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ABSTRACT: Biochemical composition of tea leaf (Camellia L. spp.) is dependent on climatic conditions and the genetic
makeup of the plant. Many attempts have been focused to identify various biochemical compounds responsible for quality.
Although, currently about 500 germplasm accessions are being maintained in the Tea Research Institute of Sri Lanka, these
accessions are not adequately evaluated for biochemical components present in processed black tea. This is the first attempt
to quantify various black tea biochemical compounds viz., theaflavins, thearubigins, polyphenols, amino acids, total catechins
and caffeine content in a range of germplasm accessions and to correlate with organoleptic parameters such as infused leaf
colour, liquor colour, strength, liquor quality and total quality scores using correlation analysis. A strong positive correlation
(P < 0.001) of theaflavins with brightness, total catechins, infused leaf colour, liquor quality and total quality scores was
observed. Principal Component Analysis (PCA) based on biochemical parameters and tasters’ evaluation separated thirty five
tea accessions into four groups. These groups also depicted a relationship with their origin and ancestry. First component of PC
analysis accounted for 43.0% variability while second component accounted for 13.3% of the total variability. The significant
variation of biochemical compounds detected in the present study indicates the wider diversity of tea germplasm in terms of its
biochemical components present in black tea in Sri Lanka. Results could be used to facilitate establishing inherent biochemical

constituents that reflect quality of black tea that provides early selection criteria to speed up the tea breeding programme.
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Introduction

Tea (Camellia L. spp.) is one of the most popular bev-
erages in the world and it is the most consumed bever-
age next to water. The major tea-producing countries are
China, India, Sri Lanka, Kenya and Japan and is also
grown in Indonesia, Vietnam, Argentina, Georgia, and
other countries.! Black, Green and Oolong teas are all
produced from the hybrids with an affinity to three key
taxa of the genus Camellia L. Black, green and Oolong
tea differ in their appearance, taste, chemical content as
well as flavour due to the difference in the fermentation
process involved in making three main tea types.

Black tea quality is a complex phenomenon and
depends mainly on the chemical components and colour
attached to the tea infusions. As such, tea prices vary
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greatly depending on the quality which has tradition-
ally been assessed by a tea taster who has developed
a language of his own, the organoleptic evaluation, to
describe various quality attributes of a tea infusion.

The chemical components of tea leaf include poly-
phenols (catechins/flavonoids), alkaloids (caffeine, theo-
bromine, theophylline), volatile oils, polysaccharides,
amino acids, lipids and vitamins. During black tea pro-
cessing, catechins (flavan-3-ol) in tea shoots undergo
oxidative changes to form theaflavins (TFs) and thearu-
bigins (TRs), which are largely responsible for bright-
ness, strength and colour of black tea.® Free amino acids
in tea leaves are important chemical constituents that
remarkably influence the quality of tea and they are con-
sidered as the major contributors to the freshness of tea.*
Caffeine represents the major methylxanthine, followed
by theobromine in much smaller amounts. Caffeine is
pharmacologically classified as a central nervous system
stimulant and a diuretic.’

In some countries, biochemical parameters such as
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polyphenols, catechins, caffeine and others in fresh tea
leaves have been used as discriminative markers to eval-
uate their germplasms. Besides, considerable attempts
have been made to relate the organoleptic assessment
of tea quality with chemical compounds for black tea,
green tea and oolong.>¢'° However, most of the pre-
vious studies conducted by early scientists at the Tea
Research Institute of Sri Lanka (TRISL) were focused
only on individual biochemical constituents present in
either fresh leaf or processed tea using limited number of
accessions.!! Therefore, a comprehensive study to quan-
tify a range of biochemical compounds of black tea using
a representative sample of accessions selected from the
germplasm collection is vital to identify unique acces-
sions which possess important biochemical compounds
that exert potential health benefits and produce high
quality black tea.

Materials and Methods

Source of Materials .

Total 35 tea germplasm accessions representative of
the hybrids of the three main taxa were selected from
ex situ field gene bank at the Tea Research Institute of
Sri Lanka, Talawakelle (latitude 60° 54'N, longitude
80° 42'E, 1394 m above mean sea level). Monthly
average rainfall is about 227 mm in wet season (during
September-December) and 72 mm in dry season (during
January—April).

Processing of Black Tea

Tea shoots (two leaves and an active bud) (500 g in
quantity) were harvested from each accession and
black tea was produced in an environmental control
manufacture system designed by Teacraft®. Shoots were
withered in a withering cabinet for 14—18 hr at 20°C.
Withered leaves were rolled for 15 min in a miniature
roller and fed into a miniature spiral rotorvane. The
macerated leaves (dhool) were sieved through a 2.5-mm
mesh and placed in a cabinet for optimum fermentation
(2.5-3 hr at 20°C). The inlet temperature of the miniature
fluid bed dryer was set at 125°C and fermented dhool
was fed to it. The drying step was terminated when the
outlet temperature reached 98°C and ungraded black tea
was obtained. The black tea production was repeated
twice in wet season (during September—December 2011)
and dry season (during January—April 2012) to ensure
capturing seasonal variability.

Preparation of Standard Black Tea Infusion

Black tea (9 g) were infused in 375 ml boiling distilled
water in a vacuum flask for 10 min using a mechanical
shaker. The liquor was then filtered through a cotton
wool plug and allowed to cool to room temperature.

