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R, n-7 ¥/ A Bk 6:1:2v/v) OB
B EZ W= —a<w T 74— K0T
M TN, SHICHHEINTEAEOTE
VU BBTIER IO ERY, BUR1 %A Y —iE
HEEECHEMM L%, 530 nm THREEZRAE L, &7
VR UT = ORERITTORNEDE (%) TE
L7,

SBELRBED TV T = ESOLENE, REE
O AF—FTF YR AR BBEAES (Sun-
Francis, 1967) ® Rf{& DB TITo7,

(2) BRERT >~ b T = OEERTER

FHRIB Y A CHRBIRITBICHE S W - RARED20E
B RE—FT TR LAFEE KL OE
BB, SHICHAREO0FELE BR OEKRLFR
B0 4 MBIV TEENER A, StEEuls
ML L SHAVVE, o, ARREOLEHIEIFE2E
DRFZEZRE LBE ERBICZEE HEXZFEI00%)
EAL, MHEAARUBRESHLETRUTHD,
BEOERARE 2EICBT3REOAERIZE LY
T19924£6 A3 AL 2BEI LT " AF—F 1T - F
Ve’ RBI0A21BET, FOMOGKTEIZIIB4 8%
TiTof, AR, 6 A3 B L 6 A17TA TIHHED

7-@ 18X v 20fE, 1 EFREEFEIM -0 5 #E5EH00{E 25
WL, BEOERIT, BEES.5mm DIy R—F—7T
BEIEMS2H, 10XV E&520F 28R L, Sun:
Francis (1967) OFEICH-TI0mID 1% A Z J —1
PEBICANTT U b T =r L, Zoniks
1B /o 0 B I0BIR T 22 /ERLL, 10REE L
Too T B DOBEEIZ OV THNHEHEFHI LD 530nm O
FEZAEL, TOREEELFH L, ZOEE 1on' Y
T-0ICHE L CEMEEY Y ORNKEF L Lz,

7TA1IHUBTIIREEZ LH L0108, 1EEIEEY
720 5 HHAES0EZFER Lz, REOEEIL, B 7 mm
Dany R R—7—TREIEN»G4R, 5ELYAEF20
FaEEBL, #ibE T 10ml D 1%A% 2 — ik
BRI AN TEARIIA LR T P T2 B EHL
Tmo ZOWEWE 1 EBREEHN -0 G507 D& ERL L,
R E IS T T = BRE LT,

2. UYOdRED/7O007 4 LARDOEEZEL

7y b T = OFHNER TR R—RER HR
L7 BEOERBIZT Y T2 O LA, &
2EIIBITOIRRDHAIEHIZELETE6HA3IAENS 2B
Mk ‘RE—Fr7-FIV xR HBI0A218E T,
FOMORTEIXILA 4 BE T{To, B, 64
3HEL6AITRETIIHED-D 1B L V20@E, 1FHEE
HM7- 0 5 BIEEHI00E AR Uiz, REOHEIUL, B
5.5mmDaANIR—F—TLEMNS2 R, 10RLYAF
20F ZEELL, Arnon OFIE (JEK, 1980) (T L7=h-
T10ml D80% T & b AN AN THARIZA LRB LY
nu 7 A ARER LT, ZOGBEY 1 RS-0 G
FHOMEIRT 2% ERL L, 10REE L, ZH b DERIT
DUNTHIEHEFHT K Y 645nm & 663 nm DG %
EL, TNENOREEL T Lz, ZOMICESINT
Arnon @R, (B, 1980) Ickvermur N (Fm
g7 4Nat+tramn T 4b) B, JunZ 4 la gk
run7 4 b DEBEERD 1em® 70 ITHE L THAL
HEY-VEL LT,

7A1BUBTIIRESL 1LV 108, 1HEERE:Y
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729 S HEEHOEETE Ui, BEROERL, BER 7 mm
DaNyR—-7—TREI@EPS4A, 5ELYEE20
FEERL, gk e R 10ml 080% 7 & k iz Ah

m #

1. 7> b7 OEEZE(L
(1) 6 A LADEBTVHICHTIRENT > b 7=
CBRODEE ZF OB
6 A LAOEFMHICBIT 2hEOLER T R T
SVRFEON—NR—Tu<w N5 74— L AELSD RE

THARIIALRESZoa 7 VB EM LU, Z08n
o 1 REESHN - 0 A0 T2 ER L, Bpd s
R e 7 VEEREH L,

R
& BB OBEME SO REEIZE 1 RICTR LY
ThB,

(7, VA OBRBINHMIIBTAMEDCT L LT =
VEG O E BRBEOT v T = VB DR
DHEIIE 2RICRLEELBY TH B,

Bl1R Vrd0EETHOMRICBITAT Y b7 = ESD RE @2

FREARIT 3517 BEANIE 75 O R B

& [ I i m

0.25 0.31 0.36

A= T FY xR 0.25 0.29 0. 34
> U 0.24 0.29 0.35
(S 0.24 0.29 0.35
T—AFr e FY R 0.24 0.30 0.35

PR uw ST 4 —ORIE<HE - BEAR (1975) Ik B5FE>
¥ Sun - Francis (1967) OHFEILLVRARD ‘ZF—F 7 - FUI ¥ 2’ |

BIFAT T =ML,

TOSEET, O, ME L.

2R VUOdOEENHMONRICBITET Y FoT = VESOERL L
FRBAR DT DS DR D Hsk

SyBEES OFBRREL (%)

o &

I i} il
o B
RAH—%L T FY L p R 76.3 7.0 6.7
> U 77.3 13.4 9.3
2 B 84.4 9.3 6.3
F—AFr FYp 2 87.0 8.2 4.8
AR
AB—FT FY xR 59.0 23.0 18.0

PEIKRLACHEICLAES

3
e

(2) &FERIT > VT U DEEHLER
FREEY BR OFHRRLENSEIC
BIIA7 0 b T2 OEHHEEITE 3
BUZRLZEBY TH S,

o
S

3
w

o
~

2. VOREOYOO7 + LEROEH

BT R A2 D ®IEBE (530 nm)

o

HIZEAL
VyEaRBICBTS7umr s va, 7

o
o

TR B
(6/10)

eRI74bRUOEI R T 40 (Fan
TqNaklranT b 0REE &F
BOEMHHEER L5, E4-0D
BV ThoT,

6/3

T T
§/17

T A -~
/05 1729 8/12 8/26 9/9 9/23 10/T ju/2t 11/4

A =]
FEIH HRENORBEICELT L T = OBEBYEL

T
/1
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NV #

6 A LAOREMHICY v ToRBRUEEREL
bT, BRERAOREICRANIEEINS, Z0HEY
@‘z&—%yﬁ TV R, HL, BR ORWY

T FT e F U AT ORBICBTAFRBAZ R
HL, R=N—r o< F7 4 —%{F\, ZO RIBEZ
RRRED ‘2F—F% 7 - FY xR [TBFBT b
VT = BFEDBEAES (Sun - Francis, 1967) @ Rff@&
EHBLIEEZ S, WThoREICBWTE 3 20ES
(REEDDI2VEICT, I, MERT) OLBERIH
7

