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Technical Note

Geographical Variation of Theaflavins, Thearubigins and
Caffeine in Kenyan Clonal Black Teas

ABSTRACT

Black tea clones have different contents of theaflavins, thearubigins and
caffeine. The amounts vary with localities and the patterns of variations
change from clone to clone. There was no significant relationship between
altitude and theaflavins (except in clones 6/8, 31/8 and 31/11 ), or thearubigins
or caffeine. Tea breeding programmes for high quality need to evaluate the
clones in areas of intended release, as chemical composition—and hence
quality—uvary with localities.

INTRODUCTION

The beverage, tea, made from the young tender shoots of Camellia sinensis
(L.) O. Kuntze, is the most widely consumed non-alcoholic drink. The
quality of tea has been known to vary with climatic and geographical areas
of production (Hilton & Palmer-Jones, 1975). Recently, we demonstrated
the variation in theaflavins (TF) contents of Kenyan and Malawi teas
(Owuor er al., 1986). Other previous studies have also compared teas which
were grown under diverse climatic and geographical conditions. Yamanishi
et al. (1968), for example, compared the quality of Dimbula, Uva, Nilgiris,
Darjeeling and Benihomore teas. Hence, it has been assumed that large
climatic and geographical variations are necessary for noticeable chemical
composition and quality changes. Again, none of the previous studies has
compared teas of the same clones produced under different climatic
conditions. In Kenya, tea is grown in different locations at high altitudes
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between 1500 and 2700 m. Apart from the variation in rainfall c.listribution
in the east and west of the Rift Valley, other climatic changes are minimal.
Recently, Mwakha (1985b) demonstrated that the tea shoot growth rate is
inversely proportional to altitude in Western Kenya. Whereas the
development of shoot to pluckable level takes 48 to 56 days in Malawi
(Fordham, 1972) and 81 days in North Eastern India (Wight & Barua, 1955),
similar development takes 60 to 90 days in Kenya (Magambo, 1983;
Mwakha, 19854, b). The variations in growth rates have been shown to affect
quality of black tea (Hilton et al., 1973). This study was therefore undertaken
to show if there are variations of quality of Kenya black teas with growth
rate and hence altitude (Mwakha, 19855b).

Itis also known among farmers that tea quality varies with localities. Such
variations have been attributed to different growth rates arising from
changes in altitude (Mwakha, 1985b), average air temperature (Squire, 1978),
rainfall (Carr, 1977), sunshine hours (Portsmouth & Rajiah, 1957), tea
genotype (Fordham, 1972; Magambo & Omolo, 1982) and hormones
(Raman, 1982). In Kenya, the quality changes arising from these factors have
qualitatively been assessed by organoleptic evaluations. Despite the noted
organoleptic variations, breeding work is still centralized at one point (Tea
Research Foundation of Kenya) with an altitude of 2178 m above mean sea
level. Although growth rate differences (Mwakha, 1985h) and vyield
differences (Njuguna, 1983) have been recorded for the same clones planted
in different locations, chemical compositions have been assumed to stay
constant. This study was therefore undertaken to quantify the changes
occurring in TF, thearubigins (TR) and caffeine in clonal teas due to changes
in geographical areas of production. These three components are known to
be necessary for high quality of tea (Biswas & Sarkar, 1971; Hilton & Ellis,
1972; Hilton & Palmer-Jones, 1975; Owuor et al., 1986).

MATERIALS AND METHODS
Tea leaves and manufacture

Tea shoots used in the study were obtained from clonal plots of commercial
tea-producing companies in Kenya and the Tea Research Foundation of
Kenya clonal field trials. The altitude varied from 1969 to 2260 m above
mean sea level. All the teas were obtained within a radius of about 300 km.
Plucking standard conformed to the normal commercial practice, i.e. about
90% good leaf, mainly two leaves and a bud with minor amounts of three
leaves and a bud.

