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ABSTRACT

Analysis of Volatile Flavor Components in Fresh
and Roasted Green Tea

Lee, Sun-Im
Advisor : Prof. Kim, Kyong-Su, Ph.D.
Department of International Tea Culture

Graduate School of Chosun University

Volatile flavor components from fresh and roasted leaves of Thea
sinensis L. were extracted by SDE (simultaneous steam distillation and
extraction) method using the mixture of n—pentane and diethyl ether (1:1,
v/v) as an extract solvent. The volatile extracts were analyzed by
GC-FID and GC/MS. Identification of the volatile flavor components was
mostly based on the RI of GC and mass spectrum of GC/MS.

The total number of 83 volatile flavor components were identified in
fresh leaves, and (F)-2-hexenal characterized as green note was the
predominantly abundant component. Also, monoterpene alcohols such as
linalool and geraniol etc. were identified as major compounds. Major
functional group was alcohols Including Cs—alcohols and monoterpene
alcohols accounting for 63%, and aldehydes followed by second functional
groups. They were considered as important compounds contributing fresh
leaves like flavor. But unlike roasted leaves, theaspirans which is
identified in Osmanthus fragrance were detected in fresh leaves. They are
used in cosmetics and foods.

Volatile flavor components of 73 were identified in roasted leaves of T.

_Vi_



sinensis L. and the contents was 8740 mg/kg. 4-Vinyl phenol and
1-ethyl- 1H-pyrrole-2-carbaldehyde were detected as the major volatile
compounds accounting for 6.8 and 6.5%, respectively. Appreciable amounts
of benzyl alcohol, (E)-nerolidol, indole, ethyl acetate were detected in
roasted leaves. The major functional group was alcohols almost consisting
of terpene alcohols.

Leaf aldehyde such as (E)-2-hexenal and leaf alcohol such as hexanol
detected in fresh leaves were significantly decreased in roasted leaves.
Esters, ketones, and N-containing compounds produced during heating in
roasting process were detected higher than in fresh leaves. As a result,
these compounds such as caramel and Maillard reaction products produced
by heat could be used for establishment of roasting process to make a
green tea having high quality. Also, the results of this study would
contribute to the presentation of scientific data about special quality of

various tea products for accurate food choice of customers.
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a3l A (Table 1).

Table 1. =l 99 A ¥z FF

i i EAE
S A %
@4, e o ¥ 7]
B, 79 e % (o)
R A2 5 (oF)
a T - o ¥ 7] of

A8 FEEA, 2006

Aw 2 AQuidge AFEE BHAGI ha)d FHom 3 Hdo]l 1345

ha(58.3%), st&(474 ha)e T4 22 3 4ol 6988 ha(302%)2 FAAZ 7/



st AAAR AFEe

A2 2397 haol o] F ofrlotel X 80% o]

WA e 39%=2 7hd &

7ok 8%9) ulFE A

AR St FEEh 20009 7F AA R
455 gom 2o

o= ohzmelzlel o Aatge] & Fow Frhsln gtk o] Hed F3e ol

=t A oz Aud o] @ri(Table 2).

Table 2. AA

2 Awas

o

AxdlAlel, H7], HEM

dE

MFe AAs glow, 1 9] wsb ok 20%, 2el@t

’

©@9]: 1,000ha

il =
= 7t

1980 | 1985 | 1990 | 1995 | 2000 | 2003 | 2006

ofZ ] 7} 153 181 193 218 222 212 243
oA o} 2108 | 2039 | 2114 | 1,936 | 2061 | 2050 | 2049

R et A - 45 47 48 49 49 54
Fo(dvh | L157 | 1,069 | 1,084 883 952 903 893
QL% 378 400 420 430 420 430 443
QlIulAlet | 86 62 95 113 110 121 120

ol & - - 32 34 34 31 33

A 61 61 59 54 51 50 50
e 245 232 222 189 195 189 189

El7] 54 67 91 77 77 77 77

o e 50 55 44 71 58 98 99
A7 2396 | 2342 | 2442 | 2313 | 2337 | 2353 | 2393

AE s ApEEY GROIFYE], TR A AAAR,, 2007



S A A e

Rk g S

448 ha(1999%3)ef| 4] 2,308 ha(2006%3)o.2 <F 524
o,

o] F Aol 1,345 ha oF 58% % Axshd tLows A, AF, FF &
oz Vel on dE Ao AAE 1 9t Table 3).

Table 3. A9 2 Aujd g

AN AW AF  #FF oA
W % (ha) 1,345(583) 698.8(30.2) 197(8.5) 13(0.6) 2,308(100)
AR M/T) 1,424(61.3)  355(15.2) 531(22.9) 5(0.2) 2,322(100)
7 (%) 1L,719(62.4)  1,520(46.3) 9(0.3) 1(0.1) 3,281(100)

7 2 A o F A, 2006

AN F8 T A

2o, 48 U
H

, A=dirlel, WEY, diw, <l
e HW 2006 76%F of =o] AL o
vl oF 4%9] S7HE WEblaL vk & Al A A

A=djAle}, A&,
UTH 53] vlEFS PR T FElE
ekl Z712 Holal gltH(Table 4).
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Table 4. =7pH 32 AL o] L BN Z0E%)
19999 20009 2001d 2002¥ 20039 2004¥ 20059 20069
o 8.274 8271 8616 8191 8300 8500 8500 8,500
T (+1.2) (+0.0)  (+4.2) (49 (+1.3) (+24) (+0.0) (+0.0)
131 139 193 242 372 186 200 200
=g A
(=74.1) (+6.1) (+38.8) (+254) (+53.7) (-50.00 (+7.5) (+0.0)
PR 567 618 389 950 1209  57.2 1598
T 17D (+4.6) (+9.0)  (-37.1) (+144.2) (+27.3) (-52.7) (+179.4)
oo S4000 36,000 38,000 37,000 38,000 40,000 40,000 41,000
. (+9.1) (+0.0) (+5.6) (-2.6) (+2.7) (+53) (+0.00 (+2.5)
L 122252 443,161 480211 496986 498,057 513,154 546,124 569,907
° (+2.0)  (+5.0) (+84) (+35) (+0.2) (+3.0) (+6.4) (+4.4)
s 88700 91200 82,600 88,500 89,300 89,800 84,200 85,000
s (+4.6) (+2.8) (-9.4) (+7.1) (+0.9 (+0.6) (-6.2) (+1.0)
gu 22000 23500 22000 21500 19,500 19,000 19,500 20,000
Y (+125) (+4.4)  (-6.4) (-2.3)  (-9.3)  (-2.6) (+2.6) (+2.6)
qeqg 28100 28000 29500 32000 29,000 32,000 33000 35000
- (+5.6) (-0.4) (+54) (+85) (9.4 (+10.3) (+3.1) (+6.1D
ey L7000 1600 2300 2200 2600 2700 2800 2,800
v (-10.5)  (-5.9) (+43.8) (-4.3) (+18.2) (+3.8) (+3.7) (+0.0)
e 180 320 300 380 400 500 520 550
(-43.5) (-33.3) (-6.3) (+26.7) (5.3) (+25.0) (+4.00 (+5.8)
q BOB679 632761 664,338 657,388 686479 707049 735416 764,555
(+3.2) (+4.0) (+50) (+3.5) (-0.1) (+3.0) (+4.0) (+4.0)

A& @ International Tea Committee, 2006



Ul 2 AL AGpso 2 A 19951 1,480 Eoll A 20079 24,104 Eo=F
oF 1620) F7HOM 10 a¥ AAFHE L 717 oF 2] 7 Ao v
WO (Table 5) =UloA Aol F7F5+ 2006 7155 3280572 K I1ES
o ANl Holdel mel Ao £8 ATE Frldtgen d AAReR B
W 70% ool FAE SEehE Aow UehUchFig. 1.

Table 5. U] X AuHA @ QA

dx A )3 A (ha) A Z) 10 a3 F F(kg)
19954 448 1,480 330
2002 1,505 7,104 472
20051 2,308 11,608 503
2007 3,106 24,104 689

A w9 54, 79 54



1999 2000 2001 2002 2003 2004 2005 2008

Fig. 1. AlA & && 24

A& @ International Tea Committee, 2006
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Table 6. AA Zk=ro] Az 1902 A 4AvE &

4 H I 1213 4m F(kg/d) & <
of d W = 271 1
2] u o} 2.65 2
o9 o E 2.29 3
%3 = 2.28 4
7 ¥ = 2.23 5
o] ¥ = 2.20 6
H o 7 217 7
o] =) 143 8
= T 1.36 9
o o 1.14 15
= = 0.36 30
o o 0.04 -

A& . International Tea Committee,

"Annual Bulletin of Statistics, |,
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Zo] el 513.6%9 BAE kol Edaw glolH RAHQ £ o] Fol A
G YAtk H ) 46 Bl WQol A ol ARAE Roln A
2o FQIe F3 zeldy), wF, Amualel, w fold. e AA A
2

FUFLE 20061 88 =2 AHOE 2009d 446 =o®
™

T2 Hax gHE sk dtk(Table 9).