INET ‘RF—FF - FYL¥R’, ‘BT EW
TR OFEBARTIEHVTRLL RO IEYOT L T
=V OFERREESNTVWSH (SunFrancis, 1967 : B
WE-EAR, 1975), ARFERICELD 6 ADHRIZBVTHR
BRICZINOD 3ESHBFEET DI ERELBITR-T,
LaL, E‘Z?ﬂ% BEERED ‘d—AFL - FY
VAR EBVWTEHESD I LTIOLNEETLI L
(B - BER, 1975), £ERALC ‘@9—AFr - FUi ¥
A THEGD 1 DHZPBFETSHZ L (SunFrancis, 1967)
BHREENTWD, T2bb, HREICL DHEEIALS
NEHLEDOD, FRED ‘S—NFr - FY vz’ Tk
SODOBELDT VM T U RETHEELTVATRTIE
W ERREINTEY, $hRD ‘T—1Fr - FY
VAR WIBITAET U R T =D 3ESDEEE KX
<EBipot,

INLORFRIL, BERED ‘T—AF L FU iy
2 TRARICHESTT U P T =00 BT 2R K
DOBEEETHRMOLPOBETELTWD I ERREBSH
B

—F, ThoOGBEOMRICEITE b 3ESYOM
Kl EADE, BLEVEDIIVWTROSETE [ T,
WRWTH, MONEICZ D272, ZH 5 DJEIX Sun -+ Francis
(1967) OWE L/ZKARIIBITE ‘2EZ—F 075
VxR LRAETHoT,

fAF—F T FI xR IBITARBIHOME
LRBABRDOT Vv T = DESHR N BT B &,
DEOFVRARLY T OHER KX, MO Do
teZ D Ie o Tz,

—7, RBED ‘d—-AFr - FU xR BN
TEHFERBICHRTEHSOTD MERNTWE T L
(Sun * Francis, 1967), XZMAKRV\TVWA Z & (BHE-
TER, 1975) A6, FEREIC I DHERE < 2o TS,

L7=doT, T T =L OERBENRENRE
2T —=URRERVHEAREOMEIC L Y B2 5 ke
BREBRIND,

Sun * Francis (1967) {Z XAVEES O ERS 1 RO

=

BRSO LD, MIXETNFhyT7=V0r—3—-H57 b
K, 7=V —3—=TFE LR, v7=Ur—17—
TIE /U RFERESHhZ, L2 L, Timberlake - Bridle
(1971) WCEhBEERBIEIL 7=V —3—-FHF7 by
FCHESZ LICHS L, thodBESIFL T2 —3 —
ITNay R, VT2V —3—-FSEIVR, 7=
Y=3—=Fuy RTINS ORSITHMEOREE, &
L—ﬂnﬁé‘_l’)fﬁ SOV ST/, &5

INODARGTOT VVHEENEET D Z LR
énto

T bT = BOEHHEERD L, 6 AORE
PO EFITHT IR L, TOBRORBIIELER
BOEBETICHETHREAED RE¥—FL 7 -FIJ iy
AL S, RUFRGARED BR OERETIIH
ML7e, L, ‘BRE OEREECIIBEESSICSS
FEPBEEINDILOD, FLALEM LU 2hol,
EEOHERAMOT v b T o B BAEREY -
D THBET D L, RBHOFR ‘25— 7 F ¥
A7 THIG. 6fF, HLU THR2 6fF, ‘R OFH{RT
ML METE D ole, ZORBRND BRI DADORET
IERBEIOT v M T = BOERENIREIH LY
BN LEREZLOND, ‘BE OBATIIAREICRT
LSAREIIRFTOH L fﬁ%ﬁ@?yva—yiﬁ
ERRINTVEDIC3 L TERD BBR TIXIZEAL
ERPRD LRI L2k, ﬂﬁéww&m‘ﬁﬁ
DT M TV ERENEEODINRENRH B LFERE
3,
AELABIZT 2= AT F=2 T UE=T Y T—F
(PAL)EMOEEHHEHEZAN-HBR, RAMERUE
ELHEL LEFTOHRIEVRERIOIETL, &KJoix
BUERT3Z L2851, KECBITIRABEEDT
YRUT 2o DEEREBEHOARY - ER L,
ruu” 4 VOEFHHERERD L, WTHORET
brourgiva, 7urZ b RUOEOEEEL
RETHP KBTI TEA L, Hic BR 0oFR
RTIIHEREZROBLONRE Lpolz, BEOAFTPTIT
7aa T 4 ARBOTEIIENEAONTHEY (Knee,
1972), AEIZBWTHRBEOERNTENE, X7, 7
2T VOHRNLEFICHT TORMALEI IR
EDOBBRIERITHE S B EE LY OREDREAIL
5H0T, BEIFEYEY TIEEERDARNT L BHE
INTW3 Gellls, 1984), LalL, ‘I DIESS
ICHB L THERBRIIBITA2HBE L OO0AE R/ o
TANRT UV b T = ORDIEIaa 7 272 b
VT = DG RROFREEERB L TWA EELZ NS,
F2ETRLIZL S ICBEEHRIBROBEHNLE(LE A



% B ) IREOFEHCICREEEICHT I8

AL, BEAOHO6 A 3 BITHNIECTho7ln, 0D
T ERL, KECIXTHERLTIOA 7 BIZEUHHILTCIC
ol, ZOWERIIRALEDT Y b T =VEOEL
LWDNRE— TR LT,

vV #

6 A LAIOHMBEICBITHREME (RF¥—F 7
FUI xR, ‘HU) LEARE (BR, ‘-7
VeF YL xR OBREOT Y NT = OfEE LR
HERE L, EHIC ‘RE—FF - FUIF AR &
‘HU OERBE, HBR OERRIFRRIZOVWTT
VRvTmrkrun T 4 VOEGHER T,
1. $HEBICBITIRENT > b T = BEOEEIT

