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AEDA aroma extract dilution analysis
CAR carboxene

CTC crushing-tearing-curing

DVB divinylbenzene

DMS dimethyl sulfide

ee enantiomeric excess

EI electron ionization

GC gas chromatography

GC-MS gas chromatography-mass spectrometry
GC-O gas chromatography-olfactometry
MMP 4-mercapto-4-methyl-2-pentanone
MS mass spectrometry

NMR nuclear magnetic resonance

NPD Nitrogen Phosphorus Detector
OAV odor activity value

PDMS polydimethylsiloxane

RF response factor

RI retention index

SAFE solvent assisted flavor evaporation
SDE simultaneous distillation extraction
SCD Sulfur Chemiluminescence Detector

SPME solid phase micro extraction
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1.1 BRICBITEEROEE
L11 &k

BEHROFNL, TOREEZRE DT LEERBEROOEDTHY, BB RE
FTOEMREL, 1E072TC, N TOFE LBV ZRFFT2281F, &, I T MO M
Bin LoD OBEELFRETHD. BMEFEHE, ZOIREE R T 57O EICER
DA THEASNDE LR THY, B TOFLROMEABNIL, OFVEMIZL, @
FELNWEFEVEDITHZE, QNI FVE~Y AR L7528, O 3 DITRBIESNS.

O, M LGOS TRICTEDNULIFVEMITDIZ, TELRETZIITENEYE
BBLLEERZRINT 228 ThHD. BI2IE, RMEECRIT OB ORIE T, it ofRiE L
TR EHITHFEL TROITLEI BRI LTI THID ZED— KA THD.

@I%, ML AMHOELH LR LI, AL THE/RN (CITE, £Z0RMSC, £
NEFHELIELO 2R ETRT) OFVEBFBLEEEZRINT 528 THS. LRI, [F
—DMEDOL D% KREIZREL, BRI TR T DM ERH DT, G E-LaARDH
b, i CEDFRIAHIREND. SHIT, FBHI RGBSR SNDT20, HIZFET
EE SITRDRV. 22T, FEHI K> THBOFVEZIR 532522 T, MAOfifEE =D D
EIRIFFIZ, S OHERFICHANL TTCWD. TR 2208 ERk b, Fdb
B OFRAEFLL IR O AL, AR NRRE R L2 WTRRICT 5. 3B,
A=A FIZ RV ERRT —XFEO I, bEDORMITIFRWEAKRLIR G 3524 T,
LW EMZAIETOZEE FRETHD.

@i, T HORE TRPCHRIFHICAETDI AR (77— =) KT 5720
2, FERERINTAZETHD. TR GMIE, ZORFEEED LD, MBEREsLZE
NN, ZRE HAOIMBAGIHZE DD TRLW-0, Wi OFETIIAET RN L R R R R
HELDZENDD. FKEEHZ BN T, A RUE O @i & ERE (U MV RMEE) (24D,

DODVIMVRREFFIN D RNRENAECDZERHGIL, DL RO 7ES 41T
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W% D).

BAEBOREHT, B MEBERRERHIDISh, ThbaillAaabE THeE Rz
HET2008 R THL. GRERHT, BMTITHEET DME 4« DFXK, HDHVIE,
R P OFLEIHERIS N TRV, FWMPEELL, ZaELSERRBRIC LRI
BRI B RLIbDOTHS 3. AREFLZEEL, ARNETIEVOR ML Z/ER
TH20I21E, BETLOEVZIER T 2EF XKD B L UL DM E SN T oM EN D
D. RIREFRHZ, R, HDHNZ, R ZINBVLBL-CRE R LB 22 L CHRRM &k
FRSETb DING, FHR i, K RSICIVBRRLRMELIZbOTHS. A&
FODRIREREAER S D720121%, R PIZR T DB XL OF AR EL , fss
P AP USSR 2 RE T DM ENDD.

1.1.2 LR GLOFRRELRGEE

AARNDATERAIL, ZTEHEOMICRESE(L, BFEE L, L@ o ns
IEHLTOA (B 1.1-1) . (ESEFEE, T8 CTalisL T H2cMEn Mz, MR, BHERIZ)NS
SNDEEMGHEL 2> TS, STz, THHCRBARTAOESTZB O LWAEFEELE
720, BOTITRETS 3 MIZELWEVST-K R8BI, HFHAHEML TR, Lichio
T, WRICIFHZT IS, NTUAD BWVEREHE T L8N TEN, <D
FHDOFELIR->TERY, R BRI LS E, LV EARE, ZNOA MR+ 57
DO ARG TUXRLIITND.

— 5T, BT PRGN T 721 T ISR TEHH R L MU
mEWVSTIN LR MG BEERMI T AT LA THHILLY, ZOTREITETET ®ED, 45
EHIRL D (R 1.1-2)9. 20X TR, AE &KL QD21 T, dh
HH H & m ELTERY, [’k ThaIcbrnbb s, B4 )7 —T, AxDR % DR
B> TS, I LERIE, ZICRBRANCESTORFE MR THY, S%GAEEROHEK
MTREEND.

ZOXRIM TR OFRELE KA L2 HOI0E, BN TR om EE, &4
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FELOFENZEIT DD, BiLZEST, FEVTWEZRE DT HEERR - THHMN, M
LTEMDORIFMEE @O DDA TONDRE LI, BAOFVZRIBIZESELZEN
MHITWD. BREENE, T AROME TRPIZIbNIEVEMO, @ TR TAED
DR EFVE~AX 7L, B AN LSRG E SO LT DFVEIR G $T5ZLMRT
XD EOFETHY, M TRMIZIIKNERNWERTHS. DI, BMELHE, 2074
BRANDED R BATEDO— iz HoTWNDHEF R 5.
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WEHHAT EAZEE (EERHa®E) | ARG (BLtRSECE) |
#BE (HWMOMENHME | REE (SE8ORE GrMRE
El (EREMEN) X, RAHERARRRE R ?#:"'-lhit*( (EFWH AN RUTLREN) Ot O
i?.:! THEME R 1X, JeBi & biC SRR Ot
3 201FILHFR, r.bfﬂﬁ..*mm)lﬁ._ﬁ%(b[ﬂf&%l

X 1.1-1 BZEFMF IR IME XM OHER (it 97 @BORITSE - DHERERS HP)
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1.1-2 AARIZBITAIN LA S AEEOHR

(M = PERERRHER Pk 26 FHEAR (— U HIEN RMEE L2 —))

1.1.3 ZRORMERIM TSmO ERE
LRSS OEFDHERL TODHEEGIE, Ditbildy H I HL WA EICHH TIEE
5.
T, ERPTROE<MENTOLEHFHEICTHL. BADERFIZEHO THS, £03F
HEZBADINCSI TRV, W E (FIEE) O SUEHT, #eIThll 59 FIRICET 51 5
ZEXY, TOEIZIT T TICEPMAS N CQNZEB XN TS Y.
AARIZBITAAROFMIE, 8 HidEIVEETLEND. HHNE, B L TSN T
W28, 13 HAIZIIRIR O, TRNT, HiUE (BP0 R) IR IR OB 236 ED, 18 it
ICRIA, EBNERINAHE K LT 2%, AP EEREL G H &0, KB
FEHITE RSV AEE D KT 58, TREATHENL TR B AL, AARANCESTRITIE
IROIRNEHF IR L CEB LTz, L LendD, 1975 LI, o —b—% XU ET 554k



IRVEIFEICEE S I L, FHEICHUH TEDRIMACEHO 2 —e— 59758, GZATHERND
WEROWE TR L, LRSI L2572 (K 1.1-3(a) ).
ZOHDBARIZBIDROWEE L ZT=00, INTRMLELTRAELTZSREE TH .

1980 fFIZHTCINThE A BHEA DS, PRSI CEOMERIREEL THE B O LA

P

Onted, ZCOEEFEZKIZT DB ANDOFEI~ >y F UK R OB O A E & I3 R0HIC
PERL, Flolz<MITTHREEH 2RO 3 Bl D5 E TR o7 (K 1.1-4) . BUETIE, H
EAICOHRET T OEA TH, #2018, KRREOFTFEIIILRL Td. EBIZ,
A ARDRER MR UL TH LB TR HINDHA D, 1996 FIRG LA T A A7)
—ADKey MZEIZ, BRSO L& SIZRESFIHSND LT, A&
PHERLTWS (K 1.1-3(b)) . BIETIE, FRICHEA TEOHA T aaL — s 6D
AT EDBIERIRANRETEY, HARORE 2RI T DR MEL TEIMIRE KL T
%.

ZOXIT, FIMLEMIE, SEHE RIS ES ERBMITIENY, Zo&Eb L EHEE

725 TUWNA,
*
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X 1.1-4 HARIZBITHEFACEHEPE & OHER

(M RedhPEEFEHAEH PRk 26 R (M AN RAPER T2 —))

1.1.4 AT ARBICBILELOLRE

FON LA (BORE, 5L, B7) OERERIL, BNl TEY, A——v—ry NI
SRR, SESERBRBOEA RO E AN ATND. 4TI, WOTHE
ZTh, RATWRZ FEICIRT ZENTE, [T DJERZZEL T ZENTED. Fi,
SNV ZFRTOFIELZ . Ll — 5T, S CIRALAS M )E 0 H E A B 5
DR DI 7 20, A A=Y HER N THY, mfkfng s T, S8 TR
RAEEIND. FREIZE VT, RERHIIIRATEN AT T 22020, ZhbDZlid,
2 DAAD, HEPNIFE TIEAE RO F 2L T Dh 00, IR,
Ak TR s BN, R QUHE TN R4 7, BRI E LB T2 e %

RLTWD. EEE, LR THOHECEFOFKL, minERs, QH TN DE



RO, HOLZLDTERNF vy T RHHZ LA OIBY TH%.
ZDIHF vy T RAEUDIFENCIE, FEOREE S TRICEAFEROBILBZETH
N5, — M, BEZ AR CRACTD7201213, M2 FUR ) LB NS DD, ZE T4
(MRS &SR E S WHBADN Y, il 722U 5%, IHIZ, 1.1.2 12Tk <7=5my,
HETRIZBII2FROAIHAELS.
ZOMBER T D120, FEROFCZ M T 58I TEINITNA T, WE, A
Zlf] ESELT0 OB ME BB REREENZH-TND.



1.2 BRIOEMTHEOFIOSEEM
1.2.1 ROBVERER T DHEHR

X, FEARICTT X TRICFE (Camellia sinensis) HOVESNDDY, FEHISCRIEDE I
VL OBHEDDY, ZOFVHLEDLD TEE THDL. KOFEL, &% ODREREST, B
WLEZRIESIT HEERNEHER THD.

1.2-1 13, SESEREROFVEME T HEHEZL, BECHR OCURALATF 7L AT D1 £ D i
FEIVEOLNT I AEZD LICEED LD THS. BOFVL, B 1.2-1 1T IR L HReED
DEFINRIR DT ATIRIS VG > TERSIL, ZDONTUANREDIBNLIIZESTIHER
ICHETHD. 777200, fEKII7) = FLERIITr—I L FEIRn—ANE, fLEIL7H
—INFETRIT )= F, 0—ANE, TV—T 14—, LW, SESERFVOHE
T2 TV ATIRED G TUILD T, K54 ORITFFA OBEENEEND.

ZDINTE IR OFVEERT D, R12-1IRUI S ERIC GBI DL
0, ZETOZL DI EVHLMNCINDLEBIT, LR LU EL O BE fif
BAMHED HIL TG 1192020394068 UL, T OFERRKEINE TH - Th, ZOFHY
HIZREVEAERL T D DR THLT=0IC, RERERORIENRE THLLDOBIFET
. bz, WEOHRARHEOHLFIELWEY, ¥ =V ALK DO~AT v b B S
HHTN—T 4=, DEBGEEA D7 —I 0 F RS DERZLERTLIFLRMY

TEARTZEAGNI 25 TR,
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X 1.2-1 KOFVEHERTHED

1.2.2.1 REDORT /v (G, FIEEME, M) L&D 989
(1) SFEEFY
KX, V3% F} (Theaceae) /3% J& (Camellia) D F v i (Sect. Thea) \Z/WHSNHF v
(Camellia sinensis) DIELVIELNLD. ZEIHE, M7 V7 BIREEE 2O TRY, B
TlX, FE, AR, BARREDOT T OIRBEHIAZ .0, R CIRKAESI TV,
F IR T L, W<ODDOEFB R L5703, ZDOEIEIZTUEDTHLEWIFNA )
THY, EbOlL, /INERO P EME (Camellia sinensis var. sinensis) &, KEERDT 4 L
T (Camellia sinensis var. assamica) CTéb%. /NERIT, HEART, FIIhEema s, Mo
PEDSHRL, HPES B AZ IS Sh 0D, RERIE, #&E2S 15 m LLEICHR5EA
T, FIREIEIN RS THY, MEMETTE, A FT 7 A ISR ST 5.
KRB, W7 =A, TIVWHE, BT X A0EOITF R NG EN, RERKED

INERBRIBEIZLE R THOT I BN N EDRHBINTWA. & 1.2-1 12, HARTEGEIINT



WDT B (REER) MERE CRLZS A L ) J8 K OVh AR (VNESR) SR b FE (RIS AL D) o0
TRUERERT O AT VRE, BIEESIZID, ARORBGEERTHIARTHLT
T RBIOTTAE VU EIRATHZEEY, FADWEICEE RS THDH. Ll —
FC, BTH TR EERAEE 5720, TG TRPCIEEAEENTHZE
2 UK ITRAT T DRI RN I BE D S HEAR DIFBHT, BT % e < E e RIE RIS
W7V, LIeddo T, REERABIIHBRDRON, ALAOFEEL TEHSNDORET
b%. FIUIKIL, AT FAADDIRNERATEL, R8O 5 L TR
FPADILL, FEAZIICY, BEER, FLARE, ZRREFVEATHSES KL A~LINTE
TIN5,

TR O TIE, 7% A8 (13 linalool (L), H[EFEIT geraniol (G) DWW LMl
SITEY, MTELIX, L &GO/ (LILAG) 2T VR ATy 7 A(TD EEFEL, TOfE
DA DOFER] CRESE R L2 RHL TV,

INHDZEE, EOMFEDIEND, ZOFRICHEL BT TIEARL TS D,

£ 1.2-1 SEORLDKRBEDO T G810

fniE HTEE W)

Hhh 21.7

Tyt LHiE [To3 AL 21.5
SDFEANIC 19.3

PRET- 14.2

hEESR HEoW 11.4
AHEL 16.8

*: epicatechin, epigallocatechin, epicatechin gallate,

epigallocatechin gallate D &5t

(2) HEEEMEEFD

i, HEVMEOECTHY, TOFEHIL, HE, AR, BARREDOT VT ORRIEHH %
HMZ, RIS GAAL T0D. A RIZEB W THRES SV TWOD R EFR S, TZEMED 58S,
et O RS E, A THEIR 12.5~13CLL L, 4ERIFKE 1500 mm FEEDD 4~

10 A OFEAKE 1000 mm LL EESHTNA D,

10



ROFEEGMIT, FBOICKEREEL KT TIENMONTEY, — I, FEmm <
FEDT=HD IR CAPES DAL, FHEOEITH R TEHEIDER TWDHEF bt Tn
5. Fiz, EBRBOWROFRILRL K THAEND, ftkaio—EHiH, $EIcl0Et42
BEFE (BB 1L, “BWELIMEINDRE OFVE AR LT ) EOIE, BB LR
ROFLMERE L, $E A CTlE, BERROFE %A 95 dimethyl sulfide <°, S -ionone
ZIILHET DT JARHKD, 7a—F)VieFZRf{OI ) RALEMNE N EEH BN
L, BT UehiaT I AR EZ<GH THZENRKTHDHEHELEL THD 12,

Fio, BRIZIDREORENEFEVIHETLILELHONTOD. FHITHEVDOENLTND
KELTHALAR, (VR TEESNDZ =DV AL, BB THEESNDERTENT (FE
SHRER) L, ZORA OFVDOAERIT, F v /IRVEATA AL OREFEOR G-HREBSFL T
% 1919,

ZDOINT, BB ORI, BOFVICKREETIEROOESTHD.

(3) FEERIFHI &Y

RIL, B 3~4 BT LR FELINEL TELILD. —& H ORI HENOIELND KN —
B CFR) THY, BARLHETIE, —BEAOFINZNLFED KA, —FRICH AT
BB W F OIS, Kumazawa I, FARDEFRUZHTHGT DR ORIV,
KO EBERRTOOESLELT, HHDI ) — A H T 25 4-mercapto-4-methyl-2-pentanone
(MMP) & RIA OO TR Y, EHIZ, RN —F AT Z<EEN, FHRLETIE
KIBICEHEDME T 52880, MUSOSEIZB G5 EEL S ThHEHEEL T 19,

F72, R —F L TH- T, ZOMBERFH BTN KREEET LI, TR
HORNEDIL, FHHEOFREARFVEE THOIHL, TR OEROEDITZHIERLA
BRI EIME T 5. MRS, R FEOREICIDE KRS DZAGIZ OV THE
TEEATVN, BAEDS LT Y, 2,4-heptadienal 20U /L U B SED IR ZH 4 B4 A3 HE N
THILERELTND 1,

ZOIDNT, KW (—FRK, ZFBRRE OIS 3 LU, KOFVICKETD
FRDOOESTHD.
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1222 FKOMTEEY

B 1.2-2 12, REMRAOFEELMELZ R, ROBET, BF, ZH0RT), §4, &
BRI KBS, ZNHOHRE TRROMAS HEZDIEENE R ERICE > TIEFICEE
IREWERFO. 22T, & LRLEENEOEFR ARG Z BN TIRAS.

BHFIE, MBUCLONAERERZ RIS D TR THL. 2O TEPEINICHHARIL, WA
B E OIERICEDBERERDPNEE AL RN RFBEA S, FfESSO7 ) — e FH DR
HRSNDREA DL Y T 5. BB FIECE, AR TEROENELHETERORZLDIE
MDY, ZOTEDBENILS TRDOBFEVRRRDLZENMOILTND. T7205, BMOIET
TEGNDH ERAS I, RIEOIRENRE— CNAERER O IRIGITREIDN DD DT, NAERE

FOEMEZS, 7=V aEmzlbed 29, Kumazawa b, RUkE H AR

%

&, BEHARIZOWT, AEDA IZEDERF G- DHIAITV, FIUIRICHA~, 0TI,
EIVVBAIILDETOFIILOEYOMEE KA N ERE 2%, REHA TIESDBIS,
linalool, geraniol &V \o7c7m—F VIR FEF DAL O % 5-FE NP IO oL T
5 . Fe, BARIZEBWTE, AR OB ERLORIRIT, 2R O RO EEA LN
IR, FOOEE, BEBITEN TWDEEONTEY, RSN IIADOEIC BT
DTENTRIREN TG, — 77, e LRENRVALER, 25, 5% 0% F T 558K,
WARERE DIEMIZLDERER DD LHBER S, 7r—I NV REFEVERSET5HL
WIORHED 8.

ZRNL, B DOREZENHDLVITBERICTEAEL Y TIEVLTENSE L LR THAS.
ZOTRETH, EBIEROKG BB T DHEREHT, 27BN LT BN 52
&R0, MR BN UBLBEDSE NI 528, Fo, RNEFARIIREC a7 ) AR D355 1
THIENRESNTRY, EWOFER, TO%OFEE TR TOEFERIERICEETHES
bhTng O BfEHIZERIL, EEEMHEN, BRERCHAEO TR THD. MTRDIT,
FESRIZ, T T ba— LHER2, 2-phenylethyl alcohol, jasmine lactone, indole 50D~
R—FNVIRERDOEF R NS EEN, ZNONEF TIN5 AL, BEER

DEVDEHIZEST, FEHEPEER LR THLZLEAHREL TS . GREADEBVICHE

12



RERAGE, BV, EICRE TRP OBFR UGS KA T DA kO T
HHEEZBITE. LpLARDSE, Wang 525, BEEARLE TR OX TR DR
GAED, SRS TREABL TENTHIE2 RIHLZ2E8Y, BEROFVICE VT,
BB RICH k327 Lo — VLG, RS TR IS B 22 B N3 52 0 B AL7- jasmine
lactone <° indole 23KV EETH D ATREMEAVRIZSAL72 2. 2015 4F, Gui bid, ZORGEA TR
AET D70, BREARE TRPOREREAEBIV B -ZVav ¥ —BiEEE2lEL, &
RS TREZEL TR RS A ENEDET, B-rYald—BbiEM bEiven2ezMs
MZLTz. EHI, R BRIEA MO E A &L, 2E TRAZEE CBHE R (LN b
7273>7=—77, indole, jasmine lactone, (E)-nerolidol 73, %75 LFEHIZHHE (ZHNL, 51T,
jasmine lactone <° indole 2314 D ARSI DARIRLRAF IV 5200520, $2F TR
BIFHINODORSr DN, KEDOEFEAN RSB G T 5 RetE 2 L T\ D
2)

AL, REEAR e CHREIEIE T2 LR ThHD. IR NARERE MBI TEL
TVDREAS, SHERTIE, REDOKGEREY—IZL, £, BAMSERELLTLTD
OO TRRTHD. —J7, WAEBERNEX TOAALAE T, KEFOBEZLZKVETILT,
%5y DIREI7R IR L (8RR A EE D TR THY, HFdath DA FER NI TR & 3%
TET, SHITHRESHED. ALRICBOTL, HIRETIICHKERT, BERPLZ<DT IV
A= )LRERR D DVEL T DI ENHESILTEY P, ALEDEFEY D FEIRELRLHTH—F L7
BFOORMICEER LR THLIENHMBN TS, —JF, TR TR R EL BN T5
Crushing-Tearing-Curling (CTC) £ T, A4 — YRy 7 ZIEIZ e~ THEUBE R B 2 pl 53 D A2 Bk
W7, FOLFHTOZENMBILTND 29,

HERIT, REEAIMBAL, KED K B BZHO T LR THD. L, REORFMEL
B DI T, BOFVDOERUCH EHE THLIENMBIL, FIERIRE, RN EFDIC
WETHZENRINTND 2920, FIKIZEB O T, 7I/BEFO MBS EIIE T v
FAIILD LT O2FIXLWEDDOMEE KL BN HZER0 2D, FikFeH D7V — 78

BO~DOFHPIHELZESND MMP OERIZH G352 EAHLNICISI TG 910, Fz,

13



HWEROFEECHHMERIL, HERE, Fiat T AR (BASIF) 12 TR T+ 50
FrDBUHEICTED N, SR BRI TETVVEO G BN LN IENHESL TN 12,
HERRAS I, HoBROTVEDS 3 MEE (R0 sz, BB, R A FLEE) Y, Th sk
DGR DI LT EHFVCEL BT HEE 2 HILD.

R, JREOKGERITBEE 4~6 %720, KEORFEN M L3250, K
DFEVL, FFEHFICHELTHIENHOIL TS, R, BIEDOTEIZED, 1-penten-3-ol,
(Z)-2-penten-1-ol, (E,E)-} L ONE,Z)-2,4-heptadienal DREFFAZRBENINZMETRL, T DA &
(THPRIREE S BN E LWL, Fe, MR OB PR ICBE IC 2 W22 L,
ZNBDRGT DA FEF OV VR EA BN G L TWHIEZHELRL TS ),

FHED BRI DK DOBF RO SRR R T —BlE LT, KRADRHIREY, W& S
SP700 % FEIL 727 AL DFERIRMEIC T BHRIBERED O GC-MS ki ek
1.2-2 (TR T (EEFERT —4) . ROBELIEWAT D FEERMNE, BHEDBEWIZEDL
FTIEL TRY, TENOLOEHEOEVREFEROEWE AL TWDLATREMEZ RL TV,
INBDRGELL T D4 DDT NV—TIZKBIL, T NV—TFZeDEHEEZT 77 LTb DA
1.2-3 THDH: OAEERITLELEFEL TND, HDWITHHERATI LU % O AL HED £
RS (AR AGENCEVER TS, EILTV—r, 7a—FARFEVORSYy, @l T
IR LD AR T 27 n—F A BREV Oy, @RS TRAPICEE LV AERTL7)—
¥, 77T A—IREFVDRKSy, @FFEOMBUZIOEE, T BRENLAERTHIFIZLNE
DORLSY. B 1.2-3 K0, BUEO R D50, FROFET LIFHEN R EFE SR E AL 0D
ZEDOND.

LLEDIIZ, KR DOFEREMMT D8 M OAERITIE, MEICB 58 TR
BB 5LTW5.
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R1.2-2 FFHEEOFKHHER

(ppb)
RI(DB-WAX) _ Compounds B 9 5% we  me uwms mem TR BmE MMMM el 777 M,\Hﬂb r=x

1081 hexanal green @) = - 3 2 9 6 103 72 31 54 73 129
1140 1-penten-3-ol green ® o = 10 - - - 103 69 34 28 28 31
1219 (E)-2-hexenal green @) - = = - - - 22 - - 109 48 108
1440 cis-linalool oxide floral @) 3 2 6 18 15 10 43 37 21 61 102 36
1456 (E,Z)-2,4-heptadienal fatty, green ® = - 8 - - - 204 130 18 61 36 38
1468 trans -linalool oxide floral @ 4 2 5 34 14 11 32 19 9 162 335 95
1487 (E,E)-2,4-heptadienal fatty, green ® - - 26 - - 3 195 128 33 71 60 66
1535 linalool floral @ 5 3 6 134 12 8 24 33 31 114 146 79
1597 (5E)-3,7-dimethyl-1,5,7-octatrien-3-ol floral @ - = = - - - 168 - - - - -
1626 phenylacetaldehyde floral @ = = = 6 - - 62 74 84 73 152 127
1750 trans-linalool oxide pyranoid floral @ 22 13 = 34 35 23 = = 16 66 141 54
1761 methyl salicylate minty,cooling @ = - - 2 4 4 - - - 140 129 53
1827 hexanoicacid sweaty ® 6 5 18 2 10 25 365 157 207 285 392 479
1833 geraniol floral @ = = 4 6 39 16 = = 63 90 71 145
1856 benzyl alcohol @ 8 13 20 30 54 33 137 158 128 111 128 73
1892 2-phenylethyl alcohol floral @ 2 3 6 103 58 43 659 480 484 115 160 24
1903 benzylcyanide @) = = = - - - 153 117 239 - - -
1930 2,6-dimethyl-3,7-octadien-2,6-diol ® 5 2 4 4 36 - 105 316 221 - 63 41
1948 2-acetylpyrrole roasty @ 4 1 2 4 26 21 187 - - - 17 -
1950 (E)-2-hexenoicacid fatty ® - = - - - - - 25 66 169 44
2241 (Z)-7-decen-5-olide sweet @) 19 7 7 - - - 1327 614 543 - 17 -
2321 geranicacid @" . 4 - 18 12 . = = 27 26 201
2330 dihydroactinidiolide roasty @ 16 16 52 - 11 20 545 403 279 363 300 263
2409 indole floral @) 166 207 335 15 26 14 620 3474 1558 22 - -
2425 coumarin sweet @ 44 21 40 8 25 35 55 = 129 - - -
2465 5-hydroxymethylfurfural sweet @ = - - 13 - 107 - - - - -
2540 phenylacetic acid @ 5 5 - - - 117 . 5 - 130 a6
2906 p -hydroxybenzaldehyde D" 77 76 53 75 82 105 125 167 112 56 75 52

-1 2ppb3R i (HIZE, PERFS), 20ppbsKid (RRER, A1)

*1: D ERPITHFET D, HOIVFRANRAGEREDEFRRSICEYVERT P, @ WETRRICEBEARIVERT 2R, QREIRRICIBEIVERTEMSD, @: MBRISICEYERT DS

*2: #EE
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(©O: AEFIHFET D, HDOVFTAN RREIRE DARBISIZED AT D57,
©@: TG TREFICECRE AL ZERR DRy, @ 3E TR ISR E IV AR T D,
@: IESUGSIZZD AR DRST)

1223 AGHEARICHONT

HFICIBIT DR DA ERIL, 20D 70 FHEVTH 10 fFIHRL 2230, LRI 500 L
VAR 2 BN BEANCHY, AEFESILTVDIEDONFRIE, KA 6 Fl, #2808 3 Hl, 20
23 1 HITHD. ZDOLIIRIEDAEFE W DIRE XX DI, FROFEHTTIE, RO
b, =T TE. AR T, fEkE —Y Ry 7 A1) Lo AR TiE TE 5
CTC EMPIFESIL, BT, AERIEZITIE BRI L 72 A B RS B T L LT=.
FTo, WAL, BRI 2I LHBEAOFE RIS D28, P A Cldle @ik 0%k %
JFEHZ 5, DT, IBRIFZMD T, FIAOICHIRUAZE () A5, £,
AT TR 5, FEOFENEAII, TOIHIL THRIES N LD,
A SO TR ERAL L ThitEL Tnvg Y.
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LU 3D, ZO X BZA LT T ETIEDIVIE AR, BE7RNbORkt i B EICHIL
THELNTZHDITEE R, FEORH S TOLIEDRERMIN TS, 775, CTCIEICIVES
VIR, A —Y Ry 7 ARICIVELN AL R R TEV DL, FLA T &L D20
CEPHESITRY 2, IMTHHES, SO TIRAF S TR LA A THOLTRIE L
A RO AR THEORLELZENON TS, £, BRI, EH2RRE I LI
WAL TIEHDHDD, BHREZIBRTHHED, 1960 F-EHH % F il w23 20T 32,
F7z, FROR ME ST UVIRAL DS EFITAp o7k R, THLRTO R~ TH
DEE<IeoTcEF I TN,

INHEDOZEIY, BEEBHIROOND, BIFIEIENT RERAADEFEVDIHTIZH T2
T, ABHEH 28 - TS RIS TED I A BHER) 220, B OV T L ThHEE

ZBIS.

123 ZRINTRAOEEEE

B O — a7 80E I VAL, BRI CLEN R BEITIME L 7oK &2 2 i L7z
b, I, B (A TV MVRMEE (1217C, 11 43728), #iIs KO PET 845 Ci% UHT
B (140°C, 10 B70L8)) R TASRICTELT S ¥, B 1T, I TR MOBRZRE,
RAFEZED DO E R R TR THLD, HROBEXRICKRELRE(LELT-HL, W
DOLRE REELLIENMLN TS, FBIRGIE, fAOLV VMR IO UHT & H %
DFERZ AEDA ([ZTHHTL, VIMVNEFEZ X7 ea—F V72 &3O linalool, geraniol, AA
— 275 FH D B -damascenone, A/ NA T —72FKFH D 2-methoxy-4-vinylphenol, UHT #% B 1%
1%, bRV A EERDOEFH D methional 235ch m\WVFF G- AR L, £ ORER OV E REREAM
FERLE —H U2 HE L TS D, FE s, LNUVRRE % ORLA TlX, B -damascenone,
methional, 2-methoxy-4-vinylphenol (ZHN%., F %A 3% 3-methylbutanal, &R A A
95 dimethyl trisulfide 23@ W EF 5 EEZ R LI EEHMEL QD M, 2D XH7, Z8ECE DN
B EIZ I OB ROET, B0 2L eIl > THAZRMETH 2.

