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ABSTRACT

The climatic seasons prevailed in Anamallais regidsouth India significantly affected the qualifyCTC (Crush,
Tear & Curl) black teas produced in that region.eTthanges in biochemical composition of green ¢eads and
black tea quality were monitored. The changes wapect to different climatic seasons revealed thaaflavins
(TF) and aroma composition are more in black teamuafactured during the summer season (January wd)Ap
the year. The south-west monsoon season of the(yegr to August) resulted in black teas of poorlguaThe
black teas manufactured while the north-east momg8eptember to December) in operation stood anbioit the
extremes.
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INTRODUCTION

Tea is manufactured from the tender leaves and bt evergreen shrubamellia sinensigL.) O Kuntze. The
yield of harvestable shoots is affected mainly iy énvironmental factors. Due to the perennial neabdi tea plant,
leaves are harvested almost throughout the yeaonre parts of the world, tea plants experiencesalocy during
winter seasons, there the harvesting is affectedddain periods of the year. In such placesgctdtivation may be
regarded as seasonal. The biochemical characterseitner inherent nature of the raw material used o
formed/changed during the course of tea manufac@atechins are the well known quality precursaesent in tea
leaves. The changes in the levels of catechins veipect to the climatic seasons revealed thateheplant
accumulate more catechins during summer seasorms gadth Indian conditions [1]. Thus it was expddteat the
teas produced during the summer season would gbér quality than those produced during resthef year.
Since catechins are also involved in the developroEaroma, there is a possibility for the develgmmnof more
aroma compounds in teas manufactured during surseason [2].

The increase or decrease of aroma during diffeyeasons is the consequence of enzymic reactionoltiong the
dynamic metabolic systems in tea leaves. Most ®fattoma compounds are present in large quantitiaerith-east
Indian teas manufactured during summer, which tisnofeferred as flavoury tea in the market [3]. Hdigamounts
of mono terpene alcohols present in this tea makiag superior tea. Seasonal variations in infugjoality of
orthodox Kangra tea over various seasons are epdy Gulati and Ravindranath [4]. TFs, TR and aiaff are
maximum during early season and gradual declind wibgress in season, showing a minimum during main
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growing season and slight improvement through haatkgield season. Flavour profile analysis also atee
qualitative and quantitative seasonal variationarmma complex under Kangra conditions. Higher prtipns of
aroma compounds recorded during early flush exddbttomparatively lower contents or even total libgsugh
main growing season. The chemical composition Vigs, TR and caffeine content of Darjeeling teasndufirst
and second flush period did not vary significafiflly

In contrast to the observations from both south @oth-east India, the content of total polyphersiiswed wide
variations with time of a year under Kenyan comdi, also correlated significantly with black teaality
parameters [6] and used as a parameter for idergifgotential high quality clonal tea plants [7]hel seasonal
changes in chemical composition of black tea whih ¢nvironmental conditions in Kenyan tea growingditions
were studied by Owuor [8].

The present investigation was carried out to stidyinfluence of climatic seasons on the qualigcprsors in the
green leaves and quality and aroma components 6flildck tea manufactured at Anamallais of southeadiia.

MATERIALS AND METHODS

Three elite tea cultivars (UPASI-3, UPASI-9 and 6B&R7) of south India and Assam seedlings were sgleo
study the quality fluctuations with respect totaffie. The experimental plots comprising of 100 lgstf same age
from pruning were laid out at UPASI Tea Researchrigation Experimental Farm, Valparai, situated B50L
meters above mean sea level. The cultural practindspest, disease and nutrient management praetieekept
similar as suggested by UPAS)(In Anamallais of south India, there exists thdiféerent climatic seasons in the
year viz., summer (January-April), south-west mamsseason (May-August) and north —east monsooroiseas
(September — December). The sampling were doneglthiese climatic seasons are in operation.