FELBRUEGKELZBDLT, X——Iu< 7/

757 4 —ORMEDEVWIEIZ T, O, IO 3@EHHEE

»bhi,

2. GIRBICBIT AN DERELELZLD L, VTR

OHETHEY I BHEHEL, RWTIL, MOIEICZE

Mot, EINbOMEIEREELZHETS L,

FESD LIIREMEL V BERLEOHFREN T,
3. AF—FLFFU xR BN THEERBE

OHRLET BT 5 &, B L ENREOHRES,

m%%®7yby7:ym%wtﬁﬁﬁ%m¢5:k

ME SN TUVSD (Arakawa, 1991), EFWHEHOT > b

T =VERLERRBEEBCBERLTND ZLRE
Z bbb,

=

WCE S T & M- 72,

4. REUMTY P T =V OEEHHEREZRN-EE,
6 A LHOMBEIN S 7 A FAEIC T THThO5R
BCTHL7 Y by T =il L RERED R F —
T eFYUrRT L HD TRERAEFNRLSAT
WEEOALHELIVEUHEM L, LL, #HER
o ‘PR OESETIMAGTLIZLASHEML
Riotlz, UL, ‘BBR OFHERETIEI R TADOKR
BRITT o b T =AM LT,

5. zun’ 4 VOEEGHEREHZ DL, JuaT 4
a, ruuZ /b, ROZN6OEFHETNTID
CORBIIBWTCHEBTHIZLE 7 an 7 L VERS
<, FOBDODEZNLHEAIICHT TR Ui, R’
DHERRLERROKBTCEWThAO/ a7 118
WREZOBONPERE IV AMT, TOBROHERIX
LB T ) R VIREETIRIB LT,
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FA4E

I &

V2 IORER L FHEBRIIREO T X F —REHEE
TOEDRZLT, REOKRKEZRE KBS IEERE
FThd, Lirl, REOHRERHHSHERIIH»T TR
EECRAIZBT 2 Zh b Oy OFEHNEER

) > IRERDOEER U ARBROFHZEL

|

W|E IR,
FIT, EHNLINEHICHT T IS DRSS
BERL, ZOEBORIWESICER L TEELE,

oI MHRETHE

BIRETT U b Tovdruna g LOSHITEWN
TeREZHAL, RREVCRAOHEEL L FHEBERD X
SIELTH LT, AV-RERD ‘BR ofFfns
BESELRETH S,

1. UORRCHBTIHNREHISBHCEZIHEER
U TEROERNEIL
(1) V2 ORRCHTIBERTF T EROEEMZEIL
BREOERIUIRE, TUvo 7= RUOZuar 4
DEFEBICELETE6AI AL 2BBIEIC ‘A& —
FLT TP R MBI0H21BET, ‘ST RO M
B OFERRELESRITINA4ABETITomk, HRARK
1%, 6 A3 HLB6AITACIHHBDO-DERBERY
B OFRRL - ERSRELL 1ERENYZY 1ML
2018, 5HIEFH100EE V-, REOEEIL, 6 H3H
PH6HITAETCIRER TmmDaLs R—5—T1H
RS-V REI@EIL 3HDOF 4 27 &, BEI00E
FVEEB00F DT 4 27 & bik&, TEBRITRERNE
IRV IR TRE*BRLCHEELE, 7TA 1
AUBETIIREEL I/ I V100, 1HERESY-0 455
S50E # MBI Lz, REROERIZIER 7TmmO I
IHR—F—TREI@MPL6 DT 4 A0 %, BEE
LV EFB0RF DT 4 27 2L THE L,
INEORBEEH 20ml D80% = & ) — i Af, #¥
PRERL CERREEEEREIREBEFEY A ¥ —
(AM-11, BAFSHERUERT) THRELZ, TO%, &5iC
80% =X ) —NTHEBREMEL, £E% 250mlIZERL
7=
BERUFFROERIZOVWTIE, “0OxZF ) —LE
Wen 2R L, ERTARTT CHEEELBELE. F0
%, BEHOFE (Sennello, 1971 ; E=H &, 1973) 1219
N-(FUAFALIA) £ XV — (TSIM) ROk
VAFALZary Ty (TMCS) ZAWTHRY XAFAT
U (TMS) FEFZERL, S+ TV —FTFAITX
HEHAIax NI FTTHN L, SIStk ONEHE
EEIESHOLEBY THB,

(2) V> ORACHT 2BEERVFTEEOEEHNZE L

FIRDOREOEEDHELRAKIZ6 B 3ENS 6 A17
BT TIXEEH00BORES, 7 A 1 BLETIXZAE
S0EDREZHHA L, RFAOBEIIKROLSITLT
Tolze T#bH, 6 A3ANL6 AITHIZATTIZE
EOFER S BLEIZAT TEE 7mm D37 FA—
T—EELIAEL, NHORREROHLE, ZORAD
5b, RELBLHOFRMEIORAE 1 BEY VY
2mm DRI TV HLE, ZHZ2REEI0EIZSVTHE
BRICERLL, T XTELbEEBICRELE,

—%, TA1BUBTRRABCALaAI R—F—T
RREZERLZE, H4mm ORIV LE, 2hE
RESOEICOVWTERL, £TAbEEBIIRELE,
INLORBITFBOREDOEE L £ A LTHEE
RUOXFBROSEREIT- 1,

2. V2ARRKRCKITINMREMNSRBIACEDZMOAE
HERDZ(L
(1) VY IRRICHT 2 thoBHEBOSEMZEL
FIRIC BT 2 REOEE ORMBICAVZ80% T ¥ /) —
R 250ml D 5 B, FOEELRIE 200ml R L, =
DEEEDTE ) =N T Ty axNRLr—F 2k 0k
EL&, BEROFE (LTS, 1974) Tk 140K
HRMEE AW CEEREBEFE L, ZOBRKOKSYS
77w azNRV—FTRELEE, S5mlox¥
JSmWVICERR LT, ZO—HEERITAKTRF CREL
=%, B0 H5E (Knapp, 1979) I2XVYER (PU AF
NMYUN) P TAFaTE M7 IR (BSTFA) B
TMCS Z FAWWT TMS FEAEERL, HFHERE—F v
IV —AF LB TRA I NS T7THIF LT,
SMGFGERUONEEZEETIESHDO LB ThAS,
IhboHRZu<w NS5 ATHOWT, BEHBNCE L
SERTEIE—7ZREL, TOLERSOE—2 2N
27 u< 75 7EELSHE (GC-MS) ITXL ViZHY
BLOWBTRELE, ELICF0OME LRI Y 2
rua< k757 THMER L,