— 77, WA E RN R L TOLHRAIN L E b o564 1E, FITANE LI TR
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KRThHD. M LHERIL, FOBEINIET TREEER DSR2, A ENROIL, i
P TCIBEEORBRIZIZEEA RSN, LSS, AN T AoREICB W T,
ZDREIRO BRI THD.

INHOZEEY, BINTREEOME, BIFrEm Eodl2it, RERKROFVOIME )
VEETHY, BT, TN a2 EBLTO1-DIZHES 2 150Kk FOFETHD.
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13 BOBERSL
1.3.1 ZEROFRMIIEIE
1.3.1.1 APEREIZONT

FKIZESTRMDOELRSIHIZIBNTL, BHOEDVIZED, HDWIE, HHER~N 72
FIZE ENDMEDOEFR I H B, WMETHLENDL. LLans, FRUL, Sk
L/, MBI E A T EMOERIERTHLHT2D, TDI7IE (FIHLEE) ITXk-T
2 OILE W OEUEER IR, HONLE R REIRD. LIzt T, FRIHTITEB N
T, AR U@ )72 AT AL BRE DO BER S B L0 % . 7282 T, B DFEDYIC
EHTFR &N T HITIE, Hi (static) & 5V MEEN (dynamic) ~v R A~L—2 (HS) 2547k
K> Solid Phase Micro Extraction (SPME) Z3#Ti%, B AIZE ENOE KD Z 0T 51213,
VERIBI L, R E, R—F AR < —b — R & S LT T A LD R (BT
W% 1%), Solvent Assisted Flavor Evapolation (SAFE) {£%723%0, HMJIZEHE TEIRT 5.
HOHNE, RO FEEZMAEDELGAELHDH. FODERLD D DFM T, Z2UTIVZEL
RTWHRDOFELZSHNCRBN T, BABENT TN, beDOFVERFFL o £ Em B IR
TELFEDOEIRDLETHS.

ANy RZAN—=Z5 LT, FIS, BB ANERALTZ BT DNy RAR— AT A% T AR
ARV IZTHEIL, Gas Chromatography (GC) IZ[EHEE N5 J7 1 (static HS ¥£) &, ~
Y RAN—ZI AR DF L35 — B AE RN R AE R, AT L, BEITSC TR
fath GC IZIEAT 55715 (static HDVMF dynamic HS %) 35, BIE 1L, FRAEMEET,
H, B O BRAED AW 2D R OIR A S8 PE R Sy OWRED 72, D AIZ
EAFNZDOLOEZITTHIENTEDLD, ZBR P OFLRMRITIREILZD TR -9, K
FEDME. — 07, WAEREEH 925 E T, TEREZ2E<LIY, BLE%ICEET 2L
TIEREZE LD ENTTRETH DD, WAEANTKTDEALA W DO IBLE DR DIEN s

~

pEw
==

(LD mETYER Sy DIRFE S IZLY, BHLAHRNZET 2 rTREMED 0 5.
AR E T, A OFEHIZ LD BAL S ORI PN R ESERDH720, BRI
ST AR R T b, FERIIELL, BUE T 105 A S A CH

20



ROITETHY, O TRDOBFELIDITNEDEG Th-o720y, RFFMICHOIZOAREINRS
57280, BUZLDEROEALBME TH -T2, ZDLH A MEED R SEwRT 5729
(ZBARES NI IEWRAE L %, FRE G KR 7 VE, WERMIEE LI T A
(ZIBIRL, W& LT- BRI & A HARIC OIS, B3 2 15 THY, WaEBRIZEHHM
FRD AT DHDE DO, W I IMBHEAER N2, beDHF TN DF R E LISRFFLTE
IRAEAAFHIENTED. SAFE £ %, AHEEH T OBIEIER )%, DO TR OIE
TCHRETHHIETHY, WEITMENT DT LA SRIEPER S E R FERVER /3 2y B+ 52
EWFRETHD. WEHIHCRBIEW A IC L0 B LT, KEDORIERIER Y % & &<
HIE, TOEETILEERBERAREECHHN, ARBTG5 ECRERMER S A
BREIN, @ERIRMED ATREL 72D,

1.3.1.2 B HriconT

ZOIITTE A< ORTLEEICIVIEO NI B RBRMEWIIE, BRZB OS2
BENTND. LT2D > T, ZNBEMFRRNC O 272010, 1ZEAEDGE, STHEE
N5 GC VO, GC X, WHNEHZBAA LMK EOF BT DT 0% AV, %
YL A%, PR BI ORI EOBAMETHRBET . AT, MIEDRRDSESERY
DNRBHY, BHIET DRy BT DD Hi e iR Z IR T 5. L LRenss, folZa gt
ICTHEERAT 728 LTh, ZOFELRED B DL DI, BRIERD ZENICHBETE A
WIHEHZW. 22T, 1| RADOATAITHMR S ZETE — 2% 5L, szt~
N ROIRFAD T Z D THMTTHIET, WERG DU E— o BALESE, SrBEAm
EEEAFESRHASND. ZOIZ, RO RS 2 SOIT L% VT BEREE LIT 5
FHEIL, ZKTT GC EMFEH, HHERIRSW T ORI O BECE ) TH A THS.

GC IZTHHEELIAL AW, Fix ORIBEICTRINL, MRS RIE, FRERBIZR-> TR
ST E ARk L2/~ N T AL TRAFEND. GC Tl IWHLEND, 1740
AR T DAL E M L DO EH I CTHORFHEES DI, S — 7 O R E
IR E RN TED.
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BHEREL TiBZ<HWOLNLDIE, (LEWIER D~ AAST MU EHREGDZENTE,
TEMEIZHEEND Mass Spertrometry (MS) T®H5. GC-MS #H\WAHZET, fREHEEE (RI) &~ A
AT MV DBEIEDEE WO RIEITINZ, ©—7 EREE DL, fFFERESDLZEN
ARETHY, FERIRMMI G ENDI R IO RSy A MR 3T T D DI e 71T
5.

— 77, GRLEHE BRILEMEERAD O BIRE IR TEoMIBRRELT,
Nitrogen Phosphorus Detector (NPD: 232V ##H#%), Sulfur Chemiluminescence Detector
(SCD: b2 erisiiR than) 365, ZNOHOLAEWIE, — I BIEAMELS, BMOEE R
FEREF G THHZENZ\. L2235 T, NPD, SCD (X, BHDOFEIOHHIZEB N TED
D THALRBEESRTHD. EBIT, GC-MS EINLOMHEEMABDEDLZLET, RIS
GENDEMACEY, EEFBICADONENIRL, FEN LS.

EBIZ, GC T THBESN =AM OF TR G A LIeFiEL L TERINIZONR,
GC-Olfactometry (GC-O) Toh%. GC-O Tik, AFDORTEZMHIRELTHWS, 372bb,
GC ([Z&oTHltsNIALEWa NF D BTN T 5720, Hilafd TEL7210 Tl 1@
OB TR TSN, BIECEROHESR BRI 22L03T&5. GC-0 DAHT
B SV RTE, 2 ORFHEIEL FERHEAZ ML T 2L C, (LA WEHEE TED
ZEbHDHN, FET D722, BAIR 2 & IR AE, KL, MS 2V T nuclear
magnetic resonance (NMR) Z ] TSR E 3 202305 . H R 2 @ BE IR B, IR
M I D720, SVBTNATDZEL55 80, GC IZXDsBEShTz H BIRS Z#k0iL 7y
L, IHa 9207 E08395.

1.3.1.3 T —XOfFEREF OB

W

KOBFEZSW T, BRL-FE A2 OFEICIVESNT- T — 252U R T A3 )8 b
5. T hbh, FEFRALEDDOITEB OB L EMIZEI - TELEHL THLHD, TOHFMEE
LHEVANDOFEHEII—EHLAWI LA STHEICEILENDS.

GC-MS IZIVESNARE R, FLIEMED B TR DIFIEL THD. — 3T, I
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KIZED R DIRHIES D GC /3 HTIZ 3BT D8 s O E e, BT EY B3 DI
SR A — T 1 SRE LN YEIEIC KA T NS, IEMZR BIR TOEBE T2
0, SESERAD GC-MS AT RA LT D81, KK ER ORI ORERL D
B, BALE MO E RS TRSCHFEEA T Oy, WEEOMEEAHET 592 T
FHTHY, BREHEAE REBETHILT, FVOEWIG-T D05 HETHZLHT
5. LLandn, Ak LEh, ELZAAEMDOEFI~OHFGEPLNCT H2012E, &
AHEIZNZ, IZBWEEZBETLILERDD. LTER->T, ZZTHELNDIERND, &Y
DEWIZEE 5T 50 2O T HZEETERN., 22T, SLEMOEH EZITE W
BIE CHRL7-M (Odor Unit) L, HV~DOFHEOIRIELT 55 2 B ESI T
%. ZOFIEIZEY, GC-MS IV BONTE BN D, FI~OFGEEZALINCTD
ZENTED. LU0, BESHAGHIZSN TODIEEMIEIRON THDLIERR, [EfER
TERAHA T 3272121, {8 &% DRy O ER E )32 2 38t (Response
Factor: RF) ZROHMLENRHLHZLLY, TP DRIHSND KB OFETLAY TR TIC
DU, Odor Unit 5 1§52 LITREETHD. EHIZ, GC-MS 1B TR SRV Vil sy
3B 72070, ME TRIEOIRWEEE [T 5 IEBEINRN eV EDH THE
KRILHIED 5.

ZORBAEMRR S DFEDR, Bibde L TAMOIRE A HV 5 GC-0 THY, GC-0%
TEEDOFY~DOFHELZFMT 5 FBEL TIRBS N/ FES Aroma Extract Dilution
Analysis (AEDA) TH% 3. AEDA TlZ, FXIRMEY A B PERIIZAIRL T GC-0 s HricfikL,
FACA W E R TEDEAATIRE (Flavor Dilution factor: FD 7774 —) & 2RO FED ~D
TG OFREE T 5. AEDA A HWDHIET, HVICHH-T DR DR AIEEL 72D, AR

BILTh, FUK, ALRETINT, ZL<OFRFH I BALNITSH TG 191868,

132 REXWIFED D P I
KOEFLICET OO EDIL, 1916 F-D Deuss ([ZXDALAKE A S D methyl

salicylate, 75357250 methanol D HLEEE SO CD. HARIZEBITDAFEIL, 1930 FRIC
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WD, MPNIAR— "=~ N TT 4 —IZKOEF R Z 5T BEL Tz i ).

1960 FARUC GC, RUNT GC-MS 3V I5T DL, BHRIITORRPTREAIIZ LA, Bk,
HRZIILDSES ERBDEFE LD D, ZLOWIEE L > TEEMRHA S, ShfEiE
DRIRDIK DR Gy NT o ADENS LN S IV, D — T, 2O ThiizIc
HEIOLT, $RAADF XA ORI bR T

BRWIFEIZB W TG EERZLIT, BRI TOFRVZHBLL THDLIETHDN,
ZIVETOE KB OFH RS VLT, WEE ¢ 7% 81 filt H (Simaltaneous Distillation
Extraction: SDE)VERFETHY, RKRIEITKEZMZ, S0C~T0CRREDGHFIZT 60 53 D[H
IEL CHELRERETHEOILDTH-T2. ZHUTKL, ERDIE, WAERE Porapak Q %
PN IS W A5 T2 LR S L 725 5L, SDETE TSNS I LT e n s, fOTIE
DFEVZ BFEIZHBLILI-EFE QIR o2 e HiE LT 3. £z, ~yRAX—HD

HREEE T 2FETHS, SPME IELIEH SN I8 o7,

2

BEER AT EAT oA 12D, 1990 FEFETITITAENBR 600 HFEYDOFXL Iy HMEIFS
o LINLIRRG, KOFXFHEA D OFIIZIIRIET, ZNE TORHTED - TIEED
DIHTEL TR THLZENHALINERD, RFEAZ T AN FiEEL T GC-0 23T
DI oTz. EBIZ, Grosch (ZE-> THRIBESNIZ AEDAYIE, Ko DEFD ~D %5
FEZRAONTTDHIEEATREICL, KOBXMIEDOFRICRKEER L. ZOFEITLD,
BHARDEVZF G DEEDOMS D, Filo i RS 191868,

—J7, ROFL AR T2 EbEED DI, FEBEX ORIBEAS, Rk TRIC
EHIRIORIERA &, FHRAEREOZLRERHALNIIII TG 20203940 SEETIE, B

F LIV TOFLRERDINTHED HIL TN 2,
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1.4 FEMIT AL ELERORBER

AR O LIS, FAFIA L7 T s (Bok, 57) DL RE BT < IIMEICHY, Zh
SIZHEH TR MHEFROFELH KL Q0D FRIC, BARTIE, B, BRA, FLAD, PE
RIF T V7 TlE, HEFEOIM LM AEERENZLS, ZNH0MEN LIZmIT /=& kB
FEPLETHD.

A RN, HERENBEL T4, 370bb, mMERAA, BATERNIZEDOED

BT HIENRDOND. LinLIe D, @B ORHEIN R BT 53 20007
DFFEICOWTEIARZR AN L, ROONDL NV OFROMERIZ TN Zo TR, 72
EZE, IEFRERE L ~OFHANBIL TOAHEIE, BRIOFTFENRREIWICHLEDLL
T, INETERT G ROICET O ZEFINIZEAE 7S, 7L — =L TSN T
WOBREEIDOZN, T 74N ASNIZT7a—F VR FmROELDOTHY, EEOHAD, AR
HE, FELSEATDIEDEFIRELIE DL O THoT2. Fo, X —V VALK, TOFERF
Gy ORE T DEFSNTODB DD, Fe ROFHE THH~ ANy MEFER DO AIZ DO

IR ENZEL, ZOFVE BB T LFROFERITITN oo TOZRV, RIER T Y

TIZBTDHEELREI CHDPERFAIZ OV TS, FRUCET VLK OO HETHLHDD,
FOHPEREAA D7 0—F V) O FEIZIE o TR,

L723o7C, ZHD AN LA S T B ERIOBRFIZB W T, mshE T EITENL
BERFOFVZ IV BEICHBT 2N RERREETHY, ZDI2DDFELR DI R A1GHZ
EDPEETIHD.
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1.5 AHFEDO BRILER

iRy, it <irb B ARNZES T HIERELFEEN Ch 08, ITFEZ ORI HIE
BRI, A THENDEERDD, FRICIA CEXDINT &M (KK, WH, 1)~ 7k
TEY, XM LABOEERERDERKL TS, ZOIIRFIMN LRMIZEST, HEVITBWL
SEREDT, BRI REETLEERLER T ThD. LIzi3> T, BIMLELD
i E B L OELER EO7oDITiX, WEEDHBETLIRERKEOEFY, ¢ obbmind
IR0, BATHNIEROBFVEHETLIENEETHD.

HEE DAL T2 RER K OFV BB O R WA TS OB FIZRB T
X, ZDOIH I ORI F VR G CELR L FRIAHIFA S CRY, &hE
BIOBHF 2T, B ST DEORHEIEFICHT 5T 25 B L O ORI 2% F
PULETHD. LLens, BERADFBINZRENC OV TEIARHZ AN EL, AL
BIITRO LD RERAKDOFVE RN G TEL M EFROBHRIZITN oo T
AN

ZZTARMIFETIE, AN LERIZBOWTRERADEFEVEZHIT D720 O R MEEBH I
DIEEIR DM R ZFHZ % B, N LR SMOAEERNES, BMFEHIRESRFEN A
AEND, NERBENOIESIND 4 FEOA (RS, B4, FEREA, FL8) 12OV TEER
1ol $hbbh, 2hb 4 DOKITONT, mHAARREICHIL Tibgsh, BEREY
ZIR<A T Dmam BRIV ARG, WEAFIH LI FIETHS GC-0(AEDA) 1285
FERAT G RBREATO, ZOREINRECT 5T DR E R L. SBIT, Zhbo
5y DAERFEIEZIRFIL, BERADFIDIEIZDOWT, JFEHEHEDORT v /L (5 FE,
BB S TR S OSBRI LT AR SE O REE) B X OVE TREE O BIfRE S
=10y

AFWICNE 6 FEDIRD.

2 BT, RERMAHADOZ)— 0 REVORRIE DL EREH OIS 525 H
S, TTICRERIIKDOFI~DOFGA/RBIN TN D MMP 123 A L CEBREIT 72,

— IR T, BRBNLOEHARREIC LD, ZABFM N EV R L O, T
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Lo TWDIEARLICH AR THE YOS, HEHITENL TWDEE LI TNDN, ZOENIC
B 5L CWADR IO /o TV, 22 TAMIZE T, WAL OENTZFDIC
MMP H3B5-LTWAIEFAEL, ZREEMFDO R DEIDO—FERD MMP G EBLO
RHEROFVZ LT HILT, A DEDE MMP OBREREILIZ.

3 ETIE, RERHEAOENCHFET IR EWONCTHIEE BN, EREiTo7.
AL, IR E T ~OF AN RHEL TRY, B EFEIOFELHEKL 2L EHLT,
FOFLITETDIZITIFL AL BAT-HR. 22T, HEDFEND ERER>TWDR
F ORI R ORI 2 BN F 59 D0 % IO T 5720, SEORs 3 FEo
P (B, I, (K5k) OFRF 5% L=, S512, RSNy D& S FRRL,
PRBERDOERL2DE B L O ARFA OF ORI B3 5 B A B2 LT

4 BT, RERPEBAROREI 2B 5T D0 O T528% HIZ, Bk
ATl HERZRE, R EROAR A - B2BLPEAZIICO R E T V7 2kl n
TIROARE 27— K THY, Iy MRNUEBIOEFELIIRL CWHZ LD, A ERIOT
BIHRE . FIURLIZRRDRH O7 n—I Ve 4 DPERAROFIZHOWTE, Z2HOF
KRS DLEBIT, BFTEDPRHEIREFY ORI EL TOD T EE RESFL TV
. LU, PERAEFE O7 v —F Ve B H 5T DTN >THELT, W
DL HEROLWED 2 HEITELRMERIEAELZLIIN#ETHD. 22T, hERAEDH
THRENR 3 8 (FEIEEFE, o5 ILRIE, ZHRE) DR IO OFR 5%
FEHRL, 6 dhlC3HGEL TR BEO VS AR L. SHIT, FISITZmior o A RibEa i
L, FERARORHEA 2B ORI 59 2 BN &2 T-.

5 BT, ALROPTHIRANTE LRI, & — VALK ECF 535
%O T HIEE BN, TR TT-. X —V U AAIKIE, ~ Ay TL——LEb
N7 N—T =TT V= IR DOFEVE AT HIELDGIEDT v b s, HARD
FI257, R TAROBNIATHD. Lizd>C, BB O FEEL K&, ZORMK)
REVERG CEHRMBFRIDRO LI TS, LD, v ADy 7L —N"—Z% 5725
BONIRASN TS T, Z0OEHFVZ BB CELREMEFEIOFITIIN o TR, 22TR
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WIZETIE, &=V ALRE, EEMOI D 7 FEORIEDFREGT G R, #—V VAL
FATHRHEAV R B RFR LTz, S6IZ, RSN DRI REIL, ~ Ay b7 —3
— DRI OV THELELTZ.

6 T, 2 D 5 ETRLIICRE R E R LIz,
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F2E mMERMEOEICHET I

2.1 REGMHORERDIRFEOMMP E&E

MIAIE, AARICRITDREERD 8 FITR, K REEHTTISORLE 4 Bl b 049, K
MNZESTHRBIIGEALGELS, Z<HHASNTWDLETHS. JIAONEIT, FEREFHICIV R
SLERDIENHMONTEY, BEIINESNL—FERDPEDMED B WESIL, RO
DR DTV — 2B, FIROFVLLTBESNTWD. LIZA>T, —BROEFNZE
DS, FREEHI RO BID, minE TELFEDOSWRZE DT THLHEE L.

Kumazawa b1, ZO—ERFFADOENTF G DR OIS, b BRIy D
OEDELT, ME LAY THD 4-mercapto-4-methyl-2-pentanone (MMP) % L H L, A3
AL DB CRUEAMEL, 2R D7) — Va5 0, BERHAFR A~
HAHEERL CVD 9. EBIZ, RIKICRITD MMP 2, —&EICHRLZ<E TN & AUKETIX
KIBICEREMETID2E, F2, KAKUCTOARL, £t K ANSIERH 528
ZHIBNZL, MMP 2, RO SEIZBEE-T 2 BB FRAM ) CTh D PTREMZ HIEL T D
19, —J7, FIAOFVCELT, —#ic, ERnoolafiiieilik, 37eb bR 23
WERAALDO TN, ITFEFRER S TOLHEA LI R THIORS, BEHIENLTWDES
b, ZRATERONKEEFEIASORENERSN TR D, ZOENICE S L TR
SN2 TR, ZTTABIE T, WAL OBV OMRSBIOEIZ MMP 3B
BLTWLZ L EL, AR RRDERO—FRD MMP & A B IO R DOF

V&GS HZET, FIEDOFENE MMP OB ERGFILT=.

2.1.1 [EfH~A7afilith (SPME) —GC-MS {EIZ LA RIS MMP JE B kO

RIRIZE END MMP I <BETH L7280, TERIEICT MMP 2 E &9 2120%, RElora%
ORI AITALER (i, 7889 [ TOBEL, MBI DB DD, D7D, (]
FREEL ORIRICE END MMP ZiE®L, £ OfE R FR O IO Z et SR 92281345

Sy TR, AT E S D MMP & E & 572D DAL, T TIDWK O DMERS T
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VNG 04D 2N O HITY, [EFH~ 7= (Solid-Phase Micro Extraction: SPME) 1£&
2,3.4,5-pentafluorobenzyl bromide (PFBBr) |25 758 A LA #H 7 & 7= J51k1%, PFBBr D&
V72 BP0 B R L AL, OIS, JIED BB LD EERRES LTS 9490,
LAL72735, PFBBr i8R % S TR T 2720101, AAA =R TofAA4 o 1hic
XK BE E53Hres (Negative ion Chemical Ionization Mass Spectorometry: NCI-MS) D 72855472
BHERSLEETHY, ZOHEE, T UHILAMECEN - 7L TIE 220,

ZZC, —fB7 GC-MS (Electron Tonization: EI) & SPME ¥4 FV T, RIZICHE S END

MMP Z > DRI i S 2 A D BT A LTz

2.1.1.1 EBRHE
(1) ZEBAE

RGO R D TR OFRR WL PE TS (RAKL, H78L, RARL)35 M AL THAHL
7o REETNT D, 2004 £E72D 2008 FICBLES L —FEARTHY, EBRITHE AT 5% T
B0 COMBHEIZIRE LTz, FRAEDKAIUL, oA —7 12T 110°C, 15 ez,
MMP L, STk OIZL72 230V AL, DB-WAX 77 A2 ARFHERE (RD) BLO~ AR
IV D —EZ iR LT (RIpwax: 1391, MS(ED : m/z(%) 43(100), 55(10), 75(9), 99
(4), 132(M", 8)). SPME 7 7 A /N — ( Polydimethylsiloxane: PDMS, 100 pm;
PDMS/Divinylbenzene: PDMS/DVB, 65 um; Carboxane/PDMS: CAR/PDMS, 75 um;
DVB/CAR/PDMS, 50/30 um) I%, Supelco (Belleforte, PA, USA) L0 AL 7-.

(2) HIESM:

HLSEH L= 3E 1.0 g &2 20 mL BT AR T IOVIZIIN0EDY, faFnftEK (200 uL) X
U'methanol (5 pL) ZWsINL 7. AEHERINEIC CTEET DY 7 /Wi, BEREE O MMP A
2 ) — VIR (0-400 ppb; F&IREE 0-2.0 ppb) ZIRINLT-. ISR O 7 i, 770
UHRICTTH—ITIRA LD, S arv AR LMIFT vy S ICTERL, A —h 7T —I2k
% SPME 34T (38 2.1.1-1) (2t L 7=.

(3) GC-MS
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Agilent 118 6890N R/ u~h7 T 7% LTz, 772 :DB-WAX (30 mx0.25 mm i.d.,
B 0.25 pm, Agilent fH:81) . U7 —H A AU A FEE 1.0 mL/min) . FEA HEE:
250°C. VEANE: A7 VY M ZEAN(SPME ALy b F—fE ) . A —7 AREEIL 40°C
(1 73 [#R#F) ~150°C (20°C/min) L U7-. B &8 2 MS) 1%, Agilent 154 5975B MSD %
FERLTz. A4 ALEE:70 eV (ED, A4 FRIRE :150°C. fiHlE, Selected lon Monitoring

(SIM) E—F (m/z 132, 75) I T To7=.

2.1.1.2 fERBIOEE
(1) AERER LOVIES O

MMP % DM E RS DL LT, i BRI, 527

MMP %538l , S7BEL 72 MMP Z Sk EE TR ATRE, 700, Tb—EO#EMEL BELTES

SPME-GC-MS (SIM) iEZ L7z, #UEHIE, 39— T RILL 7RIS 2 iV, —ERE
AL MMP, & LIZZ DL LIS, AT VR TH— TR, L. IROT,
PSAT NVHCFHAELTo A~y RAR—235, SPME IEIZEO AL 72 MMP %, GC-MS (SIM) T
HEL, BHERIMEICTERLZ. 20X KIERATEOfER e, A —M 7T =128
2 HRIE ETO—HOBNED HBYIZLY, A OE MMP OBEHAIE DR A
FELTz. LIDLRRG, BIKICE EILD MMP 135D CTHUE TH A7, RIMLEREERIES O
RO LA BT o7

HRSI TS SPME 7 7 AN — 23 Z<OFENHY, DRI REL DA DOMEIZ
JECTERN T HDN—RAI TS, 22T, BRI TN TS 4 D771
N=% A, [[A—5HTT MMP ZHIELTI-E25, BB 957 743 — 3@ sl R
Z7/RL, TChH, DVB/CAR/PDMS |3l =REFBIED W ITEN TODTENBL)N L -
7o, ZZT, ZOT77A3—% T, JHREEE IR, SOICRBHEZRFILIZEZA, MMP O

v —ZEgE L, fIHREEWIEE, £z, fHRFFEA RN E ST DM A8 bz
(K 2.1.1-1). LLAeAss, MMP 28K AGUCKOTERRENS HE BB T DE, KOIKE, R
TORHNEELL, HOFEDOY —TIRENHERTED, 60°C, 30 /THIDOHNHSF)36 2 L]
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WrLiz. F7z, 3RHRIT, B — 7 mEEOBIMSIETHIT702 1 g 2% L HIFL 7.

LA, EREE, EEECARUBEANRED MMP 25 HraBHZ UL i & 1Rk 3
HIEERINEOEAZIBE L. LINLRAD, MMP Z AR 3 DA O fFaL #1X, SPME @
HHhRIC B 52 DAREMN DD, T2TC, AF ) —/b, X )—)b, ZREK, BfRHEKIC
ONT, ZRENESIETHLT 1%, HHOE, 10%IRIIL, MMP Ot — 7 kg4 L=
E2A, EIEOTHOEBNT, 1%LV BETHIUE, A/ NSWZERHBNER 5T (K
2.1.1-2). —f%IC, FA—/VEIE, KIEERF COZEEMENZENMSNTND., D0, Fi
BUSIRORAFIE LRI R~ DR A BB, A2 ) — VE IR,

—J7, ZRBETHRIL Tl iA 10%IRINL 756, ARSI Iy — 2 R EA B L=l
L, ZREKSCAFT A K CIIRIEI SN 7=, ZOfERIE, /KiZ MMP O FRIAREE L ClidsrE
LL72W DD, BIAEED B CHRINT HE, MMP OO 0] EIZEND AlEEMEA R LT
W5, BT, JVFENIKROUINEAE AL, 2K AR B K ORI EZ AR BEC k)
LT 40%FE TEPERITIIL LGB0 — 7 O Z{aflliEL 2. ZORER, MMP Ob—
7 HERENE, IINEDAREED 10%05 20%DHIPH THRARE/RY, SHITIRIEAHET L, Bbd
HIEADRO O, Fe, B/ M EOFFHEN B /K T OIZKIL, fafn Bk ik
HERRIEL, FFEED, X0 BAFCh-7- (R 21.1-3). 22T, K0 iitighsko b LS
FFCELAIFNEIEKE, FBIEITKIL T 20% I 22870 DI, BRI <&
DKRERINTHZET, SPME Ofifitighsn3 [ B9 281503, HOKICB L7 vFrem)r
THEHIESH TGS 990, ZDBBDOAH =X LEL T, B R OEZ RSy E KDk -% T
LT HZET, BRI OIEHIMEZ L TS ATREMER B 2 HiD. LinLands, BHGIL D7
<, ZRRAKEBIRN IR E DFENEFI T HZ L TERNZEND, S %IRRT B
bbb,

ZZETORRHCIY, FIEICEEND MMP Ol Sz E Lz, 8512, GC-MS
OREIZ, ATV R AFENE, AR, SIM 228 ZRAL, %2 2 Ram(bU-FER, Jist
MMP D~ 2Z7a<h7F A%, MMP D& A BAHRD TORNTh)vbE T, 43 R aTHE

I — 7GR L B B A R U
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(2) HiZHh MMP & BiEO R

WRANT, ZORESRMA VT, BIEIZE 45 MMP OEERINEIZ LD E @4 3P 7. Jil
ZRIZ 0 -2 ppb £TD MMP ZERNIL TSRO — 2 mE{EIX, MMP OFRIEIZIGT THEIIL,
ZOPRFEFEPHO KRB T RAFR B R U (FEBIFRER 0.99). oz ik, MSICEEND
MMP (%, BFERINEIC CTER ATRECHL LML, S5IZ, 1 ppb O MMP Z I A2 812K
DISINL 78— 7 EARIEN R, BUROFEHIR K ANSHC IS TIZE—ETHY, ZOFARARE
7T, RIS AR IR UE L5 I Ml e o7, ZORERE, AREEICRBIT D~k
Vo AD RN I NSWZ LA R TH D ThD. LTz - T, RURORIAT LI afiia1F
T 2B IEL, [Fl— DM SRR O E % Z< OFSEO FIAICHEH TE5720, MEHROER
(LB E A KA 72 A Z LM AIRE THD. EHIZ, fEDRIARIZ 1ppb D MMP %
WL, & CHIINT 28— mfEaZ2 RO D721 T, ZrtREfia (Bl 52872, 1 nE
U TERDFED MMP & B ERET 280 WEETHD.