Experimental CTC black tea manufacture

About 2 kg green leaves (2 leaves and a bud) petive cultivars were collected from the fieldsl apread on the
withering troughs at the rate of 3 kg per squag.fABmbient air was passed with the velocity ofc (cubic feet
per meter) through the leaves for a period of 16r&ido bring about adequate physical and chemidhlew The
withered leaves were passed through miniature CBChine for five times to get adequate maceratidre cut
dhool was allowed to ferment in a chamber maintaine@%afC and 95 percent relative humidity for a dedni
period. The fermentedhoolwas dried in a miniature fluid bed drier with @t of hot air of inlet temperature 120
°C, to get the black tea. The tea samples thus faetuwed were sorted and the pekoe fannings (P&fegwas
selected for the study.

Estimation of TF and TR (Thanaraj and Seshadri, 1990)

The estimation of TF and TR was performed by follggthe methodology proposed by Thanaraj and Sesfédd
Briefly, to two gram of black tea sample (PF gratéken in a 250 ml conical flask, 100 ml of freshlyiled water
was added and the contents were infused over tiiadowater bath for 10 minutes with intermittertaking. The
contents were filtered through cotton wool and dnalyses were made as per the scheme in Figureoth the
absorbance values, TF and TR were calculated tisenfpllowing formulae,

TF (%)
TR (%)

4.313xC
13.643 x (B-C+D)

Estimation of catechin fractions using HPLC

The estimation of individual catechins was dongasthe international standard method [10]. Briethe green
leaves were dried in a hot air oven maintainedGatZ °C for 12 hours. The dried leaves were groand passed
through 30 mesh sieve to get particles of unifoize.sAbout 0.2 g of powdered tea leaves was exdaasing 10
ml of 70 percent methanol maintained at 70 °C. @hef the extract was diluted to five ml with stéding solution
(0.25 percent each of EDTA and ascorbic acid irpéftent acetonitrile) and was filtered through Q4B nylon
membrane filter, and used for HPLC analyses.

The analyses were performed in Agilent 1100 safP$C with diode array detector. Phenomenex Lunanb p
phenyl-hexyl column (250 mm length x 4.6 mm intémliameter) fitted with a Phenomenex Security Gudrdnm
length x 3 mm diameter phenyl hexyl bonded) cagiidvas used for the analyses. The column was nmadtat 35

+ 0.5 °C. The absorbance of compounds measurdieavave length of 278 nm. Mobile phase A was 2 grdrc
acetic acid in 9 percent acetonitrile and mobilagghB was 80 percent acetonitrile. The gradiengrarame is as
follows: 100 percent mobile phase A for 10 minuthen over 15 minutes a linear gradient of 68 p#roeobile
phase A, 32 percent mobile phase B and hold atctimiglition for 10 minutes. Then reset to 100 pereeaobile
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phase A and allowed to equilibrate for 10 minutefoke next injection. The integration and data tiagdwere
performed using HP Chemstation software. The rigtertime of the compounds were compared with thoke
authentic standards from Sigma Chemical Limited.

Estimation of theaflavin fractions using HPLC

The individual theaflavins were analysed as stdtgdBailey et al. [11)with slight modifications. Briefly, the
standard tea brew (2 %) was prepared and filtdmexligh 0.45 p membrane filter and 10 pl portion imgected to
HPLC.

Agilent 1100 series HPLC equipped with photo diedey detector was used for the determination. Aétlsil
ODS column (250 mm length x 4.6 mm internal diametes used for the analyses. The absorbance gi@onds
measured at the wave length of 280 nm. The molhiés@ A is 100 % acetonitrile and the mobile phase B%
acetic acid in water. The gradient programme igigi&s below.

100 percent mobile phase B for first 3 minutedpfeed by a linear gradient of 31 percent mobilegghA up to 15
minutes and reset to 100 percent mobile phasd B7#timinutes and allowed to equilibrate for anoth@rminutes
before next injection. The integration and datadfiag were performed using HP Chemstation software.

Estimation of volatile flavour compounds using gashromatograph with head space sampler (GC-HS)

Two grams of black tea samples along with 2 mhtdiinal standard (50 ppm of ethyl caproate in S8§letlcohol)

are taken in the headspace vial. The aroma profildack teas (from the head space volatiles) veagssed using
PerkinElmer Autosystem XL GC with Turbomatrix 16akdespace sampler. The analyses are made using HP-
Innowax column (60 meters length, 0.25 mm intemhameter and 0.25 um film thickness). At the hepdce
sampler, the oven, needle and transfer line weliataiaed at 95, 100 and 105 °C respectively. Thed@@ditions

are, initial temperature of the column is 50 °C Zominutes and increased at the rate of 5 °C peut@ito 180 °C,
thereafter maintained at the same temperature Somihutes. The injector was maintained at 200 °Gilenthe
flame ionization detector at 250 °C. Nitrogen wagpkyed as the carrier gas with the flow rate aofillper minute.

