American Journal of Plant Sciences, 2013, 4, 628-640

3% Scientific
http://dx.doi.org/10.4236/ajps.2013.43081 Published Online March 2013 (http://www.scirp.org/journal/ajps)

#%% Research

Variation in Catechin Composition of Popularly Cultivated
Tea Clones in East Africa (Kenya)

Leonida Cherotich', Samson M. Kamunyaz, Amos Alakonya', Solomon W. Msomba3,
Marie A. Uwimana®, John K. Wanyoko?, Phillip O. Owuor’

YInstitute of Biotechnology Research (IBR), Jomo Kenyatta University of Agriculture and Technology, Nairobi, Kenya; *Tea Re-
search Foundation of Kenya, Kericho, Kenya; *Tea Research Institute of Tanzania, Dar Es Salaam, Tanzania; “Office Des Cultures
Industrielles du Rwanda The’ (OCIR The’), Kigali, Rwanda; °Department of Chemistry, Maseno University, Maseno, Kenya.

Email: leonidacherotich@yahoo.co.uk, samson.kamunya@yahoo.com, skamunya@tearesearch.or.ke, aealakonya@gmail.com,
msomba2000@yahoo.com, smsomba@trit.or.tz, u.ange@yahoo.com, owuorpo@africaonline.co.ke

Received January 6", 2013; revised February 17", 2013; accepted February 27", 2013

ABSTRACT

Tea polyphenols and catechins have gained prominence in determination of tea quality. Tea leaves contain large
amounts of catechins and their derivatives and these have shown positive effects on human health. An experiment was
carried out to determine the level of catechins and polyphenols in 20 new clones found in two distinct tea growing areas.
The trial comprising twenty clones was established in two distinct sites in Kenya using randomized complete block de-
sign with three replicates and consisted of 10 popular cultivars widely cultivated in the Lake Victoria Basin and addi-
tional 10 newly improved clones. Tea leaf samples were collected across two seasons; dry and wet seasons. Tea quality
parameters entailing catechins, caffeine and total polyphenols was generated for the 20 clones across the two seasons
and sites. The 1SO 14502-1 and ISO 14502-1:2005 procedures were used for polyphenol and catechin analyses, respec-
tively. The ANOVA results generated indicated that the level of catechins and polyphenols in tea were significantly
different (p < 0.05) and varietal dependent. Generally, the assam varieties had higher levels of catechins and polyphe-
nols than the chinary and cambod varieties, indicating why they are popularly cultivated in the East African region and
whose tea quality is highly regarded. Furthermore, the results from principle component analysis (PCA) grouped the
clones into three major clusters with one comprising of high quality assam varieties, a mixture of moderate quality as-
sam, cambod and chinary varieties and low catechin content assam anthocyanin-rich variety. It is concluded that the
level of catechins in tea plants are varietal dependent, although environmental stress has effects on the synthesis of fla-
vanoids. The results demonstrated that the differences in the accumulation of catechins among the tea clones could be
important for the discrimination of clonal diversity.
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1. Introduction pounds have been of focus for an anticancer [6]. Bio-
chemicals in tea also relieve allergy symptoms and are
shown to improve the body’s immunity [7]. Studies have
shown that catechins in tea inhibit diabetes including
hyperglycaemia by reducing elevated sorbitol decreasing
protein glycosylation and lipid peroxidation and also
through inhibiting diabetic cataracts [8]. Catechin com-

pounds have been proven to have a variety of physio-

Tea, camellia sinensis (L) O. Kuntze, the most popular
universal beverage contains a wide range of the Fla-
vanoids [1]. The main flavanoid compounds found in tea
are: epigallocatechin (EGC), epicatechin (EC), epigallo-
catechin gallate (EGCG), epicatechin gallate (ECG) and
other compounds [2]. Flavonoids in tea have been re-
ported to be the major source of antioxidants, which have

a variety of physiological functions to the body [3]. Cate-
chins in tea have been reported to promote energy con-
sumption by activating Beta-oxidative enzymes of lipids
and so weight loss [4]. Reportedly, catechins in tea, es-
pecially (-)-epigallocatechin gallate (EGCG), inhibit the
angiotensin converting enzyme, suppress the production
of angiotensin Il, which has strong hypertensive activity,
and induce antihypertensive activity [5]. Catechin com-
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logical functions, such as those enacting in the duodenum,
colon, skin, lung, breast, oesophageal, pancreatic and
prostate cancer function [6]. In addition to prophylactic
activity, catechins have been found to inhibit the growth
of food borne pathogenic bacteria, and do not have ad-
verse effects on the beneficial bacteria [3].

Given the importance of tea to the economy of many
countries and human health, the use of suitable tea culti-
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vars that are well endowed in both yield and phyto-
chemicals like flavonoids is paramount. The tea im-
provement programme at the Tea Research Foundation
of Kenya (TRFK) has resulted in many new tea varieties,
but exploitation of only a few popular clones accounting
for about 60% of tea in the country may have resulted in
narrowing of the clones which could be exploited for the
commercializable germplasm [9]. Although the level of
genetic relatedness of these clones has been elucidated
by DNA markers, the application of their biochemical
interrelationships remains largely unknown. As has been
demonstrated by previous studies [10], biochemical com-
position of tea plant can be used as markers to elucidate
diversity of the tea clones. The green tea leaf contains 30
to 42% polyphenols on the dry weight basis while a cup
of green tea contains about 30% to 40% of polyphenols
[11]. Polyphenols have aromatic rings with multiple hy-
droxyl residues. The major polyphenols in tea are the
catechins [12]. This group of compounds is derived from
the phenylpropanoid and flavanoid biosynthetic path-
ways. Different tea clones have different number, relative
amounts and diversity in their level of catechins. An un-
derstanding of the biochemical composition in the plant
system might yield information for plant genetic ma-
nipulation and crop management strategies that might
improve crop value in future [13]. Catechins also play a
key role in quality determination in black tea and fruits
[14]. The aim of this study was to determine the level of
catechins in the 20 improved clones of tea, 10 of which
are widely cultivated in the East African tea growing
areas.

2. Methodology
2.1. Description of Study Sites

The trial comprising twenty clones was established in
April 2009 in two major tea growing areas: at the Tim-
bilil Estate of the TRFK, Kericho and Kipkebe in Sotik
Ltd (Table 1). The trial was set up in a randomized com-
plete block design with three replications in plots of 30
plants spaced at 0.61 m within rows and 1.22 m between
rows (i.e. 13,448 plants/ha). The trial received 150 Kg N
per hectare per year in the form of NPK 25:5:5 com-
pound fertilizer. Each replicate was surrounded by a
guard row of clone TRFK 301/4. The tea was brought
into bearing following the recommended agronomic prac-
tices [7].