Determination of Theaflavins (TF), Thearubi-
gins (TR), Total Colour (TC) and Brightness
(BT)
Contents of theaflavin, thearubigin, total colour and
brightness of black tea samples were determined by col-
orimetric method.'*!3
Theaflavin (g kg™) = [2.25% EC]x10
Thearubigin (gkg™) =[1.77xED + (EA~EC) x 7.06]x10
Total liquor colour % = 6.25x (EA* + 2EB¥*)
Brightness % = 100x EC*/(EA* + 2EB*)
EA, EB, EC and ED: Spectrophotometer reading

at 380 nm
EA*, EB*, EC* and ED*: Spectrophotometer reading

at 460 nm

Determination of Total Polyphenols (TPP)‘, Total
Catechins (CAT), Free Amino Acids (AA) ‘and
Caffeine (CF)

The total polyphenol content in the black tea extract
was determined based on the colotimetric method using
Folin-Ciocalteu phenol reagent in alkaline medium and
the absorbance was measured at 765 nm.'* Total cat- -
echins in the tea extract were estimated using' acidified
vanillin reagent and the absorbance was measured at
500 nm." Total free amino acid content in the tea extract
was determined using Ninhydrin as previously:described
and the absorbance at 570 nm.'® p-L-Alanine' was used
for calibration of the standard curve. Caffeine:content in
the tea extract was determined by using 50% Iéad acetate
basic solution [Pb(CH,COO),*Pb(OH),] by §measur1'ng
the absorbance at 274 nm."” Caffeme was used for cali-
bration of a standard curve. ‘

Determination of dry matter content

Black tea (S g) was weighed to the nearest 0. 001 g, placed
in aluminum dishes and heated in an oven at 103 +£2°C
for at least 18 hr to a constant weight. Thg percentage
of dry matter (DM) in the samples was then calculated.
All the chemicals used for this study werevof analytical
grade. UV-VIS spectrophotometer (CARY 510 Bio®)
was used for all measurement.

Organoleptic Evaluation of Black Teiﬁ
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A sample of black tea (2.5 g) was extracted with 150 ml
of boiling water for 5 min and was subjected to organo-
leptic evaluation made by four professional tea tasters
with scores based on infused leaf colour (IFL), liquor
colour (LC), strength (STN) and liquor quality (LQ).

Statistical Analysis

Results were statistically analysed by analysis of vari-
ance (ANOVA) using Statistical Analysis Software (SAS
Version 9.1). The differences between mean values of
each biochemical parameter were compared by Duncan’s
Multiple Range Tests. Correlation analysis of biochemi-
cal parameters and organoleptic evaluation were carried
out, and a principal component analysis was performed
to determine the major contributory factors associated
with grouping of accessions.

Results and Discussion

A highly significant variation in all biochemical param-
eters was observed among accessions studied. Black tea

biochemical constituents (TF, TR, TR/TF ratio, TC, BT,
TPP, CAT, AA and CF) of 35 tea germplasm accessions
in wet and dry seasons are presented in Tables 1.a and
1.b and organoleptic evaluations in Table 1.c. Minimum
and maximum values, means, standard deviation (SD)
and standard error (SE) of biochemical parameters are
given in Table 2.

Theaflavins content (TF)

A significant variation of theaflavins content in black tea
was observed among the accessions studied (Table 1.a).
Irrespective of the seasons, higher values of TF (above
12 g kg) were observed in estate selections, a group
of accessions that has ancestral affinity towards Cambod
type tea (C. sinensis ssp. lasiocalyx) such as PK 2, DT
1, N 2 and NAY 3. On the other hand, TF content of
known low quality cultivars (TRI 2023, TRI 2016, TRI
3072 and TRI 2043) indicated low values. Present study
showed that the TF content in wet season ranges from
6.44 to 18.89 g kg™! with a mean of 11.09 g kg™ whereas

Tahle 1.a: Mean +Staudard Deviations of the bochemical parameters in different tea accesslons