The signals were analysed using Totalchrom software

The presence of individual component was expressegercentage relative distribution of peak areathat of
internal standard. The aroma compounds are cledsifi to two groups. Group | consisted of hexahglenten-3-
ol, trans-2-hexenal, 2-hexanol, 1-pentanol, 6-mefklyepten-2-one, cis-3-hexenol and 1-octen-3-a@m@ounds
fall in group Il area-pinene, linalool oxide I, linalool oxide IlI, citnellal, benzaldehyde, linalool, phenyl
acetaldehyde, geranyl acetate, methyl salicylamlngeraniolp-ionone, benzyl alcohol, phenyl ethan®lionone,
cis-nerolidol and methyl jasmonate. The ratio benvegroup Il and group | compounds were worked owt a
expressed as flavour index.

Sunof percentrelative distributionof groupll compounds
Sunof relative distributionof groupl compounds

Flavourindex=

Determination of water extract (IS 13862: 1998)

Two hundred ml of hot water was added to two grdrtrea sample taken in a 1 L conical flask fittedhnan air
condenser. The contents were boiled gently on aplaie for exactly one hour with intermittent shaki The
contents were cooled and filtered through pre wailghintered glass crucible. The residue was wasligbdhot
water. The crucible with contents was dried in ¢iven at 103 + 2 °C overnight. Cooled and weighedntthe
weight of dried residue left after extraction, #raount of water extract was calculated and expdessealry matter
basis.

Determination of crude fibre content (IS 16041: 202)

About 2.5 gram of the tea sample was digested 206t ml of hot 5.5 % (v/v) sulphuric acid for 30 mias. The
contents were filtered using Whatman No. 41 fifigper under suction and transferred to 200 ml 6flBd% (w/v)
sodium hydroxide. Few drops of anti-pumping agectgnol) were added and the contents were agaéstdig for
another 30 minutes. Filtered through sintered gtassible, the residue was washed with hot wate¥% 1v/v)
hydrochloric acid, hot water, twice with alcoholdathrice with acetone. The contents were driedhim dven
maintained at 103 + 2 °C for three hours. Cooled &righed, the residue was ashed by keeping tretbéeun a
muffle furnace at 525 + 25 °C for three hours. @dohnd weighed again. From the difference in wsightrucible
with residue and crucible with ash, the crude fitwatent of black tea sample was calculated.
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RESULTS AND DISCUSSION

Influence of climatic seasons on Theaflavin conterdf black teas of various cultivars

The seasonal changes in TF levels of CTC black déasrious cultivars are given in Table 1. Irresipee of the

cultivars, the CTC black teas manufactured durimgdeason between January to April had higher dlksafed by

that manufactured between September and Decembdowarst TF was obtained for CTC black tea manufact

between May to August. Apart from the changes imalic seasons, the CTC black tea manufactured tiam
cultivar UPASI-3 had higher levels of TF and rekthe cultivars is at par with each other with redpto their TFs.
For the same cultivar at different climatic seasadms cultivar UPASI-3 had higher TFs during JaguarApril and

its performance was similar during the seasons tdafugust and September to December. The cultivRASI-9

also had higher TFs during January to April angégformance was similar during the seasons Majyuigust and
September to December.

The cultivar CR-6017 and Assam seedlings resutiedTiC black teas with lower TF during May to Augasd its
performance was found to be at par for the seasmmsary to April and September to December. Whempening
the performance of cultivars at the same climatinditions, all the four cultivars at par with easther during
January to April and September to December. Bug thltivar UPASI-3 resulted in CTC black teas of
comparatively higher TF, when manufactured betwsky and August, while UPASI-9, CR-6017 and Assam
seedlings were found at par of TF content duringy kaAugust.