ZOHUNEIEIZLY, FZRICEHEENAMED MMP A, 2Ol E & T H2E03 ]

REL7RD, TERIETITEEL )~ 1o 2D RR D MMP & O AN i REL 72Tz

F21.1-1 A — o T TFT—RAIYRIRFGRA—K

Parameter Value

Agitator temperature 60 °C

Pre-extraction equilibration time in agitator 10 min
Agitator speed 250 rpm

Extraction time 30 min

Desorption time 2 min

Fiber conditioning temperature 270 °C

Bake-out time in conditioning unit 10 min
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Extraction Temperature (°C) Extraction Time (min)

X2.1.1-1 FIASEHAES A~y R A= AMMP & A &I AR EE (a)
BLOYH R (b) D222

(RIZS5H0.5 g, (a) (2B 2 BRI 1547, (b) IZ8 1T D4 HIREE: 60°C)

10000 10000 %

9000 9000 *k

8000 | 8000 | ES5 ulL /

50]LL L % ol

7000 7000 “’ / %
= 6000 = 6000
2 2
: 5000 : 5000
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Ay Ay

4000 4000
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2000 r 2000 r * %

1000 | 1000 F it - wk
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[X2.1.1-2 RE RS~y R AR =BT HMMPE A B DU A A o 52
(*: A hE— UKL TERRS % THE ALY, ¥+ avha— UL a1 % CHEZ

Hh)
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2.1.1-3 RIASEESL A~y R AR — 2B AMMPE A Ik AR K BL O

F AN LK DU R
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2.1.2 SPME—GC-MS (SIM) {EIZ LD RIA T 1T D RS ML MMP & A &0 BIfR O et
2,121 FEBFE
(1) ZEGIEO B2 D RIAB L OSRAD MMP &4 EIE

2L IZTHRLIZFEICT, 2111 (D) ICREEDTEA B I ORIA (G 70 ff) O MMP £ & &
L.
(2) ‘B REFHM

FREARM DRI D RHE 8 O IR BLUGRAZ H V-, K2 5 g 128UK 500 mL (70~
75°C) &M, 5 RRHE, 8T LA — I CCR AR L. DR IR
HIKAKIZT 20 CLL FIZHAIL 7=, 2 K (R 20°C) 1%, 30 mL DA AL — I —(THEEX,
EDIZ, SIS 12 AICLDiHMliAATo7-. FASIR RO« OF LRI, =
Y= LR E L TRARIR RO E 2 ELT, 1EIV) D 708V O TR L.

RoNTeERORRE VL, EEREZR I,

2122 HRBIOEZL

FRENGME (7R, HhZRL, WKL), JEM, AEPERE D R0 — BN OB IO bE K
ANNUTAE EFRICE TN D MMP ZJIEL, Z DA BRI D ARG OB A M LT
TORA DM RBGR A AAYRE T D LT Chho 72720, T OFEED FIKICHITS
MMP ORERT RS, MMP S Bl MIE T 7 EGAFD B ZAH ML L THUR 3 528 L LTz,
T0ob, 35 FOTRE, ENOE R G TRANL TEIAL BITE, §F 70 FEICE ED
MMP DUNT, Sl BRI 7o ffifER & RiEA A L. ZOREE, BARLNSEPZEL
RIASD MMP OEA BRI, RFFICIIZ07e 25 b0 i@y MBI Z R L= DICRIL,
ALBSCIE, WITNORECB O THIRNZERHLN L7257 (B 2.1.2-1) . ZOFESIE,
FEGRIENFIED MMP &7 BB 5975 rTAEMEA RIeL CHsh, FHIGARLRIACIE, 20
AN CHHZ LRSI

DI, MMP &R BEFTRRFE D7) — 707, FSREROFE L OB, BHRETHMC T

WEtLT=. ZOFEE, MMP &8 &1 ZUVNEERF D7) — 72 F0I1T58L, SBIZ, ¥rgn /) —
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VIRV ERUERIEDOFY OIRSITmOEBIZ R U (B 21.2-2) . ZHHDOFERIT, B (—3F
FNZBITLFVDORSEFFH D7) — 72750, LT MMP & A mO IRV N H 52 L%
RUTHY, KEGATE MMP G H ROBIRL B2 GEDE, HIEDOFYDRELAEGINT,
MMP Z4 L CEEHEZ B D> TS ATREMED RIBS V. ZOZEIT, (BHr7e R L oREIC
THREESNA R, BIEFIE /0> TSGR L RIS TEIR RBWEE DI TNDIEE
IERAR CIIZan b s.

LLEDOFERED, MMP I, BEZRBZSRA D7) — 7B B X ORS 2RO F) DR SIZB
BL, BROWEEIEA T HEERFERF GG THY, ZOEHEITIL, KW, KAELM:

(ZINA, ZRBARAES 5 % rTREMED A D LR o Tz

1.1
O Low-Steamed O

0.9 O Middle-Steamed @
o .
& A High-Steamed
07 | %%D
o
z o O
B 05 O
S
& SOA

0.3 (Q%

A
0.1 ‘

0.2 0.4 0.6 0.8 1.0 1.2
Amount (ppb)

X2.1.2-1 ZRESA:D B ARIZE T OMMPE A 231 L VK AFUZ L AMMPHE N &
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a b °

25| S
= R*=0.961 &
g : 0.8
50 | S
2 Z 06 ¢
Z23 ¢ °
5] g 04
2 3
g2 @ Zoa2}
O

1 1 1 1 1 0 1 1 1 1

1 2 3 4 5 6 1 2 3 4 5 6
Overall flavor Characteristic green note

X2.1.2-2 FEEEH OV V— 27 BB HIEEAROF ORI B I OMMPE A 2O FHES
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2.2 RIZKIZIT D MMP AL EbétE OREt

ATERIC T, RZRIZIITD MMP S &IZ, ZREGRIED BT 5 ATREME DS D L7 o Tz
BRIZBITS MMP OAERBEMEEL X, T 2 2ORKRE, 772b 5, O4-methyl-
3-penten-2-one (MP) (ZHiAL K FE BN HZ LI IVAER T D ATRENE Ve, @ AT A 4
BARDDNIT NETFF AESARINOEER FOSIC IV AR T DAL 525959935541 Tu
% (K 2.2-1). RBRIE, OOREIKICERL, MP L3 AT A% FAVW-ET /VERICT MMP
DEREMERL, FIAKD MMP 28, REED K ANFUZIVAER T2 MP &, REIZT ENLHT A
TARTNETFF TV ERT DEACKBZ DS T HIETHEMRT D ATREMEEZH]E L TH
% B, LINLRDD, @OREEIZHOW TSI TS, FiA D MMP 23@0RKIZT
BT DRREMEB RSN TWD. LI TAMIETIE, @ORKIHFRAL, FKIZBITS
MMP N AT A U FER D DI N ETF A U RER IR LI AR T 2 FTREMEE AT L7z

)
0 O
M + H Sy
~ -+ HS
4-methyl-3-penten—2-one MMP
(MP)
(@ I

HoN COOH H
Y HoOC N~ ScooH o
S H
o) enzyme
i Glutathione-MMP

K Cysteine-MMP

B 2.2-1 B /M0IZHITD MMP O A4 ks 5D-52.53).54)
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221 EBIE
(1) cysteine-MMP XN glutathione-MMP DA%, 3¢
(a) cysteine-MMP DAk,

cysteine (0.44 g; 3.6 mmol), MP(0.35 g; 3.6 mmol), pyridine (0.54 g; 6.7 mmol) (2, 7&K
K8 mL A%, EiIZ T4 RFHIHEEL 72, BOI I ROSHRAZ NG TR L, 788 /KK
20 mL ZERMLI=DL, Y7anA%y 5§ mLIZTRE HIHE 2 [FlIfTo72. KEE T/ SR —
4— (10 mmHg, 50°C) | CHE[ESH, RISV BOIRETABE (=X /— L7888 K= 80/6) %
Mz, SOCIZ TSz, ERIEMSET-0b, Eii, WO THEIE (5C) ICTH# 5
SETo. oot g, Ml —MITARE, 73— — (BESME T) IS TS
. 'H-NMR 7 —Z D3OI E 12 & — B9 5 2 L& LTz,
'H-NMR (400 MHz, D,O, ¢ ppm):3.85(1H, dd, H,), 3.11 (1H, dd, J = 12 and 4.4 Hz, Hz,),
3.01 (1H, dd, J= 14 and 5.6 Hz, Hav), 2.96 (2H, d, Hy), 2.18 (3H, s, Ha), 1.35 (6H, s, Hs.5)
(b) glutathione-MMP D&%

glutathione (1.0 g; 3.3 mmol), MP(0.33 g; 3.4 mmol), pyridine (0.52 g; 6.6 mmol) |, 7%
7K 8 mL 2Nz, FIRITT 48 RpERL 72, fR07RURNIRIC, 288 7KK 20 mL Z#N
L7=Db, vranaAs s mLIZTHRE M Z 2 [RIfT -7, KEZT/ SR —4— (10 mmHg,
50°C) \ZCHLIE S8, R BOIRGIREE (24 ) — V78 k= 80/6) Z /1%, 50°CIZT
BSE T, BRICEMSET0bL, Eii, RO THEE (5C) ICTHR ST, 551
Toftms, Mle—NZTAE, 7o —2— (BUESM T) I THEESE-. 'TH-NMR 7
— WA YV & — BT DL AR LI,
'"H-NMR (400 MHz, D;0, & ppm): 4.61(1H, dd, Hs), 4.00 2H, s, H), 3.85 (1H, t, Hio),
3.13(1H, dd, J=13.2 and 5.4 Hz, Hy2,), 2.98 (1H, dd, J = 13.2 and 8.4 Hz, Hi), 2.57 - 2.43
(2H, m, Hg), 2.27(3H, s, Hy), 2.19 (2H, dd, or app. q, Ho), 1.43 (6H, s, Hs.5")
(2) cysteine-MMP 35X TN glutathione-MMP D¢ FEA
(a) KAIVET MTEITH MMP Ak

tAr—21.0g % 20 mL BHTANAT IUZIEIDWEDY, 0.1% cysteine-MMP KIEIEH D
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UM 0.1% glutathione-MMP ZKIEHE 50 uL ZERINL, fHERICEV B —bLTz. ##%, GC A
—7AZTI0C, 157 BMEL, 2.1.1.1 (3) IZFL#R D 4412 T SPME-GC-MS 2341 fik L
7-.
(b) BEESUGTED MMP AERE 1221129

0.1% glutathione-MMP K¥&#& 0.2 mL % ST #R (20 mM Histidine 0.1 mL, 7.86 U/mL
vy -glutamyltransferase ( y -GT, Sigma-Aldrich ) 0.4 mL %% %e 100 mM U BRFEME X (pH
8.0))1.26 mL IZIRINL, &iRAKM (24~25C) 12T 1.5 BESETZDL, 0.1%
S-benzyl-L-cysteine (B2 1E MEMEFE ) 0.04 mL, 1 mM pyridoxal phosphate 0.2 mL, 64.2
U/mL apotryptophanase (Sigma-Aldrich #¢, 0.5 mL) Z¥RINL, E<IHEEE, B (37°C) I

T2 OGS T, FOSER DRI = F e e—7 12 mL 2 iRINL, #RESFhH#%, L

2

(1811 G 547, 20°C) L, LiEZEMLL-. RICEMEZHEITY, EEEZA DY TEHRKILIC
THI 50 pL ECTEME L=, DB % GC-MS /o HricfitL-.
(3) FRAED/EEMEIZ LD MMP AR
(a) KL D57

MR LT, MR EH M I PER S (JRFRL, 2005 4E5LE &) 260 L7z, RSP L7 25 2
8 g Z7% ¥ /K 200 mL (ZTHEFRARH (5°C, 2 B¢fi)) L7z b, 1.0 (1811 G, 10 47, 5C)L, L
a2 R LTz, REEFRAE IR, FEROERME (7272 L8R 7K 1T 160 mL & L72) 2512 2 [Al:
DIRL, fFHiz B0 BRI ORI & ks R LT

T

AL 1.0 g BEORINR DI TS T _BIE OB Rz ffdn OKIETER57) 0.3 g, 7%

J

N,

B O AE R CRERTERI53) 0.6 g &, T4 20 mL AT A AT UZIE0ED,
ek, GCA—7 T TI0C, 153 MIMEALT-. InEE DY 7 V%, 211 I TRIFELT:
FEICTUEL, MMP ZE&LTZ.
(b) AR L2501

FHET (@) LRICH 0% F . FSHRL T A8HE 20 g %, Z8887K 400 mL (2 CHARHlH (5°C,
2 ) L7z, 0 (1811 G 10 47, 5C) L, HiF&BEIUL 7z, fhiHFa L, FFEZRRK

400 mL (Z TR (5°C, 2.5 e L, RIRRIC EIEAREINL 72, Sbh oK@, =
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—b—T g NHF TR LD, WAERE Porapak Q (H AR 4—4 — Xk A2 4L, 80/100
mesh, 50 mL) ZFEEL7=H7 5 (NFE 2.5 em) (TBIKL, FHiA 200 mL 3™ 2[EURL 7= (FT i
57 fr 1~4). IRUNT, 287K 200mL Z3@iRL, A L7 (Wash [#153) . 53 HEIRTO KE
PEE Sy B LOFT BI47 fr. 2, fr. 4, Wash BISyD—Fh%, A7 T 7 4/ 4 —DISMIC-25HP PTFE
0.45 um (ADVANTEC %) |2 T L 720>, High Performance Liquid Chromatography (HPLC)
IINTITHEL, 7 H8% e BTz, A0 SRS R LU, FT B9y fr.1~4 OB
fpihiE, HEKIC T 22D 00, 1RA L. FT Ei433 K0 Wash Ei5y O HHEh 02 g
%, TINEIN 20 mL BHTANAT TEIOEY, ik, GC A —7 2T 110°C, 5 471H
INEAL, 2.1.1.1 (3) IZFEH D ZF:1ZT SPME-GC-MS (SIM) /3 Hriz it L7z,
(4) FT 5y OEEFR RS I D MMP AR OHER

()T THFT- FT 43 0.02 g AR UG HE (20 mM  histidine 0.1 mL, 7.86 U/mL vy
-glutamyltransferase ( y -GT) 0.4 mL Z &3¢ 100 mM U FEFEER (pH 8.0)) 1.26 mL H1ZTC
FIRKIS (24~25C) T T 1.5 BB BUSSE7Z05, 0.1% S-benzyl-L-cysteine (B35 7% M
72 /1) 0.04 mL, 1 mM pyridoxal phosphate 0.2 mL, 64.2 U/mL apotryptophanase 0.5 mL %
WL, g<$HH%, Bin (37°C) 12T 2 RIS 7. BRI MR , 0.1%
glutathione-MMP 0.2 mL ZRINL7SOSHES FIERICTRIL, SOGSHE T, RISH% OWIRIZ
Y )m—7 )L 2 mL AL, RESHhHIE, =0 (1811 G 547, 20C) L, bifzEIL
7o RCEEZFEITY, EEZAOETERKITITTH 50 uL ETRMEL-. SR
iz GC-MS 3 pricfikLiz.
(5) GC-MS

Agilent t1:84 6890N A/~ h/Z 7% L7-. 7772 :DB-1(50 mx0.25 mm i.d., J5/E
0.25 um, Agilent fH8Y) . & U7 — A ~U7 A (fiEiE 1.0 mL/min) . A FHEE :250°C. 1%
AN ATV MEAN (ATV R 1/30), 3EHEA BT 1 uL, A —7 iREIL 80°C~230C
(3°C/4y) LLT-. EEfags (MS) 13, Agilent #-5 5973N MSD # i HL7-=. /4 AbLEE
70 eV (ED), A A JRIEEE 1 150°C.

(6) HPLC
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Agilent £8 Agilent1100series iZ{A7 0~h7Z7 & L7=. 57724: CAPCELL Pak C18 MG
(250 mm x 4.6 mmi.d., 5 um, EAER), BT AR 40°C. EEER: (A) 7ER=RNL/ZEEEK
(10/90, pH 2.5 (H,PO4)) (B) 7 & h=RI)L, /T2 NT, F22-1 17T, Hik: | mL/min.
tH#%: Photo Diode Array (PDA) #H#% (280 nm) , A &: 10 pL.

3 2.2-1 HPLC I8k 7 =k

Time (min.) A:B
0-10 100: 0

25 85:15

35 0:100

222 FERBLUEEL

REEIZBITFD MMP DAERLIZ cysteine-MMP 33 LT glutathione-MMP 2388 5-1 TV 5 AJ BE
PRI o720, FTINOORGIRZGRL, FrtEaamL 7-.

cysteine-MMP 3L TF glutathione-MMP DK AFVET VEROFER, WIFhibh MMP
DERPHERINIZZELY, ZRHOREEGEIT, KEOKANFRE MBI /L,
MMP ZA KT 52 LML/ RS-, ZOZELD, cysteine-MMP 35O glutathione-MMP
1, REEDKANITIVAER T2 MMP ORIEMALZRDIFLZEAVRIRSZ. —T5, Zhbo
it E I, BERPUGIZ T ML MMP 2B 2 28NSV TS, £ZT, Xikes s
(2, BERPUSERETLTOR R, 2R AR, v -GT, IRWNT apotriptophanase Z{FH S
HHIET, MMP DERT 2L BEZR ST

WIZ, REEIZ cysteine-MMP 35 KON glutathione-MMP 235 F405 Al REME A RT3 5720,

FARNCEERZAE S, MMP M ERLT 20 G0 AR T 52 &L LTz, ik 8 g 78R KIC
THIHL, AKEPERES) 2.5 g (IERKT 30%) , NEMERES) 5 g (IR 60%) 4372, fFHiiz
5y % KAFVET VERIHL 72825, AKEEPERZy KD MMP DA AR S22 L db,
MMP RiTBRIAI K ES B3 123 D ZENABINEIR -T2 (R 2.2-2) . LInLIRRD, KM
B R LR A E ST 2A, KRR TG A SNDH T F AN B RE N AR
THIED RS-, ETT, KM 532 W & R HE Porapak Q (ZTHrBIL7-fE 2R, 7%
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VHERIZEAVEGHELURWFT BisE, T AR Z<EA T Wash B153 41572 (1 2.2-2)
ZNHOMEE BT FER, FT Ei5r X0 MMP OAERRAHERSNTZZE X0, MMP B4
I, FT BIISE £ ZENALNER -7 (K 2.2-3) . £Z°T, FT B ICEFRZ/EHSE
L2 A, glutathione-MMP FRINY > 7 /L TliE MMP LN MP O A D SRR S ALT-DITHIL,
FT W53 DHDY TN TIEINT N ME D ARG HER SN2 >7- (B 2.2-4) . ZOfS
BiX, FiASD MMP HiiliEAAS, cysteine-MMP , glutathione-MMP &3 E722W)E THHZE
L TND.

L7=M-7C, RIZRIZEITD MMP 1, 4-methyl-3-penten-2-one (MP) (2, 73 /RO INEZ X
VAR T DAL KB DI T DIV AERT DA REEA W EB 2 DL, T/ E A &

ERBOBIRRC, RIA RIS TR DR BRER S RUVNEE R EET DR L AR FE AN
HTLaEZRDELHLY, WE TRPOREITIIT DK B MMP AR B8 E
FAFFT eSS

F 2.2-2 FAESE O K AT T VEERE D MMP E iR

FRAR MMP 2 (ppb) MMP

(ZK¥E 1 g H7-b, ppb)

SR (1.0 g) 1.27 1.27
AKEEPEE 47 (0.3 g) 4.20 1.34
A4y (0.6 g) - -
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— 2500
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o 1500
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HPLC ZJATIZ R D5y DA 7 8 TE sl
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132.00(131.70 10 132.70): IOQL,G'H GMN

:| FTE 4 fNELET

m-»i’b 500 570 580 590 600 €10 620 830 640 650 660 670 680
Aburdance Jon 132.00 (131.70 10 132.70) 'wqm|)mn

| FTESY HE W

e . MMP . |

l
i | \h

' " !‘ !

100 ’

*
Time—s 5% 583 67 880 58 8 €10 630 640 650 660 670 680 680
Abuncance fon 132.00 (131 70.1”.70) W 01’2.0

¥ Washi@[%y NELET

m:

200! | l

- : :\___/V\/\NA

0 560 170 &ﬂ 580 600 uo .O O.U C“ .70 uo ‘N

100
%0

m:‘ l!l“lﬂ(‘)lﬂbﬁ?m GT2_hD\datams
:l Wash B4y /4% M‘
”‘

l l
|
| |
100{ l

Time-> 550 560 570 580 590 600 o'oo 820 6% 840 6% 680 670 680 6%

X 2.2-3 FT #4335 KO Wash [H530D K AIVE T /VFEERA. D GC-MS 70~ h7F 2

(m/z:132)
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Abundenen | R glutathione-MMP
i MP
oo | | .
| /
300000
200000 |
1m \\)k/ \ ‘
iy L S——
Thme-> | 300 380 400 4% 500 550 600 650 700 750 800 850 $.00 950 1000 10.50 11.00 11.50 1200 1280 13.00
Aduyndance TIC: 100828 20
I MP FTiE4 + glutathione-MMP
«00000| | |
-
o000 | |
|
200000
| | MMP i
sooo00l || i
| | \'\ J \ Il
ool e S VA | . -

Time-> 300 350 4W 430 8.00 5” ooo 050 700 7” ooo 850 9.00 '90 '000|0.01|W1|5012N|2$0|3m
Abundance - 100826_3.0

| FTE%

i

i

!

W_t,' lL! |

e e
Teme-> 300 380 400 450 600 550 660 88 7.00 7.50 800 850 .00 .50 10.00 10.50 11.00 1150 12.00 1250 1300

22-4 EFESHED GC-MS 7~ h7F A

L Eo#ER LY, RERTERA D) — VBB L ORISR0 B/ OMSICB L, Rk
CWE A AT D EERER T 5 THD MMP OEARITIE, &8, KANSHINZ,
FREMRMED R, 2203, 7VBRVAER T DR KFE B BRI G L TODTED R
SNz, $7ebb, FUEO RERERIL, —ERAiR sk LA TR L, #bliadet:
ITTRANT DZE TS IAZ EAHERR ST
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23 ER

RETIE, BE CTRBEEOEOIIZEOFYOIRICEDLERZ AT 5720, B
He R A D7) — 2 2B ~OFE D RBESI TS MMP (235 H L CERE{To7-.
MMP 1%, ~BEOEBELRERHT GROELTRESN, —BRICRLE<EGEN, &K
VBT E A BAKRIBIUR T 352880, SWE OGRS TWD. —J, —fiRIC
HIASIE, B bOEFHRENETHLEALOTH, ITE TR > TODIRAELICHE AR
THEIOHES, BELIEN TWDES DI TNDD, TOEWIIEE 5L TOD AN S
(2725 TR, L TAMIZETIE, EARL R OBENTZFVIZ MMP 23 5L T\ oZe%
HEL, RO RRDEHO—FELRDO MMP A BBIONR HEOEV 2 k528
T, BIADOEDE MMP ORIRERFILT-.

BT IZBAFEL 72, SPME (Z&DHUE S 72 FIA T MMP & &bz VT, 35 DR
RBIOENGE KANLIZFIED MMP & 7E B LT-/ER, WALBL AL ORI T,
MMP & &3 RFIPHIZ 0720720306 L2\ iRz R UL 7= DI L, SZRL R TIE, W
FTIDOFRIE LB THDRNZERASNE /25T, — T, MMP B BEFTRIFRE D7) — 78
Y, RUKREADOFRY LOFBZ B REFHIIC THETLICR-ER, MMP 13, BikicRESNLRE
IRRERFE D7) — U RN BLOREREOF OB 53 22 Enb Ll o7z,

B O MMP OA RS L T, OAAIUCID AT MP 12, 7LD AR D
{EAREDIINT DL TER T D AHENEE, @V AT AAERRD DT VAT A AEE D
DEERFUGIZ RV AR D ATREMEA IS TS, FIZEHO MMP 7235, QORI CAERT 2L
I, T TICKAIET MZEOBEESILTODDS, @DFREEIZ DUV TIRRES AL TRV, 22
TAMFETIE, FIAFO MMP 73, Y AT AUFEGIRDDUVNIT VT A UGB TS
ATREMEARRRLTZ. cysteine-MMP, glutathione-MMP &AL, KAIVET /LG L OWEE
JIMCHELTZAE SR, W MO SURIZE TS MMP 2VERLTZ. —J7, MMP ORIBM A 5 Te 5

e

N

Sy [RRED SO AU 7RG R, KT T IV Tl MMP O SHERS V=S, R
SO TCTlE MMP [ XERR L 72772, ZOFERIE, RIZEHO MMP 1L, @O Tlidak, Oofk

TR DI ERIRL TS, SBIC, FREEPORUYKFR R, REHHRI R RDIZET
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FBZELY, FAE O MMP ARERITIE, 73 /B0 AR DR KRB BB 5 THENE:
DHEEES T
LI EDFERED, MMP (%, BERNAAEA OBV G T2HEERELXRD THY, 205
AR, B, KANEITINZ, RGP ERAZ B TV AZ e RBShz. 7
b, BB CEBIHEDO RO EAOERIL, MMP % HIREL TSI, —BAA (SRR skl
BHEITTREL, BUREMHTTRANT DL TSN ZEN B ST
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FBIE BMEREROFVICETAHE

PRI, BAROEHAZRADEN GHE) ITTHOORD, i7em AR OIS ThH2.
HEBL LT, KEICBW T ROBIIBEBEL CTHISNDONRETHo720, IF, BT
W, SESFREMTORMANILRLTEY, ZORA OFWIT A AR bERET ik
RELTEMFUTIENDSOHS. SHIT, kT, REIZEGENLID R T LIAHRAE
BCELHIEND, RN EMELTHIER STV,

BRI, BIRLFAICS, MR LIZAEONARRE A AR CRIES LA MG THD. L
U, AR ORI R, IR L1308 T 2720, BRI OBOE PR B LI 8 384 iUk
ELTHW, IBHBI7e kR Ok GEEVE, BEATRFETITHEL, AEIC TR IC TGS
o, ZOIHRBHEDEWT, FVICHEELRKITL, Fiff CTo&elLirV— e
THRKIIKL, HETHSEFIRXLSZEFFoa=—0R )= EE a7 5. T, &
IRIRERAE D i TEED R HWEVITEIHEN EL, REBRHEDOFIDNERLEZAD. L
T2 TEDFNZED, REFIALIZE M EITRDONLFVTHD. LD,
— RN LA S SN DR I THEEZE THY, FODEINET TR BRI
Wz, I EDROIL, 2T TIHHRA DRKAZ R SN D/ ITITRB. 22T,
AR DRI Z LT D701, RERHADEFVEHH TILERNROLND.

RERHWADEVEHBLICELERI ORI, ZOFVIZHET D ORI LE
ThDH. LNLIRNRD, AR DFE R W ToWFEHIIE, FLAR RIS & H A~ Thid T 72
<, BAEBFER LM T DR, TNHOA B LA ORISIEL ORI, 1ZEAEH
BANZZIVTWR. ZhU, M7 K T8 O FEREMEIENES, b TR C&
ELR T WEDFEREBRIZERL G T DI ENREE ChoTeld B2 HID. ETTAR
FIETIE, HEFERDOmHTIEE TR, HROFD O ERE 2> TOD AT B LRI B E e
PRI 2B 5T D NI T 52 L% AICERE To 7. ST, $E
FROBBHEILEREFRZDOOEDLEL TR, FeADALN—K, ARV IRF/ e[ T 5
trans-4,5-epoxy-(E)-2-decenal DA FRAEMEIZE B L, A DOEFXE kRIS TR OB EM S
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RELT
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3.1 EORRDEKRDOEVZEHFE T DS DFEH
3.1.1 EBRIE
(1) EEAk

o B DRI DIFEOHA (Fifk, I, ) 1%, RS DL A LT, SRR I,
RS B AR Y O SE T 7o, BRI, FEBRIE T2 ET20COMmMEICRELZ.
(2)-1,5-octadien-3-one*® , (Z,2)-3,6-nonadienal®” , 3-methyl-2,4-nonanedione®® , 2-acetyl-2-
thiazoline®” , cis- 3 £ O trans-4,5-epoxy-(E)-2-decenal®® |, trans-4,5-epoxy-(E,Z)-2,7-
decadienal®(Z, JCEKICL 723\ E AL, PREFFEEE (RD OB LN~ AR ML D — Bz RS
L7z, BT —2 %L TR
(2)-1,5-octadien-3-one
Rlpswax: 1379, MS(ED : m/z(%) 39(14), 41(26), 55(100), 95(3), 124(M*, 0.2)
(Z,2)-3,6-nonadienal
Rlps.1:1073, MS(ED : m/z(%) 41(25), 55(31), 67(100), 79(33), 95(16), 109(31), 123
(8), 138(M", 1)
3-methyl-2,4-nonanedione
RIpp-wax: 1728, MS(ED : m/z(%) 27(14), 41(16), 43(100), 55(11), 71(30), 72(17), 99
(66), 170(M", 4)
2-acetyl-2-thiazoline
Rlpp-wax: 1772, MS(ED : m/z(%) 43(100), 59(27), 60(83), 87(15), 101(16), 129(M",
89)
cis-4,5-epoxy-(E)-2-decenal
RIpp-wax: 1984, MS(ED : m/z(%) 39(16), 41(17), 55(14), 68(100), 69(12), 81(14),
168 (M", not detected)
trans-4,5-epoxy-(£)-2-decenal
RlIpp-wax: 1995, MS(ED : m/z(%) 39(14), 41(15), 55(13), 68(100), 69(11), 168 (M",

not detected)

52



trans-4,5-epoxy ~(E,Z)-2,7-decadienal
Rlps.wax:2059, MS (ED) : m/z(%) 39(46), 41(64), 53(21), 67(95), 68(100), 79(33), 81
(54), 82(16), 91(16), 137(4), 150(2), 166 (M*, not detected)

{b&w2,5, 6,813, 15,17, 20, 21, 23, 26, 28-30, 34-37,39 (F3.1-2) BL VI, 1V, VI, VI,
VII (3R3.1-3) 1%, B bl TEMRASHIDIEAL, 1,4,18,32,38 (R3.1-2) BLU LV
(R313)1F, 27 ~T ARV F Vv S XA L. 31, R TR S 0 IE
ALUTz. 2-octanollX, 7747 AR LVEEALTZ.