TF ip k¥ TRig kg™ TR:TF TCA%E ] Bl

Aceesslons W : [T i D Biv Wel bry Wel DRy el : B
ASM 410 767 200 4208 FLISLLY 1388213 2230 a0 1LZFEL0Y 48320 370200t 13.532 129 25742148
() %) £06M  n2Edz0t 1STa I 1NEE2020T 1985k 07 20SM 435200 453Nt 021104 D21 FE
N RAS £ 06 A0 D62 1302240880 (355 0IM Q61950 4m2pa0m™ 523000 NWpor Rzt
nT1 1209 £ 06" 130EER* 157252 E0M  IRATESSM 1@+ 1050£04M 537200 502200 2288307 2643+ K4
DT & 76 :0F 12472045 6L 1R LEY 10004045 104B203M 47040 4ARH05% 480 NTI+0RF
DN T A0 1LDI£0FY 15983 LT 12708404 1335200 1p6702 Fpoa0™ 373200° 255078 006203
H Y5k 1301 208  1L67£03% 12208247 245220 SA0L08M 1034047 504200 420200 Zzd5a 0™ nsia 7
INTRI® Baer® 1240202 HEHLLI TI204%  [LIBL00™ TSEL01Y S4B 43040.0% 23032120 R1yz09?
REN1#3 a0 £ B2 e 0 PR 2™ 90205 [4ARENEM  1200p0%  dppa0P 4ATAD ™ T 0R 1 H IRTIz A
N2 J5E L 10F W0 ISRISETY 1MeI 1IN ST E2I™ M £047 Sedaa® 4454028 esa22 Ll
NAY 3 Il MG LY RIS 15765418 1140£1L8™ 838£0.6° §2332050  SA3402% 235452148 1827415
PR 2 1578 204> 1457205 16250£3F° 10770208 1000204 740027 S44+00% 208 +0.0 AT 1LY dERI a3
PLLG 2 TA8 22 570£037 1220807 DS4Da0EM  17.38&03% 1693208 3822020 303200 15102015 751208
5108 1650+ 14" 1L26£08% 1483857 0R30200R AR £ N AM L5006 551106 4.0840.19 0012023 264189
TC 1 TR0 A0 112622217 LIRI22207F (679404 [134£03% 43B10.0° 423204 20554 14% 29352190
T Mt e B HIFSE01E E3SEL0R® 15BN fAf0Ened 290 RA% SeRr0 32020 oS0t 74a )
THI 2016 [XEPN v R0 PA3MaLI®  pFe2agd 2089 £ 06k ML 406£0.1™  SORLD(R 1340408 187G | 4%
TRI 925 831 &M BRE 0 HIG4Se )™ GLHELI 4 03 11202 4063007 4302000 941097 1RW2047
THI 2024 48 £p2% B2 £0F RO IANFARTT (4100 1255:05%  SA0200PF 4eRa0@  miiza it pdanpm
TRI N5 1220 £ 0% BOS£S  1SERIx0EM INFTH14Y 1270 0HT 446£05 442200 LR 0TY M 1H* 19252407
THRI 2643 TR AW 505047 3RW LI 135302167 15224057 2246£ 180 425200 4072604 1550214 12014
TRI 2142 1331 2007 1951 LO™ 1SS0 £24M 13165453 [165+03™ 800415 490202 468201%  2s0qa0¥ sea 2
TR 3013 1045 =00 poseos®  MeTSe0t 113graqt 1347 £0 1% 11488067 470208 L2200 23naa7 24g4a
TRI 301% TOF£07™ D6 £02™  4DE0:LS 12307436 20422 12242067 428200 23Ba0t 15752299 2002208
TRI 22 67 £ 01T 708 IR £22%F 132104 lesr 0¥ 1T5E:18Y a33pap” 423400 ITHE20.0" (T2 04
TRIMES 13 e et 1227 e086 AP0 1207150 I2ZM LT QS 4241 00™ 4433029 @12 WP
TRI HF2 13 +037 4% TR 1SS0 1075804% A0 404402 531200% ZRL22a7 0+ 1L
TRI 3067 1.3 £ 05 e 08™ (425841 116404 12,5008 1300079 44D20%7 4432058 M1321Y 23002239
TRI K7 | 1077 £ 0.5 1275807 12B06£367F 130362209 1192400 1024205 18240 433200 TS1a0? Jopga22™
THY 4078 e 150203 126472077 B0 NISE0A™ LIB2r™ 4542 0™ so3a0™ 2057203 nawmand
TRI 7Y 153621485 1288402 HERL? 33209 Il 10522037 496202 479200 063229 7222 10%
THI 645 T4 £ 270 [08. 36 £ 0 47 MR 2N (S1REa7® R2eres’  33EiaF 3934001 11194 19%F 23741 8"
TRITH I3 20 B8 00% AN LR IH4e230%  (235£05T  R95£03M $e3ial* SHE200% @40 Javdaade
YAMOR 1574 =02 120 15102s06M 120300 0ASE0IW B8R0 §402 00 2162000 IR TF04M LAY LD
WT 26 1280 £ 04" T3 e04M 15622437 1.0214T S 0N HOA£05Y 511202 AfRa00F 3SE7 11 1M ua0gh

TF= theallavins content, TRZ thearubigin content , TRTF= TR rtio, TCs Tikal colour of liquor, BT =Brightnzss of liguer
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Table 1.b: Mean £Standard Deviations of the biochemical parameters in different tea accessions