Table 9. ¥2e] S7pd (Al FUF w9l ke
4 Ly
Z 7 i} 7€ =3} o7 ez @ oA
(3kgels}) (3kgolst)
) = 97 8 27,637 46 27,788
o 878 352 649 424 2,303
T 1,256 120,523 47,153 30,141 249,673
o vt 61 0 3,580 2,308 5,949
AN7VE 0 0 18,825 0 18,825
Q= 0 0 8,997 99 9,096
= 0 0 11,032 181 11,213
2e]Z7} 3 0 6,278 121,200 127,481
¢l v A] o} 0 0 6,292 11,000 17,292
7] e} 223 1,019 10,576 286 12,104
A 2,018 121,902 141,619 215,685 481,724

A TEZAFEAEA, BAE, 2006
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el F7bsk BEe] FuelA hEEel &

5
Eog 7pg e #e yehdla 200990 1202 Eog FoEU 59

Table 10. =] %o &4 E% @9 kg
T 2 2006 2007 2008 2009
g o8 Zl(3kgelsh 481,335 367,806 224,000 625,651
= zk
2 g e Zl(7E 285,637 67,798 88,714 151,057
= g sk 3 (3kgolsh) 239,867 109,323 44 547 228574
2=k
g s A(7ED 534,042 268,980 279,569 198,723
by k2 A (3kgolsh 2,730 3,783 3,328 6,747
= zk
2 wE e (e 170,868 45,335 25,975 8,473
1
% g sk 3 (3kgolsh) 454 834 395,093 208,264 225,653
2=k
g s A(7ED 262,410 292,117 212,188 207,029
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Al 3 AdAs RO
A1d ddAs 2 W

B Ao A AT AP Honds AuhdE nATdA AN =
2 B4y 9

45 BT @AM 20104 599 A4 FUHA BGE 580 AT 9L
AT FEEAE 489 A $A wolm o|Ee Fuy PR A

2 Aol AFESE BE AR v Sigmailel A EF ARSIt e,
Zof AF&3l diethyl ether, n—pentane &< 7|&vl+ Fisher Scientific(U.S.A)l
A F-438Fed wire spiral packed double distilling”*] (Normschliff Geratebau,
Germany)®= AF/F3 AL A& E3 =& T A5 74 (Millipore
Milford, USA)oll A & Milli Q water®S AF&3FE T 78wl g5 AL&3
T Na:SO,& 650°C 3| gtZ oA FE3] Bl H desicatordl A wWwys & ALS
sttt

3. B4 717]

7y, 718w S 73R 0 Wire spiral packed double distilling apparatus
(Normschliff Geraetebau, Germany)

1}, Blender : Multi mixer (Braun MR 550 CA, Braun, Spain)

t}. pH meter : pH/ION meter (Pinnacle 530P, Nova Analytics Corporation,
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woburn, USA)

o1 £ 5 7FFE 7] (Simultaneous steam distillation and extraction, SDE) :

Likens & Nickerson type simultaneous steam distillation & extraction

(Normschliff, Wertheim, Germany)

. &% column @ Vigreux column (250 ml Normschliff, Wertheim, Germany)

. Gas chromatograph/mass spectrometer : HP 6890 gas chromatograph/ HP

5973 Mass selective detector (Agilent technologies Inc., USA)

. Capillary column : DB-Wax (60 m x 0.25 mm id., 0.25 pum film thickness,

J&W, USA)
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FEEAL AO.AC(Assocoation of Official Analytical Chemists) B9 (35)¢l
Fole] FEE 16T Ad/tdAazxye osly Fstdt. dxR7IFEHHE dry
ovendl Al FHAl 2~3A13F AFE AH 2 desicatordl 4] 20~30F WY & FA
£ 39 SAste] e 0.0370A &tk Al 10 g3 74 FAE
A & dry ovenol A 2~3A1ZF desicatore] 20~30% ®WW ¢ FA 4T}

dry oven® &%+ 105C o]Atol A AA]sls T

2. A AR 3

48 AnE st FEuMel e Fuy gRe F

o 1
=T
Mg dL£5SE7] F/HFS(simultaneous steam distillation and

2ol AP B
z3 AgelA
extraction, SDE, Normschliff, Germany) *& o|&slo] F&319 0t &4 A=
A 150 g, ® 35—?74 30 g Milli Q water 500 mLE £3% 3l Waring blender
2 387 2% = 1 N NaOH €93 1 M phosphate buffer(pt 7.0)& 3718}k
o pH 7005 XAstal o5 Fy I7AHES F58& AEE AMESAT

A 1R 22 Schultz 5(36)e] ®WHol whel J#E SDEA A (Fig.
) A FEE A8 spiral® A% double distilling apparatus® A 55+
n-pentane : diethyl ether &3-&v](1:1, v/v) 100 mLE AF&38fe] A9t slelA 3
AIZF FoF FE5A Y. AHEHEAY S 98] n-butylbenzenes FEE A& #Hrlst
Ak FIAEES] A8 EF el e NaSO.E 7hste] S A7 5
Vigreux columni} #AA47}AE o]&35te ¢F 05 mL7FA] F3538te  GC/MSS] #
A g2 ARSI oHFig. 3).
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Apparatus for Likens-
Nickerson simultaneous
distillation/extraction

Y
2

Fig. 2. Diagram of simultancous steam distillation and extraction (SDE)

apparatus according to Likens and Nickerson.
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Fresh and Roasted Green Tea

Blending

- Added 500 mL of Milli Q water
- Adjusted to pH 7.0 with 1 N NaOH and
1 M Phosphate buffer (pH 7.0)

- Added n-butylbenzene as internal standard

SDE

- By solvent mixture of n-pentane/diethylether
(1:1,v/v) 100 mL, for 3 hrs

Dehydration

- Adding anhydrous NaSOs for overnight
- Filtration

Concentration

- Concentrate to 0.5 mL by Vigreux column
and N2 gas

GC/MS Analysis

Fig. 3. Scheme for analysis of volatile flavor components in fresh leaves

and roasted green tea.
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3. AWy PR BA

=~

A

7F. M58 A S=(retention index)?] 9

TE& AR FEAQ mAEeEA Kovats(37)7F Aete wFE A
(retention index or Kovats index, RD+ A3 <718 7|Fo =z dlo] mEE
He TAASZ F A Flo|th

Y

l

"¥5 A4 chromatogram & 248 §42  #lsty] fsto] AbSHE

parameter24] o} 3§ {249 WPE XFE T E 9 chromatogram $ ol A

T 1
G2l MFE Azte] ¢kt FHo vehbeE 7oAl A dgke] MR E Ao
FH 3 4 S
Log Vry — Log Vry
RL= 100 Z + 100 A }
Log Vrez — Log Ve
RL : 385 i9] retention index
* Vro), Vr@, Vrzen @ FEE i, &2F7) 247 Z, 2+19]
A dzgkel 7F FRA AL
(Ve < Vre)
A2 alkane®] WHE AFE  column FXA, FEPeLE 2L O3

chromatography 713 F-#3stA 1 3}5HE

|
2 78zt wglbA] n-alkanes o 4 columnol A &= 33 CHy(RI=100),
CoHg (RI=200) -+ CuHon2(RI=100n)0) 3= A2 E et

ALl

WEE ARE T A5 it 1040 547449 n-Alkane EEE

AT E A

=1 3l

rir

A o] 100W 9 22

o,

S F4ste] AFFE 10 mLe n-hexaned] 34 38le] ZA| A td. Z2AH stock

gt 9] p-alkane =2 E 345l B8 TFddor ZAGF o 1 ul
E FHolol 3 )RS GCO/MS A2 st oA 435 T



G AuA F AR BA

jﬁtﬂ»/ﬂ 63:7]/\35_94 | Bo]:

28 98] HP 5973 Mass selective detector(Agilent
technologies Inc., USA)7} <1Z23¥ HP 6890 Series gas chromatographs AF-&3}
Fom Algme] o]&3+= electron impact ionization(EDW'Ho 2 33}t
Z 7€ ionization voltageE 70 eVZ 3} 3L, injector?t ion source
= A4 250°C, 230CelH, ®EE 248 HAEe] WAin/z)e 40~3502
2 AASE . Columne DB-Wax(60 m x 025 mm id, 025 uym film
thickness, J&W, USA)E AF&3196 2, &% Z2IPL 40TColA 377 /A ¢+
& 2C/ming] -}%Ei 120C7HA] dsA A 5E3E %
THA] A A B FAsER e, thA] 4T/ min®] &
1087 F4%F v 5C/mingd %2 230C7HA] 4
% HAstE ) Carrier gast™ heliume AR&3e] F%0] 1.0 ml/min7} ¥4 sf
O

] AlRE 1 ylE split ratio 100122 9]l tH(Table 11).

HE

R M o
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Table 11. GC/MS conditions for identification of volatile compounds

GC/MS

Column

Carrier gas
Temp. program

Injector

Ion source temp.
Interface temp.
Ionization
Ionization voltage
Mass range (m/z)

Injection volume

HP 6890GC/5973MS

DB-WAX (60 m x 025 mm ID, 025 um film
thickness, J&W)

Helium(1.0 mL/min)

40T (3 min)-2C/min-120C-2C/min-180C-4C/min
-200°C (10 min)-5C/min-230T (10 min)

250C

230C

280°C

Electron impact ionization(EID)
70 eV

40 ~ 350

1 ul
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o AU FARe e

A

M2

GC/MSell 2]3l total ionization chromatogram (TIC)o] #2]H 7} peake] AHE
242 mass spectrum library (WILEY 275&7N, NBS 75K)®} mass spectral
data book®] spectrum(38,39)#2] L= = GC-MS E4¢] 23 retention index
o ZAY retention index(40,41)¢ke] 4|, 1ejal A SHE ZEed
o] 4] datag W®lalste] EQlstATt
g flsto] F7dRE F2 A WFREEEZAE H7HE n-butylbenzene®

=, 1

5
keol @ FMd B4R

AH 37 E 9 peak areas o] {35t A AE SH5-
S Addez AHHEsd o, AHE 8 AL WExsEEYD 449 4 3
8

S8 AZ7] Yol 419 response factor 5 atvlsbA] &kl

Component Content (mg/kg) =

mM

AlZ oA internal standard® peak area
|59 ¥(g)

Ao A Z; 9] peak area

O T e
>

mM

=2
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T 2 AE FA Az 5 74 TFELZF%)
1 10.008 2.235

A4 2 10.013 2194 7854 £ 1.17
3 10.018 2.016
1 10.003 9.834

&=t 2 10.011 9.764 2.08 £ 0.39
3 10.005 9.7

A 24 FBA PR B4

L g 71487 ¥4 :

ilo
=3
ok

23 59

SDEWH o2 F& =% AFE gas chromatography(GC)9} gas chromato-
graph/mass spectrometry(GC/MS)E AR&3lo] 41319 o).

