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ABSTRACT

Periodic seasonal variationsin quality of Iranian tea over various growth
flushes are reported. To characterize tea flavor, volatile components two
clones of tea (Camellia sinensis L. var. sinensis) were isolated by hydro-
ditillation through a Clevenger system, and analyzed by GC-MS. A total
79 compounds were tentatively identified in tea clones by matching mass
spectra and Kovats Index with the literature data. Flavor profile analysis
revealed qualitative seasonal variations in aroma complex. Linalool and
geraniol recorded maximum content during spring harvest and continuing
decrease with progress in season, showing a minimum during summer
harvest and minor improvement through autumn harvest in some cases.
Results suggest increasing crop productivity during spring and fall har-
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vests could enhance profitability.

INTRODUCTION

Tea(CamelliasinensisL.) isone of the wordas
oldest beverages and processed from tender shoots
(two and abud). Mot of thequality parametersinher-
ent in theteashoots are determined by the germplasm
characteristicsand agro-climatic conditiong*3.

Havor isthemost important parameter inevaduation
of the quality of madetea. Flavor of teacomprises of
tasteand aroma. Taste comesfrom non-volatilecongtitu-
ents, whilearomaisdueto volatile constituents. Over
500 valatileflavor componentshavebeenidentified from
tea. Havor isdependent ontheavail ability of precursors
present inteashoot, stimulation of conditionsduringtea
manufacturefor their liberation and retention of flavor
componentsin the product™. Very complex mixturesof
carbonyl, terpenoid and other vol tiles createteaaroma
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Precursors of monoterpenead coholslikegeraniol and
linalool which giveflowery aromatoteaarepresentin
theform of non-volatile, which areliberated by hydro-
Iytic breskdown of bound formsindisrupted teashoot™.
Agro-dimaticconditions, dond variaionsand geogrgphi-
cd origin/locationsgreetly affect thearomacongtituents
of ted?*9. Precursors of monoterpenea coholslikege-
raniol and linalool which giveflowery aromatoteaare
present intheform of non-volatile, which areliberated
by hydrolytic breakdown of bound formsin disrupted
teashoot!¥. Geogrgphica andclond variationsaffect the
aromaconstituentsof tea. Teasof different varietiesand
from different countriesof originwereobservedto have
different terpeneindices”. It wasreported that assamica
cultivarscontained highlevesof lind ool and snengscul-
tivarsproduced mainly geraniol, whilehybridsof assamica
and sinensisvarietiesshowed intermediate characteris-
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ticg4. Theterpeneindex, i.e. theratio of thegaschro-
matographic peak areasof linalool andlina ool plusge-
raniol wasa so reported to bethe characteristic of acul-
tivar or cloné*", Teafrom different clonesgrown under
Kangra conditions showed variation in quality when
evd uated onthebasisof tasteand aromd®. Inthisstudy
two clonesof tea(Camelliasinensisvar. Snenss) were
investigated in order to seasond variationsin quaity of
aromacomponentsover variousgrowth flushes. Differ-
ent compoundspresent intea(C. sinensisvar. sinensis)
extractswereinvestigated and their variety was com-
pared; asaresult, our sudy wasapurdy quditativestudy.
Inorder to avoid separate studies onteasampl es after
different processing pathways, only compoundsinfluenc-
ing teaaromaand taste were studied, before any pro-
ng.

EXPERIMENTAL

Experimental biological material
Diethyl ether and Sodium sulfate.
Plant material

The aerial parts of two teaclones (KEN & DN)
Camdliasinenssvar. snensswereplucked from Tea
Research Station of Lahijan (Guilan, Iran) (atitude 34.2
mamd, latitude 37° 114 S, longitude 50° 04 E) during
summer and autumn 2009 aswell asin spring 2010. A
voucher specimenwas deposited in the Herbarium of
Guilan University (GUH, number 4039).

Methods

(a) Extraction of essential oil

50 g fresh teashoots (C. sinensis); consisting of
one gpical bud and two adjoining leaveswere picked.
Sampleswereminced and immediately hydrodistilled
for 3husingamodified Clevenger-type apparatus®.

Aroma-associated compounds were isolated by
steam ditillation under vacuum foll owed by solvent ex-
traction of theditillatewith diethyl ether. Sodium sul-
fatewasused for dehydration and thecompoundswere
stored at 4C in the dark until further analysis as de-
scribed below.