(2) BRI O

PR 8 glZ 5% EKYTF)LT—T/L 80 mL BLUOWHHZEHEYE LT 0.1% 2-octanol
(PrmanAFERIR) 20 LA NNZ, SIS T2 R Rt %, .0 (1811 G, 1547, 5°C)
(Z RO ER S BEL 7. A5 5007 fl R IR AR R 14, BRER T RUD ARV KL, SAFE
(<5.0x107 Pa, 40°C) IZXVAR L, REFEMER Y 2 RN 30, 15D 531, =R —
a2 (35°C, 550 mmHg) IZXWIEHZE EL, 5 mL ECEME, ERKIE FTH 100
ul ECEMELZ. SN FRIEMEWIL, GC-MS 54T (a) 8L AEDA ([T L=, %Ak
SriE, RFFHEEE (RD), v ARSI VB I OEFIZAE ML T 22 LK RIEL, RIS
HEW'E (2-octanol) 1Tk AL AR A7 772 — (RF) & 1 LLTERL.

(3) Gas Chromatography-Olfactometry (GC-O)

Agilent 18 6850 WA/~ /T % L=, 7772 :DB-WAX (30 mx0.25 mm i.d.,
IS 0.25 pm, Agilent #18Y) . A —7 R :40°C~210°C (5C/min) . Fx VT —H A~V
A GRE 1.0 mL/min). FEAE: ATV R AEAN. A BIRE :250°C. iEHEAR: 1
ul. K g BMAE M H 2R (TCD, 230°C). TCD O H DHITICH W IR HE B AL, 1A
HENTEFRR S 2Rl L7z, ([CR WIS SRS, MG 30 F Xy O i &
Bi<T=, VR e—4—CHIRL, &5 100 mL/min D22 4@ UT-.

(4) Aroma Extract Dilution Analysis (AEDA)

QI THEEEFEX R D Z, P r7aniZ N\ TEBEICAE T SFIRL, 3)IiE#L-

GC-OD KM TREL, K DFEXZ B TE5A AT (Flavor Dilution (FD) 7 77 %
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—) RO, AEDAIZIENL D, 240 D/SRY AR IREERA B L0 DH 7 VA T
ML GC-OZATV, IR EFM A E L. FD7 772 —I%, 35 D/ SRV ARDH L, 2
VL ERBRH LB AR LT, FDY 77 2 — O 5EMEE, PNEBEEHEY)ET (2-octanol) DI
WA R T AL TR LT

(5) TI/EDSHT

(D ICEEHDOIFEDOELE 2 L2, 4504 gl 788G /K20 mLAFRINL, RIRIZ T304 I
FRRhH L7z, =0 (1811 G, 1547, 5°C) 2O HiGA KIS TSR L, SO II8R A FEE 2 Z
LNOBIAS RP-ODIL(HNAT 74—V T (7 BRI LT=OBIZ, T8
WLz,

(6) Gas Chromatography—Olfactometry of Headspace Samples (GCO-H)

Gerstel tT: B TDUMEA A5 25 18 36 L OCIS4A v ¥ = 7 2 — 58 H> D Gerstel 1 HL0DP312 35
IR Xl 2 A U7, AgilenttBU7890B A A/~ T 7 &M L=, 5172 DB-WAX
(30 mx0.25 mm i.d., 5/20.25 um, Agilenttt#) . A4 —7 iR :40°C~210°C (5°C/min) . ¥
¥VT =T A AT A EELO mL/min) . A A7V R AEAL AR :250°C. 3
BHEAR: 1pL. 8 KB RAA A s (FID, 250°C) . A7 LX0EEH L= F XS
1%, A7 Vo2 —ZTL10D R THT, TNZNFIDIBLUODP3~E o, £ g450
MLA T TANAT AR, BT ZLTTEMAE, 40CIZ T30 MLz, i kiz o
ANy RAR—ZAA(10~0.25 mL, FD7 727 % —1~40IZ5%Fiin09-99) %, HAXA RV NZT
REIY, TDUMNEBAE 2408 (250°C, Wi #2500 \ITIEA LTS, 29A4F 74— AL, K
RERITTHAILTZCISA (-100°C) 12 TIHHEL, CIS4%E2IRIZ260°CITIME (553 [FIFRFF) L,
ATV N AE—RIZEDGCH T H AY — LTz FDZ 772 —ORUEIZHAL D, 24 D/ R
ARG 4B LG DY 7 % O T IRLGC-OE ATV, PREFIRFH & F 4 i &
L7z. FD7 775 —I%, 32O/ VANDI G, 24 LI B LT fEZE B L=
(7) TRFLFEF—), TR T H ) — LOEIE

TARF VTSV BLORTRF T H T — O BMEKERET D20, ZEOE

RIS DELIE D 2RI 7=, HRAR40 gl2400 mLOS% & kY = F )L o—T )V &%, =&
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IR SRR %, 20 (1811 G, 1543, SOICEVEIRIBEL 7=, o=k XIE
AR, fiEe T R AZEOBiKL, SAFE(<5.0 x 107 Pa, 40°C)IZLVZRBEL, A7
Y45 PR30, BB, =KL —a(35°C, 550 mmHg) IZKVIEHIAZ R EL,
#5 mLETRMitR, ERKI F TN mLETRMELZ. S5 7-FKURME?0.5 mLIE, 2V
7177 /v (Wakogel C-200, 5 g) L ZAZTHRIMLIZH T AH T 5 (15C, 20 emX 0.7 cm i.d.)
\ZC, LLFDFr. A~CIZ43EL7-. A:n-pentane (30mL), B:n-pentane/diethyl ether (10:1, v/v,
30 mL), C:n-pentane/diethyl ether (10:2, v/v, 30 mL). F&Ei43 1%, BIROFHEIZTHIS0 uL
FTRRAMEL, GC-MSHHT (b) ICHEL 7. SHITHER T 27280, Fr. CEBEL VAT NAT LT
4yH L, BLF ®OFr. D~F#%437=. D: n-pentane/diethyl ether (10:1, v/v, 30 mL), E:
n-pentane/diethyl ether (10:1.1, v/v, 30 mL), F:n-pentane/diethyl ether (10:1.2, v/v, 30 mL).
B, BRROFIEIZTRS0 uLETHERMEL, GC-MSHT (b,e) IZfikL7-.

(8) GC-Mass Spectrometry (GC-MS)

(a) Agilentft#47890B A/~ F7 & HLT-. 7172 :DB-WAX (60 mx0.25 mm i.d.,
fEJE0.25 um, Agilent4EH) . U7 —H R AU A (3 1.0 mL/min) . A HEEE
250°C. FEAE ATV MEAN (AT Uy R 1/30), fBHEA®ITL ul, A —7 R
80°C~230°C (3°C/min) & L7=. B EMHIZE (MS) 1F, Agilenttt55977A MSDZA L=, A
A ALTEIE 70 eV (ED, A4 IR : 150°C.

(b) GC-MSEERBIOHIT AT (a) ERILHDOEEHLIZ. TV T —H A A~U7 L (FEH1.0
mL/min) . {EA R :250C. {EAE: AT Uy M AEAL S UEHEARIT0.2 pL, A —7 1R
FE1340°C (143 FEIPRFF) ~230°C (3°C/min) &L 7=,

(c) Agilenttt#7890AT A/~ 7 F72A4F A LT=. 772 :DB-1(30 mx0.25 mm i.d., /%
0.25 um, Agilenttt:#) . V7 —H A ~UT A (it 1.0 mL/min) . 7 EA MR :250C. 1F
AN ATV R ATEN. UEHE ARIT0.2 uL, A —7 R 1340°C (145 RFF) ~230°C
(3C/min) EL7=. B EMiHES (MS) 1%, Agilenttl:#5975C inert XL MSDZA HL7-. A4
{LFEE:70 eV (ED, A4 IR 150C.

9) T
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TN E BSINAT 77 40— VT 4 7 FEBHITACHI L-8900% 5 L7, 7 A
Ton-Exchange Column #2623PF (25 mm x 5.4 mm i.d. x 2, HN AT 77 4—LF (274
B . VAR : L-8900 PFS-KIT. #i%:0.56 mL/min. %% : UVIRHIZE (570 nm, 440 nm).
BOGE : = RV, HEANE 20 ul.

(10) TARFL Tt — VBN RO FREFFA

TGRS BR300 glZ, 4,5-epoxy-(E)-2-decenal D2 ppmT4 /— LIRHEZ30 pLisInLT-.
KHERALIE, =% /=D FH%E30 lLESIILTz. L 7S BEHZ DWW T, SRR O H W EBA
RSTS84 TREMI L 72, FWIROFRSIL, 1 (H3\ ) 2357 RV ORI TERAL, Hhi

LR ORERE L, ErEREE R H L.

3.1.2 WRBLOBEZR

ERAEIELC, ik D B2 HA T 3 8 (FBfk, 3, (K8 &2 e, Bkdiasix
HADIEFEC ek E B L, HEEFIILSE T FFORIE/R 7Y — A fied Tl
BLTW e, — 7, I, IRROHEIT, RRKTALERGEE 2L, SRk RICRO LN
IE 27 ) — I8, FRTIRRR L, BT OMREZGLERI (VT —), Mk, 7
7T A IREFM ARG LT, SR ORI TERBIIINR: THY, ALACRIEDIDIZIR
REBRHT 2O TIERL, MIREOLOZFIHL, BTHILNILALETHD. LIEH-T,
WROFERJEIRT D721, RENOEIER T A B IRICE ENLER %, ~
Y RAN—ZH K% GCO (GCO-H) EARSRIRMEMITHRT 5 AEDA IZTENENIRKL
7z,
(1) HERITEENDERRLSY
(a) FEEFRIT O EEFR w5y DR

WA A IRICE ENDBELR I E T T D120, 3 MOWIEOFLIENEWZ, TAlihtkE
& SAFE ZFlAA DR HIEICIVRBL . RAAROFRL, hHEschrr =T v
T—7 IZXL T, D EOKERINT HZETHIH T 2283 RS oo 7 . SBHIZ, i

PR A TR O T BEL TR 15 i ik 1%, SAFE TO#EMAZ KIEICET L%
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REELTz. ZOIIIT, WERRMED /e —HOBECHROLN - HRIEMEY L, ThZEh
DPIE DREEI 2 TR IR ELTRY, GC-0 ICEDER A5y DR ICRbIELT-
IR TN T o7z, 3 FOHKADLRMLUI-ELREMYEZ GC-MS #Hris L GC-0
(AEDA) IZffiL, FXR A G- EHRBELT-. GC-MS AT OFES, 120 iy Ll Ep3tiEn,
ZDENEIZELT T RTOY I icdadiL, i, FRAOFRLTEL T TICH
HINTODIEEM TH -T2 (R 3.0-1). LOLEnE, HRDONTUATMEZEITK
AR, BRREE T, ERICZEENLTEDNFHILTNDI I HRR, T/ ML
DB L AR T HE T DI, 75 2 L ianiz (K13.1-1) . Ziud,

RIBRIR CooNmT JARBLOT IV BOEH &N, BlHERICB N TRHIZZ WD EEZ
HD. EEE, sk AORT IR, WIBXOMERER DB LE 4~6 (FLBHE L)
o7 (B 3.1-2). 7IUBEEL, —FRITRDEL, BHIPERDIC OB 52820, 1
KB IR B IZ HNDZE, IaT JARRIL, WEKICENIELY, KB K
HEEDBEOD, HEROBFLZMRICEEL TWDLDEEZBND. —F, KRHEETIE, &
FEOIPEIZEVEIL, Vv IV AR T HZENHELZ I TS 2 2,4-heptadienal,,

1-penten-3-ol, (Z)-2-pentenol D& A BN IZL D721, hexanal ZILHET LTV

7 B R, hexanoic acid Z XU ® & 7§ 22 £ <M i 7z, 2,4-heptadienal ,

v

(Z)-2-pentenol, hexanal 1%, FFEERFHIOEEWATEIZZ LS, RERADTDIER~DFH 54
HELREINTODHITHD 1. LTe3o T, BB IZZNDD S B ELEENLHT LT,

WRIZRBWTY, RURLARRIS, MERES W E 2/ T D TREMEARL TVD.
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£ 3.1-1 WEORLAHADO FEFRR S

(ppb)
No. Compounds S mEitk At fEik

1 2,3-butanedione 11 8 11
2 pentanal ® 55 69 99
3 l-penten-3-one ® 12 44 57
4  a-pinene - 14 -
5  2J3-pentanedione 27 37 18
6  hexanal ® 77 105 267
7 (E)-2-penten-1-al ©) 12 34 69
8  4-methyl-3-penten-2-one 13 18 4
9  1-penten-3-ol ® 113 292 504
10 4-methyl-2-pentenal ©) - - 22
11 heptanal ® 48 41 45
12 limonene 13 23 -
13 (E)-2-hexenal ©) 17 25 71
14 2-pentylfuran ® - 10 6
15 (Z)-4-heptenal ® 16 24 38
16 amyl alcohol 151 143 169
17 (E)-ocimene 4 10 8
18 acetoin 22 24 16
19 octanal ® 15 16 23
20  1-hydroxy-2-propanone 32 39 20
21  (Z)-2-pentenol ® 90 234 413
22 23-octanedione 16 18 17
23 (E)-2-heptenal ©) 6 8 20
24  1-octen-3-one 3 2 4
25 2,6,6-trimethylcyclohexanone @ 6 21 10
26  2,5-dimethylpyrazine @ 31 21 -
27  6-methyl-5-hepten-2-one 15 49 79
28  3-hydroxy-2-pentanone 16 14 21
29 (Z)-3-hexenol ® 31 43 51
30 (E,Z)-2A4-hexadienal ©) 13 22 16
31 l-octen-3-ol 9 - 14
32 acetic acid 915 1665 1407
33 2-ethyl-3,5-dimethylpyrazine ® 12 3 -
34 furfural ® 10 15 -
35 (E,Z)-2A-heptadienal ©) 275 504 698
36  trans -linalool oxide 6 17 19
37 (£)-1,5-octadien-3-ol 8 11 11
38 2-ethylhexanol 30 21 19
39 (E,E)-2A-heptadienal ©) 131 285 647
40 decanal ® 15 13 18
41 (E,Z)-3,5-octadien-2-one (tentative) 141 119 155
42 benzaldehyde 106 114 57
43 camphor - 4 11
44  propionic acid 36 46 209




(X 3.1-1 >O%)

45  linalool 43 54 49
46  octanol 38 32 32
47 (E,E)-3,5-octadien-2-one 36 27 22
48 (E,Z)-2,6-nonadienal ® 15 13 30
49 (E E)-24-octadienal ® 3 11 16
50 6-methyl-3,5-heptadien-2-one - 7 11
51 hotrienol - 28 -
52 2-hydroxy-2,6,6-trimethylcyclohexanone (@) 349 197 175
53 l-ethyl-2-formylpyrrole (tentative) @ 27 23 17
54 4-butanolide - 45 -
55  B-cyclocitral 71 90 79
56 phenylacetaldehyde 117 131 70
57 2-formyl1,1,3-trimethyl-2,4-cyclohexadiene - 21 13
58  (Z)-3-hexenyl hexanoate 36 37 20
59 isovaleric acid 17 22 13
60 2-methylbutyric acid 17 22 13
61  4,5-epoxy-(E)-2-heptenal (tentative) ® 88 206 304
62 viridiflorene (tentative) - 19 -
63  3-methyl-2,4-nonanedione ® 49 66 57
64  4-hexanolide 17 21 19
65  (Z)-3-hexenyl (Z)-3-hexenoate 20 28 30
66 23-dimethylmaleic anhydride - 17 37
67 geranial - - 12
68  PB-bisabolene 15 - -
69 a-muurolene 30 50 12
70  2,5-dimethylbenzaldehyde - 13 -
71  cis-linalool oxide pyranoid - 22 21
72 pentanoic acid 14 23 80
73 (E,E)-a-farnesene 17 71 72
74  y-crotonolactone 21 15 19
75  trans-linalool oxide pyranoid 5 8 54
76 (E,Z)-2A-decadienal ® - - 20
77 &-cadinene 20 75 20
78 methyl salicylate 4 11 14
79 (E,E)-24-decadienal ® - 10 29
80 calamenene 16 32 14
81 geraniol 45 12 11
82 hexanoic acid ® 76 114 214
83  geranylacetone (@) - 89 195
84  o-ionone @ 396 133 65
85  benzyl alcohol 288 138 123
86 (E,E.Z)-24,6-nonatrienal (tentative) ® - 17 31
87 N-ethylsuccinimide 123 32 19
88 (E,E.E)-246-nonatrienal ® 21 27 56
89  benzylcyanide 30 79 24
90  2,6-dimethyl-3,7-octadien-2,6-diol (tentative) 14 21 28
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(X 3.1-1 >O%)

91 P-ionone (@) 722 468 418
92  cis-jasmone 15 22 10
93  heptanoic acid 111 22 -
94 dodecanol - - 21
95  (Z)-3-hexenoic acid ©) 489 436 402
96 2-acetylpyrrole ® 70 43 -
97  5,6-epoxy-f-ionone (@) 215 131 184
98  3-hydroxy-2-pyrone ® - - 15
99  trans-4,5-epoxy-(E)-2-decenal ©) 3 4 8
100 dihydro-3-hydroxy-4,4-dimethyl-2(3H )-furanone ® 25 12 -
101 4-hydroxy-2,5-dimethyl-3(2H )-furanone @ 185 52 -
102 (E)-nerolidol 311 467 529
103 4-nonanolide 6 - -
104 cubenol 42 34 -
105 epi-cubenol 45 58 63
106 p-cresol 22 19 13
107 B-elemol 39 53 45
108 4-hydroxy-5-methyl-3(2H )-furanone @ 141 48 -
109  6,10,14-trimethyl-2-pentadecanone 44 16 23
110 2,3-dimethylnona-2,4-dien-4-olide 55 48 42
111  2-aminobenzaldehyde 23 16 -
112 tetradecanol 24 12 7
113 T-cadinol (tentative) 125 130 90
114 T-muurolol 117 158 118
115 -cadinol 50 64 40
116 methyl hexadecanoate 42 9 -
117 a-cadinol 215 294 201
118 (Z)-7-decen-5-olide 31 - -
119  3-hydroxy-2,3-dihydromaltol ® 42 140 32
120 dihydroactinidiolide @) 675 350 332
121 4-vinylphenol 26 43 26
122 indole 135 427 421
123 coumarin 6 11 9
124  skatole 2 2 -
125  vanillin 50 69 53
126 phytol 116 49 -
127  p -hydroxybenzaldehyde 91 75 30

* F: OAnT AREVERT By, @7 /B, ML AT 515,

ONEE LY AT DSy
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—7J5, GC-O(AEDA) DfE R, 8 05 47 D FD 7778 —%H 4539 =&ML, &%k
(B DFHUL A 6 iy 2 G T 36 Ly A FIEHDWTIHEE L 72 (R 3.1-2) . ZNHDALSY
DIFEAEPHEDDIIHO TR SILZA S ThD0, EDELE, ALARTAICE £
TOBZEBRESNTVDBES THD B8, LT, A OFXITL, ZhbDmsy

BONRT U AP RCRIAA L IIRESE R DT OICAE AT ENHEERIND. ZNHDH AL
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ST DD, HERIZEENLIERUTL, WTHLOME TH@EW FD 7772 —% R LT AA —
b, V=2, A7, Ta—F)VIgERGO RSy (FD 7 7 74— 02 > 4%, RSD < 20%:
4-hydroxy-2,5-dimethyl-3(2H)-furanone , trans-4,5-epoxy-(E)-2-decenal , coumarin ,
3-methyl-2,4-nonanedione , (E,Z)-2,6-nonadienal , (Z)-1,5-octadien-3-one , a-ionone ,
(E)-isoeugenol ) # F K L L T, MK ATl —ANEEZH T D5
(2-ethyl-3,5-dimethylpyrazine, 2,3-diethyl-5-methylpyrazine) , &K TILT7 7T 4—72
FMOR%5r (Z,2)-3,6-nonadienal, (E,E)-2,4-decadienal) ® FD 7 7274 — N\ EDS BN
([ZpoTe. ZORRIE, AR D GC-MS T LELNTRER, 370bb, mlksk Tides
DUVHE, TN EL, A TR T VT BRSSO EE R G, BRSO T
BCIREOEAED, EEEATOEVICHEL TOHILZRLTND.

— 77, BRI DR RREVICHF G DG AN T D70, RURDOFDEDEN
([ZHE AT 5E, AEDA [ZTRWE GEEZ RIS DG, V=, A2y 7ieFEfefi+
%, (Z)-1,5-octadien-3-one, 3-methyl-2,4-nonanedione, (E,Z)-2,6-nonadienal {%, Kumazawa &
ICE DB DELR R GBI T HHE DICBWT, RIS TEW FD 77748 —% R4 2k
BDHESNTVEN, TOMD, AL —h, 7u—S LR ER/EHTS
4-hydroxy-2,5-dimethyl-3(2H)-furanone, trans-4,5-epoxy-(E)-2-decenal, coumarin, a-ionone,
(E)-isoeugenol 33 L ONEMAFE A IZRFEIRE TV IR, RIS CIEEMR B DWITE 50
BRNZENRHDNLIR ST, ZDZERY, A —F, Tu—FVREFROM Sy bn—ANEEZ AT
DETYREN, RURLIIR M Z RITT 5 ek A D LS ICEE THOLZEPHEZ ST,
R LBHRAEDOFR T HHANCZOII BN ECHEREL T, B #E O E s TR
DEWVWNEZZLND. T 7205, 4-hydroxy-2,5-dimethyl-3(2H)-furanone , 2-ethyl-3,5-
dimethylpyrazine, 2,3-diethyl-5-methylpyrazine | %, ¥i& 7 I /WO INE S TELHIELD,
BRI LD BED T I B G BOE NS Z DRI L TOD AR S .
£72, BRI, BRI EOOFEH O TR, KRFH (180~200°C, 30 70) IEENLT20,
ZIVIRTIH DR DN R L TWD RN HD. RERIUEOEEREFER T

HR5yTHo MMP 3R DITR ISR o122 &b, KANSAFEOEN DL T
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HEHEIND. 70D, MMP 1, 120°CLL EO K AN T T, B8 &3 B T5Z
L&D 19 AP OIS ER, RO KANSM T T, —BARLZ MMP 2353 fiF4
HZEWEZBIVS. a-ionone |, RIIROEIY, HBIREFCELD 0T JAROEINDS, A%
BICHEBL QDB EEZBND 0. trans-4,5-epoxy-(E)-2-decenal 1%, FLASDFEME TR TY
J—IVER IV AR T DREE TR D THLZENHAESN TG O3, PRIRICITREE TN
HENWZ L LD, AR LI TR R DI THEMRT HEB X BIS. trans-4,5-epoxy-(E)-2-decenal
DA RBERE ORRFHRE ROV TS, IRENZ TR 5.

(b) trans-4,5-epoxy-(E,Z)-2,7-decadienal D7) &

WREBERD ERELIRDAA— MR T DR L LT, FHEAZE I (sweet,  juicy,
metallic) #7535 3 B LIZ. ZNHOH T, EHENE,-T 2 KolE, s
G AART I NIV EB/DLZIENTE, TH%E cis-4,5-epoxy-(E)-2-decenal ,
trans-4,5-epoxy~(E)-2-decenal LR EL7=. LinL, 55 | BT I E Cho7=728, AEDA T
LI 7 VinG, ZO g RETH2Z8IETER) T, Z2T, A5—nAT v
L TR B RBEMEME L VTN T 500 T T7 =T TOR USSR, Rk o~ A
NI EHRDHIENTEZ., ZOFLZMRTE, =R FXT 72— /WZHEBLEFfHE~ AR
NIMVERTHIEDD, ZOH®EE THEL. 61T, CHkIF#] O% I, 2ok
trans-4,5-epoxy-(E,Z)-2,7-decadienal HEEL, A IR ELIGLTZAE SR, F, ~AATE
NV, REHEED BRI —ELTE.

TARXL T HY T — U, TARF T 'S — LV ERERIC, REaFAENIERD DR T ST
EDRHBIN TG, T7hbh, TARF T v — AR ) — VRIVAETDDICKL, =RF
T AT TS =T L R E AR R E R LV AT S TV UL R, V) — Vg LR
PRICRBED IR E AT D E BRI CHHIEMD P, ZRF VT HVTF—T,

3

FKOBIEHFICTRE LT F— e EbIAERLIZEEZLND.
(2) BRI DESFRRLSY

3FEOEAEDNBIEIEFE R % GCO-H ITTHHTL, Z4HD FD 7774 —& il LT= (R
3.1-3) . HKEDOFEVIFECNTHDHIZW, ZOFETHRIHENTZTI1T 732K, 2L DSy
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3FEOBRANILIBL Tz LoL, WLODDRIE, HAEDEICE>TED 7774 —I|Z
ZRPEDOI, HRDOMEICE G THIERHbNEolz. Thbh, EmkHAICB D

T, WERROE %A 35 dimethyl sulfide (DMS) 238\ FD 7 772 —% R LT DIZREL,
BRRETRICB W, A2y, 7V —272Fif %A 55 1-penten-3-one, hexanal,
(Z)-4-heptenal 25EVNFD 7 77 2 —%7RL7=. DMS I, #BAICE<E EN, tEEFIcXY
BEMUT=T B OINBSUGIZ LV AR T HEE 2 HNTNED 12,

LLEDORER LY, BE THEFEOEOHEOERIL, EICEbL T RO E G EEZRL
TeAA—N, TV—2, AZY Y7, 7a—F)VIRZB O % FEIRIZ, DMS bn—ANEEZA
DD BHAA B DES TR EN TWDEB 2O, TORE OFEVOEAMICIE, FEREEH
DIHIeBT, FPRATOYPBHEECHE A ORI LD mIRN D BRI O ANLE V5T, HE
R OIEHE 7 BNE RN R C B 5 L T DT e RS L.

(3) BEERNIC LD TR T v — /L DTSR R 7R

TRF LT BT — /UL, A —PRHIE T DAZ) Y I/ DB LR E e E A AL T
BY, BRI FIEAEGENRNIEND, HAFA DOF UL TOD e HE
BINT. 22T, BARBHIB T 2ZNOO M0 DM REfER L. ZORER,
4,5-epoxy-(E)-2-decenal & 0.2 ppb WML 729> 7 /L TlE, HRAARA OHWERNFRIRTS
NDTENRHBINETRY, ZNEDRII DS, HWERA O HWERICH 5T 2EE R ThD
ZEPIRENE (K 3.1-3).
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#3.1-2 WREXRBRMEYOEXFF GRS (FD factor > 4°)
. RI* coumpound’ odor quality’ #10g4 (FP factor)
=TS A 394
1 1150  (Z)-3-hexenal green 1 2 3
2 1308  1-octen-3-one mushroom-like 3 3 3
3 1379  (Z)-1,5-octadien-3-one metallic 4 4 4
4 1473 2-ethyl-3,5-dimethylpyrazine nutty 4 2 <1
5 1498 (£ ,E)-2,4-heptadienal fatty <1 1 3
6 1502 2,3-diethyl-5-methylpyrazine nutty 4 2 <1
7 1511 (Z,Z)-3,6-nonadienal™ green, melon-like 1 3 4
8 1529 2-isobutyl-3-methoxypyrazine® earthy, musty 3 4 4
9 1542 (E)-2-nonenal fatty, sweet 3 3 3
10 1555 linalool floral 2 3 3
11 1590 (F,Z)-2,6-nonadienal green, cucumber-like 4 4 5
12 1681  3-methylbutanoic acid sweaty, rancid 3 3 2
13 1709 (E.E)-2,4-nonadienal fatty 3 3 4
14 1728  3-methyl-2,4-nonanedione green 5 4 5
15 1761 (E,Z)-2,4-decadienal™ fatty, green 13
16 1766  2-acetyl-2-thiazoline” roasty 3 2 1
17 1819 (E.E)-2,4-decadienal fatty 1 3 4
18 1824 S -damascenone” sweet, honey-like 2 3 3
19 1829 unknown sweet, spicy 3 3 3
20 1858  «-ionone floral, cosmetic 5 5 4
21 1868  2-methoxyphenol burnt 2 3 1
22 1883 (E,E,Z)-2,4,6-nonatrienal” sweet 4 3 4
23 1976  f -ionone floral, fruity 3 2 2
24 2002 cis-4,5-epoxy-(E )-2-decenal sweet, juicy, metallic 3 3 3
25 2018 trans-4,5-epoxy-(E )-2-decenal sweet, juicy, metallic 5 4 5
26 2055  4-hydroxy-2,5-dimethyl-3(2H )-furanone sweet 7 6 6
27 2072  trans-4,5-epoxy-(E,Z )-2,7-decadienal sweet, juicy, metallic 3 3 4
28 2093 p-cresol phenolic 3 1 1
29 2143 ethyl cinnamate®’ sweet, fruity 3 2 2
30 2177 eugenol spicy 3 2 3
31 2205 2-methoxy-4-vinylphenol” spicy, clove-like 2 3 3
32 2217  3-hydroxy-4,5-dimethyl-2(5H )-furanone caramel-like, spicy, 3 3 3
seasoning-like
33 2322  unknown sweet, powdery 4 1 2
34 2358 (E)-isoeugenol floral, spicy 5
35 2449 indole floral, animal-like 3 3 4
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(FR3.1-2 %)

36 2467 coumarin sweet 4 4
37 2498  skatole floral, animal-like 3 3
38 2567  phenylacetic acid” sweet 3 3
39 2578  vanillin sweet, vanilla-like 4 3

“Retention index on DB-Wax column (30 m x 0.25 mm i. d.; coated with a 0.25 pm film) observed for GC-O.
" The compound was identified by comparison with the reference substance on the basis of the following
criteria: retention index (RI) on stationary phase DB-Wax,mass spectrum, and odor quality.

“The MS signals were too weak for unequivocal interpretation. The compound was tentatively identified

by comparison with the reference substance on the basis of the following criteria: retention index (RI)

on stationary phase DB-Wax and odor quality.

“The compound has not been reported in the literature in green tea.

“The compound was tentatively identified by matching its mass spectrum andretention index (RI) on

67),75)

stationary phase DB-Wax with those of literature data "Odor quality assigned during AEDA.
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#3.1-3 WY RAR—=AROFL %5547 (FD factor > 1)

no. R coumpound’ odor quality” — D \factor
=TT S | AN |5 /4
I 704 methanethiol”? sulfury 1 <1 <1
I 729  dimethyl sulfide green, deied laver-like 10 1 <1
ik 769  unknown stimulus <1 <1 1
\Y 914  2-methylbutanal stimulus 2 1 <1
A" 1044  1-penten-3-one metallic <1 2 4
VI 1097 hexanal green 1 1 4
1 1145  (Z)-3-hexenal green <1 1 2
VI 1240 (Z)-4- heptenaf hay-like 1 1 4
2 1300 1-octen-3-one mushroonrlike 1 1 2
VI 1363  dimethyl trisulfide” putrid 1 1 <1
3 1375 (Z)-1,5-octadien-3-one metallic 1 1 1
9 1533 (£ )-2-nonenal fatty, sweet 1 1 2
11 1586 (E,Z)-2,6-nonadienal green, cucumber-like 1 1 1
13 1704 (E,E)-2,4-nonadienal fatty <1 1 1
19 1824  unknown sweet, spicy 2 1 1
20 1849 o-ionone floral 1 <1 <1

“Retention index on DB-Wax column (30 m x 0.25 mm i. d.; coated with a 0.25 pm film) observed for G
" The compound was identified by comparison with the reference substance on the basis of the following
criteria: retention index (RI) on stationary phase DB-Wax, mass spectrum, and odor quality.

