-
position and relate to the best time to harvest wild bush tea. 
Therefore, the results of this study will be used in future to 
compare the extent to which different agronomic practices 
increase tannin content in cultivated bush tea. 
 
MATERIALS AND METHODS 
 
Study site 
 
The bush tea leaves were collected from Muhuyu Village (24°N 
50�E, 31°S17�E; alt 610 m; subtropical-type climate, i.e. summer 
rainfall, cold and dry winter). Two hundred (200) g of leaf (mat-
ured leaves i.e. 40-80 leaves from the shoot tip) on 20 plants of 
bush tea were randomly collected from end of each month i.e. Jan-
uary to December 2003. The leaves with the average moisture con-
tent of 42% were air dried in the shade. The annual average annual 
at this location is 650 mm per annum with temperatures ranging 
from 13-18°C in winter and 27-39°C in summer (Limpopo Prov-
ince, South Africa). The season varies as follows i.e. autumn 
(March to May, winter (June to August), spring (September to 
November) and summer (December to February). The soil type is 
sandy loam with pH ranging from 5.6-7.4. The meteorological data 
were supplied by Provincial Department of Agriculture, Vhembe 
District and Limpopo Province, South Africa. 
 
Assay for leaf tannin concentration 
 
Ten (10) ml of 70% aqueous acetone was added to 0.2 g of finely 
ground bush tea leaves to pass a 20-mesh screen (� 1.0 mm; Endo-
cotts test sieves) in 25 ml glass beakers. The beakers were then 
suspended in an ultrasonic water bath (UMC-5, Ultrasonic manu-
facturing company, Pty Ltd) for 20 min to cool down at room tem-
perature. The content of the beakers were subsequently centrifuged 
at 30,000 x g in a BHG Hermle Berthold Hermle centrifuge ma-
chine for 10 min. and the supernatants were stored on ice. The 
supernatant was carefully decanted and the extraction procedure 
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was repeated three times on residues. Three supernatants were 
combined and made-up a volume of 30 ml of the filtrate extracts. 
The residues were then discarded. The resulting suspension was 
assayed for condensed tannins according to the procedure descry-
bed by Porter et al. (1986), and hydrolysable tannins were deter-
mined by the method of Willis and Allen (1998). 
 
Statistical analysis 
 
Data were analyzed using GLM (General linear model) procedure 
of SAS version 8.0 (SAS Institute Inc., 1999). Mean separation 
was performed using Turkey’s test procedure at 5% LSD. 
 
RESULTS AND DISCUSSION 
 
Presently, the seasonal variation of tannin content, harvest-
ing and production methods in wild bush tea leaves is not 
well established. The results of this study attempted to in-
crease knowledge on seasonal tannin content and relate to 
the best time to harvest wild bush tea. Fig. 1 showed that 
the climatic conditions were unstable, with low temperature 
(24°C), rainfall (19.5 mm) and relative humidity (44%) du-
ring winter followed by gradual increase during spring and 
summer. The highest temperature (39.8°C), rainfall (88.3 
mm) and relative humidity (88%) were during summer (Fig. 
1). 

Results in Figs. 2 and 3 show that there was a different-
tial seasonal variation in both condensed and hydrolysable 
tannin content. The highest concentration of condensed tan-
nin was during autumn (4.8%) compared to the other sea-
sons (Fig. 2), probably due to drought and low temperature 
stress during autumn and summer (Fig. 1). The differences 
between the highest and lowest condensed tannin content 
were 2.4 mg/g. 

The concentration of hydrolysable tannins were lowest 
during summer (0.10%) compared to autumn and winter 
(0.14%) and spring (0.13%; Fig. 3). 

These differences may reflect a response of drought 
stress (Hamilton et al. 2001) during the dry autumn and 
winter months (Fig. 1). Mudau et al. (2006) also reported 
that the total polyphenols were high during winter and sum-
mer in wild bush tea. However, Owour (1992) reported that 
the highest concentrations total polyphenols (24.1 mg/g) in 
black tea seedlings growing in eastern highlands of Kenya 
occurred during midwinter in July. Chiu (1989) reported 
that Poachang tea yielded best quality tea in spring follow- 

ed by winter and autumn. Conversely, in other phenolic 
compounds such as caffeine and catechin content, high tem-
peratures (38°C) and strong sunshine have been reported to 
produce tea with high caffeine and catechin content (Juan 
and Lee 1977). This was attributed to the low quality Poa-
ching tea produced in summer characterized with astrin-
gency and bitterness taste (Chiu 1989). In a field trial con-
ducted by Ruan et al. (1999) during spring and autumn, 
there were differential responses of total polyphenols con-
tent to seasons in green tea. However, besides seasons, other 
studies reported that agronomic practices such as plucking 
of leaves (Owour et al. 2000) and mineral nutrition (Owour 
and Obanda 1991) altered concentration of total polyphen-
ols and tannin contents in green tea. 

The highest concentrations of condensed tannins were 
found during autumn (4.82%) compared to winter (2.44%), 
spring (2.66%) and summer (3.04%). The hydrolysable tan-
nins were the lowest during winter (0.10%) compared to 
autumn and summer (0.14%). These data suggest that winter 
and autumn are the best times to harvest bush tea to max-
imize the tannin content of bush tea. Further research is nec-
essary to determine the responses of agronomic practices on 
tannins concentration of cultivated bush tea. 
 

Fig. 1 Meteorological data with error bars of temperature (°C), relative 
humidity (%) and rainfall of Muhuyu Village, Vhembe District (Limpopo 
Province, South Africa). 
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Fig. 2 Response of leaf condensed tannins (± standard errors) in wild 
bush tea to seasonal variations. 
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Fig. 3 Response of leaf hydrolyzable tannins (± standard errors) content 
in wild bush tea to seasonal variations. 
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