Black teas manufactured during the season betwaarady to April had higher TFs followed by that mtattured
between September and December. This is mainlytaltiee fact that, during the summer season, the dal be

bright and hot followed by cold nights. Under thefimatic conditions, the tea plant accumulateskioechemicals
necessary for the synthesis of TF. Black tea matwfed from the cultivar UPASI-3 had higher levalsd rest of
the cultivars had similar levels of TF. This is doethe proper balance of essential biochemicastitients in the
leaves of the respective cultivars. When compattiegperformance of cultivars at the same climatdicditions, all

the four cultivars at par with each other with exdpto their TF content. This implies that the iwalts acquainted
with the climatic conditions prevailed and are proidg similar levels of TFs during the particulaason. During
rainy seasons, the tea plants exposed to cloudyeaamyl days which affected the synthesis of majordonstituents
in the leaf [12]. Also, in the factories, it becasmdifficult to give adequate withering, which cowdffect the TFs
composition in resultant black tea [4].

Impact of climatic seasons on thearubigin contentfalonal black teas

The results on the seasonal variations of TR in @&k teas of different cultivars are given in fhable 2.
Irrespective of the cultivars, the CTC black teaenafactured between January and April had higherfollBwed
by September to December and the lowest was obitaimeng May to August. All the four cultivars aaepar with
each other in their TR content when comparing theeyond the seasonal changes. While comparing the
performance of the individual cultivars at diffet@timatic seasons, UPASI-3 had lower TR during MayAugust
and its performance was similar at the other twasers. Similar result was observed in case of Asssedlings
also. The cultivars CR-6017 and UPASI-9 resulteBlack teas of higher TR during January to Aprildaved by
September to December and lowest was obtained gliieny to August. At the same season, during Jantary
April, the cultivar UPASI-3 resulted in lowest TRhile the rest of the cultivars tested are at pahwach other.
During May to August and September to Decemberpéréormances of these cultivars are at par witth egher in
the respective seasons.

The climatic seasons had a little impact on thecbRtent of black teas of various cultivars (TabjeBlack teas
manufactured between May and August had lower TRwed by that manufactured during September to
December. During these seasons, the tea plantaifossuth India are under north-east and south-westsoons
and receive showers. Highest TR during Januarypol Aollowed by September to December and the kiweas
obtained during May to August. It is demonstrateat the rain flush teas have lower TR content undeth Indian
conditions [4]. All the four cultivars are at paitliveach other in their TR content when comparheg beyond the
seasonal changes. This may be due to the facttitieatprmation of TR is related to the biochemicaimposition of
green leaves and also with the TF oxidized durivggfermentation phase of black tea processing.nguday to
August season, activity of the enzyme peroxiddse enzyme responsible for the formation of TR ixckltea was
found to be lower [13]. This lower activity of peidase could also be the reason for lower TR irtlbleeas
manufactured during May to August.
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Water extract of black teas of various cultivars asnfluenced by climatic seasons

The changes in the water extract of clonal blaels t@ith climatic seasons were analysed and aremets in the
Table 3. Irrespective of the cultivars, the blagst manufactured during January to April had higheser extract.
Black teas manufactured during May to August angt&3aber to December are at par with each othespective
of the climatic seasons, the performances of theiitual cultivars are similar to each other. Thadtigar UPASI-3
had higher water extract during January to Aprd ahpar with May to August and the lowest durirgpt®mber to
December. UPASI-9 resulted in black teas of highater extract during January to April and at pathv@deptember
to December and the lowest water extract was addaguring May to August. Similar results were atdiserved
with the cultivar CR-6017 and Assam seedlings. Dyirdanuary to April and September to December, the
performance of individual cultivars is on par wigach other. During May to August, the cultivar UPSShad
higher water extract and all other are at par withh other.

Black teas manufactured during January to April hagher water extract (Table 3). During this seasbe growth
of tea plant is restricted and the availabilitycoimpounds for the formation of soluble solids isrenfi4]. Black
teas manufactured during May to August and Septetob@ecember are at par with each other, sinceersoluble
solids are transferred to the actively growing pamd are involved in the production of biomassrespective of
the climatic seasons, the performances of the ididal cultivars are similar to each other. Durirsgudary to April
and September to December, the temperature isvediahigher and lead to the formation of more wabetractives
and hence the performance of individual cultivarer par with each other.