Aceesslons TPP (g kg CAT igkg) AA (g b CF (g kg’
wet Dry Wet dry wet dry wet dry

ASM 410 182424224 18175 + 9.84 9478+ 1L.7™  102.5047.8° 16.12£03% 11052039 40332057 44954187
CcY 9 16137 £04™ 15340427 87.65+2.3° 106.44 7.7 7.84+0.1F 949+ 03™  3571+08™ 40211087
DN 17305 £ 13%  180.19+3749  10648+26F 115032208 1370x0.1%%  14.30:00%  S127+17% 48.11+02%
DT1 17968 £ 165 18075236 130334627  [34.19232% 1137:12™  1236£01% 4787203t SL1z225H
DT % 14455 £3.1* 181,05+ 265  101.76+3.6Y 02224699 1356059 12431069  3682+02%"  3366+019
DUN7? 20771 £53% 24793+ 106 3263+ 137 13308+16%  008:03%  [220:00% 3343+ 037 3403+77M
H 158 18453+ 165 20023£37 13576228 124554078 1067+06™  1452201% 4051 +01%%F 4598 +08Y
INTRI 6 18117 £38% 19606+ 1.4 126.44309% 12863209  1820+02° 15042 11%  4008+5.0°% 4739+ 17
KEN16/3 16829+ 14" 15544+ 18™ 0644+ 16%  [2848+17% 13274178 1541+08™ 3688 +08"  4610+529
N2 15886 £37° 205392 59™ 11357128 (4582118 1488+ 0.4% 10574029 5143137 4902+21%
NAY3 22152 +74° 19448 £7.0% 1947+ 11" 14268+19% 1190+ 15™  11.03+03Y  4500+32% 46002 07Y
PK2 17834 £200 24672+ |8 14278 +2.3° 173.8915.0° 1078405  1200+08%  4126x02"F 4358101
PLLG 2 18053 27.0°% 2053535 11476+ 138 121464627 1L01+04™ 1203301  4245:22M 4548+ 10°0
5106 235,48 £6.3° 22146+ 1.1° 133.19 66 141634247 929+00° (261+0.1" 3907+ LI 5048+Q7F
TC 10 17127 £ 1,‘7'*° 176.29 +7.7% 1270+2.18  126.14 2695 1L37206™  1411402%  3950:04" 45344250
TC9 17478 £89%™ 180,00+ 138 12421177 12287 +14% 12482027 1037400 4740 £ 1050 39234 1,59
TRI2I6 16976 +48° 180,83+ 1 5% 9311 £12™  101.55454° 1450+ 00" 14662007  5478+16"  S5676+87"
TRI2023 21867 £45" 21514+ LOM 120803227 1129157  1L81+089" 1643217 6361448 63.26 + 0.6"
TRI2024 19019 +£36% 17033 +3.5% 90.12£09° 10403 £1.1° 15.47£05%  1602+£05%  S142+18% S5456+ 35
TRI2025  19675+7.1% 22173206 8790473  12263+19™ 13172099 097201  5260:04% 6426+ 0.6
TRI 2043  16285+00™% 142433 LW 08,48 £4.3™ 82.27 +0.31 13.83:0.5% | 10.96+04° 8IT+05 46481004
TRI 2142 19255485 19638 + 4678 13109+ 17% 1309512  1132404™ 1403+16™  4007432%F 4157107
TRIILF 15091 +0.1%™ 19764 £0.0°% 113384248  [27.56+39%  1388+01%  1049+008™ 4373206% 5431+ 38"
TRI3019  I87.14 £97°% 19523+ 57°¢  (07.87+07% (1721 +55M 1585+ 1.0def 14.44+04% 4780202 49454+ 1.1%
TRI30T2 16221 £45™ 17355+ 179 90.41 £0.1° 11338 +36™  26.68+02°  14.84+02% 5058+ 1.8%  S236x 60
TRI3N3 19565 +37° 20268 +25  13099+28%  12085+357 17.35:0.6° 1420205% 47271108 5504+ 1.4%
TRI4062 14423 £0.0° 171,56 £ 0.5%  127.11+62%F 124842148 080+ 10™ 1382+02%  4064:01%F  53.15+04bC
TRI4GT  154.66+ 14" 16524+ 159 116214508  10868£06™ 724209 1185206 3730+ 18  3985+07%
TRI4071  147.00 234" 18747 £ 1L2Y  11173284%  137301+14% 13062028 860214° 4741 £14% 4371037
TRI4OTE 17542255 10742404 13065+ 13% 14534252 14.02+£03%  10.50202" 4858417 5313+ 38
TRI4079  151.45+25% 2066000 102584355 10057 +£39™ 11742068 012400  49.19+21%F 3557 +02™
TRI6YS 16575456  19660+3.F¢  11079+16% 115052395  1074+02™ 1467406  S1L63+34%° 51724 20M
TRI 777 172.90 £47" 20316+ 4.3 9196+ 12™  114.38+1.7kn 1665037  13.06+06%  5004+06% 5147+ L4PP
VHMOR 18407 218~  17465+65Y  141.06+22" 141534327  (1.23+03™ 132404  47.08+23%  3760400™
WT 26 180,00 £23% 18706 £34% gl2M4+10™  15388+1.3° 11724035 13.05401% 48651007 4021 + 3.0°F

TPP= polyphencl content, CAT= Total catechins content, AA= Free amino acid content, CF= Caffeine content
Within a raw followed by the same letters are not significantly different at p<0.05 according o Duncan's Multiple Range Test

in dry season it varies from 5.70 to 16.19 g kg™ with a
mean of 11.36 g kg™'. However, there was no significant
difference in TF values between wet and dry seasons.

It was reported that TF content and its range in tea
cultivars vary with the country in which those black teas
were produced.' Favourable climatic conditions and the
leaf standards (tea leaves exclusively consisting of two
leaves and a bud) may be the reasons for presence of
higher content of TFs, in the present study. It was gen-
erally recognized that the theaflavins play a prime role
in determining the characteristic cup quality of black
tea infusion described by tea tasters as “brightness” and
“briskness”. Several studies conducted to evaluate the
possibility of relating black tea quality to TF content in
Sri Lanka,'® Kenya'® and India?® confirmed that TFs and

their fractions could be used as a black tea quality param-
eter.

Thearubigins (TR) Content and TR/TF Ratio

The TR content observed in the present study was in the
range of 108.36-171.16 g kg™ with a mean of 141.11 g
kg and 92.48-157.95 g kg™ with a mean of 121.54 g
kg™ in wet and dry seasons respectively (Table 2). TR
content of most of cultivars in dry season was lower than
wet season. The TRs are a heterogeneous group of orange
brown, weakly acidic pigments formed by enzymatic
oxidative transformation of flavanols during the fermen-
tation process of black tea. TRs are responsible for much
of the colour of tea infusions and major constituent of
black teas accounting for 70-80% of the total polyphe-
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nols.®> TR/TF ratio is another important factor in deter-
mining the quality of black tea. The TR/TF ratio should
be 10-12 to get balanced liquor and taste.'? According to
the results, a large number of accessions processed in dry
season recorded the ratio between 10 and 12 (Table 1.a).

Total Colour (TC) and Brightness (BT)

The spectrophotometric determination of total colour
of 35 black tea infusions ranged beteen 3.68% and
5.83% and 2.98% and 5.63% in wet and dry seasons,
respectively. The spectrophotometric ~ determina-
tion of brightness of 35 black tea infusions ranged
between 13.40% and 35.87% and 13.30% and
48.02% in wet and dry seasons, respectively (Table
2). Usually, the value for TC of Ceylon orthodox
black teas was 4.17% and BT was 23.1%.! In most
studies, BT of tea has been associated with total TFs.
Conversely, the relationship between TRs and TFs
has been inversely related in many instances and TRs
reduced black tea brightness and increased its total

colour. TFs had a positive and major role in spectropho-
tometrically measured BT whilst TRs had a negative
role.”?