2.2. Description of Genetic Materials

The trial consisting of 10 popular cultivars widely culti-
vated in the Lake Victoria Basin covering Kenya, Rwanda,
Uganda and Tanzania and an additional 10 newly im-
proved clones was initiated in 2009 as one of two sepa-
rate studies entailing “Evaluation of tea cultivars to dif-
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ferent growing environments in East African countries”
and “Evaluation of response of clone TRFK 6/8 to nitro-
gen rates and harvesting intervals in East African coun-
tries” [15]. The current study however, covered the two
Kenyan sites. The cuttings from the mother bushes were
propagated in April 2008 and reared in the nursery for
one year. Nursery materials were transplanted into the
field in April/May 2009 at Kipkebe (Sotik) and Timbilil
(Kericho) and brought into bearing following the recom-
mended agronomic practices [7]. The various attributes
and status of the clones are summarized in the Table 2.

2.3. Laboratory Analysis of Catechins and
Polyphenols

2.3.1. Leaf Sampling and Sample Processing

About 500 g of fresh shoots in form of two leaves and a
bud were plucked from each of the clonal entries and
placed in appropriately labelled khaki bags. These were
then transferred into a cool box containing ice packs and
transported to the lab for processing. The clones were
sampled twice under different environmental conditions
(wet and dry seasons) as shown in Table 3. The samples
were transported to the laboratory and immediately dried
using a microwave for 5 minutes, which also deactivated
the oxidizing enzyme polyphenol oxidase. The dry sam-
ples were then ground using a coffee miller and placed in
aluminium bags, before moving them to a dark, dry en-
vironment for later laboratory analysis [10].

2.3.2. Extraction and Purification of Catechins and
Polyphenols

Catechin analysis was done following the protocol and
the procedure described by the International Organiza-
tion for Standardization (1SO) 14502-1:2005. Two hun-
dred milligrams of ground samples were extracted with 5
ml of warm (70°C) 70% methanol. The mixture was then
warmed in a water bath (70°C) for 10 minutes and vor-
texed in between after five minutes interval and then
cooled. The cool mixture was centrifuged at 3500 rpm
for 10 minutes, and the extract was decanted into a 10 ml
cylinder. The samples were then reextracted and the ex-
tract decanted to the initial 10 ml cylinder topped-up to
10 ml. One millilitre of the extract was diluted 5-fold
using stabilizer reagent and passed through a 0.5 mm
pore filter before injection into the HPLC C-6 column for
catechin analysis. The mobile phase A consisted of 9%
(volume fraction) acetic acid, and mobile phase B was
made of 80% (volume fraction) acetonitrile. The flow
rate was controlled at 1.0 ml/min, with an injection vol-
ume of 20 ml. The column was operated at 40°C and UV
spectra peaks were detected at 278 nm. The chroma-
tographic peaks in the samples were identified by com-
paring their retention times with chemical standards
used.
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Table 1. Location, elevation and climatic characteristics of the two experimental sites in Kenya.

Annual average

Annual rainfall

Solar radiation

Site Latitude Longitude Elevation (m) temperature (°C) MJ-m>-d™)
Timbilil 0°22's 35°21'E 2180 16.28 20.72
Kipkebe 0°41's 35°5'E 1800 20.1 -

Table 2. Attributes of the 20 clones under investigation found in two distinct areas.
SN. Clone Varietal type Special attributes Status
1 TRFK 12/19 Assam type local selection High black tea quality, moderate yields Widely grown in EA
. Acceptable black tea quality, Widely grown in Kenya and recently
2 TRFK 301/4 Cambod type local selection drought tolerant and high yielding introduced in Rwanda and Tanzania
. . Acceptable black tea quality, - .
3 EPK C12 Chinary type local selection drought tolerant and moderate yielder Widely grown in Kenya
4 TRFK 301/6 Cambod type local selection Drought tolerant and moderate yielder Test clone yet to pe released for
commercial use
5 TRFK 31/8 Assam type local selection Acceptable black tea quality, high yielding Widely grown in EA
6 TRFK 31/11 Assam type local selection High black tea quality, moderate yielder Widely grown in EA
7 TRFK 12/12 Assam type local selection High black tea quality, moderate yielder Widely grown in EA
8 TRFK 306 Assam type purple tea Moderate yielder and medicinal properties Released in 2011 for specialty
tea product
9 BBK 35 Assam type local selection High black tea quality, moderate yielder Widely grown in EA

10 TRFK 430/90

11 TRFK 6/8
12 TRFK 303/577
13 TRFK 303/1199

14 TRFK 301/5
15 TRFK 7/3

16 TRFK 6/10
17 TRFK 371/3
18 TRFK 100/5
19 TRFK 11/4
20 TRFK 12/56

Assam type local hybrid

Assam type local selection
Assam/China hybrid. OP of 6/8
Assam/China hybrid. OP of 6/8

Cambod type local selection
Assam type local selection
Assam type local selection

Assam type local hybrid

Assam type local selection

Assam type local selection

Assam type local selection

High black tea quality, high yielding

High black tea quality, moderate yielder
High black tea quality, high yielding
High black tea quality, high yielding

Acceptable black tea quality, root knot
nematode tolerant and high yielding

High black tea quality, moderate yielder

Acceptable black tea quality,
moderate yielder

High black tea quality, high yielding
High black tea quality, moderate yielder

Acceptable black tea quality, high yielding

Acceptable black tea quality,
moderate yielder

Recently released in Kenya for

commercial use
Widely grown in EA
Widely grown in EA
Widely grown in EA

Widely grown in Kenya and recently
introduced in Rwanda and Tanzania

Widely grown in EA

Widely grown in EA

Recently released in Kenya
for commercial use

Widely grown in EA
Widely grown in EA
Widely grown in EA but

not commercialised in Kenya

Table 3. Monthly rainfall and temperature data for Kipkebe and Timbilil during the wet and dry season.