Changes in crude fibre content of black teas of vawus cultivars with respect to the climatic seasons

The results on the crude fibre content of clonatklteas with respect to climatic seasons are piedén Table 4.
Irrespective of the cultivars, the CTC black teamnofactured during January to April had lower crfidee content
and those manufactured during May to August andeBaper to December are at par with each othersgagtive
of the climatic conditions prevailed, the cultivdPASI-3 resulted in black teas with higher crudedicontent and
rest of the cultivars is at par with each other.il@/bomparing the performance of individual cultivat various
climatic seasons, the cultivar UPASI-3 performadilsirly throughout the year.

The cultivars UPASI-9 and Assam seedlings had lsigbeude fibre content during May to August follavby
September to December and January to April and wette found at par. The cultivar CR-6017 had loamrrde
fibre content during January to April, and at pathviMay to August, while higher during SeptembeiDiecember.
However, the values are well within the limits pméised by Prevention of Food Adulteration (PFA) Act

Irrespective of the cultivars, the black teas maotufred during January to April had lower crudeeibontent and
those manufactured during May to August and Sepeertdo December are at par with each other (Tahld His

could be due to favourable growing conditions aal/és becoming coarser quickly during May to Auglisto the

lignification of plant tissues to form more crudbré increases at high humid conditions during MayAugust.

These results are in line with the reports for Balipg teas [15]. But are contrast to studies mad®/ood and
Roberts [16], they reported that there is no eftdatlimatic seasons on the crude fibre conterttlatk tea. When
the cultivar UPASI-3 resulted in black teas witlgtrer crude fibre content and rest of the cultivarat par with
each other. This could be due to the genetic ctaratthe cultivar.

Theaflavin fractions and Digallate equivalent of tkeaflavins of clonal black teas as influenced by atiatic
seasons

The seasonal variations in the individual TFs wamalysed using HPLC, the DGETF values were workgdaad
are presented in Table 5. During January to Apahsidering the DGETF values, the black CTC teasufatured
from the cultivars Assam seedlings and UPASI-9 arpar with each other. The CTC black tea of UPAS$
superior with respect to its DGETF value. The ealti CR-6017 produced the CTC black tea with int&ent
values of DGETF.

During May to August, the CTC black tea manufaduirem Assam seedlings is inferior in their DGET&ues.
The cultivars UPASI-9 and CR-6017 are at par wibheother. The cultivar UPASI-3 resulted in CTCchl¢ea of
higher DGETF value. During the season between Sdye and December, the cultivars UPASI-9, CR-601d a
Assam seedlings are at par with each other. The Rl&€k tea of the cultivar UPASI-3 possessed hidh@ETF
value.

The seasonal variations in DGETF values showed thaiing January to April, black tea of the cultivdPASI-3 is
superior followed by CR-6017 (Table 5). The culttv®\ssam seedlings and UPASI-9 are at par with edobr.
During May to August, the black tea of Assam sewgliis inferior. The cultivars UPASI-9 and CR-6Gré at par
with each other. The cultivar UPASI-3 resulted iladk tea of higher DGETF. During the season between
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September and December, the cultivars UPASI-9, CRFGand Assam seedlings are at par with each oftier.
black tea of the cultivar UPASI-3 possessed high@ETF value. In general, the black teas manufadtdaing
January to April had higher DGETF than others. Tduisld be due to the fermenting potential of thiivar tested
and the environmental factors which influence thenuafacturing conditions and also the accumulatibessential
biochemical compounds in the green leaves. Thenaglation of catechins and its gallates during thenmer
seasons resulted in teas of higher DGETF [17].