B BV IREOEFEATICREESEICHET 3%

(2) ) IRACET B OB HEBROEEIZE(L
e B i 2 BRROEE OMBICAVWEZ80% T ¥ / —

m
1. $hEREHSRAECEZ U » IREDEEDEH

1k
EBFFOVTNORBEOREIIBNTHRERURA
BT AEEFTIIRE, T NUERCY a T, fuc
HEOYNLVE F—ABBEENE (5K,

(1) ) IdRE(CHITIEEOENE(L
Yy SBREICBITAFEEOESHMEIITERITRL
BN THD,

(2) U IRALKIT 2REOFEHMZEL
U o TREICET 3 MIERIFEE OFEHRIELITE T
NDEBYTHD,

2. )V OARECHIT 29RO RICE D FHRE
DEAE
(1) ) ARBCHITIEHBROEMIEL
Uy IRBICBT A EEBOFEHENELERIL D
%, BERIZELORE VS E LTERLTRERITY
SR L FFEBRVH SN, EEEHRIE{LOREN
LB E LTI 20 —27 23880 5h, GC-MSIT X
AEREYE L DB TENRETNY F I ABRO 7 =
mERESHE (B8, 9, 10, 1K),

16 R¥E
- U o
. v TV o B
1oax- e wRR

S| e mmn oo
"] ISy
EB ‘RER BN AI

(S/IO)IA—

b

BB

30

25

B 20
-t
50

~~ 159
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6/3 6/17 7/1 7/15 7/29 8/12 8/26 9/9 9/23 10/7 10/21 11/4

[ ¥ + + J
6/3 6/17 1/1 1/15 7/29 8/12 8/26 9/9 9/23 10/7 10/21 11/4

VIR 250ml D 5 b, TO LELE 200ml ZHEH L=, F
BEEOSITREDOES L E2<RABICLTTo 2,

R

4:

T T J
0 10 20 Kl

minutes

5K SATEAD ‘R¥—FLF-FIIxR BEICBITS
80%=Z / — /NIt ®O TMS{EHID TR a< b 75 L
1, VooaEe; 2, 20,27, B8 3, X8 4, 4,7
FogE; 5, JAE M=/, 6, n- Kb (NEHERYE) ;
7, VafE
I5HF4ftE ; 5 2, CBPL 26m X 0. 2mm ; HEA RIREE, 280
°C; HF LR, 170—250°C(5°C/min) ; ¥¥ U ¥—H
2, N2(0.8ml/min) ; 27V » bk, 1:45; $HiER, FID;
SirieR, BERUERTE GC-RIA.
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AR
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L

0 10 20 ) 30 40 50
min
F8E 10ALAD ‘AF—F 7 -F) xR BEIIHTSHEEED IMSHEEDH A/ ow 7T 4
1, P F7vAB: 2, VoI, 3, T bS5 (RENER) ; 4, 7T, 5, FE.
SRS 77 4, CBPI25mX0.2mmID; HEAQIREE, 280°C; 717 ABEE, 100—250°C (5°C/min) ; ¥+ U ¥—H X,
N2(0.8ml/min) ; 27V » b, 1145 ; HHER, FID; 5i7iese, BELEFS GC-RIA.

7 M-117
7 ut
s M-15-90
13 0 w o B
R NN N 1o TSPV NROUN sl T W
50 70 90 110 130 150,“/71110 190 © 210 230 250 270 290
cH,
THS -00C~C~CH, ~CO0-THS
? Molecular weight 36¢
M-15 TMS  (Citramalic acid)
31 9
300 320 340 360 380 400 420 440 460 480 500

m/z
BOR FERIBITEY FIvAED TMSHEHEDTRANY b5 A4

GC-MSICL DO IMEHR USRS : 75 4., CBPL26m 0. 2mm ID ; 1 5 LIREE, 100—250°C (5°C/min) ; FEA QR
BE, 280C; Fx VX —HR, He; A ALIRRE, 250C ; A A {LEE, 70eV; 5H73E@E, Shimadzu QP-1000.
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(|) Molecular we;ght 480
(Citric acid
M-z M-15-90  TMS TTET A
347 363 375 465 '
300 320 340 360 380 400/’ 420 440 460 480 500
m/zZ
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|\

Vo IOERTIE, REREOEREHEBICAL
bt FETh o7, LL, BETRELLTE
EHEINC L AN B oM EDDDOFEE LTHAVWSNRT
W5, FRICZOFEFFIC LV RENE L EMT SR
e LT ‘ENE (3G, 1964) RO BBE (FHY A
I, 1981) o XS hFAELESMLATVS,

ABIZBWTHLEARED BR R ‘G—LF -
TV VYR BRAVEZIZEERTHMEL LARRIE
VBRIV T UM T=UENEML, BIiToEi: ‘B
B TREWVWIEERHERLE, LL, ZOX5REA
MREOFEREICL DTV b T = AEOEREEIC
DUVVTIERIEFRBF I 843 L0,

FIT, AETIE BRSO RV I—ATFT Uy
2 OFRBEOBREFIIT VT v ERICEETS
BEHLVIIERBEATETHZL2HEL, 8ATH
LI REICHT TERRLERRECEARDIZALOD
o DEREBRB LI,

FORER, BHCO W TIEEMELE bW Fh o
HTHOAREREBRREIVREN S o, UL,
DEEIZONTIEOLEVEBRABNRD -T2, ZOREE
FEAREICBTD BR ORROFERLEEROS
BB ER R~ L,

—F, BHEBIZOWTAD L, MRELLERSDY
VAR L X TBITEBSHNEL DI o TEA L
2N, FRELEER L ORICIIERLA LN o7, L
DULRRE, hoLEFEIRICOWTHERR L ERED
R — 7 OHEFRBELZL IS, ZOEET
D= GCMSICL v B ERIESNT, FO
e, ZOFHBICER L THAEOERELEEED
REICBIT DRI ER -, ToOBE, maEs
bWTHOERRH THUAERREORRIIEBREDOZTN L
D7 UBEENREL, BILFOEIFRFEHORNS
A29R 559 AR DRARTRE, WL ~5FED
ZERLZ, L LEKROEAZI0A 138 TIXEDEIR
WAL, ZORRIIFLEICRITE BR OFRE
L EREDOEHNENOE TS ADERICRLERN
KeEWZ L E—¥T5,