Total Polyphenols (TPP) Content

The present study showed that the total polyphenol con-
tent in wet season ranges from 144.23 to 235.48 g kg
with a mean of 177.65 g kg™ whereas in dry season from
142.43 to 246.72 g kg! with a mean of 192.02 g kg
Higher values of TPP were observed in known high qual-
ity black tea producing accessions with ancestral affinity
to Cambod type, such as DT 1, N2, H 1/58, PK 2, TC 9
and S 106, whereas lower values were detected in known
low quality accessions having Assam ancestry relations
(ASM 4/10, TRI 2016, TRI 2024 and TRI 3072) in dry
season.

The polyphenolics in general have shown several
biological activities such as antioxidant, antimutagenic
and/or anticarcinogenic as well as free-radical scaveng-
ing ability.’

Table 1.c: Mean +Standard Deviations of the tasters® evaluated parameters in different tea accessions

TFL LC STN LQ TQS
Accesslons
Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
ASM 410 2.50 £0.58 3.25+0.50 200+0.82 3.00+£0.00 425 +0.50 456058 425+ 171 6504173 13.00+2.45 17.25+2.06
cYse 500 £082 4.50+ 129 3150+058 3254050 3504058 3.50+0.58 600+ 0.82 673 £0.50 1800+ 1.4 1800+ 141
DN 3254050 325+0.50 3.50+£0.58 325+0.50 3754050 4.00+0.00 7.50+£0.58 7.00+1.15 18.00+0.82 17.50+1.29
DT1 504 £035 581+£0.63 269+0.46 281077 5.66+£0.53 4.81£035 7784053 750+ 1.37 2153+ 144 21312201
DT % 3.75£0.50 425+0350 3754050 3.00+0.82 3.2540.50 5.00+0.00 650+ L.00 7504058 17.25¢ 1.50 1975+ 1.50
DUN7 575030 6.25+0.50 3.5040.58 250+ 1.00 §5.504£0.58 5.00+ 141 8.00+ .82 725£150  2275£206  2100:216
H1/58 4751050 4504058 3504038 3.00:0.82 5254096 475+050 7502058 800082 21.00:000 2025%126
INTRI 6 37504896 3504129 2504058 3.00+1.41 475171 525+ 1.26 7004082 730129 1800245 19.25+ 1.89
KEN 13 3752006 275+0.96 3.50+0.58 325+0.96 450£0.58 425+ 0.50 550+ 1.29 650 £0.58 17.25+ L.71 16.75£096
N2 425050 3.50+0.58 3.00+0.00 3.50+0.58 4.25+0.50 425+£126 700+ 141 7.25+050 18.50+ 1.73 18.50+2.08
NAY 3 325096 5.00+0.82 3004082 2754096 57540.50 550+ 058 600+0.82 800+082 20004183 2L25x126
PK2 6251050 375+2.06 3.2540.50 22510350 425+0.50 350+ 058 7.504 1.73 6.00 2356 21.25£222 15504592
PLLG 2 275 +0.50 350058 2.50+0.58 2.50+0.58 575096 475£050 6.00+082 5304058 17.00+ 1.15 1625096
5-106 5254050 425+0.50 3.50+0.58 2.00+0.82 525+0.50 5.00+0.82 77540.50 825+£0.96 2175+ 150  19.50+129
TC10 375050 4.00 £ (.82 2.25+0.50 3750.50 37540.50 375£050 7254096 500+ 041 18.00+ 1.41 16.50+2.38
TCY 5254096 425+0.96 3.50+£0.58 A25+£0.50 500+ 1.4 4,004 0.00 9.00+0.82 6.00 £0.82 2275+ 1.50 17.50+1.91
TRI 016 225 £0.50 300+0.82 325£0.56 3.25+0.50 375050 375+£0.96 475+096 425 £0.96 14.00+£216 1425150
TRI 2023 350058 2,50 + 160 3.5040.58 275+1.26 4254050 425+ 0.50 525+ 1.26 525 £0.96 16,50+ 2.08 1475171
TRI 2024 3.50 £0.58 2754096 3254096 275+£1.26 3252050 425126 575+0.50 5754126 17754 1.50 15.50+ 191
TRI 2025 o 275050 3254096 2504129 325096 450 +0.58 475+ 050 575+£0.96 7.25£0.50 i3.50+ 1.00 18,50+ 1.29
TRI 2043 400 £082 375+£050 200082 225+1.26 5.00+0.82 425+ 1.89 650+1.29 475 +0.95 17.50+ 1.91 15.00+£2.58
TRI 2142 4.50 £0.58 4251096 3.00+0.82 375£0.50 4.50 £0.58 4,75+0.50 400+ 0.82 6.50+0.58 16,00+ 0.82 1825+ 0.50
TRI 3013 425 +0.50 425+0.96 3254050 3.50+0.58 4.50£0.58 4752096 7.00+1.4] 7.5040.58 19.00+ 216  20.00+£000
TRI 3019 2.50+£0.58 375+ 126 2.75+£0.50 325105 4001082 425+0.50 4254+ 0.96 675 £0.50 1350+ 1.73 18.00+0.82
TRI 3072 275050 475+£0.50 3001082 2.00+0.82 325+£0.50 475+1.71 475+0.96 6.00+1.41 1375+£0.50  17.50+2.65
TRI 373 3.50+£0358 500+082 325+0.50 3.00+0.82 3752050 350+ 058 675+0.50 550173 17.25£ 126 17.00£3.56
TRI 4052 325050 325+096 3134053 2.25+0.50 3754071 4,504 1.29 413+£0.75 6.00+082 14.25+1.50 16.00+ 1.63
TRI 4067 425 +0.50 3252096 2.75+0.50 3.50+6.58 4.00+0.82 3.00£0.00 400+ 0.82 7.00+0382 15.00+ 115 1675+ 1.50
TRI 4071 2.50 035 3.50+0.58 2.88+0.88 325+0.30 4.25+0.50 4.00+0.00 350+ 1.06 6.50£0.58 13132230 17.25+1.26
TRI 4078 375050 3.50+0.58 3.00+082 32540.50 475096 4,25+ 0.50 675+£096 575+1.28 18.25+ 126 16752206
TRI 4079 338018 375+096 3.5040.50 325096 3752050 475096 650071 7.23+£0.50 17.13+£0.88 19.00£1.15
TRI 625 225+0.50 275+0.50 275096 125+0.50 4.50£0.58 425050 350+ 173 450 +0.58 13.00£2.16 1475126
TRIT7T7 5004141 475+0.50 3.25+096 225+0.50 5.50+0.58 575£0.50 7.50+0.58 730100 21,25+ 171 2025171
YHMOR 5.75+0.50 5504058 22540.50 3254096 52540.50 475+£0.50 8.25+0.50 7.00+£0.82 2150+ 100 2050+173
WT 26 5.25+1.26 475+£0.96 3.50+0.58 275+£0.96 450 +£0.58 5.25+£0.96 775+ 1.26 775+1.89 2100+£216 20.50+2.65