Wet season Dry season
Site Jul-11 Aug-11 mean Jan-12 Feb-12 mean
Monthly total rainfall(mm) Timbilil 165.5 169.8 167.7 0.0 26.8 13.4
Kipkebe 100.8 273.1 187.0 0.5 82.9 41.7
Temperature (°C) Timbilil Max. 23.0 8.3 15.7 25.7 7.7 16.7
Min. 22.7 9.4 16.1 26.3 9.1 17.7
Kipkebe Max. 26.7 26.2 26.5 28.7 28.4 28.6
Min. 124 124 124 11.0 11.7 114
Copyright © 2013 SciRes. AJPS
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For polyphenols analysis, the method described by the
International Organization for Standardization (ISO)
14502-1 was used for polyphenols. 1.0 ml of the garlic
acid standard solutions were transferred into separate
glass tubes labelled A, B, C, D and E in triplicates. Sub-
sequently, 1.0 ml of the diluted sample extract was
transferred into separate triplicate tubes. 5.0 ml of 10%
Folin-Ciocalteu’s reagent was added. Then immediately,
4.0 ml of a sodium carbonate solution (7.5% wi/v) was
added. The tubes were vortexed and then allowed to
stand at room temperature for 60 min before absorbance
was determined at 765 nm against the blanks using a
spectrophotometer.

2.4. Statistical Analysis

The various catechins and polyphenols contents in the
clones were analyzed using M-Stat-C statistical software
for ANOVA. Principle component analysis (PCA) on the
concentration of catechins in different clones was done
using GENSTAT software [16].

3. Results

3.1. Variations in Catechins among the
Cultivars

The catechins were eluted in the following order Gallic

Acid (GA), Epigallo catechin (EGC), Caffeine (Caff),
Epicatechin (EC), Epigallocatechingalate (EGCG), Cate-
chin(C) and Epicatechin galate (ECG). An example of
eluted catechins following HPLC analysis is presented in
Figure 1.

A recapitulation of mean squares of the measured pa-
rameters is shown in Table 4. It is apparent from the
Table that the parameters measured showed varying lev-
els of significance with variations attributed to clones,
interactions between (clones x season), and (clone x
season x site), being highly significant (p < 0.001). The
effect due to seasons was significant (p < 0.01) for all but
one parameter EGC. Similarly the effect due to site was
significant (p < 0.05) for nearly all the parameters except
EGCG, ECG, and TCT. The significance variation of
season x clone interactions indicated that clones re-
sponded differently to different seasons and sites. The
variations in levels of various catechins and total poly-
phenols (TPs) with respect to seasons and sites are pre-
sented in Tables 5-13.

3.1.1. Seasonal Variations of Total Polyphenols (TP)
at Timbilil and Kipkebe

The TP contents in the 20 clones presented in Table 5,

varied significantly across different sites and seasons (p <

0.05). The mean of the TP across four seasons also var-

ied significantly. Considering the overall means, clone
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Figure 1. Chromatogram of clone TRFK 31/11 indicating the elution time and the order of the elution of the individual cate-

chins.

Copyright © 2013 SciRes.
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Table 4. Summary of mean squares for assessed catechins and total polyphenols.

Mean squares (MS)
Y Df GA EGC C CAFF EC EGCG ECG TCT TP

Season 1 0.307™ 0.747 0.152™"  0.854™  1.6977"  33.705™ 1.547™ 51.699™"  18.984™"
Site (season) 2 0.113™ 2.166™" 0.085™ 3532 0.360" 1.233 0.228 0.679 81.8917"

Rep (seasonxsite) 8 0.032™ 0.356 0.014 0.228" 0.21 0.916 0.313" 2.905" 1.129
Clone 19 03297 15.829™  0.076™"  3.428"" 75807  29.274™" 9224  41.392™"  18.622""
Seasonxclone 19  0.035™ 1.073™ 0.031™  0.202" 1422 5.749™ 0.293" 4.330™ 3722
Sitexclone (season) 38  0.017"" 0.688™" 0.038™  0.295™ 05127 1.480™" 0.330™ 3.364™ 6.216™

Error 152 0.007™ 0.25 0.009 0.082 0.118 0.596 0.14 1.208 1.159

NB: Asterisks ",

TRFK 12/12, had significantly higher levels of TP at
24.52%, while clone TRFK 301/6 had the least levels,
with a mean of 20.14%. However, clones TRFK 31/11,
TRFK 371/ 3, BBK 35, had similar TP content at 24.02%,
23.92%, and 23.80% respectively. There was no notable
differences in the mean total polyphenols across four
environments for clones TRFK 301/4, TRFK 430/90, and
TRFK 303/1199.

At the Timbilil site, clone TRFK 371/3 had the highest
level of TP at 26.49% during wet season, while clone
EPK C12 had the least content of polyphenols at 19.81%.
In the dry season, clone TRFK 303/1199 had the highest
level of polyphenols of 23.84%, while clone TRFK 301/6
had the least at 18.32%. Although most of the clones
showed some slight drop in total polyphenols from wet to
dry seasons, the drop by clone TRFK 6/8 and TRFK
371/3 of 6% was rather drammatic.

At the Kipkebe site, clone TRKF 12/12 had the highest
level of TP at 25.17% during the wet season, while clone
TRFK 301/6 had the least at 19.81%. Clone TRFK 31/11
had the highest level polyphenols of 26.89%, while clone
TRFK 301/6 had the least at 20.94% during dry season.
Interestingly, clone TRFK 306 had the least level of TP
during both seasons. It is worth noting that, unlike for
Timbilil, the level of total polyphenols in Kipkebe rose
on average from wet to dry season. Clones TRFK 100/5,
TRFK 31/11 and TRFK 371/3 appeared to have re-
sponded more positively by the onset of stress visited by
the dry season.

3.1.2. Seasonal Variations in Total Catechins (TC) at
Timbilil and Kipkebe

The total catechin content in the 20 clones presented in
Table 6, varied significantly across the four environ-
ments. Considering the overal means, clone TRFK 303/
1199 had significantly higher content of catechins at
19.37%, while clone TRFK 306 had the least catechins
content at 10.02%. However, clone TRFK 12/19, TRFK
303/577, TRFK 12/12 and TRFK 11/4 had similar higher
catechin content.

Copyright © 2013 SciRes.

,and ™ denote significance level at p < 0.05, p < 0.01 and p < 0.001 respectively.

At the Timbilil site, clone TRFK 371/3 had the highest
total catechins at 18.85%, while clone TRFK 306 had the
least at 9.23% in wet season. In the dry season clone
TRFK 6/10 had the highest catechins content at 18.05%,
while clone TRFK 306 had the least at 10.63%. Although
most of the clones showed significant decrease in total
catechins during dry season, it is worth noting that clones
TRFK 100/5, TRFK 6/8, and TRFK 12/19 showed a
more decrease at the onset of water stress.