BEAo Ag3F GC/MS+ HP 5973 Mass  selective  detector(Agilent
technologies Inc., USA)”7} 1Z2%" HP 6890 Series gas chromatograph AF-&3}
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dom columne DB-WAXOG0 m x 025 mm id, 0.25 ym film thickness,
J&W, USA)E AM438l¢a, &% Zz 138 40ToA 387 §x3 e 2T
/min®] X2 120C7HA] A5A A 587 fA5ta 43 £ 180T7HA] 3

SAA S fFrAsEA o™, Bl 4T/ ming] FHE2 200C7HA A5A171

< 10%
2 fA e 5C/min® FEZ 230CT7HA AdEAzl 1083 A8k

Injector®} detector®] =%+ z+zF 250°C, 300C o], carrier gas™ helium2 Al-&

sl F£8 1.0 mL/minl® stgoen Algs 1 ul2 split ratio 11102 F<)

Fa ok A1 29 iondt+ electron impact ionization(ED)EPH o2 sttt GC/MS
Z

%712 ionization voltageE 70 eVZE 3} 3L, ion source <%+ 230C=E 3}

ofr

32 AL
T e

S B FAEe] W (m/z) v 40~3502.% s

2. n—Alkane9 Y3+ & AS

HEZ 249 =YL 935} n-alkane EFEE2 GC/MSE F43e] HEE
AlZFe A n-Alkane 522 mixture(Cio—Cos)E DB-WAX  capillary

columng °]-&3}e 43t total ion chromatogram= Fig.4ol WEM I Z+7}<]
Bgo Y E <+ retention timee retention index(RD) FHE ¢ 3% basic

programoﬂ Q&g Byda 7+ peak94 RIE 7-3}% tH(Table 13).
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Fig. 4. GC/MS total ion chromatogram of n—alkane standard mixture(Cio— Cgs).
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Table 13. Retention time of n—alkanes(Cyo— Cz) for GC/MS retention index

n—Alkane Name Retention time
CioHz2 n—-Decane 11.410
CuHzs n-Undecane 16.334
CioHog n—-Dodecane 22.320
CisHos n-"Tridecane 28.745
CraHso n—"Tetradecane 35.193
CisHse n—-Pentadecane 41.431
CigHaa n-Hexadecane 48.142
Ci7Hzs n-Heptadecane 55.415
CigHss n—Octadecane 61.911
CigHyo n-Nonadecane 67.783
CooHaz n-Eicosane 73.183
CorHu n-Heneicosane 78.345
CaoHas n-Docosane 83.735
CosHag n-"Tricosane 38.568
CaaHso n-"Tetracosane 93.475
CosHse n-Pentacosane 99.266
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A 3A AL A AL
1. Aslel 3aA IR

Abg-o] Aoz R Y SDEWHOR YA AV ES FE5tY GC/MSE
H 218k total ion chromatogram<- Fig. 59 YERAA 2, FAHEH TR 249
A E W] &2 Table 141 YeERUIATE

ko] AgolAl FAE A $r4E 5 phytol o] 2919 mg/kgl®E
Ao ol AA F)AdE 369 %2 PH-ES AA AL o] AR F
2 2 Eo] £A3}+ chlorophyll 7+x%9] @ek7]oa Eeld AFE o2 jsoprene Cs
unit(CH2=C(CH3)-CH=CH2)E 7} A+ acyclic terpenoid?] diterpene® 7|54 &
floralZ & ¥}, aroma threshold”} Eo} #xl9] 2 A &7 st =A 7]
st = §lal Staphviococcus aureus®| e @442 YEFIITEH(42,43). Phytol©]
Aol A w2 o ® FlE olfr= A RE FESH] AT A ERAAR #
A ol chlorophyll®] 7lr&ale2 vhad AdE 2oz dddnt, B3 2o 44
oA BFIPRCZE (E)-2-hexenal(14.4 mg/kg)T linalool(6.33 mg/kg)e] o,
T4 HES A7 182% B 8.00%FE AAS] 25% o]ie AAske A o' e

58] 2o Aol o FAHE AT 6719 E(Co)e Adg E3F
(green note)2.® AHolH=dH ol Cs—compoundE< ZHE FEAY olsH
(Thyllakoid membrane)e] £A3sl<= 14 diene system= 7}% linoleic acid(Cis2)
1} linoleneic acid(Cisz) & E3X3} A vt lipoxygenaselt hydroperoxy lyase
T isomerases o] Z&sle] A EE ARl (Fig. 6). Linolenic acid® ©] &
Zofl 9] (2)-3-hexenal2 FAd FHEAHOZ  alcohol oxidoreductase
(alcohol dehydrogenase)el 2]ste] (Z2)-3-hexenolS: #7d 3} isomerasec] <3l
(E)-2-hexenals &d3slH, o] WA 2= linoleic acid® HHE olsdd o]

i AolM dAR Co 320l B/ drh44,45).
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Membrain Lipid

l Lipase Esterase

O
/\:/\z/\z/\/\/\/\ CZOH Linolenic acid

l Lipoxygenase L

- “on .
OOH OOH
13-LOOH 9-LOOH

QO
0 NC-(CH:)-COOH
* C-CH-CH=CH-(CH)--C=0 Hydroperoxy-Lyase o
H

AWAW ANNNLA,

C-OH
(Z2)-3-Hexanal (Z)-3,6-nonadienal

l Isomerase l

MR AWAVAN

C-H
(E)-2-Hexanal (Z),(E)-2,6-nonadienal

Fig. 6. Biosynthesis pathway of Cs and Cy components (green note) by

lipoxygenase.
13-LOOH(13-L-Hydeoperoxy—cis—9,trans—9,15-octadecatrienoic acid)
9-LOOH(9-D-Hydroperoxy—cis—12,15,trans—10-octadecatrienoic acid)
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o] AHd A FAHE (Z/)-3-hexenol, hexanal, (E)-2-hexenol,
(Z)-3-hexenal, hexanol % Cs—aldehyde 7} 5%, Cs—alchol®7} 4Fo] &5 %]
ow ol&9 k2 191 mg/kge B2 A FEg AR R 23.3% ol

g3tt}h Cg-alcoholi+9F Ce-aldehyded =2ke] 3k 7| gdEL AlAlst &3
(green note, grassy, greenish)& WE T o] & Aol vy Ae] 8 37
S vethve Zlo® AdzEn

U] Ao seld (E)-2-hexenal, hexanal, (£)-3-hexenol &3 #&
A A Aol we Fr)Ege] depAlE slom oduEA sled, A9 Fa
by g1 Ed (E)-2-hexenale 48 Fo AAE7] Alztsle 79 ot F
fFom meslar 7hEo] WA R Faste] Aol A9 gloiAe Zlew
¥ o] uth(46). 3 terpenet ¢ terpenoid glycoside® & 7FH-38] whgo =

AT = terpenef T linalool@ Zo] mevalonate®] A7 2o 28] ajdA
7F Z2lEo] el JrkFig. 7). G A U] RAA 4% terpene
3}3+= 2 linalool, a-terpineol, geraniol , nerol's monoterpene”| alcohol & &%
7 (E)-citral ¥ %<2 monoterpene 7| aldehydef 7} 1& &F o ol F
linaloole] AA] A 7] E kel 8.0%°] &3t} (EE)-a-farnesene®ltt §
-cadinene & Ci5 9 sesquiterpene®] ZFZF 0.38%, 0.11% AU
(E)-nerolidol, a-eudesmol, B-eudesmols I 22 sesquiterpene alcoholF % 739
F FHEATE. ol# T terpene HEES AEFS EIU], @FT g E K
o] §Hrh(44,45).

Aol Fa bl 7] AE<l linalool, geraniolS HIG A HEjZ g &
Aste] FEazbgo] e LHEE IR w 19819 Takeo 5o 2+ Bl B
—glucosidase® #EAAH AHHE AL BAste RIE9W(4243), benzyl
alcohol, 2-phenyl ethanol % methyl salicylate %9 "3 alcohol® 7|4
A widA JefzE Sk Aoz Ak B3 4% AeAo FEA &
Aot A AdRolmA o] ke Foste a3 AVIHELE 459
linalool oxide® 7} $h=dl & Ao AREE 2} A= 45 ZF7F 0¥ A
o furan—form®] (E)/(Z)-linalool oxide”} pyran—-form Xt} °F 10H] Z& Ao

2 A A

_32_



CO, + H,0

l hv
Polysaccharides
Monosaccharides »  Glycosides
HO 0 Nucleic acids
. Phenylpropanes
Lignans
CH,COCO,H o
Pyruvic acid HO A OH
OH
Shikimic acid
Aromatic amino acids } g:ggﬁ:
CH,COSCoA .
Ac;t 1-SCoA —_* Aliphatic amino acids Alkaloids
y Phenols

HO OH

-0,CCH,COSCoA Mevalonic acid
Malonyl-SCoA l

)\/\OPP

Isopentenyl diphosphate

Polyketides l
Phenols Isoprenoids
Fatty acids (Terpenes, Steroids, Carotenoids)

Fig. 7. An overview of primary metabolites and their links to secondary

metabolites.
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Ao A isoprenoid F ¢l Ci3 3352 B-ionone A#o] vz FAHF oM o
33E& carotinoid® B-carotene® & AZF RejilEolm 3y RE A7)

floral noteE 7}A ©AdHdE-OZ EAA] AU ZEEET]
2 Ago A AtgH = AgelA E1d by v g2 83F0] 2l HA

o ol I fr7lstdEel %L 79.12 mg/kgldry weight)o] At

il
i
o
=
O
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Fig. 5. GC/MS total ion chromatogram of volatile components in fresh leaves of Thea sinensis L.




Table 14. Volatile components identified in fresh leaves of Thea sinensis L.