Changes in flavour Index of clonal black teas withiespect to the climatic seasons

Flavour index of clonal black teas as affected iy $easons are illustrated in Table 6 after Stalsanalyses.
Irrespective of the cultivars taken for the stutthyy, CTC black teas manufactured during Januaryptd Aad higher
flavour index followed by those manufactured betw&eptember to December and May to August. Aparn fthe
changes in the climatic seasons, the CTC blackdg#se cultivar UPASI-3 had higher flavour indexléwed by

CR-6017 and UPASI-9. The cultivar Assam seedliremulted in black teas of poor aroma characterlower

flavour index. When comparing the performance afiviidual cultivars at various climatic seasons, taé four

cultivars had higher flavour indices when manufeeduduring January to April. The flavour index veduof CTC
black teas from all the cultivars are lower durMgy to August. Intermittent values of flavour indeere resulted
in black teas manufactured between September andnileer. When comparing the performance of cultisathe
same season, irrespective of the seasons theasUltRASI-3 resulted in black teas of higher flavoutex, which is
followed by CR-6017, UPASI-9 and Assam seedlings.

Black teas manufactured during January to April higdher flavour index followed by those manufactubetween
September to December and May to August (TableAb)the four cultivars had higher flavour indiceshan

manufactured during January to April. The flavautéx values of black teas from all the cultivams lawer during
May to August. This is due to the accumulation ighhevels of chlorophyll in tea leaves during tiany seasons
[18]. The black teas of cultivar UPASI-3 had highkvour index followed by CR-6017, UPASI-9 and Ass

seedlings. Intermittent values of flavour index veesulted in black teas manufactured between Sjeteand
December.

The delicate and economically valuable aroma ofisem seasonal characteristic and the reasonssfephemeral
nature have long been sought to under stand. ™ental climatic condition for the production céoury teas was
identified for Sri Lankan teas [19]. A cool, drydanloudless days followed by cold and clear nigtusld lead to
the accumulation of compounds necessary for theotiia production. Further, in these climatic corati, the

growth is slow and two consecutive weeks of suchther are generally necessary before flavor beconagsfest.

Study made by Herath et al [20] revealed the fhat the desirable volatiles accumulate during thewkather

conditions of Sri Lanka. The major compounds resjfie for the tea aroma declined with the rain. Bigher

levels of compounds responsible for aroma werergbdeduring the dry periods of the year.

The increase or decrease of flavour constituentmglulifferent seasons is the consequence of erzyeaictions
controlling the dynamic metabolic systems in teavés. The group Il volatiles are synthesized inenduring the
summer seasons, while the flavanol glycosides aseérgial aroma precursors are accumulated. Thegekan
group Il volatiles with the climate under Sri Lankeonditions also found to be in the same line [21]

Changes in individual catechins in different cultiars with respect to climatic seasons

The leaves of different cultivars were analysedifidividual catechins using HPLC and the resulesfaesented in
Table 7. During the season between January and, Ape cultivar UPASI-3 had higher levels of (+)teehin
followed by CR-6017. The cultivars UPASI-9 and Assaeedlings are found to be on-par with each otitdr
respect to their (+) catechin content. Similar obstons are noticed in case of EC contents. Thigvats UPASI-3
and Assam seedlings had higher and same value Gf &&@tent followed by the cultivar CR-6017 while AB-9
possessed lowest ECG content. The levels of EG@igher in the cultivar UPASI-3 and the cultivarBASI-9 and
CR-6017 are at par with respect to their EGC cdraed lowest was obtained with Assam seedlingsil&irnrend
was noticed in case of EGCG content also.

During the season May to August, the cultivars URA&Nd UPASI-9 had intermediate (+) catechin contnd
are at par with each other. The cultivar CR-601d higher and Assam seedlings had lower (+) catechirents.
The level of ECG in the tea leaves was highestRB6017 and at par with UPASI-3 followed by UPAS&8d the
lowest was with Assam seedlings. In case of EGE¢tltivar CR-6017 had higher levels followed byA#?-9 and
UPASI-3. Assam seedlings had lower EGC contentsC&Gvas found present in the cultivar UPASI-3 inhgg
guantities. The cultivars UPASI-9 and CR-6017 drpaa with each other in their EGCG contents. Assardlings
had lower EGCG content in their leaves. The cuttiv®ASI-9 had higher levels of EC in their leav@ile the
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cultivars UPASI-3 and CR-6017 had intermittent eslwf EC, they were at par with each other. Assaadlggs
had lower EC contents.