=%, VI IvABIRAaRETEAERMORKICS

vV &

BORED ER RO AT - FUy R’
PHEL, FRRALEREDT L N T oV ARBEOE
Buh Lz, £72, 8 ATAMH10A FRAORMEALIC
P THERRLEREORKICRIT 2HEE R UE#ERD
MR HEEERETD L LB, &5, TOHED
BOENT-HEDT v b T 2 ERICRIETEEY BE

=
SHEL (B4E, E5E, £6%), LbThinTr

T = ERICEESTA L2 E6ETHE L, +
Dietd, ZOFHEIC OV TR LERE, FHEVE
BRI THLERE L EREOZ OSBRI TN FENRE
ETHEOBIZIRERR NI 2Tz, TOFRERNE,
BEMEOWRICLE 7 T = BEOBEMEE T
REAMEL BRRLTEMENDD Z LB TFRENS,

ULDREREZZEBLT, 7 7= 0EMIRIT
TREEL 7 2 UBOREET L, TORE, maAED
FHRRERUESBELLEEICLE T T = DER
EIMIFED HNT, L LAF0ERENREMTSIZoNT
TR T=UoBEBY LE, BERT VLT =00
WAMZZh B3 720 Z & 1% Smock (1966) D I|EIT & A
shb,

—F, Ty T = OERBMCRIET 7 L BO
HEIHEERORH BN, ZOENL I BB R
BOT v T = OEREMCRIETEEITEREL
BRECRRIZLEEIZLNS,

FRELERZKROT VMU T = ARotEEICON
T, )l (1988) 1%, BEEHEINERH LEERT
TRE OAH7 L TMOFREHEDL, FRRBIERE LY
KAIOT o b T =V ARBENRZE LSV, R
ELIZONTEOERBIRBAOTHZ L 2mE L,

ARETIE BR B D= Fr - FUixR’ O
EEHORRICBIT 2 HEERUHEBERZ RIS
L, FERLESROZREZ WM LN, FOFTrx
VEBREEDENRREVWI LERRE L, LrbBmafEs
LbERRICBIT A7 BOFEAHOEEIZT)
(1988) DHEL-EFREDT L P T oV AREDE
{bEBUOREZ - ER L,

E, JZ VBT CBR R A—AFreF Y iy
R OFRBECTHEIIT VMO T = ERMERT I E0D,
COFBBIIINOREORERIIBFAT LV MU T =
VERICAOhOBERS S LO LRSI, L,
HREOERETT V M7 = OERMEMAHERIH
RidoleZ L BB Z DL, ZOFHBRICONTIXEHIT
HMRERRLELEZI NS,

3

VR ERWCTHRN L, TORBREIKROLBY THhB,
1. 1Z5ERORKER, MAELLARRIESRELIVY
Ty T U ERBREMLE,

2. MGEBORRERUESE L L RELICKT 5 AEkE
DEBEFEZITIT NURE, BHE JLEP—LERDY 3
FETHD, TNOEDOEZICHOVWTHERE L EBNBICE



B BV IREOEATCICREEEICHET O

T AERBESEHRIEEE 2D L, WTNOEREHNTY X pofodd, BEIOEAI0R PATIXEDOETRES
HREOERBIIERRE LV BERSE LT LL, L7z,

MOEEIIHEVERL NI DT, 5. HROEEL 7 =8 (Nalf) 2L, Thboo
3. BRICBITAEEAHMERTY L IBLEXTERT, £ BROT7T VT o VERICHTIREEEBRI LI
NOFERERVEREL GEREFHNE 2520 ZORBR, EREIESEOFRRERCERRLE LTV
NTEALE, LL, L bERRELERRL r T = OEREMCHTHIREEBIXL OGN o
DN BRRABREXA BRI o7, Teo —0F, 7T UBBIIAREL bERREOHLTT b
4. MOBEEBRIZOWT LRI ERR L BRR TV OEREEREMUEY, ERRTIIZONE
ORSBEEZRRBE L 25, 7T VBORBNE BH LD 0T,

BAFER SN, ZORBBIIELEL bWVThoOR 6. TNHDERND, 7 UBRIFRRO L 5 hEAR
B TLERENERR IV Zhol, FFIZEDE BOEREOLTT Y M T =0 QAR S0

RO RN 8 H Ta»5 9 A TODRRETK DEERH D LO LRI,
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FIE INEHICK(TS) T

I #&

Vod ‘Catd— R JUGERESERD L, B
EREREEZRL, BRI ‘WHRY LEbhsHEr
272, ZOBHZKTIEHVOMNE, Vo TIThhiziEo
FRER ST X D HBFICHDNR S Z L850,

Vard-IL K REOHRRAR

i

TIT, ZOREOMREDEZH LT B0,
REHAD O RBEENC T TREZIFE L, HIE Tk
FEIFEMERIZE R L CREDIEDE(LEZRAREDT
WET 3,

0 #HERTHEE

EHREVATRBIBIZBEOLEEL ‘VaFd—A K
(BAM26) 231, 198349 A218, 10A1H, 10
Al118, 10A218ECI0A2TH @ 5 @iz » THEEH
TEITRELI0ET U LI,

EEOMHIIEEZE TmmOa Ny R—5—CRES 1
RELV 2K, FH20FOREEZTELFETEAR
DIFRVEIITER L, RIZ, ZhHbOREE 5mld
raafVAIZAN, e LR LEE2EHEL
oo 2055, 1mEHRLT, BE2ERIRK THRE,
VTSR TAFNERTF U LTz, FO#H, BER

m &%

1. REOFREEDRE

VR~ A nw b T ABRBELLLDS,
INFERFEADNGE S R BT » TRODHEMA ST, FD
7o, FEZRLEBVIHERFOI0A2THDRETIT-
Tre FORERIIEIBDOLBY THAB,

2. UNRERFHARIRE OHRMEDHEE

9 B21 85108 11 BITHh T TULFE L= KRR Tidib
RHEFE<BR U BN 2o, TOROBEINETIT
MRERE T O, ZOEELEIRICELE,

v Z

VARRIZBITAA5BMOERKESE LTI,
F74, Tha—LERUEHBEEDE L TCub
b CuDibEWH, F bV TR 4 FRIBALEY
& LT ursolic acid 235 STV 3 (Sando, 1923 ; Chib-
nall 5, 1931 ; Markley &, 1932 ; Baker-Martin, 1963;
Mazliak, 1970; %4, 1970), Zh & DIEEDH THIET
R O#'E I palmitoleic acid, oleic acid, linoleic acid &
! linolenic acid 323817 b 5,