At the kipkebe site, clone TRFK 12/19 had the highest
level of catechins at 20.27%, while clone TRFK 306 had
the least at 10.27%, during wet season. During dry sea-
son, clone TRFK 303/1199 had the highest catechin con-
tent at 20.11%, while TRFK 306 had the least at 9.94%.
The drastic decrease in total catechin content for clones
TRFK 12/19, TRFK 11/4, TRFK 7/3 and TRFK12/12
during dry season is notable. Conversly, clone TRFK
430/90 showed a considerable increase in total catechins
due to water stress. Thus, the clones were not affected in
the same way by the changes in weather.

3.1.3. Seasonal Variations in Gallic Acid (GA) at
Timbilil and Kipkebe

Garlic Acid content among the 20 clones varied signify-
cantly (p < 0.05) (Table 7). The mean of Garlic acid
varied across the four environments. In regards to the
overall means, clone TRFK 301/4, had the highest GA
content at 1.08%, while clone TRFK 6/10 had the least at
0.40%. Interestingly, Clones BBK 35 and TRFK 301/6;
clones TRFK 301/5 and TRFK 12/19; clones TRFK
430/90 and TRFK 12/56; and clones TRFK 303/577,
TRFK 100/5 and TRFK 31/8 had equal GA content.

At the Timbilil site wet season, clone TRFK 301/4 the
highest GA content while, clone TRFK 12/19, had the
least in both seasons (Table 6). There was a decline in
GA content in dry season for all the clones except for
clones TRFK 12/19, TRFK 430/90, TRFK 31/11, TRFK
100/5 and TRFK 371/3, which had higher GA during dry
season. In Kipkebe, clone TRFK 301/4 had the highest
GA content, while clones TRFK 6/10 and TRFK 371/3
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Table 5. Seasonal variations of total polyphenols (TP) at the
Timbilil and Kipkebe sites.

Table 6. Seasonal variations in total catechins (TC) at Tim-
bilil and Kipkebe sites.

Timbilil Kipkebe

Overall
means

Wet Dry Wet Dry
season  season  season  season

Clone

Timbilil Kipkebe

Wet Dry Wet Dry
season  season season  season

Overall
means

Clone

TRFK 6/10  21.05 1904 2004 2145  20.40
TRFK 301/6 2148 1832  19.81 2094  20.14
TRFK 303/577 21.86 2017 218 2253 2159
TRFK 12/19 2221 2214 2299 2509  23.1
TRFK 306 2194 2179 2202 2094 2167
TRFK301/5 2139 1983 2018 2134  20.68
TRFK 12/12 2497 2289 2517 2516 2455
TREK 11/4 2074 2092 2299  23.03  21.92
TRFK 301/4 2161 2384 2321 2157 2256
TRFK 430/90 22.85 2069 2326 2343 2256
TRFK 12/56 2378 2142 2191 2252 2241
TRFK 7/3 2276 1926 2242 2365  22.02
TRFK 100/5 2219 196 2354 2613  22.86
EPK C12 19.81 2193 2102 2222 2124
TRFK 303/1199 2246 2314 2317 2106  22.46
TRFK 6/8 2509  19.09 248 2391 2322
BBK 35 2552 2204 2291 2477 2381
TRFK 31/8 2434 2226 2467 2359 2371
TRFK31/11 253 2208 2182 2689  24.02
TRFK371/3 2649 1966  23.32 2623  23.92
Overallmean  22.89  21.01 2255  23.32  22.44
LSD (p=0.05) 126 1.98 4.93 2.1
C.V (%) 329 1701 173 5.4

had the least in both seasons. There was significant de-
cline in GA content as a result of water stress for all the
clones except for clones TRFK 6/8, BBK35 and TRFK
31/11 which had significant increase. It is noteworthy
that clones TRFK 430/90 and TRFK 371/3 were not af-
fected by the changes in environment.

3.1.4. Seasonal Variations in Epigallocatechin (EGC)
at Timbilil and Kipkebe

EGC content varied significantly with sites and seasons
for the 20 clones presented in Table 8. Considering the
overal mean clone TRFK 430/90 had the highest EGC
content, while clone TRFK 306 had the least. Clones
TRFK 6/8 and TRFK 301/5 had notably higher EGC
content. At Timbilil site, wet season, clone TRFK 6/8
had the highest EGC content at 6.69%, while clone
TRFK306 had the least at 1.94%. In the dry season, clone

Copyright © 2013 SciRes.

TRFK 6/10 16.94 18.05 18.65 18.26 17.98
TRFK 301/6 16.98 1593 16.53 17.42 16.71
TRFK 303/577 18.91 1721 17.38 18.87 18.09
TRFK 12/19 18.57 15.74  20.27 18.02 18.15
TRFK 306 9.23 10.63  10.27 9.94 10.02
TRFK 301/5 16.93 16.91 19.75 18.1 17.92
TRFK 12/12 18.83 17.17  20.17 17.59 18.44
TRFK 11/4 19.1 17.49 19.88 17.79 18.56
TRFK 301/4 15.46 1587 17.22 16.51 16.27
TRFK 430/90  16.83 17.67 17.3 19.38 17.80
TRFK 12/56 16.14 1719  17.98 16.81 17.03
TRFK 7/3 16.81 1786 17.18 15.77 16.91
TRFK 100/5 1551 18.04 1797 18.14 17.41
EPK C12 14.97 17.87  17.67 18.67 17.29
TRFK 303/1199 18.79 19.27  19.32 20.11 19.37
TRFK 6/8 18.46 15.9 15.75 16.41 16.63
BBK 35 17.62 16.7 18.37 18.99 17.92
TRFK 31/8 17.19 16.54 1892 18.98 17.91
TRFK 31/11 14.41 16.24 1899 19.77 17.35
TRFK 371/3
Overall mean 16.83 16.78 17.83 17.63 17.27
LSD (p<0.05) 1.64 1.70 2.17 177
C.V (%) 5.85 6.07 7.30 6.03

18.85 1722 17.08 16.99 17.53

TRFK 430/90 had the highest EGC content at
6.36%,while clone TRFK 31/11 had the least at 2.63%.
All the clones except for clones TRFK 301/6, TRFK
303/577, TRFK 12/19, TRFK 11/4, TRFK 6/8 and TRFK
371/3 had a increase in EGC content during dry season.

At Kipkebe site, clone TRFK 301/5 had the highest
EGC content at 6.76%, while clone TRFK 306 had the
least at 1.26% during the wet season. In the dry season,
clone TRFK 303/577 had the highest EGC content at
6.18% while clone TRFK 306 had the least at 2.59%.
although most of the clones had an increase in EGC con-
tent in dry season, clone TRFK 306 and TRFK 430/90
had a drastic increase during dry season.