For every clone and in all locations, manufacturing was replicated three



Theaflavins, thearubigins and caffeine in black tea clones 225

times, each sample using 1200 g from green leaf. All the green leaves were
withered for 16 to 18 h to lose 28% to 30% of the original weight. The teas
were macerated by the ‘Crush, Tear and Curl’ method and subsequently
fermented in closed plates for 2 h (Owuor & Reeves, 1986). All the teas were
manufactured between 7 and 11am; thus, apart from minimal daily
temperature differences occurring within these hours, all manufacturing
conditions were similar. The marginal differences in fermentation rates due
to changes in temperature (Cloughley, 1980) between 7 and 11 am were
overcome by randomization. The manufactured teas were then subjected to
analysis without sorting. Randomized complete block design was used to do
statistical analysis for the results of the analyses of the different clones. Each
location was considered a treatment.

Chemical analysis

TF analysis was done by the Flavognost method (Hilton, 1974) while TR
analysis followed the method of Roberts & Smith (1963). Caffeine was
determined by HPLC (Owuor et al., 1987).

RESULTS

Kenyan teas are classified as plain to medium flavoury in the tea trade. For
such teas, quality is thought to be determined by the amounts of TF (Owuor
et al., 1986 and references therein), TR (Biswas & Sarkar, 1971, 1973) and
caffeine (Hilton & Ellis, 1972; Mullin et al., 1969). The variations of these
compounds in the teas are shown in Tables 1, 2 and 3.

The high TF contents noted (Table 1) explain the general notion that
Kenyan teas have high briskness and brightness (Owuor & Reeves, 1986).
TF showed wide variations (statistically different in most cases up to P<
0-001) with geographical areas of production (Table 1) for all clones. Also
there were linear increases of TF with altitude significant at P <005 for
clones 6/8 and 31/8, and P <0-01 for clone 31/11.

TR contents, which are responsible for colour and thickness (Owuor &
Reeves, 1986) of tea, also changed with both geographical locations.
Geographical areas of production caused changes in TR in all clones, which
were significant in most cases up to P<0-001 (Table 2). There were no
significant changes in TR contents with altitudes for all clones.

Caffeine data are presented in Table 3. In all clones different geographical
areas of growing tea produced varying amounts of caffeine contents,
significant up to P <0-001 in many cases. No significant relationships were
shown between caffeine and altitude.
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TABLE 1
Changes in Theaflavin Contents (umoles g™ ') with Geographical Area of Production in
Clonal Teas

Source Altitude® Clones

6/8 31 31/8 TNI4-3  Ejulu

Karirana Tea Estates 2260 32:0 286 28-6 283 250
(Limuru)®
Tea Research Foundation 2178 281 252 241 262 —
(Kericho)*
Sitoi Tea Estate 2060 323 256 259 302 —
(Nandi Hills)*
Kangaita Tea Farm 2056 312 — 263 301 —
(Mt Kenya)®
Kagochi Tea Farm 1998 299 — — 282 —
(Mt Kenya)®
Changoi Tea Estate 1830 20-4 189 22:5 269 20-3
(Kericho)*
Kaimosi Tea Estate 1830 220 219 241 271 24-6
(Kaimosi)*
Sotik Tea Company 1769 270 — — 337 —
(Sotik)*
CV (%) 331 1-83 1-35 1-58 2-82
LSD, P=0:05 1-62 0-83 0-62 029 1-49
0-01 2:24 1-21 0-88 041 2-47
0-001 312 1-81 1-27 057 462
re 0-73* 0-92**  075* -032 0-57

Geographical area is given in parentheses.

?In metres above mean sea level.

®East of Rift Valley.

“West of Rift Valley.

4 Correlation coefficient of linear regression analysis between altitude and TF contents:
*Significant P <0-05; **Significant P <0:01.

DISCUSSION

Although tea growth rate in Kenya is affected by altitude (Mwakha, 19855)
and quality, as measured by TF content, is related to growth rate in Malawi
(Hilton & Palmer-Jones, 1973) for clones studied, only clones 6/8, 31/8 and
31/11 showed significant relationship between TF content and altitude.
However, it had been demonstrated that TF content alone is not a reliable
criterion for quality measurement as other factors seem to be important in
Kenya (Owuor et al., 1986).
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TABLE 2
Variation in Thearubigin Contents (% dry weight) in Clonal Teas with Geographical Areas of
Production
Source Altitude® Clone