“The MS signals were too weak for unequivocal interpretation. The compound was tentatively identified
by comparison with the reference substance on the basis of the following criteria: retention index (RI) or
stationary phase DB-Wax and odor quality. “The compound has not been reported in the literature in
green tea. “Odor quality assigned during AEDA.
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3.2 HREEE

\F % trans-4,5-epoxy-(E)-2-decenal ZE FESHE DO HEE

BRDOEEH LB/ R G GRS DOEDTHATRFTT B — L, ALK DR ME R AR

5rCHY,

UU%R
3‘2‘.{2-)—-__}1/ ) /ﬂ‘\

Gy o)

TIFEAEEFNLVWZENREIN TS 9. Thbh, fLAOTREY

PIZEENDY ) — VD, FERETIYR T 7 —BOEAE T

L7220 (B 3.2-1(b)).

(4 3.2-1(a) ) 2, &L TROBORIETIE, =R T — AT AEER

—77, WARORIR TRIE, FURERBRICHERE TRPEONICLEDD

T, TRF LTS IRV E S EERLUE. Lo T, MRICEENTARF VT

TV ORI, ALAREITRRDIENT RIS, Z2T, KEIRFL T —EDAL

RBIEZFIRL, $RARICBIT AR T2 — L O RO AR 257 7.

(a) (b)
/\/\/a/a/\/\/\/COOH [ Fresh leaf * ]
i linoleic acid
1poxygenase
Fermentation Steaming
OOH
AT CO0H
Sk > Rk ‘ . -
Blow!ng, Rolling
o Cooling
/\/\/J\/\/\/\/\/\/COOH 4 1
* N I -
Drying Drying Drying
% O 4
MWCOOH | Ten-cha | [:Ara-cha |
OOH
Grinding in ..
Firin
/\/\/*{f/\/\ a stone mill £
¥ "0 3 4
Stk > Rk [ Black tea ] [ Matcha ] | Sen-cha |

C*: RATAESE, RN B0 M PR S D)

X3.2-1 KLZK 21T Dirans-4,5-epoxy-(E)-2-decenal DHEE ARkt (a) DI LN BRZE, Rl

>¢

3.2.1 EBRIGIE

trans-4,5-epoxy-(E)-2-decenal DY FBMEAR L ZFH D72, 3.1.1 (DITTHBLZ Fr. F
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(A ) BLOVERIEMZ, XTVHTLIED GC-MS HTICHELT-. Agilent FHH
7890B H A~ 7T 7 %M L7z, 7172 InertCap CHIRAMIX (30 mx0.25 mm i.d., &5
0.25 um, Agilent f-8Y) . & U7 — A ~U7 A (fiiiE 1.0 mL/min) . A PR :200°C. 14
NE ATV AL REHEAEIL 1.0 pL, 4 —7 151X 120°C~140°C (0.1°C/min)
ELT-. B EMEES (MS) 13, Agilent £HH 5977A XL MSD Zffi FHL7=. A4 ALEIE:70 eV

(EI), A A JRIESE : 150C.

322 MRBIUBZE

HRICBIT AR X T v — L OFHEE 572D, BIEVRF V7T —EBDIE
BPRMEZFIH L, T720bb, BEOUVRI V7 F—B1L, U/ — Vg% ARSI I RE
L S RO ERER T2 P7IZEXD, R LRAR CECAIAA DRI T —
13 S RIRZVDITHL, FEBE LRDORWEIR DT RF L T2 — /WITBIURITRDTEN
TARIINT=D. DUB TN TLIa< N TT7 40— I CTRERLI- RO R YT — L%,
FTNATNTONUTAER, A OZ R T2 —/d, THEBEV T 2R (B RH
TR :2.78 % ee) THY, TOAERIITIRF L7 T —BNEE LW ERHLMNI T
(R 3.2-2). ZOREFIE, HIEOZARX L T2 — W, fIESIT R D AR CELD
AIREMEZ RIEL CTVA. — 5, Kumazawa B, U/ — VBB X OVEDER 2~ LA F U REN
L, WTNDb TR T2 — AN ERT D28, EOERMER, U/ —/VERIZH AT
EREAULAF VRO G NBFEICZ N EEREL TS @ ZoZE X0, A ICEIT AR

IROFEAIFIC LD R R O #z% (180~200°C, 30 /) 1T %, JATFTRIED A I RA & T
HHEIRC, AR TOMARRE D TRERPEEGT5L5F 2015,

VLEDOFERLIY, =hF T T2 — AV EIIUDETIHR T OFXOEAMITIE, Z D%
A ORI TREMEB L TNDZED R I,
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2.78 % ee
ﬁ§ﬁ@% Mns- /cis—él S-epoxy-{E})-2-decenal \

cis- |

O
AT

trans-4,5-epoxy-(E)-2-decenal

* O

SRER 2.81 % ee P LA YN
(N’ns- % O

. /

6100 6200 6300 6400 6500 6600 6700 6800 69.00 (min)

X 3.2-2 RIS DOXT IV 1T BT S
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3.3 B

RETIE, BELRHRADOEFENCT G DM 2WONIT 5120, EORRD 3 DK
FKIZOWTERF G R ERR LT, AL, REOR KA+ 2— A7 K LR
D, REDLDZHHAHLNTETHENI R TRETHS. £IT, KADHAVIZEIEFXE,
HRIZEAINDEROW FE ST RIGEL, HIE D~y RAAN—ZH ZE O DA
fhiHH#% SAFE (Solvent Assisted Flavor Evaporation) {12 TR L ClBLL 7= & XU ME W)
D2 NZDWTERF G0 ZRR LT,

EFRBGE D GC-MS M OfE R, SISy D Z<H, EICEL T ~ToHr
TZHEEL, o, SEDFRTEL TT TIZHRESN TWDILEM TH 12N, £D
MUY > 7N T EITRESRLRY, @fREAR T, AT /ARE AR 59 5850, 73
JEREFEDINEASUSIZIVERR T DTV D09, 75 A8, RS T, IRE XA
%75 2,4-heptadienal Z/IUHETHT /LT ERENZ RS,

BEREGRDTOERRBRICEBWNTIE, EXIEMY D AEDA (Aroma Extract Dilution
Analysis) &V 39 £°—72 (FD factor >4%), ~yRAR—2ZH ZAD GC-0(GCO-H) £V 16 v*—~
(FD factor >1) 24 L, Z<DFHIALI Z T 36 Bid I LT 16 sl Z R EH DV IIHEE
L7c. ZNBDOF G OHIAE, IRADEFEZUL, WTNOMETHRW FD 7774 —%
RLTEAAL—b, ZU =2, AZ Vw7, 7a—F L7527 O k% (4-hydroxy-2,5-
dimethyl-3(2H)-furanone , frans-4,5-epoxy-(£)-2-decenal , coumarin , 3-methyl-2,4-
nonanedione, (E,Z)-2,6-nonadienal, (Z)-1,5-octadien-3-one, «-ionone, (E)-isoeugenol) % =+
BELT, MmHERTIIBEROEMNEZH T2 DMS, n —ANFEZH T L5
(2-methyl-3,5-dimethylpyrazine, 2,3-diethyl-5-methylpyrazine) , {EFREEAS TIL, & T DIHE
EEUDHERI (I Ivy—), MiERE, 77y T4 — 2 EF DS (1-penten-3-one, hexanal,
(2)-4-heptenal, (Z,Z)-3,6-nonadienal, (E,E)-2,4-decadienal) 23OV S L TWAHZ LD
Bin&reolz. LLEDORERIT, GC-MS T IC IS0 72 EZEH TS DAL E S F &
B, ARHOMERER ], BRI HEOEND, WA DMEIZEDLEF XM TS
AIREMEZ RL TUVD.
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SHIZ, BARLIIRRD, SRR ORI ERICT 5T 2N T 5720,
R IR

il
it

SERRDOBER AT G 2R LTz, ZDORER, A —bh, 7u—IVpE e +5
4-hydroxy-2,5-dimethyl-3(2H)-furanone, trans-4,5-epoxy-(E)-2-decenal, coumarin, a-ionone,
(E)-isoeugenol BLUO—ANEEAHTHETULHN, RBIALITFSE RIZT @M D
FOICHETHLIEN RSN,

ZNBDRGT DG, A —k, AZVy 770/ VEH T 5 trans-4,5-epoxy-(E)-2-decenal (3,
FLARDEZR R A 5oy L TRIDIL, FERE TR ORERERNC I SLARERINIZ A K
T DA REMEDM RIS IV TWD LFIRFIZ, SRAS LRI LKL AR THLHRIIR TITEAE AR
IRNZERHOILTND. TIC, RN RURECEHI R DAy D BRI R % B HERFAfh
(ZEVFEREL T2 & D, K DERIRFEA D HWERA~DOmWF GRS, SbIZ,
AR BT ARy DB A RET D720, FTAHT DIV I LIZHER, AR
BIDARW D ITEIETHLIENHLNERY, ZDOARMITITEER G LIRNZ LR
BENT-. ZORERID, BRAED trans-4,5-epoxy-(E)-2-decenal |3, FLI&EIZ R/ D IEREEAY
IR CAERRL, S6IT, RURLITRRLHARA ORIE TR, #E, Hintgd, KT
IRREDAZEIRZHTHM A, RO LD REFH O (180~200C, 30 7)), A
A TOBARILRE DB G-I DA e e STz, DLEDORERIT, MR R A OB XD
TERRIC, PEBRE WA A OIS TR EEEICH 59 T2 R L T0D.

VLEDORERLY, RE TREHFEOmOEROFRUL, BUIZAA—F, 7=, 227,
7u—7 )7 %P Ok (4-hydroxy-2,5-dimethyl-3(2H)-furanone , trans-4,5-epoxy-
(E)-2-decenal , coumarin , 3-methyl-2,4-nonanedione , (E,Z)-2,6-nonadienal , (Z2)-1,5-
octadien-3-one, « -ionone, (E)-isoeugenol) &, DMS B LN — A NEEH T 557
(2-methyl-3,5-dimethylpyrazine, 2,3-diethyl-5-methylpyrazine) 7>5720, £ Al 4% 78 #o ks
Lle—F W%, e TIRAAIFICTRANL, AR THS, SRR ORI XY
TERE D ATREVEDS A BN E 72 o Tz
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H 4 E FEBEROBBNRETICETHHE

BARIE, AARDOZRZGT, #HRREROEAEETHLHEIZB W THEbRE 27— %
THY, MENCBIFLRAFERDOK 7 Blaikamn 505, PEICTEESNDORAIL, BA
DRIREFRUFRA THDD, ZDOFVIIRELELRD, 7V — e F0RRHERR FUR ISR,
HERR I, — RIS, BERZIEESE IR N THOEDEFIXLWED DR
Thd. ZOXH72E N, BAREHEIZBITLRIEOEWICH R TLEIANKEL, FEIZ
B TEOBEWVCEDEENRRKENEEZ X LTS, T70bh, HARICEW TEIROZE
EITTELILD R, BER DRI RTE T 2720 B Xy DAL D70, R TrY—
VIRFVERDDITHL, HEIZB W TEROZBVIEITTHELN DT ERA L, REOR
FEDS RSO KEER O RIFITRFE DI D D728, RIENER ODIEREE T, 0%
AOFIILEITMNZ, BEADIORIESLHTHWEVE A THLELLNTND 1. E6IZ,
HIETIE, EPRVRTORELZZRSELIENEL, ZO TR EFERERICET HZE0
BNTWD. ZOXHZBER UG DB NE RGN E LVEMERb DL T 5720, FIEFREEIC
1%, PEHIRCEUE OIS BN IV RO SN BFEIEL, TOEIH L ThHD. LinL
ZDIHREFIREFVEATH—I7T, TEEDZEZLD, ML HBL TREbND
BAEDOZ7a—INVREVEALTEY, ZTOEVL, FEFBICRZEDOTERNERLEE R
.

HETIE, SRIEAREICG 2 EWVTIENAVRE T T2 A2V R EIRTHDLA, i
FEARY PRMUVEBIO A PELIERL TV HZELY, BE TELHED EW I ERRE OFV & T -
TELFEIDPRDOIN TS, FEREDOFRUCEAL TE, ZRETIZZL O REN,
EHOBFZRIBEESIVTND DTOINININ0 UL iih, FRH G0+ 58
FTDOTIIIHTHY, WL 1O PERASZ B T TODITEE 720 197980 72
MoTC, ZARRPERARITILBETL2FEVELUI TEL0LITE AT, BE TELEDE N
HERRA R DOHFLDVR BV ZHE R T DR A BN 72> TUHRY .

FTTAMZE T, MEREDOZIILB TR H D7 n—I Ve FVCH 5T D 0%
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BGNCT B0, SN L OUNFERF O B 702 FERE 6 shDOFR T 5 AR L.
6T, PEFALVYIO RIS, RERERFAOFVICHERERARIL TWDHET
S HBH(E)-isoeugenol (ZBAL T, BUAE TR OIS IT DA IR LT-.
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4.1 HEGK (EHEEH, HILEE, ZIEE) OFRF GRS OFRH
4.1.1. FEBIE
(1) FEEREEL

RO D 3 MO EESAE (FIEEF:, 2RI, 2R O, 2012 FRBIUE
INFESLIE, AARAS B A — RSV L T, KRBT T T, EBRWEINDOF
Wi THY, FEBRITHE 45 £ T-80°C D% BHE IZf# % L7=. 2-acetyl-1-pyrroline®)
(2)-1,5-octadien-3-one®, 4-mercapto-4-methyl-2-pentanone®®, 3-methyl-2,4-nonanedione ¢,
2-acetyl-2-thiazoline®", cis-FBL N trans-4,5-epoxy-(E)-2-decenal®|, STHRIZL 7223\ ARk
L, BREHEE RDOBLOYAARI ML O — AR L. T —2 %Ll FIZRT.
(2-acetyl-1-pyrroline LASMDR Sy O FERT — 1%, 2.1.1.1 FBEO3.1.1 ([ZFtHkL 7. )
2-acetyl-1-pyrroline
Rlppwax: 1318, MS(ED) : m/z(%) 41(44), 43(100), 68(19), 69(17), 83(41), 111 (M",
25)
& 4.1-3 ISREHDOILAD 3, 6,12, 14, 16-19, 21, 23-26, 29, 32, 33, 35, 38, 40, 41, 43, 47, 48,
52-55, 57, 58 1%, HAbEk LML, 4, 15,30, 45, 46, 56 1%, 7 <T LRy FTx 3
>, 39, 44 IIROEMEE TS, 50 1%, AAREFUHASLDZENZEA L.
2-octanol 1%, T TAT ARSI DIEA LT,
(2) BRI O

W RS IR BRI, 253 (75 @ 13T 1500 g DEVUK (90°C) 20Nz, 5 syfiiiitg, I8

W, SHIZAM (20°CLLF) 7752812k, o722 R (1000 g) I8 b FERAK

X, BT AMCFHE LI AE IR SP700 (=2 L 2R att, 20 mL) IZWAESHT-0b,
100 mL O¥7um A2 AZTHE L, NEEEYE (2-octanol, 100 pg)iRINT%, Solvent
Assisted Flavor Evaporation (SAFE, 40°C, 5x107 Pa) (2K RFEREMER D& RO, Sbh
7o ran AR R, BAKAREE TN T AT KR, =/ 3R —4—(35°C, 550 mmHg),
RNV TEZRLINCEIVR 100 pL TR L. SN FKEMmDIL, GC-MS 74T GHlE

Z51F:3.1.1(8) (a) &[RIL) 3L TN AEDA (ZfEH U7z, & pkorid, PREFFEEE (R, ~ ARSIk
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NBIOEMEAEM LB T 22 LIV FEEL, GC-MS /b R &0, NEEEY'E
(2-octanol) |2k} F DL AR AT 774 — (RF) % 1 LELTERLT.
(3) Gas Chromatography-Olfactometry (GC-O)

Agilent 1% 6850 WA/ ua~h7T7 % H LIz, 772 :DB-WAX (30 mx0.25 mm i.d., f&
J& 0.25 um, Agilent #:58) . 4 —7 AR :40°C~210°C (5°C/min) . F¥ VT —HA:~U7
2 (e 1.0 mL/min) . {EAE AT Uy R AEAL A DRE :250°C. 3UBHEA&E: 1 L.
R AR BMEE R 3 (TCD, 230°C) . TCD O HHIZICR VIR E BB A L, RS
NIEFER ALz, ISR WVIREHEE L, MR DR T 2EF K O R A<
7eDIZUAR =2 —THHRL, 512K 100 mL/min DZEK A @ LTz,

(4) Aroma Extract Dilution Analysis (AEDA)

QI THEEER R D2, Y r7aniZ N\ TEBEICAE T SFIRL, 3)Ii#L-
GC-OD KM TRIEL, K DFEFXZ B TE5A AT (Flavor Dilution (FD) 7 77 %
—) A& RO, AEDAIZIENE D, 244 D/SRY A IR HRA B L DH 7 VA T
H0IRLGC-O%ATV, IRFFIFMEFM AR E LT, FDT7 7274 —I%, 34 D/ SRV ARDH L, 2
UL AU 7B Z SR LT, FD7 7274 —OE kY, WNEREEYEYE (2-octanol) DIZH
WA R T DT & TR LT

FTARTOFEBRICHEEL TRV 5 EEHE TR B L O SRR S22 &
REGHS R T 5120, TRXTOY P ILOFEREGHSITHONWT, FD 7774 —0
FEE D T M HE (R 75 (RSD) 2R HH L7z, 372bbh, SEHIEAEL RSD DRV LSy
X, TRTOEHILBL CTRWFGEE AT 5Lz,

(5) (E)-isoeugenol #sINzh F OB REFEAM

TR A EICEE 300 g 12, (E)-isoeugenol GFEE 90% LA 1) 20 ppm 3508 200 ppm =% /—
JVIRIEA 30 pL JINL7=. )R ELIE, =& ) — /D IHZ 30 uL I, JHHIL - ik fckk
[ZDWT, HERFFR O7r—F Ve BV EIE NI 300 8 4 TRHiiLTz. FHRORS
I, 1(EHV) 5 7(FRV) ORI TEEL, SO 2B DR R EHL, EEREL F
L.
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4.12 FRBIOHEL

EBRMEIE LT, FEBREOH THREMRENTHD, FEMIFES:, 31U B, ZHIRE
(BB LIOEIHE ) & W, REDOHRIL, ZOE0CH0 R TREOEWIZLD #eo
THY, FIHFEE, ST ST TRIBRSNATDEL, |ILEEL, FIZAN TR
KOFFFBCRIESNDIZD KREIN AL Tz, FHRERIT, Fi2Eo )b ICHiER
Sh, B TELHIDNCL THBEENDTW, fl<INTZB THEZAL TV, ZRHDRH
HOFLRORMER 4.1-1 [RT. WTILOFICEIW T, FRICHE 5 3 UHE 2 b
BERFVERL, ST LOREH e F VL RIEC L.

F4.1-1 PERKIR HEOE KO FFHH

cultivar crop characteristic aroma of infusion
Longjing spring roast, green sweet
Longjing summer roast, green
Maofeng spring roast, metallic
Maofeng summer soybean-like
Biluochun spring floral, japanese apricot-like
Biluochun summer roast

I 6 TR MR OE XM E, BIIERAETEL SAFE il 25 oW 7o 71 L H
L7z, 8 OB EZ LD RN ZO A IR U 7= B IR MR, B ER SR R
DFFEINeE KA LSRFFL THRY, GC-0 IZROER A G-y DERRIZE S THRBAFELW
ST TN ToHo72 99, 6 O HPEFRRAENHIHRL 724 2« DFEKIRMEH O GC-MS 734
DR, 80 B Lh EZIL, £DZ 3T~ TOFMITHIBL T/ (R 4.1-2). EBIT,
S AE 2 DFELRRIITE B4 58, SMCIERHIC DL B)THLH DD, benzyl
alcohol, 2-phenylethyl alcohol, linalool oxide 72& DHLiE THE H OFEFRE G- CHUFE(A
MR T A AKST, indole, coumarin, cis-jasmone 72E DA FED AR RAGENZIV AR T D
B% 43 ¥ L TV 4-vinylphenol, 2-acetylpyrrole, phenylacetic acid, 4-hydroxy-2,5-dimethyl-

3(2H)-furanone 72E DAFEDIMBNZLOPERSLT I BRIREMNBER T DR DY, Z<EFIT
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WAHZENRBD IR oTo, ZOIOREFEXRAICTIE, REOFERCEBM VR E PEREIZE 5
LTCWDARBMER B 2 5. T70bb, FEIIZBWTL, BEFROT IO n
HTENHESNTEY O, ZNOAFIERMEL T OH/ R EMITETHEEZ LI TND 9.
7=, indole, cis-jasmone, jasmine lactone %, —HDEX LI AT D Lb RSN T
W5 B B0EE T, MIRORITEEL AN, LR DNLIMET 2720, oK M)
DEEN TVDREEL, KEERIZB T8 H LELELIL RIS, AR ASE BOG
ICEDERAERMPEZY, FIRHIC, FARIC I DR R ORUEIZ K DR R D3 iR b 25
AREMENR B 2 HND. L EDZ i, FERAORE TRICBWT, ZK\ED, BFEAH

>

DUNIALZE DG TR LRAIBR OB R BUS A D vl REME 2R L T, T EGED, &
EAROALR AR S E D HECD BV A THIELB T ELR.

i<
e

feW T, UMY % AEDA ITHEL, FRAT G ERB LR R, 4' 064’ DFD 77
I8 —%fTDH S8 E—IEMHL, PEKICBTDEBULEY 6 lisr4a ETe 46 iy % [
EHDWITHEE (RFFHEIE (RL) EFRICED) L2 (R 4.1-3). FEULEYB RSB
HELTIE, EBRRBIOBENOOITEDENNE ZSND. MHENTZSSDELT, T
TORKICILBL TEY, EOEAHEDEVDNZHEROFDOIENIEZEL TWDLTEnHE
NI, —J7, SR BAfR 72 < JEBL TR\ FD 7 7 /4 —% 7R L7l 4y (FD 7
77 A —DNEE > 4%, RSD < 20%) 1E, PEHFRAAEMRICIETHH/VO EERETZREL TH
LeEEZDLN, AA— b7 &P O 4-hydroxy-2,5-dimethyl-3(2H)-furanone ,
3-hydroxy-4,5-dimethyl-2(5H)-furanone, coumarin, vanillin, 7 27— /L2 FHD geraniol,

(E)-isoeugenol, BEIT7-1572 75D 2-methoxyphenol 23iZ 4 L7-. ZNHD T D%L1E, F

[H

SERDOTEER I EFRRIS, BRI, BELT I BROIMPAIE, RIED AR

N

%

ATV ER T AR ThD. LIEN-oT, 2O, Bl EEFKMEROOHE
2, J70bb, FERISEA O7a—F )V FEYORRIR T 5, ZRSCEWVRT OB
R HAEMTHLEDEE 2D,
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#4.1-22 PEBRROETEFTTRD

__ (ppb)
No.  compound PEEESE B FEURTR
2 B2 K H K H
1  isobutanal 5 3 3 - 4 -
2 3-pentanone 3 4 4 5 - 3
3 methyl propyl ketone 3 4 4 5 - 3
4 2-methyl-2-butanol 4 - - - 4 -
5 hexanal 9 12 12 17 3 9
6  4-methyl-3-penten-2-one 5 8 7 4 - 4
7 1-penten-3-ol 3 5 4 7 - 9
8  heptanal 2 - 5 3 4 -
9  amyl alcohol 10 11 8 11 3 7
10  2-methylpyrazine - - 4 - - 3
11 2-heptanol - - - - 3 -
12 (Z)-2-pentenol 2 4 4 6 - 9
13 2,5-dimethylpyrazine 8 5 8 - - 7
14 2,6-dimethylpyrazine - - 3 - - -
15 hexanol 3 3 3 4 3 3
16  (Z)-3-hexenol 13 22 8 10 13 15
17  nonanal - - 3 2 2 -
18  2-ethyl-6-methylpyrazine - - 3 - - -
19 cis-linalool oxide 3 12 13 7 13 5
20  acetic acid - - - - 2 -
21 3-ethyl-2,5-dimethylpyrazine - 3 - - - -
22 acetoxy-2-propanone - - - - - 2
23 furfural 3 - 7 2 - 3
24 (E,Z)-2A-heptadienal - - 2 2 - -
25  trans -linalool oxide 7 18 15 9 35 7
26  2-ethylhexanol - - - 3 - 3
27  (E,E)-2A-heptadienal 2 3 6 5 - 5
28  2-acetylfuran - - 3 - - 2
29  (E.,Z)-3,5-octadien-2-one (tentative) - 3 - 2 - 5
30  benzaldehyde 5 7 5 6 5 6
31 linalool 8 12 15 9 16l 6
32 octanol 2 3 3 3 - -
33 5-methylfurfural - - 3 - - 2
34 hotrienol 3 - 10 6 - -
35  1-ethyl-2-formylpyrrole (tentative) 6 4 10 3 - 10
36  phenylacetaldehyde 12 8 8 3 16 5
37  furfuryl alcohol - - 3 - - 2
38  acetophenone 2 2 3 - 2 2
39  a-terpineol - - - - 3 -
40  4-hexanolide 3 5 3 5 - 3
41  cis-linalool oxide pyranoid 3 7 9 14 4 16
42 trans -linalool oxide pyranoid 23 50 41 56 45 41
43 methyl salicylate 2 3 5 - 2 -
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(#£4.1-2 ©5X)

44 geraniol 8 35 37 20 18 34
45  hexanoic acid 25 50 14 42 5 32
46  benzyl alcohol 32 46 71 93 46 221
47  2-methoxyphenol - - - - - 2
48  N-ethyl succinimide 3 5 7 6 3 14
49  2-phenylethyl alcohol 33 48 66 55 126 149
50  2,6-dimethyl-3,7-octadien-2,6-diol (tentative) 8 5 37 62 10 45
51  cis-jasmone 8 12 16 29 5 48
52 heptanoic acid 12 11 14 18 10 16
53 2-acetylpyrrole 19 25 32 7 5 27
54  dodecanol - - - 6 - 5
55  maltol 23 14 24 16 11 18
56  (E)-2-hexenoic acid 7 18 - - - -
57  5,6-epoxy-B-ionone 2 - - - - 5
58  phenol - - 7 5 4 19
59  2-formylpyrrole - - 5 - - 9
60  4-hydroxy-2,5-dimethyl-3(2H )-furanone 24 31 24 8 4 12
61  methyl o -methoxybenzoate - - - 4 - -
62  octanoic acid 4 4 4 4 - 3
63  p-cresol - - - - 2 5
64  epi-cubenol - - - - - 3
65  2-formyl-5-methylpyrrole 2 - 4 - - 4
66  4-hydroxy-5-methyl-3(2H )-furanone - 3 - - - -
67  2.3-dimethylnona-24-dien-4-olide (reference) 5 5 12 7 - -
68  2-aminobenzaldehyde 3 - 5 5 4 5
69  nonanoic acid 11 11 10 10 12 22
70  2-methoxy-4-vinylphenol 3 - 3 - 2 4
71  &-cadinol - 4 - 4 - 4
72 methyl anthranilate 4 - 3 - - -
73 (Z)-7-decen-5-olide 6 9 5 11 3 15
74 3-hydroxy-2,3-dihydromaltol 3 - 4 - - -
75  (E)-8-hydroxylinalool (citation) - - 3 - - -
76  methyl (2-pent-2-enyl-3-oxocyclopentyl)acetate 4 9 - 7 3 11
77  geranic acid 7 10 15 - - -
78  dihydroactinidiolide 7 19 7 16 - 19
79  4-vinylphenol 26 27 30 19 16 50
80  indole 10 8 29 99 19 98
81  coumarin 28 60 25 40 8 25
82  3-hydroxy-f-damascone 2 2 - - - -
83 vanillin 35 31 62 55 47 59
84  3,5-diethyl-2,3-dimethyl-5-cyclohexen-1-one - - - - 12 -
85  phenylacetic acid 24 23 13 4 33 13
86  acetovanillone 3 - 4 - 2 -
87  7-methoxycoumarin 13 11 - 10 - -
88  p-hydroxybenzaldehyde 40 63 42 46 60 45
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#4.1-3 FEFIEDOEXE 5557 (FD factor > 47)

log, (FD factor)

no. RI/ compound” odor quality” VEITEEDE DRILEIE  ZEE
= B £ H K H
1 946 unknown stimulus 2 1 2 1 2 1
2 1009 unknown fruity, green 1
3 1076 hexanal green, grassy 1 1 1 1 1 1
4 1132 (Z)-3-hexenal’ green 2 2 1
5 1189 unknown nutty 1
6 1294 1-octen-3-one mushroom-like 1 1 1
7 1334 2-acetyl-1-pyrroline roasty 2 2 3 2 1
8 1366 (7)-1,5-octadien-3-one metallic 1 1 1 2 1
9 1374  4-mercapto-4-methyl-2-pentanone”  green, meaty 1
10 1380 unknown green 1 1 1
11 1407 unknown nutty, green 2 1
121422 2_isopropyl-3-methoxypyrazine® d pea-like 3 2 3 2 1 3
13 1447 unknown nutty 1
14 1449 methional potato-like 3 2 3 3 3 2
15 1459 2-ethyl-3,5-dimethylpyrazine nutty 3 2 3 2 2 2
16 1492 2,3-diethyl-5-methylpyrazine nutty 3 1 3 1 2 2
17 1521  2-isobutyl-3-methoxypyrazine’ carthy, musty 22 3 2 1 2
18 1530 (E)-2-nonenal green, sweet 2 2 1 2 1 2
19 1538 linalool floral 2 1 3 1 4 1
20 1551 -ethenyl-3,5-dimethylpyrazine®’ nutty 3 2 1 1
21 1581 (E,Z)-2,6-nonadienal green, cucumber-like 1 2 2
22 1674 unknown roasty, sour, smoky
23 1625 2-acetylpyrazine nutty 1
24 1633 phenylacetaldehyde sweet, honey-like 2 1 1 1
25 1660 isovaleric acid sweaty, rancid 2 1
26 1698 (E,E)-2,4-nonadienal fatty 1 2 4 2 2
27 1700 3-methyl-2,4-nonanedione green 4 4 4 3 2 3
28 1756 1. acetyl-2-thiazoline” roasty 2 2 1 1
29 1807 (E,E)-2,4-decadienal fatty 1 1 1 1 2
30 1817 B-damascenone’ sweet, honey-like 2 1 2 1 1
31 1842 unknown sweaty, green 1
32 1842 geraniol floral, green 4 4 4 5
33 1851 2-methoxyphenol burnt, rubber-like 6 7 5 4
34 1940 unknown green, sweaty 1
35 1961 maltol sweet 1 2 2 2 2 2
36 1981 (js-4,5-epoxy-(E )-2-decenal’ sweet, juicy 1
37 1996 trans-4,5-epoxy-(E )-2-decenal sweet, juicy, metallic 3 2
38 2020 4-ethylguaiacol’ spicy 4
39 2023 4-nonanolide sweet 1 3 2
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(#£4.1-3 HOX)

40 2025 4-hydroxy-2,5-dimethyl-3(2H) sweet, carametlke 7 6 7 5 7 5
-furanone

41 2075 p-cresol phenolic 2

42 2146 unknown sweet, green, floral 2 2

43 2157 eugenol spicy 4 3 5 4 3

44 2174 2-methoxy-4-vinylphenol spicy 2

45 2190 3-hydroxy-4,5-dimethyl-2(5H) seasoning-like, 5 5 5 4 3 4
-furanone® caramel-like

46 2196 5-decanolide’ lactone-like 2 1 2

47 2213 o -aminoacetophenone grape-like 1 3 2 2

48 2236 methyl anthranilate grape-like 1 1 1 1 1

49 2253 unknown phenolic 1 1

50 2259 jasmin lactone sweet, burnt 2 1 2 2 2 3

51 2299 unknown green 2 1

52 2338 (E)-isoeugenol’ floral, spicy 5 5 4 5 4 5

53 2389 (Z)-methyl jasmonate floral 2 2 2 2 3 3

54 2432 indole animal-like 1 3 3 2 4

55 2446 coumarin sweet 6 5 5 5 4 4

56 2540 phenylacetic acid sweet 4 4 3 3 4 3

57 2551 vanillin vanilla-like 5 4 5 5 5 5

58 2610 3-phenylpropionic acid™’ animal-like 3 2 3 2 3 2

“Retention index on DB-Wax column (30 m x 0.25 mm i. d.; coated with a 0.25 pm film) observed for GC-O.
" The compound was identified by comparison with the reference substance on the basis of the following criteria:
retention index (R.1.) on stationary phase DB-Wax, mass spectra, and odor quality.