3.1.5. Seasonal Variations in Catechin (C) at Timbilil
and Kipkebe

As shown in Table 9, catechin content varied signifi-

cantly between sites and seasons except for Kipkebe wet
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Table 7. Seasonal variations in garlic acid (GA) at Timbilil
and Kipkebe sites.

Timbilil Kipkebe

Wet Dry Wet Dry
season  season  season  season

Overall
means

Clone

TRFK 6/10 0.49 0.36 0.39 0.36 0.40
TRFK 301/6 0.78 0.48 0.67 0.52 0.61
TRFK 303/577 0.62 0.44 0.59 0.44 0.52
TRFK 12/19 0.37 0.37 0.56 0.55 0.46
TRFK 306 0.82 0.73 1.03 0.79 0.84
TRFK 301/5 0.54 0.38 0.57 0.37 0.46
TRFK 12/12 0.62 0.58 0.73 0.69 0.66
TRFK 11/4 0.62 0.51 0.79 0.66 0.65
TRFK 301/4 1.08 1.01 111 11 1.08
TRFK 430/90 0.4 0.42 0.47 0.47 0.44
TRFK 12/56 0.37 0.41 0.53 0.47 0.44

TRFK 7/3 0.47 0.38 0.46 0.42 0.43
TRFK 100/5 0.46 0.52 0.55 0.54 0.52
EPK C12 0.54 0.48 0.67 0.59 0.57
TRFK 303/1199  0.59 0.43 0.68 0.51 0.55
TRFK 6/8 0.53 0.43 0.41 0.53 0.48
BBK 35 0.65 0.51 0.62 0.67 0.61

TRFK 31/8 0.52 0.39 0.61 0.56 0.52
TRFK 31/11 0.54 0.61 0.91 0.99 0.76
TRFK 371/3 0.4 0.64 0.38 0.38 0.45
Overall mean 0.57 0.5 0.64 0.58 0.57

C.V (%) 1627 1701 1366  11.78
LSD 0.15 0.14 0.14 0.11

season. Considering the means, clone TRFK 306 had the
highest catechin content at 0.57%, while clone TRFK
31/11 had the least at 0.26%. Clones TRFK 6/10 and
TRFK 301/6; clones TRFK 303/577 and TRFK 12/19;
clones EPK C12 and TRFK 11/4; and clones TRFK 7/3,
TRFK100/5 and TRFK 430/90 had equal catechin con-
tents. At the Timbilil site, wet season, clone TRFK 12/12
had the highest catechin (+C) at 0.72%, while clone
31/11 had the least at 0.12%. Conversely during the dry
season, clone TRFK 306 had the highest (+C) at 0.74%
while clone TRFK 31/11 had the least at 0.17%. At the
Kipkebe site, wet season, clone TRFK 303/577, had the
highest catechin at 0.71%, while clone TRFK 301/5 had
the least at 0.18%. In dry season, clone TRFK 306 had
the highest catechin content, while clone TRFK 301/6
had the least at 0.22%. It is worth noting that most of the
clones had lower catechins during dry season. However,
clone TRFK 306 had considerable increase in catechin
content during the dry season for both sites.

3.1.6. Seasonal Variations in Caffeine at Timbilil and

Kipkebe
The level of caffeine varied considerably among the 20
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clones presented in Table 10. Taking into account the
overall means, clone TRFK 12/12 had the highest caf-
feine content at 4.11%, while clone TRFK 306 had the
least at 1.94%. At the Timbilil site, clone TRFK 371/3
had the highest caffeine level at 3.93%, while clone
TRFK 306 had the least at 1.76% during wet season. In
the dry season, clone TRFK 6/10 had the highest caffeine
content at 4.53%, while clone TRFK 306 had the least at
2.10%. At the Kipkebe site, wet season, clone TRFK
12/12 had the higest caffeine content at 3.25% while
clone TRFK 306 and TRFK 303/577 had the least at
1.91%. Majority of the clones had a significant increase
in caffeine level as a result of water stress in both sites as
shown in Table 9. However, clone TRFK 303/577 and
TRFK 12/12 had a drastic increase in caffeine level at the
Kipkebe site. It is particularly worth noting that the caf-
feine content generally rose by 15.6% and 44.8% from
wet to dry seasons for Timbilil and Kipkebe respectively.

Table 8. Seasonal variations in epigallocatechin (EGC) at
Timbilil and Kipkebe sites.

Timbilil Kipkebe
Clone oo season  season  season_ means.

TRFK 6/10 5.48 6.04 6.11 6.13 5.94
TRFK 301/6 311 3.06 2.89 2.95 3.00
TRFK 303/577  6.10 6.08 5.12 6.18 5.87
TRFK 12/19 5.53 4.96 5.23 4.78 5.13
TRFK 306 1.94 2.69 1.26 2.59 212
TRFK 301/5 5.47 5.77 6.76 6.17 6.04
TRFK 12/12 5.19 4.73 5.46 4.29 4.92
TRFK 11/4 6.23 5.89 4.88 5.52 5.63
TRFK 301/4 2.74 2.98 3.69 3.24 3.16
TRFK 430/90 5.68 6.36 5.58 6.59 6.05
TRFK 12/56 4.06 5.59 4.73 4.79 4.79
TRFK 7/3 4,77 6.11 5.51 4.97 5.34
TRFK 100/5 4,70 5.84 5.67 5.93 5.53
EPK C12 414 5.52 4.62 5.30 4.90
TRFK 303/1199 5.08 5.56 4.66 5.30 5.15
TRFK 6/8 6.69 5.98 5.85 5.44 5.99
BBK 35 418 4.89 5.05 5.42 4.88
TRFK 31/8 5.27 5.77 5.87 5.79 5.67
TRFK 31/11 2.01 2.63 3.94 4.13 3.18
TRFK 371/3 5.42 4.49 5.40 5.37 5.17
Grand mean 4.69 5.05 491 5.04 4.92

C.V (%) 847 1043 1333  7.28

LSD (p<0.05) 0.66  0.88 1.09 0.61
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3.1.7. Seasonal Variations in Epicatechin (EC) at
Timbilil and Kipkebe

There was a substantial variation (p < 0.05) in EC con-
tent among the 20 clones presented in Table 11. With
reference to the overall means, clone TRFK 301/6 had
the highest EC content at 4.15%, while clone TRFK 31/8
had the least at 1.14%. Clones TRFK 430/90 and TRFK
371/3 had equal EC content. Furthermore, the Cambod
clones TRFK 301/5 and TRFK 301/4 had notably higher
EC than the other clones. At the Timbilil site, during the
wet season, clone TRFK 301/6 had the highest EC con-
tent at 4.65%, while clone TRFK 306 had the least at
1.00%. In the dry season clone TRFK 301/6 still had the
highest EC content at 4.56%, while clone TRFK 11/4 had
the least at 1.10%. Though most of the clones had lower
EC content in dry season, clones TRFK 306, TRFK
301/4, TFK 12/56, TRFK 7/3 and EPKC12 had higher
EC in the dry season. At kipkebe site, during wet season,
clone TRFK 301/5 had the highest level of EC at 4.86%,
while clone TRFK 31/11 had the least EC content at

Table 9. Seasonal variations in catechin (C) at Timbilil and
Kipkebe sites.