(b) Gaschromatogr aphy-massspectrometry (GC-
M S) analysisof aroma compounds

GC-MSanadysiswascarried out usinganAgilent
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6890N coupledtoanAgilent 5973B M S. Sampleswere
analyzed onacapillary column HP-5M S (30 m x 0.25
mm, film thickness 0.5 pum) with electron impact ion-
ization (70eV). Thecarrier gaswasheliumwithaflow
rate of 1 ml/min. Injector and detector temperatures,
280°C; injected volume, 1 pl; splitless mode; the oven
temperature program was 50°C for 2 min, increased at
3°C/min to 250°C and held at 250°C for 5 min. The
mass range was 30-600 m/z.
(c) Compound identification

The aroma-associated constituents of the tea
sampleswereidentifiedin comparisonwiththeir Kovats
Index, calculated inrelation to theretentiontime of a
seriesof lineary akanes (C8-C38) withthose of refer-
ence productscomparing with their Kovatsindex and
those of chemical components gathered by Adamg9.
Further identification was made by matching their re-
corded mass spectra with those stored in the
WILEY 7n.L massspectrd library. Thecomposition of
aromas was reported as arelative percentage of the
total peak area.

RESULT AND DISCUSSION

Volatile componentsof two teaclones(KEN and
DN) (camelliasinensisvar. sinensis) were compared
in seasona harvests (August and December 2009; May
2010). Theresults obtained from the analysis of the
aromacompoundsof twoteaclones(KEN & DN) are
showninTABLES1, 2and 3.

In this study three different components (40, 46
and 28) wereidentified in thearomaof cloneKEN in
Sporing, summer and autumn, respectively and werefound
to represent 92, 31.84 and 62.12% of thetotal com-
position (TABLE 1,2 & 3). Also clone DN included
29, 25 and 36 aromacompoundsin investigated sea
sonsand tota compogtioninthesesampleswere85.18,
49.99 and 63.37%, respectively (TABLE 1, 2 & 3).
GC-MS profile of the extracted aroma showed the
presence of awide range of compounds, including
monoterpene hydrocarbons, oxygenated monoterpe-
nes, sesquiterpene hydrocarbons, alkanes, alcohaols,
acids, aldehydes, ketonesand esters.

Quadlitativedifferenceswere observed interpenoid
and non-terpenoid flavor components. Themajor con-
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stituents of teaclone KEN in spring, summer and au-
tumn detected weregeraniol (1.57-40.27%), linal ool
(2.51-21.75%), methyl salicylate (2.63-6.61%),
octadecane (0.45-6.45%), cyclohexanone (5.72%),
phytol (1.62-4.10%), pentacosane (1.18-3.66%) and
tetracosane (1.63-3.06%). Other components, such as
trans linalool oxide (furanoid) (0.88-2.84%),
heneicosane (1.45-2.75%), tricosane (0.09-2.66%),
nonadecane (0.45-2.33%), docosane (1.11-1.91%),
heptadecane (0.56-1.78%) geranial (1.36%), B-
myrcene (1.44%) and nerol (0.10-1.07%), were de-

tected inlower amounts.

Thema or componentsof teacloneDN in spring,
summer and autumnwerelind ool (12.73-22.20%), ge-
raniol (6.42-17.83%), cyclohexanone (15.32%), phy-
tol (1.08-10.95%), bornyl acetate (0.18-7.%), trans
linaool oxide (furanoid) (2.49-6.71%), methyl sadicy-
late (2.24-3%) and tetracosane (0.85-2.15%), other
components present in appreciable contents were:
tricosane (1.76-2.04%), cislinal ool oxide (furanoid)
(0.69-1.76%), pentacosane (1.63-1.72%) docosane
(0.11-1.49%), heneicosane (1.15-1.40%), hexadecane
(0.41-1.28%), geranial (1.28%), hexacosane (1.22-
1.26%), heptadecane (0.31-1.15%) and z-nerolidol