“The MS signals were too weak for unequivocal interpretation. The compound was tentatively identified by
comparison with the reference substance on the basis of the following criteria: retention index (R.1.) on stationary

phase DB-Wax and odor quality.
“The compound has not been reported in the literature in the Chinese green tea.
Odor quality assigned during AEDA.
/The MS signals were too weak for unequivocal interpretation. The compound was tentatively identified by
matching the retention index (R.I.) on stationary phase DB-Wax and odor quality with those of literature data®”.

LU EDOfERLY, hERFERA D7 a—F LR FL, A—b, 7u—F VR ERHDOSY
BROBET T2 IR FR O & EREL TS, EORAMIZIE, PERZE A ORE
TR (FA, fPVERE) BEEL CQNDIERHEES L.

B STzl sr O, PEREA LIS T RS L7 (E)-isoeugenol (52) 1%, 7u—7
IR F DANRA L —E & RO MBr O FME AL, T ERAK OREHI2EFIC,
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FRIC EER B E R CODIEN RSN, 22T, 52 OPEBEADOEICKHT 5
AR50, BREiHliAZ £ L 7. ZORER, 52% 2 ppb, 20 ppb RN 7=k A EHZ,
PERAS R A O7 v —F VR BV PRI ENH LN ER>72 (B 4.1-1) . ZORERED, 52
1%, FEBEFFAO70—F 0 e BB 5L TODIENHLaE o7z,

~l

*%*

o1 (o]

IS

hERBEEOIO—SILLGEEFY
N w

-

o

0 2 20
isoeugenol (ppb)

4.1-1 FEREEHZ BT BAV A A ) — L OUINEhF
(ks HEFRINESH U CTRERE 5% THEZEDY, **: MERNHIcHL T

fERE 1% THEZEDY)
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4.2 FEFEFKITRIT A E)-isoeugenol 4 IS DOHEE

A la], W ERFAS L0 TR &7 (E)-isoeugenol (52) 1%, HFERFASFA D7 n—F)1
REVDOIERAC, FHCHEBEREEIE R CODZENIHLI o7, 52 1, REEA TH
HEFERITBNT, HIRE O E R B5) IS THEMT 22 AHESATEY 9, 20
ARSI B R BSOS AL TS ATREPE DS RIB SV TN D7, FEMI7R A B 1 T B S T
WRW, 22T, FIERRRICRITD 52 OAERHEZ LN T D720 OEBREZIT 7.

4.2.1 EBRFGIE
(1) FEEEE:

PIERRASE, 4.1.1 ERCHOZEAEHI LIz, FIZEIE, 2008 36 LU 2012 4R (Z# ] YR 2 THY
WEENTZbOZE MU, BEEA Gl fl, WIESEE, e, S, JORIH) 13X, 2001
FIZEBHLINEPEICTRESN b 02 L. LK (T 4077 (RVT0H), VD,
=7, Ty, 2005 FICESNTZL O L. BEABIORLEE, WIhd
Rl A = AR SR KO A U7, A8 3133 _ T, FERICH 32 ET-80C MK
JEEIZPRE L7=. coniferyl alcohol 1, Fnytffis T ¥pkN4t:, £/1m— A& cinnamyl alcohol,
2-octanol (X, T HT7AT AR EH, XZNT7—8I1Z, # B A b TEKRA ST A
L.

(2) BUEOHERDHED(E)-isoeugenol 335X coniferyl alcohol 0 1E &

BUED R DA (AAERAS 3 dh, FERIE 6 &, SEEA 6 &, KLIE 4 &) O ML,
4. 11 IZFEROFIEICTRE-L 7. o722 K (200 g) HOFXURIIE, IT7LICFTHEL
72 SP700 (=2 b ikl 4t, 5 mL) IZRAESEIZDOBIZ, 50 mL DY =F/Lar—7/b/n-
VB (8:2)IRA VIR TH L, WEBIEHEM'E (2-octanol, 20 pg)ifiint, MEKHEE T~
U LZTHKL, =KL —4—(35°C, 550 mmHg), IRV TERFZBLITITIVE 100 pL £T
RAELT-. BN FXIEMEY A, 3.1.1(8) (a) IZFL#D GC-MS ZHWT, BIRAA /A%
¥ (SIM-Scan) E —RIZTHIFE L. BIRAA 21X, m/z 115 (2-octanol) LY 164

((E)-isoeugenol) £ L 7. (E)-isoeugenol 33 U8 coniferyl alcohol D &I, BIRA A DY
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— R EE N— 2L A O — 7 HREEICHBR R L, NEHEEYE (2-octanol) DY —7 [
FEEEDOS, RF 21U TR
(3) MMEMZID(E)-isoeugenol A DT T /L FEBR

coniferyl alcohol (0.005g) &5\ % cinnamyl alcohol (Z&/L—2 (1g) BILOFEE K (10g)
EWRINL, LIRE L0, WS LT-. 507 mis i85 0.1g % 20mL & HS /~A7
JAZIEVERDY, BIe#, GC A —7 12T 150°C, 30 sy MEAL=. BV DY 7 %
HS-SPME V£I24% GC-MS oAz ik L7z. s &L T, IEET O 7 b [RIERICHIEL
7-.
(4) BERIGIZED coniferyl alcohol ZE DT /L FER

3.1 ICREH D HIEICTMEL 72 B AR DR ik Z, SP700 (=2 bRl AL,
SmL) Z FEE L2 AT M@E LIz, WAE LT-FE XS 2 S0mL DY =F /Lt—T /b /n-~"
Z @2 IRAWHIC T LIEDD, RNHREVERL /3 &A% 7 — /b (50mL) IZ TR L. i
HRIE, A2 ) — /SR —4—(35°C, 120 mmHg) I TR ELT-OL, Bk~
NI AEREME RSy OB AE LS, 0.4g 2 10mL 0T AL T IVIZIZN0ED, 72
UL AR TR (pH 4.5, TmL) ([ZIEfRL 7=, <IN 7 —8 (i A AL 12, 2mg) U0
L, K (40°C)1TT 3 W IME LTz, BUSTER DRI, Y oF Lo —T/b/n-~ 2 (8:2)
RAWIR 2mL A TIRESHIL, £ 720l A 28 38 50RO 100ul ECHRAMEL 72
D, GC-MS 7T GHIESAF:3.1.1(8) (a) LRIU) ITHE LT
(5) GC-MS

Ny RAR— 2 @R VERR S %, SPME 7 7 A 23— (50/30um  StableFlex
DVB/Carboxen/PDMS, Sigma-Aldrich) (Z THlitH L, Cycle composer A4 —h¥ > 75—
(AMR) Agilent £E8 6850N A7~ K772 ToMrLT=. 777 24 :DB-WAX (60mx0.25mm
id., BEE 0.25um, Agilent £E8Y) . U7 —H Z A~V A (@ 1.0mL/min) . A FEE
250°C. FEAJE: ATV MEAN (AT Y v hEE:1/30), A —7 R :80°C~230°C (3°C/min) &
L7-. B &R HEE(MS) 1L, Agilent #1:5 5973N MSD Z{# L 7=. A4 AL &L :70eV (EI),
A PRI 1 150°C.
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422 fRBIOEL

RIZE TRLIC BT DEHEEM L, (E)-isoeugenol (52) & A B DBMRAZHDINIT 570, il
EORBLIFSERRITBITD 52 GHREMZ. £, ZWLROENFURE, —KIZ
FRTRA SRR ERARICEITS 52 A RLRELZEDA, PEFEDH N, 52 %<
G RLN (M 4.2-1A) . IHIT, HEZE THLHFER 6 841N (BBl , ek,
WLEfE, KA, BRIESHE, FESHE) &, fLK 4 8 (T 177, Tothh, r=7, ¥
IIZONT, 52 R BEZRIELIER, 2B, SARICHAS 52 SHEENREDD TEK,
R SEERICB 25 A BOZIITBE Tho7= (K 4.2-1B) . ZNHDOFERIL, 52 DAk
(BRI TR T DR OGS B B3 2 FTREMEZ R URIRL TS,
N F1T5 52 DAL TE, WSOMOMENRHD. ~F =7 OIETIL, BEFEMG
(Zd&~TC, coniferyl alcohol 7>, coniferyl acetate Z ¢ LT 52 NAESRSNDZENHES
NTEY S, KDk ()7 =) TiX, coniferyl alcohol 7365, MNEIZID 52 M3ARL
THIENRESN TS S, ZDZL LD, coniferyl alcohol 1%, HEMIZIITS 52 DAERKICE
STEERPREKTHLEMLES N, 22T, KIZHHEF @ coniferyl alcohol 43 HrL7z&
ZA, fEAR, SEERS, ALARDOWT LD RIS coniferyl alcohol 237 £4L, ZDH A &L 52 &
AEOMITIFIEOMHBENRD B (] 4.2-2) . AHRD LI, coniferyl alcohol I, INEZ
F0 S2HAECHZEDRMESNTEY, IBIZ, ZKIZ I coniferyl acetate ILAH BV
722,735, coniferyl alcohol 736 52 DAL, FERICLAEARCIEARS, BB TICE
TSI DM PRENT. 22T, BEOEWIRBIOWIE TIREZHEL
coniferyl alcohol Zt&/L1—AHZT 150°C, 30 73 [FIINEAL 7. ZDfESR, 52 & eugenol (43)
DA RS (K 4.2-3), 52 1%, coniferyl alcohol DALV AL T D ENRENT-.
coniferyl alcohol 7°50 52 DARLIE, EITTCHIMKSUSIZINAECHEFRIND. ZORIEH,
Ll FRE e I MBS CHIEIT L= B & L C, coniferyl alcohol 23 4(\7{27 = /— /L A7k
AT HZLIE R L. 37205, ZORISIZBIT DTN, AL ERF /A
WEaloTWDIEEHEE LT, 2 AR T 5729, coniferyl alcohol ([ZFELOAEEEZHL,

DD 4 NI KER IS A A &720 ) cinnamyl alcohol D NEVE TR I T=. Z DK, 3-phenylpropene

87



WIARRE T, 2R RINBGH BT DK SIS DOHETTIZIE, FRAEL Cgp
ERX ) UREEERTER T AL EDOHAZ LIRS, (X 4.2-4).

1.5

60
A B

50

-‘é 1 "‘é 40

° 2 30
£ 2
on on

205 | ) 220
2 2

T L 10

0 0 —— ——E——
JP CH JP CH oT BT

X4.2-1 FHEO R/ DX FXE2 I D(E)-isoeugenol & A &

(JP: Japanese green tea (Sen-cha), CH: Chinese green tea, OT: oolong tea, BT: black tea)

70
60
2, 50
&
-’
= 40
g o
2 30 R?=0.7148 AJapanese green tea (Sen-cha)
=%}
2 ¢ Chinese green tea
g Oool tea
@ oolong
10 @black tea
05
0 100 200 300 400

coniferyl alcohol (ppb)

X4.2-2 8ED R DI EXF2 AL D(E)-isoeugenol &coniferyl alcohol & A f D FH B
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28000 |
24000 -
NS
20000 J \
o
16000 Me
12000 OH
(43) \ (52)
8000 l

4000

L
0 10 20 50
Time (m|n) (m/z =164)

[X|4.2-3 coniferyl alcohol DI (150 °C, 30 43) 285 (E)-isoeugenol 4 % DHfERS

S — G

OMe
coniferyl alcohol isoeugenol (52) eugenol (43)

I

O/VOH —¥- [ j + k;

cinnamyl alcohol 3-phenyl-2-propene 3-phenyl-3-propene

\

[X]4.2-4 coniferyl alcohol 35 X Uicinnamyl alcohol DANEA S Jiix

coniferyl alcohol 1%, HE#IIANIZISU T phenylalanine JV/ESRESNDZE 39, fig o4
RAZRIPEIRWVERE 77 = ORIBEATHY, NZEBRILEW THHI20, — KA,
FEIRNIZH3V T coniferin EWVOELHEAR L L THEREII TODIE OBV TS, FTe,
coniferin 1%, 78 (Camellia sinensis) DITFxFE T2 Camellia taliensis 7>H% FLHS AL TNDHZ
L&V, Camellia sinensis \Z% coniferin 23MFAET D AIREMEA &Y. ZAUTIMA T, KROER
IZEENDZLDOT NV a— VN, A TR P ORESE SUS Lo CTRFHAD AR 528
&0, coniferyl alcohol MERKIZY, coniferin D LHZRECHEANBE 5L QD ZEEHEAIL, R
TR IR O ECHE R0 3 2K oy iR 7 N7 —BEEf S 7. ZOR5 %, coniferyl
alcohol DAL HERRS I, BAHERDBI G-2vResiz (K 4.2-5) .
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DL EOFERIY, R TP OEEEIZIBV T, coniferin D X2 RIERIENG, MK fiF
FE 2 DAERIZLDY coniferyl alcohol 23U, ZNAINESNHIET, 52 BEKTHIEIR
Ihic. 37200, ZRBIOEH) TRPONAERFZEOIEHIZEY, coniferin DL 72Hi
BX{RLY coniferyl alcohol 23EREL, i< 8000, W TREH OINESGIZEY, coniferyl
alcohol B /L ZARHIL T 52 AR T HZENHELEINTZ (X 4.2-6) .

—J7, 52 33X coniferyl alcohol 73, FLAXVE BEEAIC S E ENAME M Ao (K
4.2-2) 221, PEBABLOGREADR, ALALITBEDORRLIESHREVEG TLILLE
BCRHEL QWA EE 2 BND. 972 h, coniferyl alcohol &[FIAIZ phenylalanine LV /AEA
%X 15 benzyl alcohol <° 2-phenylethyl alcohol 728 D7 = =/L 7 /3 /A RFHIZ, SEEARIC
B O TR THHEF TIN5 E03MB TV DI L LY, coniferyl alcohol & E7-#%

ICEVEMT B e HERESND. LEEA-TC, BEERICBO T, AEICEREL TOHE
BERD 3R 121 T, $5512E-Th coniferyl alcohol H3ERK 5 AREMENNDHS. 512,
RHRL7Zd012, 52 BAROMEF ICKOBINT 2208, BEANIVELD 52 25645
LEZLND. PEFA ORLEIZIBWTS, S 0EFR, 2ORMmNOHEN TWDHAZEIT
TR CHPILIDIRBLICSH D E B B, REEDZENEI > TS REMELHD. ZDZELD,
HEREEDEEAFRF GRS THD 52 OEAHBITIT, B RO MR ELREE (X
4.2-6) (2L DR DO H72 057, M, B TIZAERT D coniferyl alcohol DMMEMZIDARK
0, ZP D 52 AROERSL FF 5L CODATREMNE X HiLs.

BURIRNZ 2IZ, 52 13, AR CTHUZER TR EWHEIZRB W T, BERFR T 5
RO DOEDEL THRIHEN TS, ZOZ I, IR DRI DA A DA LS H 5T
DOBTBRIE DG L TWHEHELRESND. 37205, REOHDEHIZICIY, TR THD
phenylalanine 3 X N AUCH T 57 ==L 7o A REPE N A ZENMESN TS
ZLX, BRI Lo TABET O coniferyl alcohol 2AHINNL TWARRENMENSH S, o [E
REHRKICHBII2EERLRT G HROIE 52 UAMcHHY,  4-hydroxy-2,5-dimethyl-
3(2H)-furanone, coumarin 233% %49 5. WO, 52 EEERIZS, 7I/RZEDARKIZ
o TNBEZELY, ZNHLDFR A 5B S ERIREHIS I @ T2 R L, #
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& LRI IED AR A (BRA TR, F1ER A TIEZER) GBI LD T /B HE NS
Dz EThHEMERESND.

VL EDFERID, 52 2 FARETLHPEBEFEE D7 —F Ve FVOBMIZIL, FKEDA
R AISEEFIA LT, PIERARA ORE TR (FERSCEDOETH) NEE THLIEIVR
i,

Abundance

60000
50000
40000
30000

20000

60000 HO

50000

40000 n

30000

OMe

20000
81 82 83 84 85

Time (min.)

B4.2-5 B3R SOGZ LD RIUR IR R BOBE (A 18] 537> 5 Dconiferyl alcohol 42 .

(A: BE5E72L, B: BERHY)
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A ~H

0

X UL _on _slycosidase ol
MeO ) Ome

coniferin (tentative) coniferyl alcohol

=
= o
OQ/\/ N
OMe “OMe
OMe OH OH

(E)-isoeugenol eugenol
(52) (43)

4.2-6 HEREASELE TR OXSEEIZIIT D (E)-isoeugenol DHETE A= ke 1
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43

AREETIE, PEBEAOZIIEBTDHH D7 a—F V72 FHFE T D00 BT
T2720, I JOUERF I O R 5 H ERAE 6 MOFERF G HR LIz, PlEkk
ZROMRKRYR 3 801 (IIEEIE, BILEE, ZHRER) ORI LU EIE L OR HKEOES
WBefE %, MW AsEE SAFE Al G- FIEICKVFHTL, AEDA (Aroma Extract
Dilution Analysis) V5280, FR TG ERE L.

BRI D GC-MS SHTIC LRSIy D 2<%, SaIRCIURERF I B 54
LML TRY, EI, BHEROGR, ZRBEDAN AISE, FEET I BROIMEN G LD £ L
FTDHRIMELEEN TN LR, ZOFXHMIC, HEREFA OIS TR THD,
FIRORID VR T NFEHE B 5T D ATREMEAHELZZ L T2, — 5, AEDA OFEE, 41036 47D
FD 7772 —%H 4% 58 B —7zftiL, PERAICRBITDHRILEY 6 oz ais 46
Ay wEEL. 2hbDH s, AL —Re&# O 4-hydroxy-2,5-dimethyl-3(2H)-furanone,
3-hydroxy-4,5-dimethyl-2(5H)-furanone, coumarin, vanillin, 72— /L722 & ? geraniol,
(E)-isoeugenol, HilT72LH72 771D 2-methoxyphenol @ 7 F¥%43 1%, $8H36 LOULHERFIIZ X
59, TRTOBHRICEWTEW FD 7774 —%/RL72 80, hERA o dEm 4
LDEVNCHF G DM THD ARV RIEI L. E6IZ, ZIHDELAS, FEIy LRk
\Z, BOBEIROD S RS0, BELT /MO MBS, RHEDAN ARBIZI AR T DR Th
HZEXY, HEREFRFA OIESCHRFVOBRIZB N T, ZRASLEDOVRENEETHD
ZEEHEERLT.

FTARCOBHRICHBL TRV FD 7 774 —% R LIl 055, FIEFALDYID TH
HI&HL77(E)-isoeugenol 1%, 7H—F LR HIC AN — R F T D, hIERA A
DT —FNVIRFYDIEUNFICEERE TN 2RI TWLIERH LN LRl £ZT,
(E)-isoeugenol DB HAEMMELMEFTILIZLZA, TOARKITIE, TERRA A DRl
LR (FA, BV DERIZBE G L TNDIEAVRIBES .

LIEDORERIY, PERAICILETORA DHESHLRERUL, SRR —TT7n—7

NI E A T H(E)-isoeugenol ZFIREL, A —hK, 70— )VIRRERM ORIy E, BETTo X
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IRFRDO A A DEVERLSNTWDZENHER S, TOTRITIE, TERIER
B ORGE TR (FRLBPVERT) NERRICE G L TOD ATREMESIALN LT
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FSE F— VUV ALKROREEAREVICEE SR

KZRIE, R CRL AR, HERINTODEIETHY, BEEASRD TILOFESH)HREFE
PRV, A& ZHE TL TS, iz, ALARIIIZLO#INIHY, T Lo E)E
FROREOEB SN, WS HIESEOBENNILY, ERREVEATHIENMLNATND.
AARIZBW T, I, AEE RO @R —7 70— AR EDNZD EAL, $44
TEDOFVDOENEELT AP Z TVD. ZOZEE, FIDAE OB B O LS ERE
SITLHEERMERFTHHZELEZRL TWNDITIENRDRV. ZOIDIT, HVNEERE
FCTHOLLEDEFELLNCEL TUE, T TIZEZLOH LD, ZEDORHALINISIL
HEEBIZ, T DOERMEDRIALED LTS 2. BT, WLKODOEHIC WL,
Gas Chromatography-Olfactometry (GC-O) (2 LD EFR G H-H 5y DIRB I TH, FLADE
BIRH R GG B0y DE RIS D008 SRR T L DR DOFIRDS, KA G D
G EOENIER T HIELRIBRIFILTND ¥,

=V AKX, A RACHEICAE T 54 — VMG O LR CHEESH, BdDd
RO T, BNIFRER THENOHR = KALKRDOEDITHE RSN TW D Ek
A THD. ~ AW MNARRSE L HL T NV —T 4 — TG OFR (A 7L — =) %
FTHIED, TRLEADU v 30 jEbRSh, tOSReIE AL, HRIZE A
[REiED. Flo, X —VUALEKIE, — BRI OFEEL THWOND KRIERD T > LFE
TIE2<, FRARLRIC/INER O R EBEAEFEE L THOW TS ABRHE Ch L. /INERIKE
IEH TR ANV TN, KEITHAD AL DB, BRI IR VD 2o & LT
BY, IV—T4—REHEGDEHTET, BRICT 0ENLZDRODRILA Lo TN,

INBERIRER TR T HRLARICIE, 4 — U DIENIC, HETEESNDF —< ALK
BbDH. F—~v ALALE, R =KAEDOOEDTHY, BEWVKHZET H468H ORE
IZEOEDI, 0 OIERPEE A BESELRENREFVL, AET—F—RFVRREHMESD
ITCWD. F—~ LRI, SEIEICT TS, b i B O BRI S T <SR

DREY, ZOTFTO— M TIIAET—F —RFVEA T2, ML OZID— KL THD
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72O, A —F —REBFVDFE THLLEV DN EE L TVD 0. LinLgins, A —F
—72 L, R IIE N LD BB HERISND IO, ALAKDFVICESTUTLHER VWY
BrH2 60TV, LIER->T, TEHEDVEWALA | L TO— R4 i B KOG 4
PEIE, =PV AR DT PENTNDEE X DILD.

ZDIINZ, BAFPEITEN T RINRERE A 307 — DV ALK, BBEIICO LTS
IR OFTESKEL, EORERRFVEIR G CELRERFRIROHI TS, L
INUIRNE, B =DV AL D~ Ay b T L — "= L CELFE ORI T ER SN TE
59, BERY — VU AR OEMA R E AN LR OB T IZIEN 2o TR0,

FZCARMZETIE, ~ Ay 7L — =G te, X — U ALK ORI BT 57
D EALINCT DI, X — VUL EE M (864R) DRI % 7 FORIZEIZOWT, E
EELHR IS LT AEDA ICX DB F G 2 ik LTz, SbIZ, & =P U ALR DR Y

REVDIEHIZE G4 2 ERNZOWT, KEDMELA TR, MIKIERL, BELE.
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5.1 ¥ —VVALKICKBIREFTRET 55T DR

B =DV AR DR R IL, ZL<OMFEE DIFZERIZR LD, ZTRETIZZHOEFR
RO DA BINC S TETZ 88990, 26D H1T, Schuh & Schieberle @, Aroma Extract
Dilution Analysis (AEDA) & Stable Isotope Dilution Assay % B L7-#FZE Tld, 4 — V4L
KOFRIZFGTHEEOR BALNITRY, SHIZZNLOFRMT LD HHE R
12T, =V R IR EZIZREOFELZDMFONIZERHESINTND O, Ll —F5T,
WHIFH — PV ALIE DV AT T — N — X E KL TELT, AR T,
—HOFFNZOW IR B EDORNCZE RN H ST LZ RO TS, LIR->T, ¥ —Y
AR FRICF G T D OB EIXEEHL LR TODEDD, i KOFFMTHH~ A
Ty R 7 b= —= 3 5T DMK THY, RIER I TRV DIFAED T
Bz

ZZCAR, BEH (BEHR) O RO ORI DFRE 50 & T 58T, =
LI D IR BZ T DEEBIC, Y AT NI — = CHF 5 J DR ORI %

AT

5.1.1 FEBIE

(1) REBAE

PEMIOD BT 2 1N FEDALIE (B —P U, Tothh, =X, T40T7F, U, XUZZ)T, 7
=7, VxV, T~ HFELR, EALTR) 2 Ve, REITT X TEHEMRA St
DEEAL, EBRITH 3 2F T-80COM BRI E Uiz, FLAR HkI, A% (150 g) (oxt
LT3 LORUK(85-90°C) &M%, 5 7rfiHIt, i, SHI@m Q0CLUF) 3762412d8D
157-. 2-acetyl-1-pyrroline®V, (Z)-1,5-octadien-3-one>®, 4-mercapto-4-methyl-2-pentanone*®,
3-mercaptohexanal®® , 3,7-dimethyl-1,5,7-octatrien-3-01°> , 3-methyl-2,4-nonanedione®® ,
3-mercapto-1-hexanol®, cis-4,5-epoxy-(E)-2-decenal®?, trans-4,5-epoxy- (E)-2-decenal®?| 3,
THRIZLIZDVERRL, IREFFRER (RD OB LR AR ML O—E a8 L7z, ElT —

K%Ll FIRT . (FREBAAD 6 By ORI T —41%, 2.1.1.1 BEOV3.1.1 ([ZRe# L7, )
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3-mercaptohexanal
Rlpp.wax: 1553, MS(ED : m/z(%) 39(25), 41(55), 42(52), 55(100), 61(33), 69(25),
70(63), 80(23), 81(34), 99(25), 114(22), 132(M", 29)

3,7-dimethyl-1,5,7-octatrien-3-ol

Rlppwax: 1613, MS(ED : m/z(%) 39(20), 41(23), 43(80), 67(35), 71(100), 82(66),
152 (M", not detected)

3-mercapto-1-hexanol

Rlpp.wax: 1851, MS(ED : m/z(%) 39(29), 41(67), 55(100), 57(64), 61(41), 67(40),
82(37), 83(27), 100(32), 134(M", 24)

* 5-1-3 [T 4, 18, 38 1%, SV ~T ARy FDv 3, 51, 60 ITFDEHIEE T2
A&, 64 THAREA U HMASHIVEAL, TN LUNDILED B LT methyl
undecanoate I %, AL TEMADAELVIEA LT, 2-octanol 1%, T H 74T A7 4L
FolgALT.

(2) FFRIAE O

(a) ALZSRHIE (50 @) IZEENDERK DL, AT LITHELZ SP700 (2= LA A
#E, 5 mL) IZRESET-DOBIZ, 20 mL OY TF )LT—T /bn-~ 2 (8:2) IR IZ TR HY
L, WEBEHEYE (2-octanol, 10 pg) AN, HEARRERT MY AT THALZ. 2D, =
AR —4—(35C, 550 mmHg), IR\ TERXIEIZEDK 100 L ETEHMEL, GC-MS 47
Br @I AL, A0 iE, PRFEHEIE RD BE O~V AR NV L L35 2812k
DIRIFEL, WEMEEYE (2-octanol) (25§ 5L AR 27 7274 — (RF) & 1 ELTEELT.
(b) FLZIR K QL) ICE ENDEXIAE, BT LTI LT~ Porapak Q(H A7 4 —%—
kR4, 80/100 mesh, 10 g) ICAESE =D HIZ, 100 mL D7 X AT TERHL,
WEBAR M E (methyl undecanoate, 50 pg) 1%, Solvent Assisted Flavor Evaporation
(SAFE, 40°C, 5x107 Pa) ICKD RNHRVER D 2 BR . 13D 7o 7 mma A BRI, K
BREE T RID MM THK#, =/ SR —%—(357C, 550 mmHg), IR\ CEFEXIRIZEIK

150uL £ THRHMEL, GC-MS 34T (b) 3L TN AEDA [T FHL7Z.
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FROTIE, PRFHERE (RD), v ARSI VB I OE AR5 LT 52 LI RIEL7Z.
(3) Gas Chromatography-Olfactometry (GC-O)

Agilent +18 6850 W Aru~ kT %G L. 7772 :DB-WAX (30 mx0.25 mm i.d.,
JRJE 0.25 um, Agilent #E8Y) . A —7 AR :40°C~210°C (5°C/min) . U7 —H A~
D4 fE 1.0 mL/min) . {EAVE: A7 Uy R AEAL A AR :250°C. FUBHEA&E: 1
uL. R BVRE R H R (TCD, 230°C). TCD D MICICR VIR E REE 2B L, 1A
HENT-FLRR D Z L 72, ISR WWIRE T, WM DIEH T2 F R0 O %
BA<T=dIcUR v b—2 —THNRL, SHIZH 100 mL/min DZE5 4 @72,

(4) Aroma Extract Dilution Analysis (AEDA)

)T CTHREFERE N Z, Vraa AT 4 53O/, 3)IZiifiiLi
GC-O DRMFIZTHIEL, K DEREMHH TEHAHUE R (Flavor Dilution (FD) 7 77
H—) &Rl FD 7772 —I%, 3 NO/SRVANDH G, 2 4 VL BRI U7 iEa s L7z,
(5) GC-Mass Spectrometry (GC-MS)

(a) Agilent #1:5 7890B WA/~ 777 %A H LTz, 7772 :DB-WAX (60 mx0.25 mm i.d.,
B 0.25 um, Agilent £E8Y) . A —7 AR :80°C~230°C (3°C/min) . ¥ U7 —HA: Uy
A (f#E 1.0 mL/min) . FEAVE A7 Uy MEA(ZF VR 1/30) . A AREE:250°C. 3
BHEAR: 1uL. B2 :5977AMSD (A4 ALEIE 70 eV (EI), A4 JRIEE : 150°C) .