Timbilil Kipkebe

Wet Dry Wet Dry
season  season  season  season

TRFK 6/10 0.21 0.30 0.36 0.38 0.31
TRFK 301/6 0.54 0.18 0.31 0.22 0.31
TRFK 303/577  0.30 0.35 0.71 0.34 0.43
TRFK 12/19 0.56 0.31 0.52 0.31 0.43
TRFK 306 0.40 0.74 0.44 0.69 0.57
TRFK 301/5 0.39 0.26 0.18 0.27 0.28
TRFK 12/12 0.72 0.36 0.54 0.38 0.5
TRFK 11/4 0.35 0.28 0.43 0.27 0.34
TRFK 301/4 0.46 0.27 0.34 0.25 0.33
TRFK 430/90 0.50 0.28 0.32 0.33 0.36
TRFK 12/56 0.29 0.31 0.39 0.3 0.32
TRFK 7/3 0.34 0.34 0.48 0.29 0.36
TRFK 100/5 0.34 0.34 0.42 0.35 0.36
EPK C12 0.25 0.34 0.41 0.35 0.34
TRFK 303/1199 0.14 0.29 0.38 0.36 0.29
TRFK 6/8 0.26 0.41 0.51 0.46 0.41

Overall
means

Clone

BBK35 0.33 0.32 0.46 0.36 0.37
TRFK 31/8 0.16 0.33 0.33 0.34 0.29
TRFK 31/11 0.12 0.17 0.4 0.35 0.26

TRFK 371/3 0.49 0.30 0.56 0.56 0.47

Grand mean 0.36 0.32 0.42 0.36 0.37
C.V (%) 19.44 10.93 41.61 9.47
LSD 0.12 0.06 NS 0.06

NS: denotes non-significant.
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0.89%. On the other hand, during the dry season, clone
TRFK 301/6 had the highest EC content at 4.91%, while
clone TRFK31/8 had the least at 1.02%. At this site, most
of the clones had an increase in EC content. It is worth
noting that at the two sites, Cambod clones TRFK301/5,
TRFK 301/4 and TRFK 301/6 generally had high EC
content than the Assam clones.

3.1.8. Seasonal Variations in Epigallocatechin Gallate
(EGCG) at Timbilil and Kipkebe
EGCG content in the 20 clones presented in Table 12
varied considerably across four environments. Taking
into account the overall means, clones TRFK 303/1199
had the highest EGCG content at 9.01%, while clone
TRFK 306 had the least at 3.74%. Clones TRFK 12/12
and clone TRFK 31/11 had equal mean EGCG contents.
At the Timbilil site, wet season, clone TRFK 11/4 had
the highest EGCG content at 8.86%, while clone TRFK
306 had the least at 3.34%. In the dry season, clone
TRFK 371/3 had the highest EGCG content at 8.78%,
while clone TRFK 301/6 had the least at 3.25%. Most of

Table 10. Seasonal variations in caffeine (Caff) at Timbilil
and Kipkebe sites.

Timbilil Kipkebe
Wet Dry Wet Dry Overall
Clone
season  season  season  season  means
TRFK 6/10 3.86 4.53 2.43 43 3.78

TRFK 301/6 2.61 3.11 1.94 2.63 2.57
TRFK 303/577  2.79 3.18 1.91 411 3.00
TRFK 12/19 3.32 3.50 2.96 3.76 3.38
TRFK 306 1.76 2.10 1.91 1.97 1.94
TRFK 301/5 3.15 4.46 2.78 3.95 3.59
TRFK 12/12 3.87 4.73 3.25 4.6 411
TRFK 11/4 3.53 4.04 3.02 3.43 3.50
TRFK 301/4 2.58 3.4 2.07 2.86 2.72
TRFK 430/90 2.83 3.23 2.00 3.34 2.85

TRFK 12/56 3.17 3.72 2.5 3.64 3.26
TRFK 7/3 3.17 3.21 2.03 3.22 291
TRFK 100/5 3.06 4.04 2.44 3.24 3.2
EPK C12 2.95 3.92 2.38 3.52 3.19
TRFK 303/1199  3.35 3.39 2.7 3.6 3.26
TRFK 6/8 2.63 291 1.94 3.11 2.65
BBK 35 3.34 3.9 2.37 3.65 3.32
TRFK 31/8 3.45 3.68 2.55 3.73 3.35
TRFK 31/11 2.34 2.7 2.21 3.35 2.65

TRFK 371/3 3.93 3.48 2.78 3.69 3.47

Overall mean 3.08 3.56 241 3.49 313
CV (%) 8.14 10.14 6.14 8.59
LSD (p<0.05) 0.42 0.6 0.35 0.5
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Table 11. Seasonal variations in total Epicatechins (EC) at
Timbilil and Kipkebe sites.