BETEI T VadtId— K BERICRIT 5K
HEORRYE L U THIBR TIRROTEATIEHERZBE
L, ZOEMERIZER L CIUEREBIIEE O o 217 -
7

IDRRERD L, BRENEFERERIHA21AM510

RCTERDDST A F L ERE, ~FV U ICEEMRLT
HAZa< h7T 7EESHEH (GC-MS) 1Tk 55
Aete L,

FERIC BT 5 ERMEORRII~ A7 a< b
T 74— RO RRART PATITY, (VBRI S A
SEOERBII~RA I us b S 7 1 —iIc LV EEYE
H L TIT 272, GC-MS DR U T S HIX 538 Ol
EIZRLE,

—7, IEREEAGIHRMEOERIZFOMBIZ LY —~
+ 4 DEHETHRE L,

S

3. RE(CHIT 3 IEEDRERARIZEL
[FIE SN ARE OUERFEARIZELITEE A RITR L &
BYTHD,

4. FETRDASIAEREIC & 5 MRS

HREDBRNTWRWVWIOA21HINED ‘Y aFd—n
R’ BEZIZHIL O linoleic acid (Cis:z2) B LI L 2 5,
REDA 5 EYNEMS, BARBEOHRME L FEFIC
B Pz iRBRENE NI,

£

A1 B ORER TIITEafERIIE HEERR) -
7o LD2L, 10411 BUHED R E Tl linoleic acid 23EHF
BERH I, EEMREIEC Oh AR o7,

T DOEBAPES, REITHRENRD 510821
HUNFED B E Tl linoleic acid 2SI L, F7= oleic acid
HEBRERH SN, XOICRBANEAT10827RIX
HORETITMRMES 272 0 8N L, F7= linoleic acid &
oleic acid &7z D EINL 7=,

L7230 T, WREDRE LEES—ET 2 Reaffs
BABRIZ linoleic acid NZFIT b 5, (7=, 5 HIBVILHEE
HACITRBFIAS IEL O oleic acid HIEMMLTNB = &,
b, ZD oleicacid b E/-HREICEE L TWA LD L E
zZbh3,



B B U AREOFATCICREESICET A

14

436

time (minutes)

10

1t}

T T
10 18
time (minutes)

T T

2% i

T

74
270
298
296
294
326

+ 1354
I I 382
JH%—A————- {10
438

1 T
10 18 2% 34
time {minutes)

R VaFId—nF BEICBIIEEDATFLT
ATFNFEEOvA I e T T A

v BT ; 108278 GHBRELT7H)

A : monitoring m/z 74, 71. B : monitoring m/z 74, 270, 298,
296, 294, 326, 354, 382, 410, 438. C : monitoring m/z 57,
336, 364, 406, 366, 380, 408, 422, 436.

1, palmiticacid; 2, oleicacid+linoleicacid; 3, stearicacid; 4,
arachidic acid ; 5, tetracosanol; 6, behenic acid ; 7, hexacosanol
+ hexacosane ; 8, heptacosane ; 9, lignoceric acid ; 10, nonaco-
sane ; 11, ceroticacid ; 12, triacontane+ triacontanol(?) ; 13, mo-
ntanic acid ; 14, melissic acid+ hentriacontane.

O #F5 L4 2% OV-17, Chromosorb W (80-100mesh),
ImxX2mmiD; 75 LEBE 150—280°C(5°C/min) ; ¥x VY ¥—
i 2 He, 30ml/min; IEADIRE 300C; A AL RIBE 270
T AFLEE 20eV; b7y 7EHR 60pA; BV —FiR
E£300°C

Z h—H A T RREE

g3k Vo VaFd—AF REICET D EREOIERIRIZ L

U HEREH (A /R)

9/21

10/1 10/11 10/21 10/27

R

- - + 3+

N

B4k IWHEEHICRITD

FEEFIE RN PIERICEE  2HBE 3+EE 4+ HFECEE

Vard—F REOEENEL

I # B
il =" 9/212% 10/ 1 10/11 10/21 10/27
wRY %% @R % mE % wH % mH %
LTS
Cie —-w - trv 7,563 82.7 9,148 100
Cis - - tr 7,825 62.4 12,550 100
Cig:1 — - - tr 4,993 100
C18:2 - - tr 15, 160 2.9 20,790 100
Cao - - 2,214 12.7 10,170 58.4 17,400 100
Caz tr 1,917 5.0 6,440 17.0 20,940 55.1 37,990 100
Ca4 - 9,494 28.8 8,621 26.1 17,560 53.2 32,980 100
Cze 4,216 12.4 9,860 28.9 11,420 33.5 23,020 67.5 34,090 100
Cas 36,110 30.0 23,790 19.8 42,630 35.4 82,780 68.8 120,400 100
Cao 155,600 60.5 77,920 30.3 147,000 57.1 165,600 64.3 257,400 100
T 3—i
Coa - tr 2,443 16.7 11,090 76.0 14,600 100
Cae - tr 2,062 37.7 4,771 87.3 5,465 100
NRZT 42
Ca6 — tr tr tr tr
Car 7,951 49.4 12,190 75.8 4,140 25.7 11,150 69.3 16,080 100
Cag 70,590 79.6 84,210 94.9 59,080 66.6 73,170 82.5 88,730 100
Cao tr tr tr 4,933 205.0 2,404 100
C31 484 7.3 2,217 33.5 1,870 28.3 tr 6,609 100

z EEE%IE. Y Ao b7~ Xo THB SN/ -EHE. X 10A2TROEPEICH T —&> b.

