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Purpose To characterise tea clones 
obtained from Mambilla Highland 
Nigeria for polyphenols including 
catechins, EGC, EGCG, EC, ECG and 
caffeine.

Methodology Ten (10) clonal 
genotypes of the tea plant, Camellia 
sinensis (L.) O. Kuntze grown in Nigeria 
were analysed for epigallocatechin 
gallate (EGCG), epigallocatechin (EGC), 
epicatechingallate (ECG), epicatechin 
(EC) and caffeine using High-
Performance Liquid Chromatography. 
Fresh apical buds and a leaf were 
harvested, oven dried at 60oC to %5 
moisture, finely size reduced and 
extracted using water-acetonitrile (1:1, 
v/v) for 40 min at room temperature. 
HPLC analysis of catechins was carried 
out using Agilent Technologies 1120LC 
compact series, German and Japan. 
The system comprises a U.V-Vis 
detector and Hp computer system. 
Concentrations of catechins of different 
clonal tea were determined. Data 
obtained were analysed using SPSS 
17.0 version.

Findings There were significant 
differences (p <0.05) in all five 
components, among the 10 clones 
analysed. The range of values obtained 
for the chemical components EGCG, 
EGC, EC, ECG and caffeine content 
were: ,0.16 ± 64.75 - 1.00 ± 11.78 
± 0.61 ,0.22 ± 1.25 - 0.08 ± 0.09 
4.66 - 0.30 ± 1.06 ,0.04 ± 6.67 -0.02 
0.16 ± and 0.02 ± 2.17 - 0.02 ± 0.60 
(mg/g) respectively.

Practical implications This study 
confirmed the quality characteristics of 
tea clones available in Nigeria for green 
tea production.

Originality/value The results 
revealed that tea clonal materials can 
be good raw materials for green tea 
production because the values obtained 
were within the ISO standard chemical 
qualities of tea clones meant for green 
tea production.

Keywords Tea, Catechins, 
Polyphenols, EGCG, EC, EGC, Caffeine
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theobromine in asthma and bradycardia 
treatment (Friedman et al., 2006). Tea 
is grown in at least 30 countries on five 
continents. In the past two decades the 
most significant change in tea produc-
tion has been the development of tea 
plantations in Africa and South America 
(International Tea Committee, 1998). 

Tea production is highly centralised. In 
1993, five countries – India, China, Sri 
Lanka, Indonesia and Kenya – account-
ed for 75% of the world production. 
Most countries produce tea mainly for 
export, but in India, China, Japan and 
Turkey about 70% of the tea produced 
is consumed within the country. Tea is 
grown on about 2.5 million hectares of 
land in Asia (89% of global tea culti-
vated areas) and Africa (8%) (Inter-
national Tea Committee, 1998). The 
main tea-producing countries are Asia 
(Bangladesh, China, India, Indonesia, 
Sri Lanka and Taiwan), Africa (Burun-
di, Kenya, Malawi, Mauritius, Rwanda, 
South Africa, Tanzania, Uganda, Zaire 
and Zimbabwe), and South America 
(Argentina and Brazil). In addition, 
Russia and a number of CIS countries 
also produce a large quantity of tea.
 
Table 1 presents the world tea produc-
tion from 1961 to 2004. In Nigeria, 
tea is exclusively grown in the humid, 
high altitude regions of Mambilla Pla-
teau, Taraba State and Obudu in Cross 
River State (Esan, 1982). This plateau 
is Nigeria’s northern continuation of 
the Bamenda Highlands of Cameroon. 
It has an average elevation of about 
1,524 metres (5,000 ft) above sea 
level, making it the highest plateau in 
Nigeria, since no other plateau in Ni-
geria rivals it in elevation. Some of its 
villages are situated on hills that 

Tea’s beneficial health effects are 
thought to stem from polyphenols with 
antioxidant properties. Green tea con-
tains polyphenols which include flava-
nols, flavandiols, and phenolic acids 
(up to 30% of dry weight). The most 
important flavonoids are catechins, 
which are present at about 10% of the 
dry weight basis (Yamamoto et al., 
1997). Six major catechins known to 
display biological activity are (+)-cate-
chin (C), (_)-epicatechin (EC), (_)-epi-
gallocatechin (EGC), (_)-gallocatechin 
gallate (GCG), (_)-epigallocatechin 
gallate (EGCG) and (_)-epicatechin 
gallate (ECG). These native phenolic 
compounds are strong antioxidants 
with antimutagenic, anticarcinogen-
ic, hypocholesterolemic, antibacterial, 
antiallergic and other clinically relevant 
activities. Kao et al. (2000) found that 
among green tea polyphenols, (_)-epi-
gallocatechin gallate (EGCG) especially 
significantly reduced food intake, body 
weight, blood levels of testosterone, 
estradiol, leptin, insulin, insulin-like 
growth factor I, LH, glucose, cholester-
ol and triglyceride, as well as growth of 
the prostate, uterus and ovary.