IFL= infused leaf colour; LC= liquor colour, STN= Strength; LQ= liquor quality; TQS= total quality score.
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Total Catechins Content (CAT)

Mean values of catechins in wet and dry seasons were
115.04 g kg and 124.26 g kg™', respectively. Interest-
ingly, the highest values of TPP (246.72 g kg™') and CAT
(173.89 g kg™) were observed in PK 2 during dry season
(Table 1.b). Higher amount of CAT was detected in DT
1, NAY 3, PK 2, WT 26, and TRI 4078 during dry sea-
son. These accessions classified as Cambod types based
on floral morphology, although leaf morphology depicts
them as China type to a certain extent (unpublished data).
Generally, it is considered that the China type with small
leaves have low amount of catechins compared to Cam-
bod or Assam types.?’ Most of the accessions having
high amount of catechins can be classified as Assam or
Cambod hybrids rather than China type (C. sinensis, ssp.
sinensis) based on the information available (data unpub-
lished). Therefore, catechin content can be considered as
a suitable and important biochemical marker for charac-
terization of tea germplasm.

Moreover, it was found that the CAT of tea leaves
increases with the time of exposure to sunlight;*>? It may
be the reason for higher amount of CAT detected in most
of the cultivars during dry season than wet season. Cat-
echins, together with their oxidation products (TFs and
TRs) are responsible for most of the sensory character-
istics associated with black tea liquors.”* Moreover, the
proportions of catechins are impottant not only for tea
quality, but also for the efficiency of cancer prevention.®
Catechins present in tea being powerful antioxidants,

may play an important role in the prevention of cancer
by reducing damage.® Therefore, tea. cultivars that pos-
ses high catechin levels or the processing condition that
could enhance catechins levels would be worth exploring
to enhance the health benefit potential of black tea.

Total Amino Acid (AA) Content

Total amino acid content ranged from 7.24 to 26.68 g
kg™ and 8.60 to 19.96 g kg™ in wet and dry seasons,
respectively (Table 2). Mean values of AA in wet and
dry seasons were 13.07 g kg and 12.90 g kg™, Previ-

ous studies show that the AA content in black teas varies
from 9.31 to 15.58 g kg™ in Sri Lankan tea and 18{1-50.4
g kg™ in Chinese tea.>? These differences couldibe due
to geographical locations. The content of AA is consid-
ered to be one of the parameters that enhance black tea
quality.* Among the amino acids, theanine (N-ethylglu-
tamic acid) has been the centre of attraction for a long
time as it occurs exclusively only in tea and accounts for
50% of the free amino acids in black tea.

Caffeine Content (CF)

In the 35 black tea samples tested, caffeine conterit ranged
from 33.43 to 63.61 g kg~! and 33.66 to 64.26 g kg’ in
wet and dry seasons, respectively (Table 2). In contrast,
the level detected in Chinese accessions was in ﬁhe range
of 35.3-58.7 g kg! that was comparable with the levels
recorded in the present study.? The results of the present
study showed that the mean values of CF in 35 black tea

Table 2: Minimum and maximum value, mean, standard deviation (SD} and standard error |

(SE) of black tea quality parameters

: Wet season Dry season
Parameters :
Min Max Mean  SD SE Min Max Mean 5D SE
TF (g kgh) 644 1889 1109 325 039 570 1619 1136 232 034 :
TR{gkg') 10836 171.16 141.11 1633 195 9248 157.95 12154 1772 212
TR:TF 827 2231 1362 358 043 740 2246 1129 309 037
TC (%) 368 583 469 064 008 298  5.63 433 065 008
BT (%) 13.40 3587 2231 539 084 1330 4802 2557 643 Q77
TPP(gkg') 14423 23548 177.65 21.84 261 14243 24672 19202 2339 2?9;
CAT (zkg") 87.65 14278 11504 1725 193 8227 17 3L89. 12426 1852 2.08}
AA (gkg' 7.24 2668 1307 © 345 041 360 1996 1290 243 029“
CF(gkg™h 3343 6361 4569 648 074 3366 od26 4781 733 0. 845