WOk, vV R



FHREY A TRBSRE

AERE OFER T EFEIAEE D 9 B, linoleic acid &
oleic acid DA MBFERE XN 7= D3, Mazliak (1970) 2S#RE L
TV 5 X 9 72 palmitoleic acid & (F linolenic acid DFESRIZ
T&ERppole, ZTOZEICEALTIRY v I0&LTE, K8
G ROUGER 2 Y OBERE L BN B,

—75, HARAED HIRRFE & linoleic acid (D HEANREEHER I —
BLTWDILhh, ZOBREEZL LI U TER MRS
DERNTWRWIOA2IRNH#ED ‘Vatd—n§F B
IR D linoleic acid 2BH L= & 2 5, RED 5 5 &Y
BB, BARBREOHRMELIEFICE P ERER
ERBENT,

Lo T, ‘VaFad—n R BREOBRELRTE
E4’E & LT linoleic acid A& 2 b, FOBRICRETS
oleic acid XS LICIHREZBIETALDLEZ LN S,
Thebb, REOHBRKASIT NS OTRAFIIEHERNRE
e LTIERL, oELHEMRL TV AHA LIRS
na,

V &

VR T2 U v F “VatTd—n FREEOME
HEE B ST H72010, REEA ORI IZ /T
THIR TR OTEEFIIEIERICEE LT GC-MSIZL Y
REOBEES5T Lz, TOWEIIRDOLEEBY ThH B,

1. WHERHIES 22 L REICET 2 IEEOEERD
EEbiTEmL s,

2. RbLEBVINERICBITAEREE L LTITERED
RESRIEEMBRRE SN, TNODOIEEDHT, &
R TR OWEIL oleic acid & linoleic acid BTEET
Do

3. KRR TRBHIENREET, TO®ROEAET
A U 7-BEE 13 palmitic acid, stearic acid, oleic acid,
linoleic acid & TF triacontane Tdh -7, E£7=, TEAFnfE
fhERD 5 5, oleic acid I3 linoleic acid & ¥ B TEEIC

5 31 2-(2000)

linoleic acid IZMZEERAEE & LT B (S48 - (L),
1984), BEEXEERT LAV I EIIHALNLTH
5,

fMDIEEITSOVWTH D L&, INHER O HLEIC
TFET B5E & LT melissic acid, nonacosane, montanic
acid, heptacosane &2 OF cerotic acid 23 &1 F b5, Z D H
%, melissic acid & nonacosane, K Uf montanic acid &
heptacosane (XFERFEE D BLRERIC X © %5 7 ¢ B3 AERL
THERICHDD, Vo TOREFTH DL S Bk
BOWREENREZONS,

PLEDFERN G, INHERIICRT 2I8E0Z iR
ICRHT, TOLEDIZINGOWMEOZEIZ L v INHEE
HoEE AL Bbhd, g, VaFa—n1 1 o
THRME R OB E DFEESE & LTI linoleic acid &
oleicacid RBRIFEEZEZ6ND, LHL, ZOAICELT
HEOITHEMRERPNELELD,

=

HE] L7,

4. RROMREDOFEELHEEN KL, LrbERT
TRRDOIEE I linoleic acid T 5,

5. MRMUEBFEBRLTWRY ‘Vard—n R BEIC
MR linoleic acid Z¥AF LIz & 25, BED A 5B
BEESh, BAREOWMREL B LS B-mREREN
Bhi,

6. BEDHERNS, ‘Vata—L R REOHKES
FTIREYE & LT linoleic acid & oleic acid 23HEEE X
nr,



B 8. IdREOEAYVICREREEICHET AT

FOE

)0 R ORRBIENITEFOR(TERS

BERDICRIETEE

I #

IEERFEPICRAET S U o TREOBEEE LTRSS
T EEbi, EXEORW_EREFER L EREET
EFT5, LaL, TOBEHBIZOVWTUITZLAEHRES
TR,

ARETIIERBEZICL BT OBV ERZH LA

il

2T A0, FFERT L OBEEEARESNA TV D a-
farnesene ({23 B L7273 b O JRRE O FraEtE & B E
L, BRBRLESBROBERRSOMELLE L, &6
12, TOWEETAMRSBRLITERERBESEEINE I »
ERE LI,

I MHRTAEE

‘TBL’ UL, 19904£ 6 H 1 BICHRE L EBRER
BEKETEWICHEET S XS ICHROER /R
(11.8X19. 3cm, FMEIAMAIL B THRIDB RO, NET
BOAT 7 4 URTHERINS ZER) 28T, 20K,
EHHREI 7 ALBICTHROELAKRE (16.2X19. 3cm,
AEITIMUN B THREIB RO, NBIZROANT 7 4
VTR S B ZER) AL, ZEROHER
HEEOEAOED 9 A28AIICKREL, BRETHLORE
BMAabFED4BRICNEERE L, REITIOA22EI
INFEL, EHIT0CTHm L.

1. BRBLERROTEHOR(THRER

BT DRAEROAE L, ARRLBRRORET
NFENBSEFT oI OWT, BPEE%64H, 1278, 183K
V245812177, AEZOREIFHBIC x*REICK
DiTot, E6IT, HERLTOBEOHELX 0L LE
TORETHEEL, AEEZOREIHRIANICFREICK
DiToTe, TOFEITFIETEILOMEITRL,

2. BRRIERRORE(CHTIBRRTONN

T ORI A b THARR L BREORRK
DEFFSEROLIITHT LT, T742bb, FREL
WNBDOREZTHZTNIMET ORMHEAL, BRI
A LR TVWREORE) S THHEIT,HT TORKRE
£THA T THE, Va—Ph—TCHfLi, REOER
%7 o TiE, BT OFECHFD LT VT ORTRE
R CLE UER 2RI U7, £, #EZH
BT 5DV BOREETM LI,

WICEELF T C 30mmHg DREE T, 40°COBRUT
WEABRREZR 2T o=, BEEO 7 v 713ANS
(1994) DFEEFHEIC 3 PR, TnEho b F v 7
AR ) =) RIALTAADEETHHA L, 2hb
DIy TS OEBEEELE, B F LT E
Mz CHEREES M Lz, ZhICEKEEE~Y SRV T
LAEMLTERL, AE#EIIn—F ) —/ KL —FT

BEHELTHRIaws 5T - BEBOGWWHR T A7 v
<2 N TR0 SHT Uiz, S8 5 ROBEC
TLELBYTHD, ERRLEEBREOERTIIBT S
BHLENT, BEEEZRBREY - EEICHT 55K
SOEHEE (%) TiT-7,

3. trans-2-hexenal, n-butyl acetate &' farnesene
TIIBRRE DR THRIERBECRIETHE
TR @ trans-2-hexenal, n-butyl acetate & U farnesene
(BRMEEHR) 2RV, 2T 6 EFILEIC L > TR T
FERBERTENE I ERF L, T7bb, 0CT
By L7 R OREEZMV, 199443 H 80 (AP
1348 %) RU'6 A148 (BFjE232H %) (ZM@A (1958)
DFEEZ—BERE L TERERVCARICREEZRY T
iF, 07525 2,760 pmole ' F TD 8 BFEDIRE DFEHIZK
K[HBC20CT20MHERFEL, BEOREDHELZRAEL
7o TOFRFETEOROMIEIITLIZLBY TH S,