No. RI” Compound Name MF”  MW® mg/kg %Total ID"
1 882 2-Methyltetrahydrofuran CsHi100 86 0.027 0.03 RI, MS
2 834 Butanal C4HsO 720048 006 RI, MS
3 893 Ethyl acetate CHsO02 88 0824 104 RIL MS
4 897 1,1-Diethoxy ethane CeH1402 118 0.066 0.08 RI, MS
5 904 2-Butanone C4HsO 720009 001 RI, MS
6 916 2-Methylbutanal CsHioO 86 0057  0.07 RIL MS
7 920 3-Methylbutanal CHwO 86 0225 028 RIL MS
8 943 Ethanol CoHeO 46 0192 024 RI, MS
9 956 2-Ethylfuran CsHsO 9% 0155 020 RI, MS
10 980  2,3-Butanedione CHeO2 86 0098 012 RIL MS
11 982 Pentanal CsHi100 86 0.110 0.14 RI, MS
12 1025 1-Penten-3-one CsHzO &4 0.104 013 RI, MS
13 1035 2-Butanol CiHi0O 74 0244 031 RI MS
14 1063 2,3-Pentadione CsHsO2 100 0016 002 RI MS
15 1087 Hexanal CeHO 100 1905 241 RIL MS
16 1117 3-Pentanol CHpO 88 0031 004 RIL MS
17 1135 (E)-2-Pentenal CsHsO 8 003 005 RI MS
18 1139 4-Methyl-3-Penten-2-one  CeH100O 93 0.043 0.05 RI, MS
19 1144 (2)-3-Hexenal CeHioO 98 0228 029 RIL MS
20 1149 2-Methyl-2-pentenal CsH100 98 0.096 012 RI, MS
21 1170 1-Penten-3-ol CsHiO 86 0283 036 RI MS
22 1186 1-Ethyl-1H-pyrrole CeHoN 95 0.021 003 RI, MS
23 1188 2-Heptanone CHuO 114 0006 001 RI MS
24 1190 Heptanal CHuO 114 0123 016 RI MS
25 1193 Pyridine CsHsN 79 0143 018 RI, MS

URetention index, Molecular formula, IMolecular weight, dentification.
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Table 14. Continued

No. RI” Compound Name MF? MW mg/kg %Total ID?
26 1228 (E)-2-Hexenal CeH10O 98 14370 1816 RI, MS
27 1238 2-Pentyl furan CoHisO 138 0.038 0.05 RI, MS
28 1263 Pentanol CsHi20 88 0032 004 RI MS
29 1294  Octanal CsHisO 128 0.029  0.04 RI, MS
IS” 1319 Butylbenzene Coths 134 - - -
30 1324 (E)-2-Penten-1-ol CsHioO 86 0021  0.03 RI MS
31 1333 (2)-2-Penten-1-ol CsHioO 86 0419 053 RI, MS
32 1346 6-Methyl-5-hepten-2-one CeHi O 126 0.014 0.02 RI, MS
33 1366 Hexanol CeH14O 102 0408 052 RI, MS
34 1376 (E)-3-Hexen-1-ol CeH120 100  0.022  0.03 RI, MS
35 139% (Z2)-3-Hexen-1-ol CeH120 100 1903 240 RI, MS
36 1399 Nonanal CoHisO 142 0166 021 RI, MS
37 1404 (E Z)-24-Hexadienal CeHz0 9% 0024 003 RI MS
38 1409 (E,E)-2,4-Hexadienal CsHsO 9% 0025 003 RIL MS
39 1418 (E)-2-Hexen-1-ol CeH120 100 0624 079 RI, MS
40 1455 (2)-Linalool oxide CioHiO2 170 1186 150 RI, MS
41 1469 Heptanol CHisO 116 0.040 0.05 RI, MS
42 1471 Furfural CsHiO2 96 0235 030 RI MS
43 1476 6-Methyl-5-hepten—2-ol CeHisO 128 0231 029 RI, MS
44 1483 (E)-Linalool oxide CioHisO2 170 0886  1.12  RI, MS
45 1500 2-Ethyl hexanol CsHisO 130 0102 013  RI, MS
46 1509 Theaspirane A CisH»O 194 0035 004 RIL MS
47 1527 Benzaldehyde C7HeO 106 0.621 078 RI, MS
48 1546 Theaspirane B CisH2O 194  0.052 0.07 RI, MS
49 1556 Linalool CioHiO 154 6331 800 RI MS
50 1567 Octanol CeHisO 130 0143 018 RI, MS

URetention index, Molecular formula, IMolecular weight, 4)Iden‘tification,
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Table 14. Continued
No. RI” Compound Name MF? MW mg/kg %Total ID?
51 1617 1-Ethyl-1H-pyrrole-2-carbaldehyde C:HoNO 123 0.048  0.06 RI, MS
52 1620 Ho-trienol CioHisO 152 0139 018 RI, MS
53 1652 (E)-2-Decenal CioHisO 154 0.096 012 RIL, MS
54 1668 Acetophenone CsHsO 120 0.072 0.09 RI, MS
55 1673 Furturyl alcohol CsHeO2 98 0201 025 RI MS
56 1708 a-Terpineol CioHisO 154 0150 019 RIL MS
57 1740 (E)-Citral CioHisO 152 0.023  0.03 RIL MS
58 1751 (E)-Linalool oxide pyranoside CioHiO: 170 0128 016 RI, MS
59 1753 (E,E)-a-Farnesene CisH2a 204 0302 038 RI MS
60 1763 6-Cadinene CisH2a 204 0085 011 RI MS
61 1775 (Z2)-Linalool oxide pyranoside CioHisO2 170  0.086 011 RI, MS
62 1780 Methyl salicylate CgHsOs 152 1.384 175 RI, MS
63 1812 Nerol CioHisO 154 0126 016 RIL MS
64 1816 (FE,E)-24-Decadienal CioHisO 152 0.024  0.03 RIL MS
65 1824 Isogeraniol CioHisO 154 0145 018 RI, MS
66 1861 Geraniol CioHisO 154 0983 124 RI, MS
67 1887 Benzyl alcohol CHsO 108 2525 319 RIL MS
68 1923 G-Phenyl ethyl alcohol CeHioO 122 1.446 1.83 RI, MS
69 1932 Benzyl cyanide CgH7N 117 0.092 0.12  RI, MS
70 1948 [-lonone CisH00 192 0052 007 RIL MS
71 1962  3/7-dimethyl-15-octadien-3/7-diol CioHisO2 170 0044  0.06 RI, MS
72 1983 Neophytadiene CooHazs 278 0.076 0.10 RI, MS
73 2049 (E)-Nerolidol CisHxsO 222 0648  0.82 RI MS
74 2127 Hexahydrofarnesyl acetone CisHxO 268  0.133 0.17 RI, MS
7D 2205  2-Methoxy-4-vinylphenol CoHioO2 150 0.302 038 RI, MS

URetention index, Molecular formula, IMolecular weight, dentification.
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Table 14. Continued

No. RI” Compound Name MF? MW mg/kg %Total ID?
76 2226 Methyl hexadecanoate CiHz0O2 270 0.162 020 RI, MS
77 2236 a-FEudesmol CisHasO 222 0106  0.13  RI, MS
78 2245 B-Eudesmol CisHzsO 222 0128 016 RI, MS
79 2295  Isophytol CooHeO 296 0178 022  RI, MS
80 2342 Decanoic acid CioHnO2 172 6.188 782 RI, MS
81 2401 4-Vinylphenol CsHsO 120 0470 059  RI, MS
82 2449 1H-Indole CsH7N 117 0344 043 RI, MS
83 2628 Phytol CooHeO 296 29187  36.89 RI, MS

Total 79.12 100

URetention index, Molecular formula, IMolecular weight, dentification.
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Table 15. Relative content of functional groups in identified volatile

components from fresh leaves of Thea sinensis L.

Functional group No. mg/kg % Total
Acids 1 6.188 7.82
Alcohols 36 50.09 63.3
Aldehydes 19 18.44 23.3
Esters 3 2.369 2.99
Hydrocarbons 3 0.462 0.58
Ketone 10 0.546 0.69
N-Containing compounds 5 0.647 0.82
Miscellaneous 6 0.373 047

Total 83 79.12 100
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Table 16. Aromatic characterization of identified major volatile components

from fresh leaves of Thea sinensis L.

C und ; Natural
ompoun MF" Chemical structure Fragrance atura
Name accurence

frechly cut grass Apple, Plum, Butter,
/\\/\/\ and unripe fruits, Cheese, Honey,

Hexanal CoH120 \O freen odor Rum, Arak, many
fruits complex

Powerful,
o  deep—green, leafy Apple, Plum, Butter,

o / odor reminiscent of  Cheese, Honey,
(Z)-3-Hexenal CsH1o0O ‘U—/ Strawberry-leaf and Rum, Arak, many
— wine-leaf, freshly fruits complex

crushed
Powerful

,f 1
o i Sy,
bung g Apple, Apricot,

lik, licatel
(E)-2-Hexenal CgHioO /\/\/\ ke odor, delicately by "pear and
0 floral or fruity .
berry or fruits

fragrance types,
complexes

freshness of such
sweet flavor

Germanium oil,

o Powerful and Galbanum,
(Z)-3-Hexen- ! Oakmoss, Lavender

intensely green, . A
1-ol sH1 0 nLensety green and Mint oils in
grassy odor

— Various fragrance
types

Germanium oil,
P ful and Galbanum,
(E)-2-Hexen- / owettul an Oakmoss, Lavender
CsHi120 intensely green, e
1-ol HO grassy odor and Mint oils in
Various fragrance

types
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Table 16. Continued

Compound

Chemical structure
Name

MFI)

Natural

Fragrance
accurence

(Z)-Linalool

oxide

o
CioH1502 /M OH
(E)-Linalool

OH
%, O s
) C1oHiz02 “,,
oxide -

(@]
Theaspirane A CisH»O @
. O
Theaspirane B CisHzO 'l. r’% 7-.-“““

/

HO,
Linalool CioHi50 M/
OH
Geraniol CioH3s0 >=\—>J

penetrating odor,
floral-woody-earthy Geranium, Lavender,

Powerful
sweet-woody, essential oils

(Lacandin,

undertones etc.)

floral-woody—earthy

Powerful undelftOHe-S

essential oils

sweet-woody, ‘
enetrating odor (Lacandin,
’ ¢ Geranium, Lavender,
ete.)