Peak Peak Area Percent
Compounds [
No. KEN DN
17 o-Cubebene 1351 0.08

1377 0.12 0.71
1384 0.09 0.59
1388 0.10

1400 0.25 0.78
1425 0.15 0.73

18 a-Copaene

19 Cis-3-Hexenyl hexanoate
20 p-Bourbonene

21 Tetradecane

22 p-Caryophyllene

23 (E)-a-lonone 1430 0.15

24 g-Humulene 1455 0.21 0.53
25 Germacrene-D 1485 0.12

26 (E)-p-lonone 1489 0.11

27 Cadina-1,4-diene(Cis) 1496 0.20 -
28 Pentadecane 1500 - 0.81
29 Z-Nerdlidal 1533 - 111
30 a-Calacorene 1546 0.13

31 Hexadecane 1600 0.13 0.87

32 a-Cadinal 1654 0.08 0.43
33 2-pentadecanone,6,10,14-trimethyl 1681 0.09 0.69
34 Heptadecane 1700 - 0.45
35 (Z,E)-Farnesol 1701 0.58
36 Octadecane 1800 0.07 0.63
37 Nonadecane 1900 - 0.52
38 Methyl palmitate 1922 0.17 0.52
39 Phytol 1943 4.10 10.95
40 |sophytal 1948 0.19 0.51
41 Methyl linoleate 2096 0.14
42 Heneicosane 2100 - 1.30
43 9,12-Octadecadienoic acid(Z,Z) 2146 0.21
44 %ﬁ;ﬁ;ﬁ?‘;ﬁ;m‘cmd' 2158 0.14
45 Docosane 2200 - 0.87
46 Tricosane 2300 0.09 2.04
47 Tetracosane 2400 - 0.85
48 Pentacosane 2500 - 1.63
49 Heptacosane 2700 - 0.56
Total % composition 92 85.18

aK1: Kovats Index was determined by GC-MS on a HP-5M S
column.

Thevariability inthese constituents may beattrib-
uted to factorssuch asorigin of themateria, crop hus-
bandry, plucking standard, method of processing, grades
and most important, their genotype™. Theteasfrom
different originscan be marked by the composition of
volatileflavor compounds. Gulati and Ravindranath
(1996) explained seasond variation of thevolatilefla-

(1.11%).
TABLE 1: |dentified aroma compoundsof teacloneKEN and
DN in spring.
Peak Compounds KI? Pook Area Percent
No. KEN DN
1 Cyclohexanone 952 5.72 15.32
2  p-Myrcene 991 1.44
3  3,4,5-Trimethyl Isothiazole 996 0.07 0.72
4 Limonene 1029 0.55
5 Benzyl alcohol 1032 0.78
6 (E)-B-Ocimene 1050 0.60
7 Translinalool oxide (furanoid) 1073 2.48
8 Cislindool oxide (furanoid) 1087 0.59 1.06
9 Linaool 1097 21.75  22.20
10 Citronella 1153 0.12
11 Methyl sdicylate 1192 6.61 2.66
12 Myrtenol 1196 0.25
13 Neral 1230 1.07
14 Nerd 1238 0.64
15 Geraniol 1253 40.27 13.86
16 Geranid 1267 1.36 1.28
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vor compoundsin Kangrateas™. Gulati etd., (1999)  pey ., Pek  AreaPercent
studied thearomaprofileswith respect toclond varia No. Compounds K EN DN
tionsinKangrateas. However, they identified 10 vola- 38  Methyl pamitate 1922 0.8
tileflavor compounds™. 39 Phytal 1943 345 1.24
TABLE 2: | dentified aromacompoundsof teacloneK EN and 40  Heneicosane 2100 145 1.40
DN in summer. 41 Docosane 2200 191 1.49

Peak Compounds ‘e Peak  AreaPercent 42  Tricosane 2300 2.66 1.99
No. KEN DN 43 Tetracosane 2400 3.06 2.15
1 Camphene 954 0.02 _ 44 Pentacosane 2500 3.66 172
2 Benzaldehyde 960 0.03 ) 45 Hexacosane 2600 0.56 122
3 Benzyl alcohol 1032 007 ) 46 Dibuthyl phthalate 2630 0.9
4 Acetophenone 1065 0.04 ) 47 Heptacosane 2700 0.12 0.27
5 Translinaool oxide (furanoid) 1073 0.88 6.71 48 Nonacosane 2900 059
6 Cislindool oxide(furanoid) 1087 031 176 Total % composition 3184 4999
7 Linalool 1097 251 1273 Zl;lll:ml?r:)vats Index was determined by GC-MS on a HP-5M S
8 Terpineol 1148 - 0.22
9 Cislinayl oxide (pyrancid) 1174 - 044 It can beunderstand from 1, 2 and 3 tableswhich
10 Methyl sdicylate 1192 263 300 al componentsof thetebl eswith someexceptionshave
11 Myrtend 1193 003 ) hi ghe;t e@entld ol Isyarlety inspring. Deqeas ngin the
12 Dodecane 1200 006 032 essential Ol Isvarietyi ntheqasesof gerani ol, B-ionone,
13 p-Cydocital 1993 005 ] methyl sicyl ae, ne_rol and limoneneiscaused decresse
14 Nerol 1930 010 017 inteaflavor quaity inthesummer andfall comparedto
. spring, but high quaity of teasometimesrel ated to some
15 Geraniol 1253 157 6.42 ) . . .
16 Bomyl acetate 1289 010 018 component liketypesof lina ool \_/vhl chare cons de_red
17 indole 1201 007 ] as .t(.arpencl)l da qoholsof gromatlc.fl owers vylth high
18 Tridecane 00 058 04l boiling p0|r_1twh|charebellved[51 their drop off iscaused
19 LUndecanol 570 o ) _better qual |ty_of tea. It may b_e because of _that r_educe
in somevolatile compoundsis accompanied with &-
20 (B)-f-Damascenone 1385002 ] evator of pleasant aroma™. So, according totheir role
21 f-Bourbonene 1388 005 - in diminish of theteaquality, their decrease can bea
22 Tetradecane 1400 017 075 positivepoint for summer and fall harvest, dthoughthis
23 (E)-p-Damascone 1414 0.05 - may be has not accepted by all researches’.
24 f-Caryophyllene 1425 008 - Ontheother hand thereisacomplex of component
25 (E)-a-lonone 1430 008 - whichweknow them asessential oilssuchasphytol, o-
26 (E)-f-lonone 1489 001 - cadinol, B-myreene, farnesol, geranid, 5-cadinene, palm-
27 Pentadecane 1500 033 119 itic acid and methyl palmitatethat someof them canin-
28 (E-E)-a-Famesene 1506 0.14 - crease tea quality by consolidation of aromain it
29 ¢-Cadinene 1523 0.04 - TABLES of 1, 2 and 3 clear a continuous reduce of
30 Z-Nerolidol 1533 0.34 - component variety in three spring, summer and autumn
31 a-Cdacorene 1546 004 - harvesting respectively asthey decreasefrom spring to
32 Hexadecane 1600 039 128 autumn. Thedecreasingin number of essentid oilscan
33 Heptadecane 1700 178 115 berd ated to seasona condition of their synthesis. It may
34 (ZF)-Famesol 1701 0.06 - besomeinstrument and conditionsof their synthesisare
35 Octadecane 1800 045 098 not prepared in summer and autumn so they cannot be
36 Benzyl sdycilate 1866 0.38 - reproduced. Thematter iscaused wefound higher vari-
37 Nonadecane 1900 045 080 ety of essentid oilsinspring againgt summer andfall.
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TABLE 3: Identified aroma compoundsof teaclone KEN and
DN inautumn.