TF=theaflavins; TR=thearubigins; TC=total liquor colour; BT=brightness of liquor; TPP=polyphenols; CAT._mt'ﬂ

catechins AA=amino acids; CF=caffeine;
SD=standard deviation; SE=standard error-
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samples were 45.69 g kg™ and 47.81 g kg in dry and
wet seasons, respectively. Earlier studies showed that CF
content of black teas was affected by accessions, season,
and stage of harvesting.”’ Among the accessions tested,
most of the TRI 2000 and TRI 3000 series accessions
(TRI 2023, TRI 2024, TRI 2025, TRI 3019, TRI 3072
and TRI 3073) which are having ancestral relationship
with ASM 4/10 reported higher CF content (>50 g kg™)
during dry season. Estate selections such as CY 9, DT 95,
DUN 7, KEN 16/3, S 106 and TC 10 recorded low CF
content (< 40 g kg™!) during wet season. It is indicated
that the screening of existing old seedling populations
for caffeine content would be useful to find out low caf-
feine tea accessions.

Caffeine is an important compound in tea brew.
The interaction of caffeine with catechins, which is well
known, could lead to changes in the sensory properties
of tea.”® Due to pharmacological properties of CF which
has a stimulating effect to the central nervous system,
the demand for low-caffeine tea is increasing greatly
from 2% of total tea consumption in 1980 to 15% in the
early 21st century, especially for aged people, pregnant
women, and children.!” The decaffeination process using
artificial techniques not only reduced caffeine but also
reduced theaflavins, thearubigins, colour and brightness
which are some important and unique characteristics
of black tea. This affects the consumer acceptance for
decaffeinated black tea and can reduce its market value.’
Therefore, development of tea cultivars possessing low
caffeine content through breeding and selection is more
acceptable than making decaffeinated tea through artifi-
cial means. The lower caffeine containing cultivars could
be used in engineering of caffeine free accession and this
is being attempted to produce decaffeinated tea acces-
sions by natural means.**!

The ranges of important biochemical constituents
such as thearubigins, total pollyphenols, total catechins
and caffeine are significantly different between wet and
dry seasons (Fig. 1). Therefore, results of the present
study confirm that there was a seasonal fluctuation of
black tea biochemical constituents.

Organoleptic Evaluation of Black Tea

In organoleptic evaluation, parameters such as infused
leaf colour (IFL), liquor colour (LC), liquor strength
(STN), liquor quality (LQ) and total quality scores
(TQS) were assessed by professional tea tasters (Table
1.c). Higher values for total quality scores (TQS) were
observed in most of the well-known high quality acces-
sions such as DT 1, TRI 777, WT 26, DUN 7 and S 106

LTS June 2013

B Wet season

Dry season

200

150

mE/g

150

50

0
TF TR TPP  TCT  AA cF
Fig. 1: Variation of black tea biochemical compounds in
wet and dry seasons. *Significant difference at P<0.05.

whereas, lower values were detected in known low qual-
ity accessions having Assam ancestry relations (TRI
2016, TRI 62/5 and TRI 2023), irrespective of the sea-
sonal effect. In addition, two introductions (VHMOR
and INTRI 6) also showed higher values for total quality
scores (TQS), and those could be used in future breeding
programs to exploit the potential of quality character.

Correlation Analysis

Correlation analysis of biochemical parameters and
tea tasters’ evaluation, are presented in Table 3. There
were significant positive correlations of TF with BT,
TCT, LQ and TQS exhibiting strong negative correla-
tion (-0.89) with TR:TF. A strong positive correlation
(0.75) was observed between TCT and BT. TPP has
positive correlation with TCT. Thus, the positive corre-
lation among TF, TPP and TCT has a direct impact on
black tea quality. Quality of black tea is correlated to
theaflavins, total polyphenol and total catechins content
in black tea.'®?° Results obtained in the present study
confirmed that theaflavins play a major role to determine
black tea quality.

There was a negative correlation of AA and CF with
other quality parameters and the correlation was non-
significant. Amino acids play an important role in the
development of tea aroma during the black tea manufac-
turing process.! Theanine is considered to be a unique
amino acid in nature because its occurrence appears to be
limited to the Camellia genus, mostly the tea-producing
plants. Because of its contribution to favourable flavour
and health benefits, theanine has great potential for utili-
zation as a food ingredient or as a dietary supplement.*?
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Table 3: Correlation coefficients of biochemical and organoleptic parameters

TF TR TRTF TC BT TP TCT AA CF IF. LC SIN LQ QS8
TF 1.00
TR 044 1.00
TRTF -0.80** 005 100
TC 060+ 036% -0.48* 1.00
BT 0.88%F 017  -087%¢ 031 1.00
TPP 031 -005 -037* 007 032 LoD
TCT  064% 006 -073% D12 075% D53+#+ 500
AA -0.43* 020 040* 006 -046¢ 014 D3+ 100
CF 020 023 009 00 025 045 016 039 1.00
IFL a5ge* 041* 046 041¥ 049* 031 050* 029 047 L00
LC 019 004 -032* Q06 613 008 003  034% 008 003 100
SIN 029 007 -026 036* 010 045¢ 025 003 -004 044* -0.34¢ 100
LQ 0.60% 025  -0.55% 044* 047 034¢ 038* 025 030 0TS 042 050 LOO
TQS  063% 030  -0.37* 048% 048+ 040¢ 046* 031 037 DEY** 01 0.63%* 094+ 100

*Significant at P<0.05, **significant at P «0.001

Biochemical parameters (TF= theaflavins, TR= thearubigins, TC= total colour, BT= brightness, TPP= total polyphenols, TCT= total catechins, AA= total

amino xcids, CF= caffeine),

Organoleptic parameters (IFL = Infused leaf colour, LC= liquor colout, STNE liquor strangth, LQ= liguor quality, TQS = Total guality scom.