Green, Herbal,
Metallic, Spicy,

Woody Osmanthus fragran
minty, vanilla, Fruits, Teas,
wine-like Passionfruit
Raspberry, Soft
Vanilla

Green, Herbal,
Metallic, Spicy,

Woody Osmanthus fragran
minty, vanilla, Fruits, Teas,
wine-like Passionfruit
Raspberry, Soft
Vanilla
Blueberry, Lemon,
Lime, Orange,
Light and Grape and Cloa
refreshing, compositions,

Apricot, Pineapple
date, Blackcurrant
Plum, Peach,
Cardamon and other
fruit

floral-woody odor
with a faintly
citrusy note

Apple, Apricot,
Strawberry,
Raspberry, Plum,
Peach, Honey,
Cherry, Lemon,
Cassia, Cinnamon,
Nutmeg, Rootbeer,
Ginger Ale,

Mild and sweet,
floral Rose-type
odor
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Table 16. Continued

Compound MFV Chemical structure Fragrance Natural
Name accurence
Very sweet,
rosy—fruity,
honey-like odor, Butter, Apple.
[3—Phenyl fruity notes, Aprieot, Caramel,

ethyl alcohol

(E)-Nerolidol  Ci5HaO

a-Eudesmol CisHasO

B-Eudesmol  CisHz0
1H-Indole CsH7N
Phytol CooHaO

e
)

flavors, floral and
Rose type flavors,
etc.

Mild and delicately
woody—floral,
slightly green odor

fixative for woody,
floral and spicy
fragrance types.

fixative for woody,
floral and spicy
fragrance types.

Extremely diffusive
and Powerful odor,
floral notes,
pleasant radiation
0.2ppm have fairly
pleasant taste

odorless and
tasteless, very
delicate,
floral-balsamic
notes,Nerolidol and
Farnesol

CsHi00O HECHEDH leafy—green tonality, Honey, Passionfruit,
rosy notes, Vanilla Peach, Strawberry

and fruit complex

Sweet pea, Muguet,
Honeysuckle, Peony,
Sandalwood,
QOakmoss,
Perubalsam,
Tolubalsam, Clary
Sagr products.

Araucaria oil,
Eucalyptus oils.

Araucaria oil,
carious Eucalyptus
oils.

Jasmin, Lilac,
Neroli, Gardenia,
Muguet

Isolation from the
Chlorophyll-extract
(Alfalfa grass)

Y Molecular formular
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Fig. 8. GC/MS total ion chromatogram of flavor components in roasted leaves of Thea sinensis L.
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Table 17. Threshold values of n-hexenols and n—hexenals for odor and

taste, by double bond position and (E)/(Z) geometry

Double bond position

C-2 C-3 C-4

Cs compounds (E) 2) (E) 2 (E) 2) C-5
Odor

n-Hexenol 10 10 1 1 0.1 0.1 1

n-Hexenal 0.01 0.01 0.001 0.001 0.001 0.001 0.001
Taste

n-Hexenol 0.6 2 1 0.03 0.3 0.09 2

n-Hexenal 0.06 0.08 0.006 0.0008 0.008 0.002 0.002
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Table 18. Volatile components identified in roasted leaves of Thea sinensis L.

No. RIV Compound Name MF?  MW? mg/kg %Total ID?
1 893 Ethyl acetate CsHzOo 38 2.025 232 Rl MS
2 897 1,1-Diethoxy ethane CeH14O2 118 0.131 015 RI, MS
3 905 2-Butanone C4HO 720069 008 RIL MS
4 916 2-Methylbutanal CsHi00 86 0126 014 RIL MS
5 920 3-Methylbutanal CsHi00 86 0190 022 RIL MS
6 943 Ethanol C2HsO 46 1158 132 RIL MS
7 956 2-Ethylfuran CsHsO 9% 0112 013 RIL MS
8 980 2,3-Butanedione CiHeO2 86 0424 049 RIL MS
9 982 Pentanal CsHi00 86 0649 074 RIL MS
10 1035 2-Butanol C4H100 74 0263 030 RIL MS
11 1063 2,3-Pentadione CsHzO2 100 0.095 011 RI, MS
12 1087 Hexanal CgHi120 100 1.0565 121 RI, MS
13 1114 2-Pentanol CsHi20 38 0.348 040 RI, MS
14 1140 4-Methyl-3-Penten-2-one CsHi100 98 0233 027 RIL MS
15 1170 1-Penten-3-ol CsHiO 36 0.543 062 RI, MS
16 1187 1-Ethyl-1H-pyrrole CeHaN 9% 1633 187 RIL MS
17 1188 2-Heptanone CHuO 114 0152 017 RI, MS
18 1190 Heptanal C7H10 114 0473 054 RI, MS
19 1192 Pyridine CsHsN 79 0049 006 RIL MS
20 1225 (E)-2-Hexenal CeH100 98  0.094 011 RI MS
21 1238 2-Pentyl furan CoH140 138 0.200 023 RI, MS
22 1258 (E)-Ocimene CioHis 136 0.033 004 RI MS
23 1263 Pentanol CsH2O 88 0267 031 RIL MS
24 1292  2-Octanone CsHisO 128 0.063 007 RIL MS
25 1294  Octanal CsHisO 128 0.070 008 RI MS
IS” 1320 Butylbenzene Coty 134 - - -

YRetention index, “Molecular formula, IMolecular weight, 4)Iden‘tification, nternal standard.
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Table 18. Continued

No. RIV Compound Name MF?  MW? mg/kg %Total ID?
26 1333 (Z2)-2-Penten-1-ol CsHi00 86 0253 029 RIL MS
27 1346 6-Methyl-5-hepten-2-one CsH140 126 0.070 0.08 RI, MS
28 1366 Hexanol CeH14O 102 0.141 016 RI, MS
29 139% (Z2)-3-Hexen-1-ol CeH120 100 0426 049 RI MS
30 1399 Nonanal CoHiO 142 0259 030 RIL MS
31 1455 (2)-Linalool oxide CioH1s02 170 0.047 005 RI MS
32 1462 Acetic acid CHsO2 60 0880 101 RI MS
33 1471 Furfural CsHiO2 96 0494 057  RI MS
34 1481 (2)-3-Hexenyl 2-methyl butancate ~ CuiH2002 184 0.058  0.07 RI, MS
35 1483 (E)-Linalool oxide CioH1g02 170 0.178 020 RI, MS
36 1500 2-Ethyl hexanol CeHiO 130 0307 035 RIL MS
37 1521 1H-Pyrrole CsHsN 67 0.209 024 RI, MS
38 1528 Benzaldehyde C/HeO 106 0347 040 RI, MS
39 1655 Linalool CoHiO 154 0992 113 RI MS
40 1568 Octanol CesHiO 130 0168 019 RI MS
41 1576 (E,E)-35-Octadiene-2-one  CH2QO 124 0.090 010 RI MS
42 1612  2,6-Dimethyl cyclohexanol CsHis0 128 0.198 023 RI, MS
43 1618  1-Ethyl-1H-pyrrole-2-carbaldehyde ~ C/HoNO 123 5699 652  RI, MS
44 1655 Safranal CioH14O 150  0.205 023 RI, MS
45 1668 Acetophenone CsHsO 120 0.645 074 RI, MS
46 1665 (2)-3-hexenyl hexanoate CisHzpO2 198 0.394 045 RI, MS
47 1673 Furfuryl alcohol CsHeO2 98 0842 096 RIL MS
48 1708 a-Terpineol CoHiO 154 0295 034 RI MS
49 1751 (E)-Linalool oxide pyranoside  CioHigO2 170 0.186 0.21

50 1754 (E,E)-a-Farnesene CisHy 204 0120 014 RI, MS

URetention index, Molecular formula, IMolecular weight, dentification.
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Table 18. Continued
No. RI” Compound Name MF?  MW? mg/kg %Total ID”
51 1776 (Z2)-Linalool oxide pyranoside  CioHigO2 170  0.998 1.14 RI, MS
52 1812 Nerol CoHiO 1564 0107 012 RIL MS
53 1861 (E)-Geraniol CroHiO 1564 0710 081 RIL MS
54 1887 Benzyl alcohol C7HO 108 379% 434 RIL MS
55 1923 B-Phenyl ethyl alcohol CgHi00O 122 0.863 099 RI MS
56 1933 Benzyl cyanide CsH7N 117 0.0562 0.06 RI, MS
57 1949 B-lonone CisHoO 192 0656  0.75 RI MS
58 1955 (Z)-Jasmone CuHisO 164 1561 179 RI, MS
59 2001 PB-Ionone epoxide CisHoO2 208 0.275 031 RI, MS
60 2050 (E)-Nerolidol CisHosO 222 3770 431 RIL MS
61 2128 Hexahydrofarnesyl acetone  CigHzsO 268  0.639 073 RI, MS
62 2130 (2)-3-Hexen-1-yl henzoate CisHisO:z 204  0.172 020 RI, MS
63 2198 a-Cadinol CisHzsO 222 0128 015 RI, MS
64 2205 2-Methoxy—4-vinylphenol CoH100O2 150 0.233 027 RI, MS
65 2227 Methyl hexadecanoate CiHzO2 270 0.717 082 RI, MS
66 2296 Isophytol CooHeO 296 0233 027 RIL MS
67 2343 Methyl jasmonate CisHoOs 224 0.693 079 RI MS
68 2353 Decanoic acid CioHnO2 172 1419 162 RI, MS
69 2401 4-Vinylphenol CsHsO 120 5900  6.75 RI MS
70 2449 1H-Indole CsH/N 117 2826 323 RI MS
71 2500 Methyl linoleate CioHz:02 294 1578 181 RI, MS
72 2573 Methyl linolenate CigHz0O2 292 1.543 177  RI, MS
73 2624  Phytol CooHeO 296 21.80 249 RIL MS
Total 87.40 100

YRetention index, “Molecular formula, IMolecular weight, “Ndentification.
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Table 19. Relative content of functional groups in identified volatile components

from roasted leaves of Thea sinensis L.