6/8 3/t 31)8 TNI4-3  Ejulu

Karirana Tea Estate® 2260 19-0 17-1 16-3 19-1 189
Tea Research Foundation® 2178 150 14-3 154 16:0 —
Sitoi Tea Estate® 2060 162 13-3 13-5 157 —
Kangaita Tea Farm® 2056 189 — 16:3 19-1 —
Kagochi Tea Farm® 1998 17-8 — — 180 —
Changoi Tea Estate® 1830 155 159 159 157 158
Kaimosi Tea Estate® 1830 16-2 14-2 14-9 162 187
Sotik Tea Company® 1769 17-8 — — 18-0 —
CV (%) 1-53 1-20 1-56 1-26 1-20
LSD, P=0-05 0-46 0-34 0-43 0-38 034
0-01 0-63 0-49 0-62 0-53 0-49
0-001 0-88 0-74 090 0-73 0-74
r 023 027 0-20 0-29 0-53

See Table 1 for superscripts *~¢ and geographical regions.
¢ Correlation coefficient of linear regression analysis between altitude and TR contents,

TABLE 3
Effect of Geographical Areas of Production on the Caffeine Contents (% dry weight) in
Clonal Teas
Source Altitude® Clone

6/8 311 318 TNI4-3  Ejulu

Karirana Tea Estate® 2260 347 382 4-56 3-83 337
Tea Research Foundation® 2178 302 323 382 319 -
Sitoi Tea Estate® 2060 304 355 371 3-10 —
Kangaita Tea Farm” 2056 3-36 — 4-50 410 —
Kagochi Tea Farm® 1998 339 — — 402 —
Changoi Tea Estate® 1830 277 2:69 3-05 335 3-58
Kaimosi Tea Estate® 1830 342 391 4-19 417 425
Sotik Tea Company® 1769 3-39 — — 4-11 —
CV (%) 2-38 1-49 192 2:28 2:64
LSD, P=0-05 013 010 0-14 015 022

0-0t 0-19 014 0-20 0-21 037

0-001 0-26 021 0-29 029 0-69

rd 0-09 0-30 0-52 —-034 -069

See Table 1 for superscripts *~¢ and geographical regions.
4 Correlation coefficient of linear regression analysis between altitude and caffeine contents.
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There was no relationship between TR and caffeine content in all clones or
TF, in clones Ejulu and TN 14-3 with altitude. Thus altitude is demonstrated
not to be an overridingly important factor for the contents TF, TR and
caffeine in Kenyan tea.

However, there were significant (up to P <0-001) variations in the TF, TR
and caffeine contents for all the clones studied due to localities (Tables 1, 2
and 3). Thus localities do affect the chemical composition of clones. It is
known that average air temperature (Squire, 1978), rainfall (both
distribution and total amounts)(Carr, 1977), sunshine hours and cloud cover
(Portsmouth & Rajiah, 1957) affect tea growth and hence quality. Although
rainfall distribution in the east and west of the Rift Valley in Kenya are not
the same, samplings in the studies were done during March and April 1986,
when long rains were just starting. Not all areas where the samplings were
done receive equal amounts of rainfall. The variations in the average air
temperatures, cloud cover and total amounts of rainfall in the different
locations where the samplings were done help to explain the noted
significant differences in clonal teas’ chemical compositions with localities.
Samplings from Changoi Tea Estate and Tea Research Foundation of
Kenya, both in Kericho and about 30 km apart, were done at the same time.
However, variations were noted in TF, TR and caffeine contents within the
same clones (significant mostly at P <0-01). Total rainfall and cloud cover
differences can in part explain the noted variations. The differences in TF,
TR and caffeine contents between Kaimosi and Changoi samples are in part
due to differences in the agro-ecological factors above and not altitude.

Pluckings from Kagochi and Kangaita Tea Farms were also done at the
same time. These farms are about 20km apart, with 50-m altitude
difference. Rainfall distributions and total amounts are normally very
similar (although not exactly equal). Clones 6/8 and TN 14-3, sampled from
these sites, did not show significant differences in caffeine contents. While
TN 14-3 showed a significant (P < 0-05) difference in TF contents, clone 6/8
did not. However, both the clones showed significant (P <0-001) TR
differences. Data presented thus indicate that as long as small micro-
ecological factors or geographical changes exist, chemical composition of
tea—and hence quality— will change. In tea breeding for quality, it is thus
important to have clonal field trials in areas of intended release before
farmers are provided with planting materials.
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