Timbilil Kipkebe

Wet Dry Wet Dry
season  season  season  season

TRFK 6/10 1.25 1.13 2.03 1.85 1.56
TRFK 301/6 4.65 4.56 2.5 491 4.15
TRFK 303/577  1.87 1.82 1.55 1.21 1.61
TRFK 12/19 1.55 1.30 2.02 1.29 1.54
TRFK 306 1.00 1.37 1.30 1.25 1.23
TRFK 301/5 3.28 2.96 4.86 3.55 3.66
TRFK 12/12 1.94 171 2.78 1.73 2.04
TRFK 11/4 1.33 11 1.88 111 1.35
TRFK 301/4 2.94 3.29 211 2.92 2.82
TRFK 430/90 1.62 1.48 1.33 1.67 1.52
TRFK 12/56 1.36 1.43 1.06 1.28 1.28
TRFK 7/3 1.78 1.97 1.46 1.45 1.66
TRFK 100/5 1.38 1.33 1.22 1.44 1.34

Overall
means

Clone

EPKC 12 1.72 1.87 1.44 1.54 1.64
TRFK 303/1199 1.73 1.67 1.36 1.67 1.61
TRFK 6/8 2.05 1.69 1.52 1.54 1.7
BBK 35 1.89 1.47 141 1.60 1.59

TRFK 31/8 1.34 1.20 1.02 1.02 1.14
TRFK 31/11 3.74 297 0.89 1.10 2.18
TRFK 371/3 2.07 111 1.63 1.62 1.61
Overall mean 2.02 1.87 177 1.79 1.86

C.V (%) 10.4 2182 245 1498
LSD (p<0.05) 0.35 0.68 0.72 0.45

the clones had a decline in their EGCG content during
the dry season, although clones TRFK 6/8 and TRFK
31/11 showed more decrease. Nevertheless, at the Kip-
kebe site, clone TRFK 31/11 had the highest EGCG con-
tent at 10.38%, while clone TRFK 6/8 had the least at
5.93% during wet season. During the dry season, clone
31/11 had the highest EGCG content at 10.68%, while
clone TRFK 301/6 had the least at 3.33%. Majority of
the clones had EGCG content decline during the dry
season.

3.1.9. Seasonal Variations in Epicatechin Gallate
(ECG) at Timbilil and Kipkebe

There was significant variation in ECG content in the 20
clones presented in Table 13. In view of the overall means,
clone TRFK 301/6 had significantly the highest ECG
content at 5.03%, while clone TRFK 100/5 had the least
at 1.96%. Clones TRFK 303/577 and TRFK 306 had
equal ECG content. At the Timbilil site clone TRFK
301/6 had the highest ECG content at 5.14%, while
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clones TRFK 430/90 had the least at 1.87% during the
wet season. In dry season, clone TRFK 301/6 had the
highest ECG at 4.88%, while clone TRFK 31/8 had the
least at 1.82%. Most of the clones in this site had lower
ECG content in the dry season. However, at the Kipkebe
site wet season, clone TRFK 301/4 had the highest ECG
content at 4.71%, while clone TRFK 6/8 had the least at
1.93%. In the dry season, clone TRFK 301/6 had the
highest ECG content at 6.02% while clone TRFK 100/5
had the least at 1.66%. Cambod varieties had higher level
of digallated catechins such as EC and ECG.

3.2. Principle Component Analysis for the 20
Clones Using Mean Catechin Data across
Two Sites and Seasons

The principle component analysis grouped the clones

into three clusters (Figure 2). The first principle compo-

nent accounted for 58.72% of the total variation, while
the second principle component accounted for 21% vari-
ation, with an accumulation of 79.72% variation.

Table 12. Seasonal variations in Epigallocatechin gallate
(EGCQG) at Timbilil and Kipkebe sites.

Timbilil Kipkebe

Wet Dry Wet Dry
season  season  season  season

TRFK 6/10 8.04 8.64 7.79 7.25 7.93
TRFK 301/6 3.54 3.25 6.79 3.33 4.23
TRFK 303/577 8.07 6.92 7.41 8.89 7.82
TRFK 12/19 7.85 7.06 9.51 8.89 8.33
TRFK 306 3.34 3.60 4.35 3.67 3.74
TRFK 301/5 4.57 4.99 4.78 4.79 4.79
TRFK 12/12 7.89 7.44 8.36 7.84 7.88
TRFK 11/4 8.86 8.25 10.08 8.66 8.96
TRFK 301/4 4.27 451 6.38 4.98 5.04
TRFK 430/90 7.16 7.46 7.63 8.31 7.64
TRFK 12/56 8.05 7.65 9.25 7.99 8.24

Overall
means

Clone

TRFK 7/3 7.52 6.94 7.34 6.82 7.16
TRFK 100/5 7.22 8.38 8.49 8.77 8.21
EPK C12 6.35 7.45 8.16 8.64 7.65
TRFK 303/1199  8.79 8.71 9.22 9.33 9.01
TRFK 6/8 7.55 591 5.93 6.78 6.54
BBK 35 8.18 7.22 8.29 8.27 7.99
TRFK 31/8 8.48 7.42 9.45 9.30 8.66
TRFK 31/11 43 6.15 10.38 10.68 7.88

TRFK 371/3 8.73 8.78 6.86 6.82 7.8

Overall mean 6.94 6.84 7.82 7.5 7.27
C.V (%) 9.28 11.28 13.08 7.79
LSD (p < 0.05) 1.07 1.29 1.70 0.97
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Table 13. Seasonal variations in Epicatechin gallate (ECG)
at Timbilil and Kipkebe sites.

Timbilil Kipkebe

Wet Dry Wet Dry
season  season  season  season

TRFK 6/10 1.97 1.95 2.37 2.65 2.23
TRFK 301/6 5.14 4.88 4.04 6.02 5.02
TRFK 303/577  2.56 2.03 2.6 2.25 2.36
TRFK 12/19 3.09 2.12 2.98 2.73 2.73
TRFK 306 2.55 2.23 2.92 1.73 2.36
TRFK 301/5 3.21 2.92 3.16 3.32 3.15
TRFK 12/12 3.09 2.93 3.04 3.35 3.1
TRFK 11/4 2.33 1.97 2.61 2.23 2.28
TRFK 301/4 5.04 4.83 4.71 511 4.92

Overall
means

Clone

TRFK 430/90 1.87 2.1 2.45 2.47 2.22
TRFK 12/56 2.39 2.22 2.55 2.44 2.4
TRFK 7/3 24 2.5 2.39 2.23 2.38
TRFK 100/5 1.87 2.15 2.17 1.66 1.96
EPK C12 251 2.68 3.02 2.84 2.76

TRFK303/1199  3.04 3.05 3.69 3.46 331
TRFK 6/8 1.92 1.91 1.93 2.19 1.99
BBK 35 3.04 2.8 3.16 3.33 3.08
TRFK 31/8 1.94 1.82 2.25 2.53 2.14
TRFK 31/11 4.23 431 3.37 3.51 3.86
TRFK 371/3 2.15 2.54 2.63 2.62 2.48

Overall mean 2.82 2.7 2.9 2.93 2.84
C.V (%) 9.31 8.96 17.12 14.76
LSD (p<0.05) 0.44 0.4 0.83 0.72

3.3. PCA for the Total Polyphenols for 20 Clones
Using Mean Polyphenol Contents across
Four Environments

The principle component analysis on the total polyphe-
nols presented in Figure 3 similarly, revealed three dis-
tinct clusters. The first principle component accounted
for 79.85% of the total variation, while the second prin-
ciple component accounted for 11.03% variation. The
cumulative variation was 90.88%.