Therefore, further investigation on individual amino acid
content and flavour profile of accessions would be more
meaningful than total amino acid content.

A significant correlation between biochemical
parameters (TF, TC, BR, TPP and TCT) and organoleptic
parameters (IFL, LQ and TQS) was observed. There were
strong positive correlations of IFL with STN (0.44), LQ
(0.75) and TQS (0.89), respectively. Therefore, infused
leaf colour could be considered as a good organoleptic
quality parameter. In addition, a strong positive corre-
lation (0.94) could be observed between LQ and TQS.
Above correlations (such as biochemical constituents
and organoleptic parameters) are in agreement with the
results of previous studies to a greater extent.>%” Further-
more, quality of tea accessions was frequently assessed
by professional tea taster’s by sensory evaluation and
present results revealed that it is worthwhile to incorpo-
rate biochemical parameters to derive more meaningful
conclusions about black tea quality.

Average Linkage Cluster Analysis

According to the results of the principal component and
cluster analysis, four distinct groups segregated on the
basis of biochemical parameters and tasters’ evaluation

(Fig. 2). First component of PC analysis accounted for
43.0% variability while second component accounted for
13.3% of the total variability.

Out of the 35 accessions, 9 accessions grouped in
cluster 1 and six of them (DT 1, DUN 7, S 106, NAY 3,
H 1/58 and WT 26) are estate selections having medium-
size leaves and rest of the three accessions (VHMOR,
INTRI 6 and TRI 777) are introductions. Interestingly,
all these estate selections and TRI 777 proved as of high
tea quality.”* High amounts of TF, TCT and BT were
detected in VHMOR and INTRI 6, proving that those
accessions possess high quality character.

Cluster 2 consists of a mixture of estate selections
and the cultivars developed by the TRISL and represent-
ed with high quality accessions such as PK 2, N 2, TC 9
and TRI 4079 and moderate quality accessions such as
TR12142 and TRI 4078. Furthermore, TRI 4078 and TRI
4079 evolved from self pollination of N 2 which is also
grouped in the same cluster. Cluster 3 comprised mix-
ture of estate selections and TRI developed cultivars and
represents moderate or low quality accessions. Though
they do not fall into the category of proven quality, most
of the accessions (TRI 2025, TRI 3013, TRI 4052, TRI
4071, CY 9, DN and KEN 16/3) are high yielding having
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Fig. 2: Principal component analysis bi-plot derived from biochemical and organolaptic data.

predominant Assam type characters.

Nine accessions grouped in cluster four and seven
accessions in this cluster (ASM 4/10, TRI 2023, TRI
2024, TRI 62/5, TRI 3019, TRI 3072, and TRI 2016)
evolved from open pollinated seeds of ASM 4/10 or have
indirect relationship with ASM 4/10. PLLG 2 was select-
ed from existing old seedling at the Poonagala Estate
and it showed the lowest amount of TF in both seasons.
TRI 2043 showed unique morphological characteristics
such as dark purple pigmentation in young shoots as well
as young leaf with dense pubescence. Interestingly, all
accessions in this group were confirmed as of low qual-

ity.
Utilization of Biochemical Compounds

The cultivated tea populatins comprise C. sinensis
(L.) O. Kuntze, C. assamica (Masters) Wight and the
intermediate, C. assamica ssp. lasiocalyx (Planchon ex
Watt) Wight (i.e. China, Assam and Cambod varieties
respectively).>* These classifications are mostly based on
leaf and floral morphology and tree architecture rather
than biochemical variations. Recently, however, bio-
chemical compounds in green leaf have also been used to
characterize tea germplasm.® Present study revealed that
processed black tea biochemical variation is important

LJTS June 2013

parameter to classify tea varieties in addition to using
morphological attributes.

Based on the records available, less than 6% of total
accessions preserved in Sri Lankan tea germplasm have
been utilized in tea breeding program till 1998 and it
has increased up to 13.6% by the end of 2009.3¢ Lack
of information on genetic variation, mainly biochemical
and molecular diversity, of existing collection could be
one of the reasons for under-utilization of the existing
germplasm in tea breeding.

Significant variations of selected black tea biochemi-
cal compounds detected in the present study indicate the
presence of adequate genetic diversity of tea germplasm
in Sri Lanka and substantiate its potential utilization in
future tea crop improvement programmes more objec-
tively. Furthermore, quantification of other groups of
biochemical compounds such as carbohydrates, lipids,
amino acids and alkaloids is vital to discover their con-
tribution to black tea quality as well as to elicit health
benefits present in tea.

Conclusion

The significant variations of selected black tea biochemi-
cal compounds detected in the present study indicate
the high biochemical diversity of tea germplasm in Sri
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Lanka. This provides a useful guideline on use of black
tea biochemical compounds such as theaflavins, thearu-
bigins, total polyphenols, total catechins and caffeine in
characterizing the Sri Lankan tea germplasm. Use of bio-
chemical parameters to supplement the quality of made
tea determined by professional tea taster’s using organ-
oleptic evaluation is proposed from the results of this
study to derive more meaningful conclusions about black
tea quality. In addition, the study confirmed the seasonal
fluctuation of biochemical compounds in tea accessions.
Findings of the study also elucidate the possibility of
using biochemical compounds to categorize accessions
into the three main tea taxa, Assam, Cambod and China,
to a greater extent.

Information generated on biochemical profiles of tea
accessions would also help the tea breeder to identify
parents for future breeding programme supported with
more meaningful descriptors that would enhance the
rationale for breeding new cultivars with diverse traits
to cater to ever-changing demand of the consumer in the
future.
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