Functional group No. mg/kg % Total
Acids 2 15.07 172
Alcohols 28 45.15 51.7
Aldehydes 11 3.961 453
Esters 3 7.180 3.21
Hydrocarbons 2 0.153 0.18
Ketone 13 497 5.69
N-Containing compounds 6 10.47 12.0
Miscellaneous 3 0.444 0.51

Total 73 87.40 100
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Table 20. Aromatic characterization of identified major volatile components

from roasted leaves of Thea sinensis L.

Compound . Natural
P MFY Chemical structure Fragrance
Name accurence
Apple, Plum,

frechl t
fechly cut arass Butter, Cheese,

Hexanal CsH120 /\/\/\O and unripe fruits, Honey, Rum,

freen odor .
n Arak, many fruits

complex

Sweet, bone oil,
1-Ethyl-1H-p = warm-ethereal, Ammonium
CeHoN Q slightly mucate with
yrrole e burntnauseating glycerin or
odor mineral oil

Germanium oil,
Galbanum,

(7)-3-Hexen- Ak _ Powerful and Oakmoss,
CsH120 intensely green, Lavender and
1-ol SR grassy odor Mint oils in

Various fragrance
types

0 floral-waxy, more

Citrus, Lemon,
Nonanal CoH150 | rosy and sweet, .
. Mandarin,
fresh as Neroli.

= 7 Pungent,sweet,brea Butterscotch,Caramel
Furfural CsH4O2 d-like,caramellic,ci ,Coffee,Bread, Molass
\ / = nnamon-almond  es,fruitnut,cinnamon
\\ . .
(E)—Ethyl : mild, oily, sweet powerful floral,
CsHi20 / % and slightly fruity materials
hexanol S o floral-rosy odor

Y Molecular formular
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Table 20. Continued

Compound 1 . Natural
MFV Chemical structure Fragrance
Name accurence
Blueberry
i Light and imitation, Lemon,
. refreshing, Lime, Orange,
Linalool C1oHi1s0 S o floral-woody odor Grape and Cloa
with a faintly compositions, in
citrusy note Apricot, Pineapple
date, Blackcurrant
- Saffron
floral, bitters, crocusLycium
Safranal C1oH140 iodoform ,dry chinense
arass MILL,Gardenia
jasminoides

(Z)-3-hexenyl

CyoHorO o~<—\—\ fruity—green,diffusi Pear—-Pineapple,con
hexanoate 1Rt ‘\_/_/ oy ve odor, ventional material

] r delicately floral Fougere,
a-Terpineocl C1oHi1s0 —ff' > — & and sweet of Lilac  Appleblossom,
— : type Pine oil
mimosa,
e sweet and magnolia,lilac,neroli
Nerol Caol1s0 \‘/\/\‘I rosy—fruity taste , alpine violet,
jasmin,muguet

Apple, Apricot,
Strawberry,
oH  Mild and sweet, R;Zizirrﬁoigm’
(E)—Geraniol C1oHi1s0 — floral Rose-type ! !
Cherry, Lemon,
odor . .
Cassia, Cinnamon,

Nutmeg, Rootbeer,
Ginger Ale

Blueberry, Cherry,
Grape, Honey,

e T Faint, nondescript Loganberry Muscat
Benzyl alcohol  C7HsO [l \,/I/ odor, rather sweet el
i et i ! !

Nut,Orange,Raspbe
my

Y Molecular formular
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Table 20. Continued

tonality, rosy notes,

Compound 1) - Natural
Name MF Chemical structure Fragrance aceurence
Very sweet,
rosy—fruity,
honey-like odor, Butter, Apple.
. " Aprieot, Caramel,
G Phenyl - cohy0 Yo y-green Honey,
ethyl alcohol gHio H;CHOH e Passionfruit,

Vanilla flavors,
floral and Rose
type flavors, etc.

‘Warm, woody,
somewhat dry odor
with a fruity
undertone, typical
Violet odor, sweeter

(o]
B-Ionone Ci1zHaO w
3

Diffusive,

(Z)-Jasmone  C1HisO :
t fruity, floral
. AN OH Mild and delicately
(E) —Nerohdol C15H260 woody—floral, slightly

green odor

T

OH
a-Cadinol CisHz60 )gl?

4-Vinylphenol CgHgO \—Q—OH

Pungent, choking
dry-tarry odor poor
tenacity, anticavity,

powerful, spicy,
Clove-like odor

Extremely
diffusive and
Powerful odor,
floral notes,
pleasant radiation
0.2ppm have fairly
pleasant taste

21

1H-Indole CsHN

#

odorless and
tasteless, very
delicate,
floral-balsamic
notes,Nerolidol and
Farnesol

Phytol CooHuoO

Peach, Strawberry
and fruit complex

Raspberry,
Loganberry,
Strawberry, Cherry,
Grape, Muscater,
Nut, Pistacio,
Pineapple

warm-spicy,somewha Jasmin,Orris rhizome,

Sweet pea, Muguet,
Honeysuckle, Peony,
Sandalwood,
QOakmoss,
Perubalsam,
Tolubalsam, Clary
Sagr products, etc.

herb,
wood(Eriobotrya
japonica, combava,
Hinoki Cypress)

Coffee, Cocoa,
Vanilla

Jasmin, Lilac,
Neroli, Gardenia,
Muguet

Isolation from the
Chlorophyll-extract
(Alfalfa grass)

Y Molecular formular
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2101 A|A Sk T

Atﬂ—/ﬁ &7] %94 Z %2 7912 mg/kgd HE=2} 1 87.39 mg/kgl® &
A A

green note® S H| A= Cs R Co 3teEol e APH Ha529 & o
& 77t 1967 mg/kg® 1.97 mg/kgo 2 HEAE A Aol M= (E)-hexenal#
hexnaolS H| 53t leal aldehyde ¢ leal alcohol & 100 F9o] &<lx o} ¥
2= o5 FgEe] Ayl Hlste dASH AHAHUT olE FU|HEY A
ol Co B Gy =8 AAste st Freol #ofst= lipoxygenase 52
TA47 93 g g EgAgste Ve Aoz @AHAT. Eoldh
(2)-3-hexenyl 2-methyl butanoate, 2-Ethyl hexanol, (Z)-3-hexenyl hexanoate &3 79|
Cs 3hst=ol A Ar]ditel s QA kot B335 3F7] 4 bl A

e dert vEg BAE ol stdEo] HeHg Fol uE diEI gt 2
g8 Aoz AAFHAL

AHME 006 mg/kgl® v FEHEA HQoy HE=HAAME 567 mgkgl
2 HA )T T 65%E Aot o AW 1-Ethyl-1Hpyrole-2- carbald-
chyde 315He ®t opje}  1-Ethyl-1H-pyrrole, Furfural & 7}&o] 23k caramel A
423} Maillard product ¢l HESaloA thEF dQlxglom olE 3gE
Hamake] pd 7|54 713t floral# fruity 715480 A (Z)-ja-
smone® methyl jasmonate B3t § &35 A1 9F &1 % it} Chlorophyll -3 9]
TEA | A B2 E o] AAE ¥4 207] alcohol?] phytole BAd WS =31 F3F
7)1 242t 36.9%9F 24.9%F AHASFAAIRE o] e =& threshold #o®
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Table 21. Volatile components identified in fresh and roasted leaves of

Thea sinensis L.

NO. RI” Compound name Fresh l;aves Roasted leaves
mg/kg d.w” %Total mg/kg d.w %Total

1 882 2-Methyltetrahydrofuran 0.027 0.03 - -
2 834 Butanal 0.048 0.06 - -
3 893 Ethyl acetate 0.824 1.04 2.025 2.32
4 897 1,1-Diethoxy ethane 0.066 0.08 0.131 0.15
5 904 2-Butanone 0.009 0.01 0.069 0.08
6 916 2-Methylbutanal 0.057 0.07 0.126 0.14
7 920 3-Methylbutanal 0.225 0.28 0.190 0.22
8 943 Ethanol 0.192 0.24 1.158 1.32
9 956 2-Ethylfuran 0.155 0.20 0.112 0.13
10 980 2,3-Butanedione 0.098 0.12 0.424 0.49
11 982 Pentanal 0.110 0.14 0.649 0.74
12 1025 1-Penten-3-one 0.104 0.13 - -
13 1035 2-Butanol 0.244 0.31 0.263 0.30
14 1063 2,3-Pentadione 0.016 0.02 0.095 0.11
15 1087 Hexanal 1.905 2.41 1.055 1.21
16 1114 2-Pentanol - - 0.348 0.40
17 1117 3-Pentanol 0.031 0.04 - -
18 1135 (E)-2-Pentenal 0.036 0.05 - -
19 1139 4-Methyl-3-Penten-2-one 0.043 0.05 0.233 0.27
20 1144 (2)-3-Hexenal 0.228 0.29 - -
21 1149 2-Methyl-2-pentenal 0.096 0.12 - -
22 1170 1-Penten-3-ol 0.283 0.36 0.543 0.62
23 1186 1-Ethyl-1H-pyrrole 0.021 0.03 1.633 1.87
24 1188 2-Heptanone 0.006 0.01 0.152 0.17
25 1190 Heptanal 0.123 0.16 0.473 0.54