(b) Agilent f-# 7890A WA/~ /7 %2AEH LTz, 7772 :DB-WAX (60 mx0.25 mm i.d.,
JEJE 0.25 um, Agilent #E8Y) . X7 —H A AU A (FEEE 1.0 mL/min) . A OEEE
250°C. FHEAE: ATV MEAN (AT VR :1/30) 72T A TV R AFE AN ATV MEAT
OFEHEARIL 1 pL, A —7 81X 80°C~230°C (3°C/min), A7 Uk AJE A TOR
BHEARIT 02 uL, A —7 R T 40°C~230°C (3°C/min) EL7-. B &M HEE (MS) X
Agilent 18 5975C inert XL MSD ZfiHL7-. A4 ALEHE:70 eV (ED), AA L JRIRAE
150°C.

(6) ERI T

(a) (2) (@) ITTHRDBIIZ 11 FB LT 8 DAL I D45 F XU 57 O B fifz i A %L
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LU, #EMENT 7 SPSS 6.1J (A — = 2 = ARRE A, B 2 IV T ER SO0
w77
(b) AEDA [T T 8 FEDALAIZ BT O/ EF XS0 FD 777 F— D4 (4") %5t
BZEEL, $EEHENTY 7 SPSS 6.1 (R b — -2 = 2Pk E 4, ) 2V Tk
T EIToT.
(7) REORLSr DIFE
O &G O FH R

K=V ARHE (50 @) (\ZBVK (9 1 L) 2Nz, @i K AR K AR i (SDE) 34 | Bkt 14,
30 rMRRIEL, BRI EY7rnA2 (50 mL) IZHiH Uiz, W= 7mn ks
1%, 27200 3 BIZEICANILZ, [ARROEAEL 11 FI#RDIRTZE T, HfErIls, A3 550 g
DFERS3% 150 mL O 7aa 22 A Uiz, 307 &< kL, K7~
U LTTK R, = NRL—4—(35°C, 550 mmHg) , IR\ TEFZBLITITIVE | mL FTHR
fi L7z, fEON =B XIEMEY (K 500 pL) &, n-~2212C Wakogel C-200 (FnGiizi T.3%
MRS, 5 92 FHELIEATA(NE L em, £X20 cm U7y M7 4, 15C) 1IZi@
&L, n-~%2 (30 mL) , n-rSo - rmuAge (2001, 1001, 10:1.2, 1:1) IBA IR (%
30 mL), Y7unAZy (30 mLx2 [A]), Y=F /Lt —T/1 (30 mL) [IZ CIERIEHL, Fr.~8
LT WK, =R —42—(35°C, 550 mmHg) , IRW\NCERXIRITEVAI 100 uL £ T
LTz, D75 5%, (5) (a) IZFE#D HIEIZT GC-MS 737 &1T0, GC-0 Z3HTiC
K0 B BIRRGr HNE T D5y AR R LTz
Q@ FXRIRMEY 2D GC-0 T

IZBWIREAEE ODP3 (GERSTEL #184) 2 24(i L 7= Agilent #:5d 6890N T A/ w~KrT
xR, #72:DB-1(30 mx0.25 mm i.d., [5E 0.25 um, Agilent #:8) . 4 —7 5
J:40°C~210°C (5°C/min) . F+¥V7 —HA:~U7 A GHRE: 1.0 mL/min) . {EAJE: A7V vh
VAFEAN FEADRE :250°C. 3UEHEA &1 pL. Bibias KB RAA AR s (FID,
250°C). ODP3(250°C) 1%, 77 LH 12T FID &4308 L 7= (FID:ODP3 = 1:10) .

(@ GC-MS/Sulfur Chemiluminescence Detector/Nitrogen Phosphorus Detector ( GC-MS/
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SCD/NPD)

(DI THBAZ Fr.6 %, GC-MS/SCD/NPD Z3#TICfiiL72. 1 B GC IZ MS BLUME
FECHEER R (SCD), 2238V HiHi%: (NPD) O 3 TR O HEsz i L= AT 2T A,
BRSBTS LD A7) — =0 T HE 18, MS IZEDEMREI 2D FED,
—RICEMOFRUITME TREREEL 52X HZETHLNLE LAY, ZEFR LAWY
DRI PN ENRRETHD. HAIa~ T 71, Agilent £E8 7800A ZFEHLT-. #7
2v:DB-WAX (60 mx0.25 mm i.d., [&/E 0.25 pm, Agilent £E8L). 4 —7 @ :80°C~
230°C (3°C/min) . F¥ V7 —H A AU L GEH 2.0 mL/min) . FEAE ATV MNEA (AT
B 1/10) . FEA FHEAE :250°C. 3UBHE A& 1 pL. FHES:5975C inert XL MSD (A4
{LEEE:70 eV (EI), A4 LRI :150°C), SCD (250°C), NPD (320°C, /K& ifi i : 3
mL/min, Z5EE : 120 mL/min) . ZZAH DI TR A 3 2125006 L, 3 FRHHERIZ CTIRIRE
(2R LTz
@ #7742 "kt GC-MS

Fr. 6 [ZE&ENLMED B %, SOICEEICHR, IRiET 5720, 777/ To
Wt GC-MS¥ & LT-. K AT A, 2BH GC(DB-1 74285 GC-0) &, Z#fr
H GC-MS UINEAI A E A AR L 72 GC-MS) 1 Dikd. $7ebh, 47 HH GC A=y 7 ¢
YIIR— BT S BRI &, WS IR Tenax TA 2N RSN CIS4 T4 F—
(GERSTEL #:4) (2 10 [FI#:0IK Ly BL, R LI-EF XS0 %, GC-MS ([ TotrLiz. 73
B GC 121%, G)ICR#EHDEEBIOIILZMEH L. 4 —7 i :40°C~280C
(10C/min) . Fx V7 —HA:~UTZAGREHE 1.0 mL/min) . 7 EAE: A7V AEAL FEA
FRFE :250°C. RUEHEAE:2 uL. 0#1H GC (2L, A —h> 77 —MPS-2 (GERSTEL 1
H) F L OV 5% & TDU-CIS4 (GERSTEL #H8Y) 24454 L 7= Agilent 4184 6890N /22

~h7T7, HHERITIE, Agilent £1:5 5975B inert XL MSD ZfliHL7-=. 772 :DB-WAX
(30 mx0.25 mm i.d., FE/E 0.25 pm, Agilent f-54) . 4 —7 R :30°C~120°C (3°C/min),
120°C~230C (5°C/min) . F¥x VU7 —HA: ~UTAGAE 1.0 mL/min) . {EAGE: A7 Vv

LA, TDU #2E:20°C~280°C (12°C/sec, 3 4y MIfR#EF) . CIS Tén EIVEE :-180°C. i
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L :-150°C~260°C (12°C/sec, 3 7 HPREF).
(7) ‘ERERH

RO — U ALEEEL 300 g 12, MMP GFEE 90% LA 1) 1 ppm =4/ — V¥R 150 pL
EUSINUTZ. SR EE, =& ) — /D% 150 pL L. FHRUIZALA BN S\ T, <
ZHy MEDFDZ, RS T~ L 7 A TRHMELZ. FOORSIE, 1(550) 235 7(FRVY)
DETERAL, N BB O R L, R Z RO T,

512 fERBIOELE
(1) Z—=DVALIE DRy

PEMIOD $705 11 FORLIR IR, &4 DA OFWREZAL TWend, £0£<0%, 77
VT A=, TTIvy—, A= MREDOFRE LB L THL TV, ZOHT, F—T VALK
DFENL, ORI LITRELERY, v 2 Iy ME, 7V —T 4 — 2B RPN Th o7z
Fro, PERLE Ge—~, HETR, I\AL LR IE, AT—F—RFIVNFEINTHY (F
5.1-1), TDOMDAFY AR LITAE (TR DMFFOFVZA L Tz, Zaudk, PERLA
0, AFYARLA LI E 2D EM B OB A TERNL oD LB 2 HID.

11 FEDOALK D FEFR L Z I T 57280, FALAR DR IR ORI A LI TER
IRAED 2R LT, W E R INED WAL IS THRLN B[R OFMRE LHHL T
W20, 55T 1 FEOALE O FXIENEY A GC-MS ST IZHEL 7GR, W FL AL D
b, 100 o A B HS L, £DEL<0, BARISEWTHLLDD, T X TORLKITIE

WL T,
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#5.1-1 GEIND B2 DRI IR R DOF %

Variety Country Flavor of infusion

Darjeeling India Muscat-like, Fruity, Green
Assam India Caramel-like, Smoky, Sour
Nilgiri India Grassy, Mild Citrus-like, Fatty
Dimbula Sri Lanka Sweet, Floral, Fatty

Uva Sri Lanka Mint-like, Sweet, Fatty
Nuwara Eliya Sri Lanka Grassy, Green, Lemon-like
Kenya Kenya Fatty, Green, Caramel-like
Java Indonesia Grassy, Sweet, Green
Keemun China Smoky, Floral

HWEET R China Smoky, Bean-like, Sweet
TERL T China Floral, Cosmetic, Peach-like, Smoky

GENT, F— DU AT DR A RATT BT, 11 ORI AE DT S A e LT
FBZITIE, BIHESNER S DS, D7ad b 1 FEOALAET 20 ppb Bl EBIIESN, 2o RE
BN EHEE FTRE Tl o TGRSy (46 FiAY) ORE RLAEA IV, ZHBERNEMN > BB
BT B2 E N TTRERFIRELC, ERS A RAILT-. ERA DT OR R, ¥ —2
ATHENE, B Lo 10 FRORT A DBEN /AL BT Ty M D e, 7035

IRE RO, ORI L RESELRDZENPON L7 (K 5.1-1(a)). F72, TE

=i

LK ThHHF—v LR TRALKS £, ¥ — VU AR B L OZEOMORLAS &1 3HfE
NIfLE T vy S, FrRNRERERE R T2 RES-. L7z,
ERLAIL, & — VU ALE ORI E A DN T D720 O Hiig st R E LT LT e u &
L, RBNBERINTHZEEL, ZRBEERZ 8 FOALAEICOWT, FE TR I E1T-
To. ZORER, RFVF =DV ALK, o 7O ANGEEN AL E I my sz (K
5.1-1(b)) . EBIT, H—FMHY DRFET 5D 84.7% LD TRWZELD, #— VALK
BFROFFRMIL, H—FRN THOITHITEDEB X -, £TT, FrEZME~DRED
WCRENVETREEIND, B—FnORTAfE 0.8 UL EO(bEHaEE LT (R 5.1-2).

CZITEHESNTIAGE, WINGE =DV ALRICRB T 23 A B ORI~ TR
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(2o,

TR AT OREF LRIy (R 5.1-2) %, HEESNA R IZHS\W T %a
T2, 20T 3 2O N—T, Febb, ORIV AT 2Ry, @IMEMZID A
T D57, OIREIVAERT DS, ODWT I T HIENA[HETHD.

OIZAHELTZ 4514, linalool (11), linalool oxide #H (4-7), geraniol (8), benzyl alcohol
(1), 2-phenylethyl alcohol (19), benzaldehyde (12), nerolidol (2) TH 5. Ziuhid, AL HEH
(ZECHE RS L TIFAEL 97, R BOEIZ I 1T D84 TR T, BEIK il R OE RN K0
T HZENRESINTND 2, KIZEBWTC, BRI AR 32 = E A ml L, 743
VHHTHD. Takeo HIE, ZOH THE A EDZ\  linalool & geraniol DFEAALLL (7 /L~ A
T IR TD DEEED LR TR E R DT LA LHL, $8IHZ L DFD DIEN DB EE
DEEFEIZH T HEHERIL TS 999 ZdZ b1, KEITE ENDT LR RO/
RS, WFRICEV R DT LEIRIBL TG, LOLIRAD, TIHIFROE AR THOTHS
72, H =V VAR BT DR R KRy DG DS S a3 ST 2213 T&
7200,

—RITHEE, BRREICIDREFAN RALZI RIS T A e LT/ R %
AERL, ENOEEHEL CTEETAZENHLILTND 10010 X512 A3 5 F KO
BB, AE OFIESS B EORVD, EKEDEREEK OB Z T O ENHMESHL
TUD 100, FIZEW T, B (2XY linalool, linalool oxide #H, nerolidol ZE 23 452 L
R, REORFHBRFF N Lo THRESN ALK DO BF XN RRLZ N HRESNTEY
13,102,101 © Z- 3, 05 2 BB L T~ DR D B DT /2> TG 19, 512, X — VU AL DOFE
B (F A R L= =) BERBIBONESNDINHER ] (B R 7Ty =) X, Fv /IR
EAINADFEAERFIHTD 9, 21—V ALK DRSS (9) DRIBA (3) 1%, ZoHhd
BEICIVEINTAZENRESNTND B, DLEDOZELY, 4 —VUALRD KRS EE,
D HIRD T, EFRHRLIANATLL B F LI BRIEEREICI ST, T/~ DB
a2 G TR HERSNLD.

— 77, BEHERD DA U D/ R DA R 52 HDBRDOUEHELT, kLR
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FIFond. FIAKICIERES DT T 2 coflET bbb A —Y Ry 28EE CTC
(Crushing-Tearing-Curing) fy%E213%0 (K 5.1-2), CTC FEICIWIELNI-/ KL, 4 — VK
7 AR KO EL VIR L H_C, linalool, linalool oxide 5D EATHE /D720
ZENHBIVTND 299, I5IZ, AL OIS TRIZIIT DEHHRDIK MR, FICHR
TRICTERZSD DZend, TEICHEIRT DX — VU ALK DN BEDS, BOREAR sk
DELRERNA NN TS ATREMEAHELR S NS,

QI Ay B LT F 43 1%, hotrienol (9) , 3-hydroxy-2,3-dihydromaltol (10) , 2-acetylpyrrole
(16) THDH. ZOIE, RIEOMBUZIV AR TLHIENRESNTWD. T7bb, 9 13,
2,6-dimethyl-3,7-octadien-2,6-diol (3) DANENS )L 199, 10, 16 1IHEET I /RO AT — R i
(XA 18 F =Y AR DB R DA EER, ALREL T LW HERTH
D, ZOTIBEA L, —REIZLR ORI THL Ty AREIDEZ N 1), LI2io T,
WELT IO AT —RENC IV AR T HZENFNHIL TN 10, 16 DFE A &IZIE 10108
AFEDIEVNC LD RS DT I M A A BN EL WD ATREMEDME RSN D, Fio, ¥
—VUALINL, ZREBFHOR WA — YRy 2BUEICTHED D T2, ERICED T
GHBEOHEML TSNS, 8512, 9, 10, 16 1FAREED MBIV ER 52
£V, F =DV AL O TR T DI ORLI L R7RD, 2Ry DAERK
ICHEFNTEN TS ATREMEL B2 HiD.

@IZSYHE L= 4313, hexanol (13), (E)-2-hexenoic acid (14), hexanoic acid (17) T&H%.
13 1%, (E)-2-hexenol <>(Z)-3-hexenol &[RIERIZ, AENMEESCRUEE BN /2E DAR A,
TR BRIEE DGR T DY ) — Vo) L VRO AER T D HEV DT
DIEMEIND Co—LAEMREDDEDTHD 0. ZNHLDREMTHD 14, 17 b, TREND
AT HEHERIS D, ZRIEOIEE & A BoZ ORI MBS IC Lo TEE T 52800
1013 DA AR BT REIA 2T D T REMED DD, SHIZ, KHEITHITD 13 DAERKIC
B 57 28258 (N E MK 3 REER PV AR 7 —8) OIEMEITZFEIIC LV Z{EL, FFoX
BEBEOKIBAD KESNFES L IDIDZ L0, ST CABLUZAETIE, BE
HI SRR Ay DG A BRI 5 19200, BEDOKIREN KREHBEICE
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2.00000 (a) @ BHIX
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@
1.00000 —
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\o 1
l.;. Kenya ‘\I
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< 0.00000 Dimbul
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AL TR
‘ Uva |
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@
-2.00000 —
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-3.00000 -2.00000 -1.00000 0.00000 1.00000 2.00000 3.00000
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¥ 000000
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5.1-1 SR D R/ DHIE O FEHEEHZZIHTRE RO FE R AT LA FER A= T O
WA (a) 11 FE, (b) 8 i ((a) Ly ES A A RS
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R 5.1-2 X —VVARORE BB LM A~ D E 503 HEE STk sy

(ppb)
No. PC1* Compounds Da As Ni Di Uv Nu Ke Ja
1 0.995  benzyl alcohol 467 79 165 58 40 39 40 39
2 0.990  (E )-nerolidol 24 10 13 9 10 10 9
3 0.981  2,6-dimethyl-3,7-octadien-2,6-diol’ 150 32 26 12 9 7 19 18
4 0.974  cis-linalool oxide 242 42 26 21 24 26 14 21
5 0.974  cis-linalool oxide pyranoid 121 22 11 9 8 6 7 9
6 0.973  trans -linalool oxide 451 140 80 59 72 85 34 64
7 0.973  trans -linalool oxide pyranoid 200 72 40 29 30 22 24 31
8 0.968  geraniol 167 19 46 14 4 33 22 29
9 0.962  hotrienol 5 nd nd nd nd nd nd nd
10 0962  3-hydroxy-2,3-dihydromaltol 20 nd nd nd nd nd nd nd
11  0.950 linalool 133 57 58 40 48 67 31 38
12 0948  benzaldehyde 52 23 16 13 12 19 12
13 0940  hexanol 22 8 8 6 6 nd. nd
14 0.930 (E)-2-hexenoic acid 59 26 12 11 14 15 nd. 12
15 0913 amyl alcohol 23 16 15 11 10 10 13 8
16 0.877  2-acetylpyrrole 23 11 nd. nd 2 nd 5 nd
17  0.875 hexanoic acid 373 192 262 123 158 128 236 118
18 0.867  4-vinylphenol 20 10 6 8 8 7 11 6
19 0.849  2-phenylethyl alcohol 348 193 318 149 120 122 93 118
20  0.848 hexadecanol 20 13 15 15 14 10 10 12
(Da: Darjeeling; As: Assam; Ni: Nilgiri; Di: Dimbula; Uv: Uva; Nu: Nuwara Eliya; Ke: Kenya; Ja: Java,
n.d.: not detected)

a: F—ERK D O T A fi

>

IR0 — & St

|
BER

L il;ﬁ ) if:liﬁli!%%ﬂﬁ
g | [ EReane
i e e

: g g

: ﬂlas ﬂl;es
(F—YFvHOREE) (CTCEL%)

X 5.1-2 FLASOHLE
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DFEAETD, & 2000 m D LHEHIAT LW F — DU AR DAEFTERED, R EICKITS 13
DAERRBEITEEL QD AREMERSD. £, 13 BLUY(Z)-3-hexenol, (E)-2-hexenal [THL 7
FLE R OZEPW TRRICTER T2 ZEMR RSN TEY, AHEHIZ(2)-3-hexenol ELFEAD .
DD TND D, LI TC, /IMRBBHEZRL TV AIDIT, KETAERLT C6— T La—L
B3, Wl ABBEIR D L5720 TREEICEREL, ZHH LR P OBERPUSIZIDE KL 2
HEHET 2 ATREMED 8D 119,

—707, 14, 171%, F&E TRPISHMNT 22 e08HE I TR 19, FIH TRIZTERL
C6— 7 /L2— /L ((E)-2-hexenol, hexanol) DERILICZLV LT A REMENE 2 HNS. LIk
DZELY, QORI FELRERIC, ZERFFHPRL, TEIIHIRT 24 — VU ALE OIS
PRBLEN, ZORGr O UEFNTE TS ATREME R HELR S LD,

CIED MESCREDOEE

BREICIDEFEXAIBMAED L IS0, B OMIEIZ LD BRI DAERNRO LZDO B

LLEDREREY, 5 =DV AR DR R 72 T #RRI, 2

"

ZAT IS ALD FTREPE DS RIS ALTE.
(2) X =TV AR ORHEE B B4 DRy DR

FEVNT, 8 FEDALAEDEFER A G- E IR T D720, FALEDRHE (2 L) SR E%
HiEE SAFE Ao A THERIRMED Z TR R L7, i EE 7 NEAD HENAEIC T
RONTEFREMIE, ThENOFLR DORERE Rz ISHBILTERY, GC-0 (245
BRI GRY OERICES>THELWDHT 7L ThoT-. Bhiiz 8 OALKDER
IRHEM A GC-MS o#T B L OV AEDA ICHEL, FHRF G- RR LIS R, 4177547 D FD
Ty IB =% T DK 70 BOaPRHENT. ZLT, ZRBOMST D ZLRNT X TOEREIC
B S22 e n, FEH (B5I) Z LIC R FL, FERFEMTOEHE BOENIZIY
RSN DL a L LT (R 5.1-3).

FENT, X — VU ALEORHEE G 2O T 5720, STEDALEN DI H
SNTT R TCOEFR T 57 DFD7 77 5 —%, $iZ LIZHRUT-. LasL, iR L
FROTEE D ZDZUT, MRy H AT Z LMD TR EECh o7, 22T, SHOALIC
THINES TSy DFDT 7 7 4 — DB A RIAAEREL T, ERR Do aidiz. FD7 7
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72— D8 E VB, AFORRICBITDEERED, Vo—/N—TxbF—Dik
ANZHE N E OB 52880, F5E LD N DRI E BT DL E 2 127280
ThD. Ty Aa7 OEAX (K5.1-3(a)) K0, & —V VALK, MOT8FRE BN 7= AL
EIZ7 Y S, FFROREFESHMREA L TCODIEDVRBIN-. 51T, KTAfEDORK
il (ES51-3(b)) LV, ZOHRFEMEICHSEET IR 2 HEBLIME,
3,7-dimethyl-1,5,7-octatrien-3-ol (hotrienol) (28, FD factor: 43, floral, fruity, RI= 1608),
2,3-diethyl-5-methylpyrazine (20, FD factor: 4%, roasty, nutty, RI= 1499) 33 X OVR AL Sy
(10, FD factor:4°, green, meaty, RI= 1383) 2337z, 2095, hotrienolld, & —
PUAIE DRIy THDHZEBBEICIHAE ST, — 7, bW FDY 774 — (49 %
BLTWZET 100, WD TIED 72O [RIE TERDST2b DD, X — VU ALE DR
ICHRSEEBEL CODZEN TSI, DI, TV =2 oI—T 41— LW TR0 F
P TOMERRS THHZEND, BRLEWEREL, RIEEZRAT.

B =DV ALK DRHEE ~ DGR TSI ED RS 10 Z[RE T 5720, @ IR
i, KL= o rak k2RI 7-. 970 b, 550 g DASIEICE ENDHEXK % SDE {EIC
FOvrmmrs AZHiL, BONTRIELRF KRNI E b B %, GC-0 1285
RSB e B RETRIEE LT, YYD T BT AT, FBERLE. T, B 2 E
SHZH 5y (Fr.6) 00, EDOERALA Y E TSI BRI & BRI FE T 5720,
FL<HEZLL 72 GC-MS/NPD/SCD T A7 A& LTz, KU AT AITT, Fr6 ZlIELTZEZ
%, GC-0 127D MRS D RI LIS, /hEWRRLHE —r 3 S iie2 e k0, ARpk
ST EFACA Y THLIED RSN, L LD, R, MEchdze
[Nz, BE DR SREL T2, RIEITITELRD T

ZIT, B 2 SHITm B ICERMNE, R 288012, B—20 itz m LsE5700,
F 7T TOZIRITE GC-MSS¥V%q LT, T7205, DB-1 1741285 GC-0 #HWT,
Fr.6 226 H IR A E U A N T IREL 7206, BB S 2B A5 L7 GC-MS %
MY, DB-WAX U7 L THMTLIZ. ZOfEE, A D~ AARTMLBELIL, < AA

NIMLE2FEEED T A (DB-WAX, DB-1) 128175 RI BIOE R NS RRAE L e—EL7-2
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Enb, AR5y % 4-mercapto-4-methyl-2-pentanone (MMP) LR EL 7= (K 5.1-4) .

MMP (%, & =PV ALRIZB N TE FD 77 74— (49) 24§ 27213 T, TRV RFE

ThHDHVANY AT T LHH U RIT ORHEH R FVICF 53205 L L TRESNTND
M ZoZliE, MMP 3, X =PV IS D~ Ay 7L — " — b 4 5L Q0D AT REME %
FRRIB T HHDEE 2 bz, LnLENS, MMP OF U — o —T7 ¢ — 72 MO F
N, AR ROFVERBGTHZEITHLL, ~ ATy T — =D, ¥ —T )
AR ITE ENDMOEF K7 E DM AGOENEE THLIEDHERIS L.
FIT, BV ALKE, v AWV MREEICTERWE S EEATOERET 5y "% ik
L7z &, MMP (ZNA, 7w —F /L7223 @ linalool, geraniol, A — F72 % i D
p-damascenone 73, [l (3BT HIENRI LN ST (B]5.1-5) . ZIHD 3 A4T1E, $a
IZEBT T R COAKIIB T HEFER T G/ ThD. LIei> TIORRIE, ALAD~ A
AR 7L—3=73, RO 3 553 E MMP KBRS 5 ATREMEZ R L THY, MMP O&F
B, ALRICBT DY ANy STV — = DB i DHEERT 7/ 4 — TR0 is5 2 8%
FRRIEL TS,

Z T, FLKRIZB T D MMP ORIV R MR o720 B REAHB A L 72. ‘B RerFAhioD
FEA, MMP 135 — VU ALRICIRIT D~ Ay h7 L — N — DI BT H B E 2 Rl 32
DAL R ST (K 5.1-6)
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F#5.1-3 FEHORILDRAEDEFER A S-S (FD factor >4')

FD factor(4")"

No.  RI"  Compound’ Odor quality DA Ave RSD(%)
1 <1000 3-methylbutanal stimulus 3 33 14.2
2 1000  unknown fruity, green 3 3.5 153
3 1090  hexanal green 4 4.0 134
4 1127  (Z)-3-hexenal green 4 4.5 11.9
5 1212 (E)-2-hexenal green 2 2.8 16.8
6 1237  (Z)-4-heptenal green, metallic 4 43 16.6
7 1301  1-octen-3-one nushroom-like 4 3.8 12.3
8 1338  2-acetyl-1-pyrroline roasty 3 24 218
9 1375 (Z)-1 ,5-octadien-3—oned green, metallic 4 4.3 10.9
10 1383  4-mercapto-4-methyl-2-pentanone green, meaty 6 39 256
11 1387  (Z)-3-hexenol green 4 3.5 15.3
12 1395  nonanal fruity 3 33 21.8
13 1428  unknown fatty, sweet 3 2.9 12.3
14 1436  unknown roasty 3 3.0 30.9
15 1449  2,4-heptadienal nutty 2 2.5 30.2
16 1453  methional potato-like 4 3.5 26.5
17 1461  unknown grapefruit-like 5 4.1 15.5
18 1470  2-ethyl-3,5-dimethylpyrazine nutty 4 1.9 52.9
19 1495  (E ,E)-2,4-heptadienal fatty, sweet 3 3.4 15.3
20 1499 2 .3-diethyl-5-methylpyrazine nutty 5 1.8 794
21 1507  decanal fatty, green 4 3.8 12.3
22 1529  2-isobutyl-3 -methoxypyrazined earthy 4 3.0 504
23 1537  (E)-2-nonenal sweet 5 4.8 9.7
24 1550  linalool floral 7 6.4 8.1
25 1554  3-merc aptohexanald grapefruit-like 5 4.3 16.6
26 1563  tetrahydrothiophen-3-one roasty 3 1.9 445
27 1593  (E,Z)-2,6-nonadienal green 5 5.0 0.0
28 1615  3,7-dimethyl-1,5,7-octatrien-3-ol floral, green 3 1.3 56.6
29 1632 2-acetylpyrazine, butyric acid’ roasty, sweaty 3 24 218
30 1646  phenylacetaldehyde honey- like 5 4.9 13.1
31 1672 3-methylbutanoic acid sweaty 5 43 10.9
32 1703 (£ ,E)-2,4-nonadienal fatty, sweet 5 4.8 14.9
33 1722 3-methyl-2,4-nonanedione green 5 5.0 10.7
34 1736  pentanoic acid sweaty 3 2.8 16.8
35 1768 (E,Z)-2,4-decadienal green, fatty, sweet 4 3.5 15.3
36 1782  methyl salicylate green, minty 5 4.1 20.2
37 1815 (£ ,E)-2,4-decadienal fatty, sweet 5 4.9 17.1
38 1825 S -damascenone honey-like 6 5.4 17.0
39 1844  3-mercapto-1-hexanol grapefruit-like, burnt 5 4.4 17.0
40 1849  hexanoic acid sweaty, green 6 4.6 16.1
41 1852  geraniol floral 6 4.8 14.9
42 1854  geranylacetone floral, sweet 3 3.6 14.3
43 1864  2-methoxyphenol burnt 5 5.1 6.9
44 1878  unknown sweet 5 4.0 13.4
45 1923 4-octanolide sweet, burnt 4 3.5 153
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(&5.1-3 HIX)

46 1943  unknown green, sweaty 4 3.9 16.5
47 1953  (Z)-jasmone, (Z)-3-hexenoic acid green, sweaty 3 3.1 11.3
48 1968  unknown sweet 4 4.0 0.0

49 1989  cis -4,5-epoxy-(E )-2-decenal sweet, juicy 4 4.9 17.1

50 2004  trans -4,5-epoxy-(E )-2-decenal sweet, juicy 6 5.6 13.2
51 2031  4-nonanolide sweet 5 4.8 9.7

52 2036  4-hydroxy-2,5-dimethyl-3(2H )-furanone caramel-like 5 4.4 20.9
53 2041  unknown sweaty 2 1.8 40.4
54 2057  unknown Juicy 3 3.1 20.5
55 2078  unknown sweet 4 3.5 15.3
56 2083  p-cresol phenolic 4 3.5 216
57 2154  unknown sweet, green 5 4.0 134
58 2171  eugenol spicy 6 5.5 9.7

59 2187  unknown spicy 4 3.3 27.3
60 2198  2-methoxy-4-vinylphenol spicy 6 5.0 18.5
61 2227  2-aminoacetophenone grape-like 5 3.9 16.5
62 2238  methyl anthranirate grape-like 4 2.6 349
63 2256  unknown phenolic 2 3.0 17.8
64 2267  jasmine lactone sweet, fatty 4 4.1 20.2
65 2273  unknown spicy 1 0.1 2828
66 2399 (Z)-methyl jasmonate floral 6 50 185
67 2448  indole animal-like 4 4.0 134
68 2458  coumarin sweet 5 4.5 20.6
69 2491  skatole animal-like 3 29 223
70 2578  vanillin vanilla-like 6 5.8 8.1

71  2600< unknown spicy 3 3.4 15.3

DA: Darjeeling

a : Retention Index (RI) on DB-WAX column.
b : The compound was identified by comparison with the authentic compound on the basis of the following

criteria: retention index (RI) on stationary phases given in DB-WAX, mass spectra, and odorquality.