During the season from September to December, uhie&var CR-6017 had higher (+) catechin contenthgir
leaves followed by UPASI-3, UPASI-9 and Assam siegdl When comparing the ECG levels, the cultivi-C
6017 had higher quantities followed by UPASI-9, 88 and Assam seedlings. With respect to EGC, dnigh
value was obtained with CR-6017 and was found atyiiln UPASI-3 followed by UPASI-9 and Assam seadh.

In case of EGCG, UPASI-3 had higher contents foldwy CR-6017, UPASI-9 and Assam seedlings. Bardtie
EC contents, the cultivars CR-6017 and Assam saggllivere at par with each other and had lowesevaligher
EC content was observed with the cultivar UPASbiBfved by UPASI-9.

The changes in composition of individual cateclpnssent in clonal tea leaves with climatic seasorspresented
in Table 7. During the summer season of the yé@retis an increased levels of catechins noted.ifidrease is
more in case of EGCG and ECG. This is mainly dud¢oactive synthesis of catechins during the suna®asons.
This may be due to the irradiation effects of sB8][ Also the active synthesis of catechins by plaanine
ammonia lyase during summer season was report@ddpyskina et al [12] under Russian conditions.

During the rainy seasons, the catechins are foongrésent comparatively lower levels. These resafiés in
contradiction to those reported by Bhatia and U[8] under north-east Indian conditions. But the resoftghe
present study are in line with those reported fswuth India [1]. During rainy season, the synthegisatechins
hindered due to the low enzyme activity registefidte results are also in line with those from Aaiédr[24]. There
also higher levels of individual catechins notedirmtlyithe warmer moths and lower levels during tbeler months
of the year.

Table 1: Influence of climatic seasons on theaflavicontent (%) of clonal black teas

Season UPASI-3 UPASI-9 CR-6017 Assam Seedlings Nseason
Jan. — April 1.22 1.02 1.09 1.04 1.09
May — August 0.93 0.82 0.78 0.67 0.80
Sept.-Dec. 1.01 0.98 1.03 0.89 0.98
Mean cultivars 1.05 0.94 0.97 0.87
SE+ CD (0.05) CD (0.01)
Season 0.014 0.038 0.063
Cultivars 0.060 0.120 0.170
Season x culthn  0.160 0.224 0.317
Cultivar x Seas  0.100 0.190 0.288

SE - Standard error; CD — Critical difference

Table 2: Impact of climatic seasons on thearubigicontent (%) of clonal black teas

Season UPASI-3 UPASI-9 CR-6017 Assam Seedlings MNeason
Jan. — April 7.58 8.26 8.62 8.07 8.13
May — August 5.09 4.77 474 5.51 5.03
Sept.-Dec. 6.93 6.81 7.35 7.65 7.19
Mean cultivars 6.54 6.61 6.90 7.08
SE+ CD (0.05) CD (0.01
Season 0.05 0.14 0.23
Cultivars 0.28 0.58 0.80
Season x cultivar 0.42 0.88 1.22
Cultivar x Season  0.48 1.09 1.38

SE — Standard error; CD — Critical difference

Table 3: Water extract (%) of clonal black teas asnfluenced by climatic seasons

Season UPASI-3 UPASI-9 CR-6017 Assam Seedlings Neason

Jan. — April 39.05 38.73 38.21 38.83 38.71
May — August 38.63 35.84 35.13 34.84 36.11

Sept.-Dec. 36.08 37.93 36.08 38.03 37.03
Mean cultivars 37.92 37.50 36.47 37.23

SE+ CD (0.05) CD (0.01)

Season 0.87 2.43 4.03
Cultivars 0.69 1.45 1.98
Season x cultivar 1.35 3.23 4.87
Cultivar x Seast  1.19 2.51 3.44

SE - Standard error; CD — Critical difference
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Table 4: Changes in crude fibre content (%) of cloal black teas with climatic seasons

Season UPASI-3 UPASI-9 CR-6017 assam Seedlings [Meason
Jan. — April 14.36 13.16 12.09 12.44 13.01
May — August 15.41 14.96 13.72 14.39 14.62
Sept.-Dec. 15.88 13.63 14.54 13.85 14.48
Mean cultivars 15.22 13.92 13.45 13.56
SE+ CD (0.05) CD (0.01)
Season 0.73 1.02 2.36
Cultivars 0.46 0.97 1.33
Season x cultivar 1.07 2.47 3.81
Cultivar x Season 0.80 1.68 2.31