Green tea also contains methylxan-
thines: caffeine (1,3,5-trimethylx-
anthine) and two minor isomeric di-
methylxanthines, theobromine and 
theophylline, which are responsible for 
the mildly stimulant effects of the tea 
(Anaya et al., 2006; Cloughley, 1981). 
Besides being very important factors in 
tea quality, these compounds are also 
reported to exhibit beneficial health 
effects. Selected studies describe the 
use of caffeine to enhance mental ac-
tivity and running performance, to treat 
apnoea and migraine headaches, and 
implementation of theophylline and 
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must be at least 1,828 metres (5,997 
ft) above sea level. The Nigerian Bev-
erages Production Company (NBPC), 
Mambilla Plateau, introduced tea clones 
from Kenya into Nigeria for commercial 
planting in 1972 (Hainsworth, 1981). 
The tea clones were later acquired by 
the Cocoa Research Institute of Nigeria 
(CRIN) for research purposes in 1982 
(Esan, 1982). In spite of the insuffi-
cient/inadequate resources, and given 
the low level of funding of research

in Nigeria, the Institute in the last 41 
years of its existence has been able to 
assess thirty-three (33) highland clonal 
tea genotypes based on growth per-
formance and yield. Ten of these have 
been recommended for commercial 
cultivation. There is therefore a dearth 
of information on the chemical constit-
uents of Nigerian tea clones.
The main objective of this study was to 
characterise the catechin constituent of 
Nigerian tea clones.
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Table1. Theory of Planned Behaviour is widely used to explain environmental 
behaviours. Source: Adapted from Ajzen (1991)

Source: FAOSTATDatabase



MATERIALS AND METHODS

Materials 

Tea shoots sampling
Tea shoots comprising apical bud and 
a leaf were harvested from ten (10) 
established commercial clones from 
the Cocoa Research Institute of Nigeria 
(CRIN) experimental plots, Mambil-
la plateau, Taraba State, Nigeria. The 
plucked shoots were dried in the oven 
at 60OC to constant weight, while the 
dried samples were ground and sieved 
prior to further infusion and instrumen-
tal analysis.

Chemical Standard Epigallocatechin-
gallate, epigallo catechin, epicatechin 
gallate, epicatechin, and caffeine stan-
dards were sourced from Sigma Aldrich 
Chemical Co. (USA). HPLC grade ace-
tonitrile, ethyl acetate and methanol 
were obtained from Merck, Germany. 

Characterisation of constituents 
High-Performance Liquid Chromatog-
raphy (HPLC) methods were used to 
determine catechins present in the 
fresh tea leaves. These are: catechins, 
epigallocatechin gallate (EGCG), epi-
gallocatechin (EGC), epicatechingallate 
(ECG) and epicatechin (EC) (Del Rio 
et al., 2004; Friedman et al., 2005). 
Ground tea leaf samples were extract-
ed using methanol and distilled water 
(95:5%) for 40 min at room tempera-
ture (Agilent, 2012). Solutions were fil-
tered using a Millipore filter of 0.45um 
size. Filtered samples were poured into 
vial bottles and 20µl each were pro-
grammed for injection twice per sample 
for HPLC auto sampler analysis. Stock 
solutions of caffeine, catechin, epicat-
echin and epigallocatechingallate were 
prepared by dissolving reference stan-
dards into a mobile phase. Less con-
centrated solutions were prepared, as 
needed, by dilution in the same mobile 
phase.

Results and discussion
Table 2 shows the mean values and 
the standard error of means for the 
five major antioxidants analysed in the 
Nigerian tea clone. There were signifi-
cant differences (p≤0.05) among the 
ten clones. Saravanan et al. (2005), 
Owuor and Obanda (2007) reported 
that the content of individual catechins 
in fresh tea leaves varies with the tea 
clones. Caffin et al. (2004) also re-
ported that the distribution pattern of 
polyphenols varied a great deal among 
tea clones, whereas the patterns ap-
peared to be more or less fixed within a 
clone. Similarly, total polyphenol con-
tent in green leaves showed minimal 
variations within the same clone but 
significant differences among clones 
(Obanda and Owuor, 1997). Standard 
calibration plots for EGCG, EGC, EC, 
ECG and caffeine gave a coefficient of 
multiple determination (r2) values of 
0.9486, 0.9694, 0.9963, 0.9963 and 
0.9986 respectively (see Figures 1–5). 
The range of values obtained for the 
chemical components EGCG, EGC, EC, 
ECG and caffeine content, based on the 
standard equation from the calibration 
plots, were: 11.78 ± 1.00 - 64.75 ± 
0.16, 0.09 ± 0.08 - 1.25 ± 0.22, 0.61 
± 0.02- 6.67 ± 0.04, 1.06 ± 0.30 - 
4.66 ± 0.16 and 0.60 ± 0.02 - 2.17 ± 
0.02 (mg/g) respectively.
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Table 2. Mean antioxidant content of selected tea clones (mg/g)

Figure 1. Standard calibration plot for EGCG 
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Figure 2. Standard calibration plot for EGC

Figure 3. Standard calibration plot for EC
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Figure 4. Standard calibration plot for ECG

Figure 5. Standard calibration plot for caffeine
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