¢ : The exponent of flavor dilution (FD) factor.
d : The MS signals were too weak for unequivocal interpretation. The compound was tentatively identified

by comparison with the authentic compound on the basis of the following criteria: retention index (RI)

on stationary phases given in DB-WAX and odor quality.
e : Mean value of the FD factors in the eight samples.
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27 (a) Dimbula (b) o ¢
‘ * ¢ * Q’
'R 4
1 - Uva - * * . "
‘ Nilgiri S R .
& Kenya . * R “‘ .
% 0 . 8 0 0’.. *e
% . A * * ‘e .
I Java * ** .
Q o ® . o $20
&~ 14 . .Assam . o P * 28
i * *
Nuwara Eliya Darjeeling . . o, 10
o
*
2 A
T T T — _ -1
2 1 0 1 2 1 0 1
PC1 (27.0%) ‘ PC1

X|5.1-3 SFHOALARIR HIKDAEDAIZ TR STl 53 DFD 7 7 7 24— D F % 53 Wi

LD Ep oy AaT DA (a) B LUK F-E i E D 7 11y MK (b)

Abundance 43 O
8000
3000
i T A ! (MMP)
30 40 S50 60 70 80 90 100 110 120 130(}:/:1;! RIDB_Wax=1383(1382)

Rl =914 (917)

(m/z:132)

5.0 10.0 15.0 20.0 25.0 30.0 35.0
Time (min.)

X5.1-4 # — VAL D~ 27~ T 5 (m/z: 132) BEL

4-mercapto-4-methyl-2-pentanone (MMP) D~ AR KL
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Darjeeling Tea Muscat Grapes

OH
floral O~ \/ﬁl
O
(Z)-methyl jasmonate linalool geraniol cis-rose oxide
sweet OH o
o (o) %, -OMe
|
trans-4,5-epoxy CHO
-(E)-2-decenal vanillin f-damascenone
green 0o O
hexanoic acid \1\/[MP cz’s-3-hexey
spicy OH
OMe
OMe
OH =

eugenol  2-methoxy-4-vinylphenol

X5.1-5 2 —VU LA E~ Ay MRENO BEEFRF 5ROy

~

*%*

(o]

IADUEEROEY

0.5
MMPEIRE (ppb)

[X]5.1-6 FLASEREHTF51F D 4-mercapto-4-methyl-2-pentanone (MMP) D IN%h 5

(e BEIRANGLIT L TIEBR R 1% TH EZEDY)
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(3) Z =V VAL DRFEA Sy D AR B % EEA]

FERT I EOY =PV R RO 53 &L TR L 72 3,7-dimethyl-
1,5,7-octatrien-3-ol (hotrienol) , 2,3-diethyl-5-methylpyrazine, MMP @ 3 [431%, ZAZEDMN

WCRVAER T2V IEBREA TS, T2 5, hotrienol 1, AR L 72K IZ

3,7-dimethyl-1,5-octadien-3,7-diol DINEMZ L DA 199, pyrazine 1d, 7 /BELHED AL
TR 1, MMP 1%, BIBREIZALINZ /2> TN E DD, F; AR DK A THEIZE
DAELHZENMESILTND 19, LIZA>T, ZIWHLD G, MOFLAIZH R TH — Y
FLARICZ<SEENDZENL, FEFTKDOIRIRET EET, ZOTHEITIL, MR,
AL REREDREER, 4 — Y Ny 7 ZRGEIC LD F IR0 fn i LR OINESA:
DL TS FTREMEAMHE SR S D,

2212 TR =LY, MMP I, RIS TIE, 4-methyl-3-penten-2-one (MP) (ZhfiAk /K
RPN HZEICEVAERKL, ZOAKEID, TI/BOMBUCEID A Dt b K 3R &5
T DREIEDNRIBIIL TG ) X —UU AR, Ty ARICHRDETIUVBE R
BEOLNPEELZFEEL, BRIEMOZERLL 7 I/ MO, FRSNHIELD, INE
(XD LR FAERBEDLED MMP AR EIEEL TOD NS, —J7, 7RO
RELEITHITD MMP JIBRIRIX, AN AGEIZE G- 2K 7 CTHhHI VAT A Dffy
RCTHHZENFDILTERY, FixKTHD 3-mercaptohexanol DV /VHTF A ATEIRIL, B
BE AR A (SRAMER, KIR, R, K, A OGS 2% AL THEINT 52888 E
SILTVD 19,22 [ZTHRA72LEY, RIRIZRWTE, ZOIDRE A RDFIED RS
IRINSTEN, =V ATBNTUE, b YADYITL— =N eS8 I RT7 Ty
2DOWERFIZZOFED FNEZ <R ETDEFDILTNDHIER 9, RIFHOZEN LR
HZedy 120 BESLEKICEDAN ZSE T, I NVETFF ATE RPN L TS ARl
D5,

LLEDFEREID, MMP & ERE T D~ ANy 7L — =% G ie, X —V U ARLAR DR
72 TR OEEACIE, S LRI LV N ER SR JFRIE L CD) <0, A BB BT

(B 2000 A—MLOLHEHIHT LV RLWETEREL, 333280 RE) , AR REA
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(RIFFRIOZEW, TR0 8) NERRIZBEEG L T rTREE M EZR S Uz,
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52 BER

RETIE, =PV ALK DR EFVCT ST EROENCT D78, FEHL (87
W) DRI Z 8 FOALAIZ IR OEFRF 510 & LR L.

IUDIZ, X =V VAR DOE L IIHLR DR A B DN T 5728, 8 FROFLAIR HIR
DEBEERED GHBEHIRUIER, 4 — VU ALK OFLHIL, okl K&’
720, BRSO AR T 2Ry, BT B O MBI KV AR T DY, TFE X AKT 5
B3 DM O EEIZ LR TR IZ W ZE WMD) oTe. ZOZEXY, X —V U LA D
R B2 B KRR O RRATIE, AABED S AESCAE B SR BRI -2 RBR IR B O W OARiHE
(7 LA B -2 AT M A HEZR L T2

RIZ, AEDA {£I2dD, 8 FEDORLA R MR DR AT G-y 2 LR UTEfE R, & — VAL
I B9 72 ik 4y & LT, 3,7-dimethyl-1,5,7-octatrien-3-ol (hotrienol) (floral, fruity) ,
2,3-diethyl-5-methylpyrazine (roasty, nutty) 33 OV 1K 5y (green, meaty) % FLHL7=. &
HIEATE, 2 — VKD SDE W&, S VBTN HT A, IRNT, 7714 2 I
GC ICTHEEICHRL, &ML, v AUV MR EODREREFRE GRS Th D
4-mercapto-4-methyl-2-pentanone (MMP) L[FEL T2, SHIT, ¥ — VALK L~ ATy MR
FIZTEWHFLEELHTLEK 2 LIRS R, MMP (2%, linalool, geraniol,
B-damascenone D 3 A NE BT HIENRAGLNERD, ALK D ATy T L —/3—
DS, AW IHBTHINH0 3 fiird MMP LVERRS LD ZEMHELI S, TDORBLI
I MMP RSB H-L CWAZEE MR LTZ. IDIT, ¥ — VAL DRy &L CTRHIS
M2 3 Ry DRI B D BRI Z MR L, Fr SRR B S LR~ D BB HERR S
TR (SR, A BREE, B 23, FHEAIZRE R DOTERICH G- L TN D LA HEL LT,

VL EORER LY, & — DU AR N 72~ Ao b7 L — =2 G EFRIL, 7V —),
I=TA—RENEHTDOMMP &, ALK BMRIILB T DT m—T )L, AL — RE&ERORSY,
B—ANEEF T DG & EREL TSI, ZORITIE, KDL AEFRE ISR
(K92 BB A B D S A F 7R B E S B 53 D RTREME DS DL 2o T,
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6 E RiE

AU, B IEC O LT 54N LEMIZEB W T, BAEDmWRERADOEFVE
BRI D7D DB BB DIEL R DM R 2552 L% HINZ, /INERERTENLIELND 4
FEDAE (RIS, AL, HERIR, KAL) ORI EVICEH 535050 B L ORI &Y
DA G- T2 ENE R UG RETED LD THD. R SLORIT, FREARDOF
BB 5T DR EfEIT 572010, REEZFIHAL CERA~OX 5 EL2 M35
FETHS GC-0(AEDA) & VW -2k, &51T, RSN EFRE 515 E GC-MS Z#1 LY
SN LT EEF Ry DL BN A OF TR, SRR DR EFROIMKIC
5T 2EREBREL, SN EREREORT oL (i FE, $ebs 50, M)
BIOREHELAEE DT 22825 5.

R F TR Z<EHAEN TODEBLF RN Ch LRI, ITFEOAETERDOEbE 21T,
B LA I ICD T DI TR EL TOFHPE KL TS, ZOI57 KN MIZE-
T, HOIEBWLSZRE ST HEERER THY, IO GO LSOOG TS
T, BERKROFVOHBLDRDOHNLM, FRIORIKISC, BE LI LD FERE(ITAR
AEETHY, ZIUIR SR ETIFR. BnMEFEHE, £OIORFIIN T RIS, BIEDE
WERERKDOEFVERG- T 57200, BUEZ2 50K EOFETHY, @B R L
DBRFED RO B TND.

FOIRBRMERERIE T 572010, BERKROREIRECH ST D505
DUTL, SHIZ, KEICBITHZENLDRS OREZB LT o0 ER DD, KT, AR
(T TR UEEF (Camellia sinensis) H>HVEHIVDDS, FEHIRCEE DB IV I EX Fofi
by, EOHLE ThHDH. 22T, AATIE, BMEBOTFEOREIIEZZEL THE
ETOREERHLE. 74200, IMTRMELTORMANZ W, INERKENOIESILD 4 1
DX (HIA, HAS, HEBS, FLK) x5 L, & % 1220, i BB AL <l
Sh, REARFVEBATHm LY TV OER GG ERR L. &5, AHE
NIy DS, FRlR I 72 B KIS EE LS 2 DIy O R Rl , 3 5E
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LIRS DA SRS O C, IR EDRT VL (G FE, FRF51F, BRI B8O
FHELOBIRE B LR LT, LU TICE DR RERIET 2.

%2 BT, RERIKFFAEOT)—REF)~ORF P /RBEI TS 4-mercapto-
4-methyl-2-pentanone (MMP) @, FIZSIZH 1T HHEELAEREMEIZE L, JIZAOMMP &H
wmé, MIRRHROFVBI ORI OFEY Lo BEMESFEfE SV CWODZREGR Lo BfR A
RFLTZ. ZDOFER, MMP 13 BEZRRFA OV ) — 25 B L ORI O/ DifE L
2R3 TRY, TOEH T, ZEW MO RWEARLIA T, BEITDRWMEROSHHZE
MBABDE o7, DI, BIZRIZBITD MMP OARRIC, Y AT AV BDNIT NETF AU fE G
TRABEE-LCD TREMA TR SUGIC RO LIS S, 20 ATREMEI RN Z LAV RIS iU
ZOREREID, BIRIZEBITD MMP 1L, T CTICRAES LTV D AERIRE, 3 70b5, MP
(4-methyl-3-penten-2-one) ~DHAL/KFZEDFININT IV AT D AREMD SV &, FT-, 248G
DN I DR KSR G BOZEE)S, MMP AR BT D ATREMAHEER L7, DL EORE
RID, MMP I, BEZRBARA OB w57 2 BEREFRG THY, TOEHRITIL, &
IR ANERIRTINZ, RGP EHAC RG22 8pVReST-. 37ebh, RETHELT
PED B RIEDOF T, —FR AR EAR LA TR L, Rl K AIUSRIC T
P AZETERSNAZENHL) 72T

553 UL, PRAADFHBA LD, FrIBIEO Em, SR O H<FXLNECH G
DRSNS 728, MEDRRD 3 TGk, I, k) OFX G SR E L. £
DFER, EOFZUL, WTNOME THREWFD 7774 —%RLic, A —h, ZU—1, A
2y, 7u—J )V FHHEHT5H 8 sy (4-hydroxy-2,5-dimethyl-3(2H)-furanone,
trans-4,5-epoxy-(E)-2-decenal, coumarin, 3-methyl-2,4-nonanedione, (E,Z)-2,6-nonadienal,
(2)-1,5-octadien-3-one, «-ionone, (E)-isoeugenol) Z EIREL, @A TIX DMS, BT
VH, SRS TR, IFE RO T AT EREPITD DS  TODZENHBNERY, 2
DOFEFIE, TEFELEDHRELFE LD -T2, SHIC, Wk EOER 5L, f
A THRESNTODERT 55 LB U R, @R IR B e i1, A4—h,

=
7 u— 77 3EF O K 4 (4-hydroxy-2,5-dimethyl-3(2H)-furanone , trans-4,5-epoxy-
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(E)-2-decenal, coumarin, «-ionone, (E)-isoeugenol) b1 —ANEEZH THETIU L IE THHT
&, BERHIKROEEEFERF 5D THD MMP X, HA TIIBRHESN QRN ERHL
INEIRoT. EBIT, A —b, ARV 7R AOFF AL, MURIZEAL GENRWV—T
T, RO BEEEFRFT G ELTHLN TS trans-4,5-epoxy-(E)-2-decenal (2T,
AR AR ECEHT BT DN R B KO AR I B DAL U 2 it Lo, 2 ORER,
AEE, AR LI R D IERER MR ROSICTERL, BERHARA O HWEVICRIC
HETHLIENWRENTZ. UL EORERIL, Bk ORI FROTERA, BN
IZL DRI E (T /ART /W) OIS, HARAA ORE (Fiat 3, IRAIFICT
i, RRERINEL, A ) S G T2 REMEZ R T H D THY, BAFED R RE Bk
SOFRUL, WUVRPBRIG 2L 7e —F R %, iR A THRARIDIN L5248 T
TERLS D FIREME DS B E 7o Tz

%4 B, FERRRFFE O7 0 —I VR &G HM S ARG T 570, HIE
RO THREN: 3 S6IN (FIWIBSEH, BEILEIE, 2B, 3~ TR D& IS LUK
NHEROFR[REFEGR o ZRE LT, TOMR, A4 —MNa&K Pl O 4-hydroxy-2,5-

e

dimethyl-3(2H)-furanone, 3-hydroxy-4,5-dimethyl-2(5H)-furanone, coumarin, vanillin, 7 =2
— VIR ZE D geraniol, (E)-isoeugenol, HElT7-L5727 71 2-methoxyphenol @ 7 55773,
HIEREAS BB T2/ R EF 5 L LRSI, FERS IR E GO TEL
L7, P ERRAS R A O3S TR (FRB0ERE) N0 G A BRI ET LT LN
BINT. IO FTYH, FEREAALD WD TR LI (E)-isoeugenol (X, 71— /L7aH|Z
FHTFDASAL =12 FVe O RD, “PEELLWEDICHFGTLIENAbNERoT S

\Z, ZORGr DRI EEDOWNAERER BB G52 eprmeasni-ZL 3, RE 2T Eik
FKRADOFRIL, REONEFEROBZLF ML, ISH7REP VA OBRISN L2
LEHELZE LT, SHIT, (E)-isoeugenol 13, SHEEAICESE Eh, Z&B—ERA THLEEKITIB W
TOEWHGEZRUIZERD, BEEAIRA ORH LIRS, SR ITRA ORI
DHIERYE (7 /1) OEEINE G- L TS Al REMEbHEZ STz,

B SETIL, X VUV O~ Ay NI —N— G5 T D a0 T 57
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W, B —=VVALEE, FEHL($IR) D2 D T FORK DO EERFLT K BLOEFERET 5K
Sy LT EEEFERR D Z LI R, 2 — VU AR O EEF KL /LA,
D 7 ERREITRES IR, BRIV AR T DRy, FELT /WD BN X AT D A57,
REIVAERT DR BBEICSNZERHLNE ST, — T, HEREF 5 & gLz
T, 2=V ORI FS, 7a—F Ve FwPHO 3,7-dimethyl-1,5,7-octatrien-3-ol, 12
—ANEEH T 5 2,3-diethyl-5-methylpyrazine, 7'V—>, J—7 —72 &R %a A 925 MMP 3
BH-L TCWDZENRIBSNTZ. ZOFThib @V FD 7772 —%47R"L72 MMP 1%, 7RY
RIETHLHYAD AT T LY URIT O EEEFERL L L THESNTEY, fLAKIC
BIFo~v AN 71— —=DFBUTH, RSBEGL TODIENHLM LR To, SHIZ, R
W72 B ~OB G AV RRSIVIZRTR D 3 oy OEREREE, 27—V VALK DR R E
SMARE O TEERL, ¥ — VU ALK DOV AT NI L — =, =DV AT TS SN,
A DEEEZ T T EEHONER KRS, BRI — Y Ry 7 ZBEIC T T 8IS
ML 2L TSN OIEAHEEE LT,

AR TR, SFREEOBERE)~DOEmWEFER RSNl a a8,
INBDOEFRET G DD, FEFREI LFERRIZ, TN TORITHBL TWDHIEN
DD (R 6.1-1). ZOZET, FIUHEENOAESNDEDFEDDLERMED, KIEDRT v
U (TR, s 4ot TR B L OIS TROEWICIVAELS, HBRE D /AT ADE
VIZH KT HZEERL TS, SBIZ, BIAICBWTUIRROEIR A D7) — 72T
HHTDH MMP B3, X —V U ALIEDVAD Y NI L — =% T 5% — iy Thde%
IXC®, FEZREFA O7 0 —7 V72 F/0IZ % 53 5(E)-isoeugenol 73, HAIZIB W THEmWE
HEZRTIE, FAEDFT—DTHD trans-4,5-epoxy-(E)-2-decenal 73, HRAHFFA DO H W
FOCHHHTHIEIE, KRR ORI EFVD, FHEDENWF —/ 55 DI BRY S
DHD TR, F—hre, TNEIRY AT OF TSI LD G RLNT L RN EE
STIELH THRELTHIEEZEHRTLHHDTHS.

FRHZOWTHRIERDZENF R D. bbb, BELRERZHRE T L70I1E, BifEE
THEVDOF—fIr0F OREEE L7292 C, TN E TICERMSI CE KA 7z
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BREEL, £ DRI & Beb B RANIE I TEDREE (FRNT U R) 2 DU BN DD, Wit
TIE, RS TEON M AR AL 2 OEFEEZBREL TRY, Zhbid, fokHl
mZl IO, L (Famab—b FxoT 4, ZvF—28), BR(TV, TARRE) ITEIR
<HIHSH TS,

LIk, ARFSCTIE, ANERASEZ W TRZENEICTED D 4 RO ¢ (RIUE, #8, H
EREAS, FLE)IZOWT, REREDOHE THREMREVICT 5T oM 2oL, &

H

INTASIBEED MO B E R ERER G- T 2720 O/ 5 EBBIR SN2 A1z
\Z, FAERORHRAZRFVDIERRE, B IEDORT b (R, FebsSelk, Fteny
) B RO LE TROMIZ, BHENSEMERRBRADY, REREORHEINREY ORI
1, ASHICRIL 72 T RIS TR L, Bl 22 R TR BR L 7o 2R 5 %, At P72 VA I TN
TOHENUETHLIEERLE L. ZOZ8E, BERFVERTHROEEOH L SR
FLRIFFZ, RT v L OIRWAEES, YN LA 3 24T, HORED REREFVE
BIEHI T ZENTED AIREM A RIEL TS, AREFSEICCTRELNAL, RERAREROD
BIRDZI25F, IR THOI TG, FDOENT-HTUIE AR H 3750, BitHiEK
ZRPRZ T, BHOOIRNREELET HHFATE, BANLObDEEZD.
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F 6.1-1 ZHERICBWTEERBFED~DE 508 RS-y

compound odor quality  RK* WRHKK WERK F—-YIv
linalool floral A A A O
geraniol floral A O O
(Z )-methyl jasmonate floral @) A @)
indole floral O A A A
o-ionone floral O

(E )-isoeugenol floral,spicy O O

hexanoic acid green O
(E ,Z)-2,6-nonadienal green O O A A
3-methyl-2,4-nonanedione green O O A A
4-mercapto-4-methyl-2-pentanone green, meaty (@) A (@)
f3-damascenone sweet A A A @)
trans -4,5-epoxy-(E )-2-decenal sweet O A (@)
vanillin sweet @) @) @)
4-hydroxy-2,5-dimethyl-3(2H )-furanone ~ sweet A O O
3-hydroxy-4,5-dimethyl-2(5 H )-furanone sweet A O

coumarin sweet A O @) A
(Z)-1,5-octadien-3-one metallic O O A A
methional potato-like O A A
2-methoxy-4-vinylphenol spicy A A A @)
eugenol spicy A A A @)
2-methoxyphenol burnt A A @) A

O EWE 5B (B, 328, PEFZE:FD 4'2L Lk, #—YUr:FD 4% F)

O EWVEF 5B (RS, H48, HEFREAS FD 4'LLE, #—2 U0 FD 47PLE) 2o B EICB 15
BHEMEARERE

A ARNEGE R0 K )

*: YA SR
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Summary

Characterization and application to the flavor development of the potent odorants
contributing to the characteristic aroma of traditional teas made from Camellia sinensis
var. sinensis.

Ryoko (Homma) Baba

Tea, the most popular beverage in the world, has been increasingly used in a wide
variety of bottled drinks. It has also been used in processed foods, such as ice cream,
chocolates, and many sweets. This is due to the changing lifestyles of the modern world. The
acceptability of teas and their processed products depends on many factors, one of the most
important of which is aroma. Therefore, high-quality tea processed products need to have
superior aroma. At present, to achieve this objective, addition of high-quality flavorings to the
tea processed products is one of the most effective means. To develop high-quality flavorings,
knowledge of the potent odorants contributing to the characteristic aromas in these
high-quality teas and their properties are required. However, little has been revealed about
them and the development of such high-quality flavorings has not been achieved.

Therefore, in this study, the potent odorants contributing to the characteristic aromas
and their formation mechanisms in four teas made from Camellia sinensis var. sinensis
(sen-cha, matcha, Chinese green tea, and Darjeeling black tea), flavorings of which are
expected to be in great demand, were investigated. For determining the potency of the odorants
in the high-quality traditional teas with strong characteristic aromas, the Aroma Extract
Dilution Analysis (AEDA) technique based on gas chromatography-olfactometry (GC-O) was
applied. In addition, the factors affecting the formation of the aroma of each tea were discussed
from the point of view of the formation mechanisms of the potent odorants and the major

volatile compounds.
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Chapter 2 Study of the aroma of the high-quality sen-cha

In this chapter, the correlation among the content of 4-mercapto-4-methyl-
2-pentanone (MMP), the aroma of the infusions of sen-cha, and the steaming conditions of
fresh leaves was investigated. MMP is expected to be related to the characteristic aroma of
high-quality green tea, such as spring green tea (first crop). On the other hand, the steaming
conditions are generally considered to be related to the aroma of sen-cha. Quantitative analysis
of MMP in various sen-cha (first crop) leaves and sensory evaluation of their infusions
revealed that the content of MMP and the aroma of the infusions closely correlate to each other.
In addition, the content of MMP showed a tendency to be significantly small in high-steamed
teas. Furthermore, model reactions demonstrated that MMP in sen-cha is most likely formed
by a previously proposed mechanism; i.e., it is formed from 4-methyl- 3-penten-2-one (MP),
being added with hydrogen sulfide, and not from the cysteine or glutathione conjugates of
MMP, by enzymatic reaction. As the content of hydrogen sulfide decreases in proportion to the
length of the steaming time of the fresh leaves, it is considered to affect the content of MMP.

Based on these results, MMP was revealed to be a potent odorant contributing to the
aroma of high-quality sen-cha, content of which is closely related to the steaming conditions.
Therefore, it is considered that the fine and highly palatable aroma of sen-cha is more
efficiently formed in the traditional manufacturing process; i.e., low-steaming process, than in

the high-steaming process.

Chapter 3 Study of the aroma of high-quality matcha

In this chapter, the potent odorants contributing to the characteristic sweet, roasted
aroma of high-quality matcha were investigated. AEDA was applied to the headspace samples
and the volatile fractions prepared by solvent extraction of three matcha powders of different
grades (high, medium, and low). The results showed that eight odorants with sweet, green,

metallic, and floral notes (4-hydroxy-2,5-dimethyl-3(2H)-furanone, coumarin, trans-4,5-
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epoxy-(E)-2-decenal, 3-methyl-2,4-nonanedione, (£,Z)-2,6-nonadienal, (£)-1,5- octadien-3-one,
o-ionone, and (E)-isoeugenol) are essential for the aroma of matcha, and some odorants
contribute to the characteristic aroma of each grade. Namely, dimethyl sulfide (DMS, dried
laver like) and pyrazines with a roasted note are predominant in the high grade, and aldehydes
with a fatty note derived from lipids are predominant in the low grade. As trans-4,5-
epoxy-(E)-2-decenal is reported to be the characteristic odorant of black tea, whereas it is
hardly contained in sen-cha, its role in the aroma of matcha was verified by a sensory
evaluation. As a result, it was revealed to contribute to the characteristic sweet flavor of matcha.
In addition, trans-4,5-epoxy-(E)-2-decenal was revealed to be a racemic mixture (2.78 %
enantiomeric excess) in matcha, different from black tea, in which it is suggested to be rich in
the (S)-form. This result suggests that lipoxygenase is not involved in its formation in matcha,
and the formation mechanism of epoxydecenals in matcha is different from that in black tea.
Based on these results, the potent odorants contributing to the characteristic aroma of
high-grade matcha were identified. In addition, the formation of the characteristic aroma was
suggested to be closely related to the traditional manufacturing process of matcha; i.e., using
the first crop leaves properly cultivated in the shade, drying at a high temperature for a long

time in a tencha-ro (a special furnace for tencha), etc.

Chapter 4 Study of the characteristic aroma of Chinese green tea

In this chapter, the potent odorants contributing to the characteristic floral aroma of
Chinese green tea were investigated. The major volatile compounds and potent odorants in the
spring and summer crops of three famous Chinese green tea infusions (Longjing, Maofeng, and
Biluochun) were compared. The results revealed that all the samples contained a large amount
of the compounds derived from glycosides, the stress-response of leaves, and the heating
reactions of sugars and amino acids. In addition, seven odorants with sweet, floral, and burnt

notes  (4-hydroxy-2,5-dimethyl-3(2H)-furanone,  3-hydroxy-4,5-dimethyl-2(5H)-furanone,
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coumarin, vanillin, geraniol, (E)-isoeugenol, 2-methoxyphenol) were shown to be essential for
the aroma of these Chinese green teas. Among these odorants, (£)-isoeugenol, which has a
floral and spicy aroma, was revealed to be a key odorant for the characteristic “Chinese
tea-like” aroma. In addition, investigation of the formation mechanism of (E)-isoeugenol
suggested that it is formed from coniferyl alcohol generated from a precursor, such as coniferin,
by the endogenous enzymatic reaction during the withering and pan-firing processes, by
heating during the pan-firing and drying processes via the quinone methide intermediate.

Based on these results, the potent odorants contributing to the characteristic aroma of
Chinese green tea were identified. In addition, it was suggested that the traditional
manufacturing process including the endogenous enzymatic reaction, such as withering and

pan-firing, is closely related to the formation of the characteristic aroma.

Chapter 5 Study of the characteristic aroma of Darjeeling black tea

In this chapter, the odorants contributing to the characteristic aroma of Darjeeling
black tea with a muscat-like note was investigated. The major volatile compounds and potent
odorants in eight black teas containing Darjeeling tea were compared. The results indicated
that the flavor composition of the Darjeeling tea is significantly different from that of the
others. Namely, Darjeeling tea contains a large amount of the compounds derived from
glycosides, lipids, and the heating reactions of sugars and amino acids. In addition, the
principal component analysis (PCA) of the flavor dilution (FD) factors of all the detected
odorants in AEDA suggested that three odorants (3,7-dimethyl-1,5,7-octatrien-3-ol (hotrienol),
2,3-diethyl-5-methylpyrazine, and MMP) are related to the characteristic aroma of the
Darjeeling tea. Among these odorants, MMP, which showed the highest FD factor, is reported
to be a key odorant of muscat grapes. Therefore, the result indicated that MMP is closely
related to not only the formation of the aroma of muscat grapes, but also that of the muscat-like

note of Darjeeling tea. Furthermore, these three odorants are all known to be formed by heating
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of the tea leaves. Namely, hotrienol is formed by dehydration caused by heating of
3,7-dimethyl-1,5-octadien-3,7-diol, the pyrazines are formed in Maillard reaction of amino
acids and sugars, and MMP is formed during the parching process in the green tea
manufacturing.

Based on these results, it was suggested that not only the breed (Camellia sinensis var.
sinensis) and the growing environment of the leaves (high mountain area, feeding damage
from Jacobiasca, etc.), but also the traditional, orthodox manufacturing process including the
careful and long-time withering and rolling of the tea leaves are closely related to the

formation of the characteristic aroma of the Darjeeling black tea.

In this study, the potent odorants contributing to the characteristic aromas of four
high-quality teas made from Camellia sinensis var. sinensis (sen-cha, matcha, Chinese green
tea, and Darjeeling black tea) were identified. In addition, the factors closely related to the
formation of the aromas were suggested; i.e., the potential of the leaves (properties obtained
under the influence of breeds, growing environments, timing of plucking, etc.) and the
manufacturing processes. The knowledge obtained in this study would be useful not only in the

development of high-quality flavorings, but also in the attempts to produce new types of teas.
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