YRetention index. 2>dry weight
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Table 21. Continued

NO. RI" Compound name Fresh ;)eaves Roasted green tea
mg/kg d.w* %Total mg/kg d.w %Total

26 1193 Pyridine 0.143 0.18 0.049 0.06
27 1228 (E)-2-Hexenal 14.37 18.16 0.094 0.11
28 1238 2-Pentyl furan 0.038 0.05 0.200 0.23
29 1258 (E)-Ocimene - - 0.033 0.04
30 1263 Pentanol 0.032 0.04 0.267 0.31
31 1292 2-Octanone - - 0.063 0.07
32 1294 Octanal 0.029 0.04 0.070 0.08
30 1324 (E)-2-Penten-1-ol 0.021 0.03 0.253 0.29
31 1333 (2)-2-Penten-1-ol 0.419 0.53 - -

32 1346 g;yethyl%_hepte“_} 0.014 0.02 0.070 0.08
33 1366 Hexanol 0.408 0.62 0.141 0.16
34 1376 (E)-3-Hexen-1-ol 0.022 0.03 - -

35 1395 (2)-3-Hexen-1-ol 1.903 2.40 0.426 0.49
36 1399 Nonanal 0.166 0.21 0.259 0.30
37 1404 (E,2)-24-Hexadienal 0.024 0.03 - -

38 1409 (E,E)-2,4-Hexadienal 0.025 0.03 - -

39 1418 (E)-2-Hexen-1-ol 0.624 0.79 - -

40 1455 (Z)-Linalool oxide 1.186 1.50 0.047 0.05
41 1462 Acetic acid - - 0.880 1.01
42 1469 Heptanol 0.04 0.05 - -

43 1471 Furfural 0.235 0.30 0.494 0.57
44 1476 6-Methyl-5-hepten-2-ol 0.231 0.29 - -

45 1481 éigi:;fje“yl 2-methyl - - 0.058 0.07
46 1483 (E)-Linalool oxide 0.886 1.12 0.178 0.20
47 1500 2-Ethyl hexanol 0.102 0.13 0.307 0.35
48 1521 1H-Pyrrole - - 0.209 0.24
49 1509 Theaspirane A 0.035 0.04 - -

YRetention index. 2>dry weight
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Table 21. Continued

NO. RIY Compound name Fresh IZe)aves Roasted leaves
mg/kg d.w” %Total mg/kg d.w %Total
50 1627 Benzaldehyde 0.621 0.78 0.347 0.40
51 1546 Theaspirane B 0.052 0.07 - -
52 1656 Linalool 6.331 8.00 0.992 1.13
53 1567 Octanol 0.143 0.18 0.168 0.19
54 1576 (E E)-35-Octadiene-2-one - - 0.090 0.10
55 1612 2,6-Dimethyl cyclohexanol - - 0.198 0.23
56 1617 1-Ethyl-1H-pyrrole-2-carhaldehyde 0.048 0.06 5.699 6.52
57 1620 Ho-trienol 0.139 0.18 - -
58 16562 (E)-2-Decenal 0.096 0.12 - -
59 1655 Safranal - - 0.205 0.23
60 1658 Acetophenone 0.072 0.09 0.645 0.74
61 1665 (Z)-3-hexenyl hexanoate - - 0.394 0.45
62 1673 Furfuryl alcohol 0.201 0.25 0.842 0.96
63 1708 a-Terpineol 0.150 0.19 0.295 0.34
64 1740 (E)-Citral 0.023 0.03 - -
65 1751 (E)-Linalool oxide pyranoside 0.128 0.16 0.186 0.21
66 1753 (E,E)-a-Farnesene 0.302 0.38 0.120 0.14
67 1763 &-Cadinene 0.085 0.11 - -
68 1775 (Z)-Linalool oxide pyranoside 0.086 0.11 0.998 1.14
69 1780 Methyl salicylate 1.384 1.75 - -
70 1812 Nerol 0.126 0.16 0.107 0.12
71 1816 (E,E)-24-Decadienal 0.024 0.03 - -
72 1824 Isogeraniol 0.145 0.18 - -
73 1861 Geraniol 0.983 1.24 0.710 0.81
74 1887 Benzyl alcohol 2.525 3.19 3.795 4.34

YRetention index. 2>dry weight
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Table 21. Continued

NO. RIY Compound name Fresh IZe)aves Roasted leaves
mg/kg d.w” %Total mg/kg d.w %Total
75 1923 [-Phenyl ethyl alcohol 1.446 1.83 0.863 0.99
76 1932 Benzyl cyanide 0.092 0.12 0.052 0.06
77 1948 [B-Ionone 0.052 0.07 0.656 0.75
78 1955 (Z)-Jasmone - - 1.561 1.79
79 1962 3/7-dimethyl-15-octadien—3,7-diol 0.044 0.06 - -
80 1983 Neophytadiene 0.076 0.10 - -
81 2001 G-Ionone epoxide - - 0.275 0.31
82 2049 (E)-Nerolidol 0.648 0.82 3.770 431
83 2127 Hexahydrofarnesyl acetone 0.133 0.17 0.639 0.73
84 2130 (2)-3-Hexen-1-yl benzoate - - 0.172 0.20
85 2198 a-Cadinol - - 0.128 0.15
86 2205 2-Methoxy—-4-vinylphenol 0.302 0.38 0.233 0.27
87 2226 Methyl hexadecanoate 0.162 0.20 0.717 0.82
388 2236 a-Eudesmol 0.106 0.13 - -
89 2245 [-Eudesmol 0.128 0.16 - -
90 2295 Isophytol 0.178 0.22 0.233 0.27
91 2343 Methyl jasmonate - - 0.693 0.79
92 2342 Decanoic acid 6.188 7.82 14.190 16.2
93 2401 4-Vinylphenol 0.470 0.59 5.900 6.75
94 2449 1H-Indole 0.344 0.43 2.826 3.23
95 2500 Methyl linoleate - - 1.578 1.81
96 2573 Methyl linolenate - - 1.543 1.77
97 2628 Phytol 29.187 36.89 21.800 24.9
Total 79.12 100 87.39 100

URetention index. 2)dry weight



2. 893 HAa=5A9 WA IR #s71d v

Aol A Has Aol glE RS A svEE
FE 0 % gleohol, aldehyde acid 2 ester 25 @& oFo] ##H It} alcohold}

[e]
aldehyde 1< Age] Ha=2 B @2 dden lyglen o= 4Y9
pS

FaAge 7]elg Ao ® Vet esterf, ketone® % AL HE T2 B
LAt A AGETE Wl FR1H = ol HdAd A e dAd st whe-A

BEe FAHch A9} FeHAe] W FFR) YHFE obd) Fig. 9ol
e gk

70 4

60 - M Comparisonin fresh leaves
Comparison in roasted leaves

50 +

40

30 4

20 +

10 4

0 __. | - — —

Acids Alcohols Aldehydes Esters Hydrocarbons Ketone N-compounds  Miscellaneous

Composition(3)

Fig. 9. Comparison of functional groups of volatile flavor components

identified in fresh and roasted leaves of Thea sinensis L.

_63_



A5 o oF

(¢]

2010 At mAgol A Auj HAke] A A ol ATE 5t
by AU ES SDER F&cte] ol& w53 $ GO/MSE A4tk A4
M= HEAE FAEE 83FE AL AAR VIE 7912 mg/kgE FR1EH Y
o}, EWAl(green note)® EAHAo]X|= (E)-2-hexenale] UtheF Fol¥ gl o
linalool®} geraniol 5 monoterpene alcoholi 5o 4 &= RAFQcH A
dol FQ #5574 BEE leaf alcohol® E2] o] A& Csalcohol 2 monoterpene
alcohol#+ & alcoholf7F 63% = 7F¢ Wokal 23.3%%1 aldehyde® 7t th&& AFA|
stlow olE Fgwo] Ao Iy FIHEC FFE VHE Aom Hdy
Atk 53] AYgelHe Aa7kA FZHA FUE theaspiranfF’b FAHH AL o
+ Osmanthus fragrance®. 2 3 W1 W52 = TAHIA Ek
ko] alal H 5T fruits, teas 123 Passionfruitell 4 #4E2 & & AUtk
Theaspiran<- 347433 2% ol AR&% L Qrt.

HeEAE FEH EE FPEEL F BEToE AR VE 8740 mg/keE
FAF U, HoHapelA 2eld Fa 3 37 8dE 2= 4-vinyl phenol#
1-ethyl-1H- pyrrole-2-carbaldehyde b 2 65%E A4 8}
ok A E gl
= terpene alcohol

=

R

b
N
N
ol
o2
N
o,
A
o
1 o

3
%21 henzyl alcohol, (E)-nerolidol, indole, ethyl acetate 5 %=
8 A7 X = alcoholiF7b HF-E-& A8 L ol F
By
AT HEmatel A gold g VA ES vlwgt A3, e @ed
(E)-2-hexenal® hexnaol2 H| F3t leaf aldehyde@r leaf alcohol 5 1049 %-°] T
A M= dASA Aad Ae® yEbsith B3 esterd, ketoned B 2
wAbAl ARt Fo] FAHAEH ol HEAAAAY 4
of oF WAL =EE AAHEAY. HaAA do o8 4AEe vhed S
aillard product 5 =<9 ¢ & FdrIEe] FlH,

] o] 2
o3t FFEE] W E 13%6}0% Heage 218 FHsed eI ERA
| = =N

N

(o]

i

s
=

_64_



ol

_65_



oG, 1996. =74 &7k WA}, pp538.