Peak Compounds K2 Peak AreaPercent
No. KEN DN
1 Camphene 954 0.39
2  p-Pinene 979 0.23
3 Benzyl alcohol 1032 0.52 -
4 Translinalool oxide (furanoid) 1073 2.84 249
5 Cislindool oxide (furanoid) 1087 0.96 0.69
6 Linaool 1097 11.18 13.28
7 Benzeneethanol 1107 0.57
8 Camphor 1146 0.51
9 Terpineadl 1148 0.27 0.39
10 Cislinalyl oxide (pyranoid) 1174 0.49
11 Methyl sdicylate 1192 3.43 224
12 Myrtend 1193 0.39
13 Dodecane 1200 0.79 -
14 Nerol 1230 0.34 0.37
15 Nerd 1238 0.90 0.56
16 Geraniol 1253 18.61 17.83
17 Bornyl acetate 1289 7.30
18 Thymol 1290 0.24
19 Tridecane 1300 0.18 -
20 p-Cubebene 1388 0.06
21 p-Bourbonene 1388 101
22 Cis-Jasmone 1393 - 0.29
23 Tetradecane 1400 0.44 -
24 (E)-o-lonone 1430 0.33 -
25 Germacrene-D 1485 0.15
26 Pentadecane 1500 0.49 0.23
27 J-Cadinene 1523 0.14 0.22
28 a-Calacorene 1546 0.14 -
29 Spathulenol 1578 0.29
30 Caryophyllene oxide 1583 - 2.16
31 Globulal 1585 0.47
32 Hexadecane 1600 0.56 0.41
33 Heptadecane 1700 0.56 0.31
34 Octadecane 1800 6.41 1.87
35 Nonadecane 1900 2.33 0.37
36 Phytol 1943 1.62 1.08
37 9-Octadecenoic acid 2004 0.23 -
38 Heneicosane 2100 2.75 1.15
39 Docosane 2200 1.11 0.11
40 Tricosane 2300 1.92 1.76
41 Tetracosane 2400 1.63 2.06
Natural Products

Peak Compounds K2 Peak  AreaPercent
No. KEN DN
42 Pentacosane 2500 1.18 -
43 Hexacosane 2600 - 1.26
44 Heptacosane 2700 - 0.14
45 Nonacosane 2900 0.26 -
Total % composition 62.12 63.37

aK|: Kovats Index was determined by GC-MS on a HP-5M S
column.

CONCLUSIONS

Theresults presented heredemonstrate that varia-
tionsin quality of unprocessed greentealeavesmay be
related to differencesin vegetative propagated culti-
vars(clones) and the season of harvesting. Agronomic
conditionswereidentica for dl clonestested. Thephe-
notypic variations observed may quite possibly have
resulted from genetic differences acquired during the
yearsover which they have been planted since origi-
naly cloned.
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