4. Discussion

The results from catechin analysis indicate that the level
of biochemical components in tea is varietal dependent.
This is an indication that each individual clone is unique
in the level of catechins. Most of the clones used showed
some level of association between the total polyphenols
and soil water content. There was lower polyphenols
content in dry season compared to the wet season in most
of the clones. This was expected because water is one of
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the raw materials for photosynthesis and it has direct
impacts on organic synthesis of plants of both the pri-
mary and the secondary metabolites. The leaf is the ma-
jor source of photo assimilates, which yields the major
precursors of secondary metabolism such as malonyl-
CoA and coumaroyl-CoA which are dependent on the
light and the soil water content [10]. Previous results
showed that phenolics in green tea shoots varied among
clones [17], while other results revealed correlation be-
tween water content and biochemical parameters [13].

The clones had high level of caffeine during the dry
season. This is because accumulation of secondary me-
tabolites such as caffeine by plants is known to be a form
of defence mechanism adopted by plants. This mecha-
nism helps plants respond to and adapt to environmental
stresses [18]. Water stress is one of the most important
environmental factors that can regulate plant growth and
development, limit plant production, and alter the phy-
siological and biochemical properties of plants. Indeed,
water stress is known to increase the amount of secon-
dary metabolites in plants [19]. One of the responses to
abiotic stress is the accumulation of non-toxic, low mo-
lecular weight compounds, called compatible solutes or
osmolytes, such as caffeine. In response to abioitc stress
there is increase in the level of caffeine during dry season.
From the this study, it was observed that all the clones
except for clone TRFK 306 increased significantly in
their level of caffeine as a result of the dry season. The
accumulation of caffeine could be due to the hydroxyla-
tion of p-ce toumaric acid to caffeic acid in the phenyl-
propanoid pathway through the influence of polyphenol
oxidase (PPO’s) [20]. This could be the reason for the
increase in the level of caffeine in the tea clones as a re-
sult of the dry season. Expression analysis done showed
that polyphenol oxidase (PPO) was induced in response
to water stress with the highest magnitude of induction in
older leaves and corresponding abscission zones, which
might facilitate cell death preferentially in these tissues
[21].

The new improved clones had high levels of catechins
like the other commercialized clones used in this study
except for clone TRFK 306. The low levels of catechins
in fresh leaves of clone TRFK 306 could be attributed to
the up regulation of the anthocyanin synthase in biosyn-
thetic pathway for anthocyanins rather than the leucoan-
thocyanin reductase in catechin biosynthetic pathway pro-
bably due to environmental stimuli [22]. This could im-
ply that this variety clones could be commercialized for
the production of purple tea which has been considered a
medicine and a healthful beverage [23]. Furthermore,
some clones had high levels of catechins, especially
EGCG, which from the preceding studies done indicated
that such high levels of EGCG are important health
benefits [24].

The catechin content in some of the clones was not
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Figure 3. Scatter graph PCA for total polyphenols based on the mean polyphenol content across seasons and sites.

significantly affected by seasonal variation. This could
be attributed to the slight changes in the catechin levels
in individual clones, resulting from seasonal variation
due to the principal amounts of the specific catechins in
the leaf. However, organic compounds that are synthe-
sized in small quantities, such as C, ECG, EGC and EC,
could be expected to exhibit significant changes when
the plant is under stress, but this was not the case for the

Copyright © 2013 SciRes.

results of some of the clones from this study. This ob-
servation rules out the influence of principal amount of
catechins in plants as the basis of the differential water
stress response of the plants. The results obtained from
this study are corroborated by earlier result which indi-
cated that the changes in soil water content did not have
effects on the level of catechins [13].

On the other hand, the differences in the levels of cate-
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chins in the different clones could be attributed to the up
regulation or down regulation of the enzyme flavanone
3-hydroxylase. Flavanone 3-hydroxylase (F3H) is an
abundant enzyme in tea leaves that catalyses the stereo
specific hydroxylation of (2S)-naringenin to form (2R,
3R)-dihydrokaempferol. In a study carried out to deter-
mine the concentration of catechins, and CsF3H gene
expression found a positive correlation between the con-
centration of catechins, and CsF3H gene expression in
leaves at different developmental stage. CsF3H expres-
sion was down-regulated in response to drought, abscisic
acid and gibberellic acid treatment, but up-regulated in
response to wounding. The concentration of catechins
paralleled the expression data. In addition, they also re-
ported that drought decreased the level of catechins in tea
[13]. The decrease in catechins can be exemplified by
percentage total catechins in clones TRFK 12/19, TRFK
12/12, and TRFK 11/4 during the season. In a recent
study high flavanone-3-hydroxylase (F3H) activity in tea
leaves was reported suggesting it as an important enzyme
in the biosynthesis of catechins in tea [22]. These data
indicate that catechin may serve as a feedback inhibitor
of CsF3H expression [25]. Negative feedback regulation
of CsF3H expression by catechins could explain the
storage of catechins in the vacuole which would allow
for their continuous synthesis [26]. This could explain the
lack of change in the level of total catechins in some of
the clones such as TRFK 371/3, TRFK 301/4, and TRFK
6/10 in the four environments.

From principle component analysis, a clear structure
was observed within the different clones of tea with the
identification of different clusters based on the catechins
and polyphenols shown in Figures 2 and 3. The Assam
teas have higher catechins content compared to the
Cambod teas, which have moderate catechins. This could
be attributed to the unique catechin profile of Cambod
varieties. The Cambod clones were low in EGCG, me-
dium low in EGC and high in EC and ECG content.
These results are similar to the results obtained in a pre-
ceding study [6]. Catechin rich clones could be distin-
guished from the low catechins clones within the PCA
plot. Thus individual catechins can be used in the identi-
fication and selection of high quality clones.

5. Conclusion

From this study it can be concluded that the level of
catechins in tea plants are varietal dependent. Environ-
mental stress has effects on the synthesis of Flavanoids
as well as the levels of caffeine in plants. The results
presented indicated that the differences in the accumula-
tion of catechins among the tea clones, and by extension
important for the discrimination of clonal diversity. The
determination of the influence of wider climatic condi-
tions on the biosynthesis and the content of Flavanoids

Copyright © 2013 SciRes.

could be explored as the subjects for further research.
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