SE - Standard error; CD — Critical difference

Table 5: Theaflavin fractions’ and Digallate equivalent of theaflavins of clonablack teas as influenced by climatic seasons

Season Cultivar TF  TF-3-G  TF-3-G TF-3,3-G DGETF
UPASI-3 6.45 30.29 27.83 35.43 0.76
; = UPASI-9 1092 27.345  24.775 36.96 0.63
8 % CR-6017 6.15 28.155 24.895 40.8 0.72
Assam seedlings  7.92  30.995 27.515 33.57 0.64
UPASI-3 10.41 26.18 23.6 39.81 0.59
N § UPASI-9 10.92 27.985 24.015 37.08 0.51
g g CR-6017 9.87 25.89 23.25 40.99 0.50
< Assam seedlings 7.68  26.835 22.985 42.5 0.44
| UPASI-3 9.72 25.84 23.35 41.09 0.65
Y UPASI-9 8.07 29.705 27.235 34.99 0.61
) 8 CR-6017 10.71 30.82 27.2 31.27 0.61
i Assam seedlings  8.25 24.88 21.69 45.18 0.60
CD at
P=0.05 0.29 0.36 0.35 0.69 0.02

# - Percent relative distribution; CD — Critical ffitrence; DGETF — Digallate equivalent of theaftei
TF-3-G — Theaflavin-3-gallate; TF-3'-G — Theaflax@tgallate; TF-3,3'-G — Theaflavin-3,3’-digallate

Table 6: Changes in flavour Index of clonal blackeas with respect to the climatic seasons

Season UPASI-3 UPASI9  CR-6017 25%3M  \iean Season
Seedlings
Jan. — April 2.16 1.69 1.91 1.16 1.73
May — August 1.36 1.02 1.19 0.83 1.10
Sept.-Dec. 1.49 1.22 1.33 0.95 1.25
Mean cultivars 1.67 1.31 1.48 0.98
SE+ CD (0.05) CD (0.01)
Season 0.027 0.074 0.122
Cultivars 0.014 0.030 0.041
Season x cultivar 0.034 0.086 0.135
Cultivar x Season 0.025 0.052 0.072

SE — Standard error; CD — Critical difference

Sum of percent relative distribution of grdupompounds

Flavour index =
Sum of percent relative distribution of grduppmpounds

Table 7: Influence of seasons on catechin compositi of clonal tea leaves

ECG EGC EGCG EC

season Cultivar (+) C (%) %) (%) %) %)

UPASI-3 0.59 381 432 1368 1.22

L= UPASI-9 0.39 318 3.68 13.02 0.80
gg- CR-6017 0.53 349 362 1325 0.97
Assam seedlings 0.37 381 326 1238 0.78

- UPASI-3 0.21 274 295 1053 0.87

23 UPASI-9 0.20 254 312 1021 107
g 2 CR-6017 0.48 281 334 1011 0388
< Assam seedlings 0.16 224 2.68 9.82 0.62

| UPASI-3 0.35 315 351 11.88 1.05

T UPASI-9 0.31 328 333 1091 0.97
g CR-6017 0.45 339 358 1128 0.86
v Assam seedlings 0.28 2.82 246 9.73 0.89
CD atP=0.05 0.02 0.10 0.07 0.24  0.03

CD - Critical difference; (+) C- (+) Catechin; ECQ=picatechin gallate; EGC- Epigallo catechin;
EGCG- Epigallocatechin gallate; EC- Epicatechin
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Figure 1: Determination of TF, TR, HPS and TLC in Hack tea

Two grams of black tez mfnsed with 100 ml beded water for 10 minutes
over boilng water bath and filtered through cotton
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CONCLUSION

Climatic conditions prevailed in Anamallais of sbundia significantly influenced the quality comam of black
teas produced in that region. Black teas manufedtduring January to April possessed higher TFesdnivater
extract and aroma composition. Rain flush teadaared to be poor in quality in terms of TF and chias.
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