L FAE, OVAFE, ATFA, HAT. 2008 AAFF AT A I 99

£

o, gr=¢/812] x|, 97(4): 431-436

. ATH. 199, #Fojofr]. @ FAILE] pAd9

-5 2005, Strategies of Advancing to the Foreign Market and Development
of Products in Green Tea, p6-7

. Young-Ja lee. 1998. A Study on the Catechins Contents and Antioxidative
Effect of Various Solvent Extracts of Green, Oolong and Black Tea. J. Fd
Hyg. Safety 13(4), 370-376

. Yeo SG, Ahn CW, Kim IS, Park YB, Park YH, Kim SB. 1995. Antimicrobal
effect of tea extract from green tea, oolong tea and black tea. J Korean Soc
Food Nutr 24 : 293-298

. Rhi JW, Shin HS. 1993. Antioxidant effect of aqueous extract obtained from
green tea. Korean J Food Sci Technol 25 @ 759-763

. Senji S, Mujo K, Makoto T, Takehiko Y, Takehiko Y. 1989. Antibacterial su
-bstances in Japanese green tea extract against streptococcus mutans,
acariogenic bacterium. Agri Biol Chem 53 : 2307-2311

. FRRRER, PREIR, BRETE=. 1991, R4k, R4, RREAROILE L BERE. SAEBR IR, R
L. p83-122.

10. Sugiyvama K. 1995. Anti-allergic effect of tea. J Food Sci Technol The 3rd

international symposium on green tea. Seoul. Korea. p. 54-64.

_66_



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

Yeo SG, Ahn CW, Lee YW, Lee TG, Park YH, Kim SB. 1995. Antioxidative
effect of tea extract from green tea, oolong tea and black. J Korean Soc
Food Nutr 24 @ 299-304

Higdon JV, Frei B. 2003. Tea catechins and polyphenols : health effects, me
—tabolism, and antioxidant functions. Crit Fev Food Sci Nutr 43 : 89-143.
Tang S, Kerry JP, Sheehan D, Buckey DJ, Morrissey PA. 2001. Antioxidative
effect of added tea catechines on susceptibility of cooked red meat, poultry
and fish patties to lipid oxidation. Food Ees Int 34 : 651-657.

Lee JW, Do JH. 2005. Market Trend of health functional food and prospect of
ginseng market. J Ginseng Res 29 : 206-214.

Masami S, Sachiko O, Naoko S, Eisaburo S, Satoru M, Kazue I, Kei N, Hirosa F.
1999. Green tea and cancer chemoprevention. Mutat. Res. 428 © 99-344

Kang WS, Lim IH, Yuk DY, Chung KH, Park JB, Yoo HS, Yun YP. 1999.
Antithrom— botic activities of green tea catechins and (-)-Epiallocatechin
gallate. Thromb. Res. 96 : 229-237

Ian RR, Dreosti IE. 1998. Protection by black tea and green tea against UVB and
UVA + B induced skin cancer in hairless mice. Mutat. Res. 422 :191-199
Mukhtar H, Ahmad N. 2000. Prevantion of cancer and optimizing Health. Am.
J. Clin. Nutr. 71 @ 1698-1704

Yamamoto, T., L. R. Juneja, D. C. Chu, M. J. kim. 1997. Chemistry and app
-lications of green tea. CRC Press. p 13-22

e R, AFH. 1997 A9 A tdFA|, M2 p. 25-261

. 2009. hEBE. A2, p 28-137

Choi SH, Chung DS, Jea SJ. 2005. A comparison of volatile aroma components

_67_



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

in high grade Korean, Chinese, and Japanese green tea. J. Korean Home Eco.
Assoc. 43 : 33-40

Horita H, Owuor PO. 1987. Comparison and characterization of volatile
components of Kenyan clonal teas and various black teas from other
producing areas of the world. Bulletin of the National Research Institute of
Vegetables, Orn. Plants Tea 1B @ 55-65

Ravichandran R, Parthiban R. 1998. The impact of processing techniques on
tea volat- iles. Food Chem. 62 @ 347-353

Q. J. Liuy, H. Horita, T. Hara, A. Yagi, and K, Ina. 1989. Nipp. Shok. Kogyo
Gakk., 36(6), 486

T. Takeo. 1981. Nipp. Shok. Kogyo Gakk., 28(4), 176

T. Yamanishi. 1975. Z7£, 49(9), 63

Choi, S.H. 1991. Studies on flavor components of commercial korean green
tea. Kor. J. Food Sci. Technol. 23 : 98-101

Choi, S H. and Bae, JE. 1996. The aroma components of green tea the prod
—ucts of Mt. Chiri garden. J. Korean Soc. Food Nutr. 25 : 478-483

Miao Y1, Shi LH, Lei ZL, Huang JC, Yang JW, Yang YC, Sun QY, Chen DY.
2007. Effect of caffeine on in vivo and in vitri oocyte maturation in mice.
Theriogenology 68. 640-645

Higgins GA, Grzelak ME, Pond AJ, Cohen-Williams ME, Hodgson RA, Varty
GB. 2007. The effect of caffeine to increase reaction time in the rat during a
test of attention is mediated through antagonism of adenosine Asa receptors.
Behav Brain Res 185 32-42

Keast RS, Riddell L]. 2007. Caffeine as flover additive in soft-drinks. Appetite

_68_



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

49: 255-259

Khan SM, Kour G. 2007. Subacute oral toxicity of chlopyliphos and protective
effect of green tea extract. Pesic Biochem Phys 89. 118-123

Mohan KV, Gunasekaran P, Varalakshmi E, Hara Y, Nagin S. 2007. In vitro
evaluation of the anticancer effect of lactoferrin and tea polyphenol combination
on oral carcinoma cells. Cell Biol Int 31: 599-608

AO.AC 199. Official methods of analysis (16th Edition). Assocoation of
Official Analytical Chemists. Washington, D.C.

Schultz TH, Flath RA, Mon TR, Eggling SB, Teranishi R. 1977. Isolation of
olatile components from a model system. J Agric Food Chem. 25. 446-449.
Kovats E. Retention indexes of aliphatic halides, alcohols, aldehydes and ketones.
Helv. Chim Acta. 410 1915-1932 (1958)

Robert PA. 1995. Identification of essential oil components by gas chromato
—-graphy/mass spectroscopy. Allured Publishing Corporation, IL, USA.
Stehagen E, Abbrahansom S, Mclafferty FW. 1974. The Wiley/NBS Registry
of Mass Spectral Data. John Wiley and Sons, NY, USA.

Davies NW. 1990. Gas chromatographic retention indices of monoterpenes and
sesquiterpenes on methyl silicone and Carbowax 20M phases. J Chromatogr
503 1-24.

Sadtler Research Laboratories. 1986. The Sadtler standard gas chromatography
retention index library. Sadtler, Philadelphia, PA, USA
http://www.chemicalland21.com/specialtychem/perchem/PHY TOL .htm

Inoue, Y., Hada, T., Shiraishi. A., Hirose, K., Hamashima, H. & Kobayashi,

S. 2005. Biphasic effects of geranylgeraniol, teprenone, phytol on the growth

_69_



44.

45.

46.

47.

48.

49.

50.

ol.

52.

of S.aureus Antimicrob. Agents. Chemother. 49. 1770-1774

Moon JH, Park KH, Sakata K. 1996. Aroma formation mechanism of tea. J.
Korean Tea Soc. 2t 271-296

Lee JY, Wang LF, Baik JH, Park SK. 2007. Changes in volatile compounds
of green tea during growing season at different culture areas. Korean J.
Food Sci. Technol. 39: 246-254

Hatanaka A, Kajiwara T, Sekiya J. 1976. Seasonal variations in trans-2-hexe
-nal and linolenic acid in homogenates of Thea sinensis leaves. Phytochem. 15
11889-1891

Christensen LP, Edelenbos M, Kreutzmann S. 2007. Fruits and vegetables of
moderate climate. In Flavours and Fragrance - Chemistry, Bioprocessing
and Sustainability. Berger RG. ed. Springer, Berlin, Germany, pp. 135-187
Moon JH, Lee JK, Song BH, Park KH. 1996. Aroma of tea. J. Korean Tea
Soc. 2: 147-161

Yamanishi T. 1989. Tea. Goryo (in Japanese) No. 161: 57

Suematsu S, Hisanobu Y, Suekane S, Nakano K, Komatsu Y. 1996. Changes
in the odor qualities of canned green tea drinks during heat processing. Hif
R LR - KERMYTZEFHIEEEEL 210 419-56

Choi SH, Bae JE. 1996. The aroma component of green tea, the products of
mt. Chiri Garden. J. Korean Soc. Food Nutr. 25 478-483

Choi SH. 1995. The aroma components of commercial green tea picked in

August. Korean J. Life Sci. 5 20-24

_70_



	제1장 서  론
	제2장 차의 일반적 현황
	1. 녹차의 재배 및 생산 현황
	2. 가공 및 수출입현황

	제3장 실험재료 및 방법
	제1절 실험재료, 시약 및 분석기기 
	1. 재료
	2. 시약
	3. 분석기기

	제2절 실험방법
	1. 수분분석 
	2. 휘발성 향기성분의 추출 
	3. 휘발성 향기성분의 분석


	제4장 결과 및 고찰
	제1절 수분분석 
	제2절 휘발성 향기성분 분석 
	1. 휘발성 향기성분 분석을 위한 조건 수립
	2. n-Alkan의 머무름 지수

	제3절 생엽의 휘발성 향기성분
	1. 생엽의 휘발성 향기성분 분석
	2. 생엽의 휘발성 향기성분 관능기별 분류
	3. 생엽의 주요 휘발성 향기성분의 향기특성

	제4절 덖음녹차의 휘발성 향기성분
	1. 덖음녹차의 휘발성 향기성분 분석
	2. 덖음녹차의 휘발성 향기성분의 관능기별 분류
	3. 덖음녹차의 주요 휘발성 향기성분의 향기특성

	제5절 생엽과 덖음녹차의 향기성분 비교
	1. 생엽과 덖음녹차의 휘발성 향기성분 비교
	2. 생엽과 덖음녹차의 휘발성 향기성분 관능기별 비교


	제5장 요   약
	참고문헌