4. ) ARROIFBOTHRERCRIET C-7ILTE
FEZEDCoTILI—IDEEDERE
WYETEDOFEENAONTNAE 2D CeT AT E
K (M, 1981), 37235 trans—2-hexenal & n-hexanal,
EBIZFDOFNTFNDOT N a—iv, T78b5 trans-2-hexe-
nol & n-hexanol DH ARG T B L, Bk DERL S OH
&L FEEDMBEET Ce-TAFE REZTDT L a—
DEFERPITHRERICRIZFTEZR LS L, #R_RED
LR FRE (X19955E10A25RICINEEL, BEHIZ0C
ICHE LT, FREREESCTORERRALNS 8nAHE
D19964E 6 A26 B IZ{To 7,

5. BRI BRAEIRIC RIS linolenic acid & linoleic acid @D
HEDEER
trans-2-hexenal & n-hexanal DREMRIZBIT HFNF
NOFIEEYE, 7275 linolenic acid & linoleic acid (4
1, 1981) OFWE&GE AV, BEOFETHIERP LER
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HREWEM LB ARTROL > 2ERETT-,
1995E10 A26 HINFED ‘[’ OEHME%E 0 °CIZETRE
L7z, ABIIESCTOBENR RN 7HA%D5 A
9RICRE@ET XML, H—REORELICEED
20mm O MAFZIKIT linolenic acid & linoleic acid DHTIR &L
DFRREFNEFNETER L, TOE, BHR%IZHET
BRI A TN TIRE L7a\W X D ICEE 30mm &
AT v BT OEEMN 20mm OREBT, Fhi Rk
IZBR S RICEM L, MEREEIIOCTERPIZ4H

m &

1. FRELEZRROITECITOREERVEE
BT T OREE R UE OREIFEIHITTL
7=
2. ARRLEREOREICETIEREHDIE
FEBIC R E SN RUEDEHRRE L EERDOR
BICB T 2ERRS OMEOHERERIIESFRDLBY
THDH,
3. ftrans-2-hexenal, nbutyl acetate &7 farnesene
WML RE OB T HREROREICRIFTE
428

BPR134 B # & BTRR232 B 2 ORFEAIC 2B 2 st L=
B, Wb trans-2-hexenal /A |IE b (REE CIFS
RNTEERSHER L2, FOEETEIRITRELE,

801
BRI LR

601 OFESE
ISR

201

127 183
OCTolEMM (/)

BREF L7, BERRIC LTl tafighie 2 s L - e
SAZANE28cm DF V7 —HITARN, THOCTAHL
TCERHATHIMOLEREBRL, 0CT4 BREEL
7o

FAEITE SROMEITTRT L0056 5 D#iFET 4
AfERFEALE, TV 7r—2NOFERTS A LIC
FHRIZAT o 72, AEMEOREIX Duncan DL ERFEIZ L
DiTo7,

S

trans—2-hexenal, n-butyl acetate & U} farnesene @ E%IN
MEHBREOITBRTHREROBEICRIETEEIIE6
RITRLEEEBY TH S,
4. CeTILTEREED CeT I OA— L DEFEOITEEAE
REREITEEDER
CeT AT FEZED CeT IV a— L DR T HEAE
RICRETRENFEBOZRIFETRITRLELEY T
H5,
5. PR IFHRIERICRIET linolenic acid & linoleic
acid DEDER
ZEROFETHDVIZERH AHFEBIT 3 linolenic acid
& linoleic acid DETEER T HRERICRIFTER TR L
TERIIFESRITR LB TH S,

R OBE

127 183 245
OTCToOREMM (B)

B9 MRPICRIT D R OFRRLEREOCRECTRERRUCEEDHE

PEERGE RO, FEEICEEL, BE2, PF3, EE4, HEICEES. FAD5 TREOHERO0%L EOBEL T,
BPORZDZTLT 7y MIBERDOHE X RECIY, BEOBAFRECIV ZTAZREEE (P=0.01) &E7.



B BV OdREOFATCICREEEICHET A

Eok FETOY D BRI RHICETDERE L ERROERERS OEE
v—sEHEY (%)

R EHE R AL 5y B7E64 B ETREL27TA BTEEI83 B 4 BFRR245 H 4
BE A R L Hi% b EEE #ELR
Acetic acid 0.29 0.16 0.23 0.13 1.04 0. 54 0. 55 0.14
Hexanoic acid 1.37 0.43 1. 08 0.39 0.29 0.23 0.74 0,28
2-Ethyl hexanoic acid try tr tr tr tr tr 0.23 0.10
Ethanol 2.87 1.16 2.26 0.98 11. 39 1.56 0.97 0.92
iso-Propanol tr tr tr tr tr tr 0.74 0.26
n-Propanol 0.25 0. 20 0.19 0.17 tr tr 1.04 1.02
iso-Butanol 0.70 1.24 0. 55 1.05 .21 2.41 0. 86 0.17
2-Pentanol tr tr tr tr tr tr 0.99 0. 50
n—Butanol 9.71 6. 06 7.65 5.14 41. 36 7.28 20. 36 24. 33
1-Penten—-3-ol tr 0. 50 tr 0.43 tr tr 0.28 0.09
iso—Pentanol 1.43 0. 56 1.12 0.47 2.35 0.79 3.98 2.90
n—Pentanol 0.98 0.39 0.77 0.33 0.59 0.14 1.16 1.00
n-Hexanol 7.82 4,05 6. 16 3.43 2.92 5.19 8.29 10. 53
cis—3—Hexenol 0.12 0.28 0.19 0.2 0.18 tr tr tr
trans—2—Hexenol 0. 86 1. 46 0. 67 1.24 0.45 tr 1.23 1.24
2-Methyl 3-heptenol 0.76 0. 45 0. 60 0.38 1.28 1.94 1.28 1.91
2-Ethyl hexanol tr tr tr tr tr tr 0.16 0.09
Linalool tr tr tr tr tr tr 0. 28 0.08
cis—Linalool oxide (furanoide) 0.28 0.21 0.2 0.18 0.20 0.25 tr tr
trans—Linalool oxide (furanoide) 0.16 0.09 0.12 0.09 0.07 tr tr 0.05
n—Octanol tr tr tr tr tr tr 0. 48 0.11
« ~Menthol tr tr tr tr tr tr 0.16 0.14
o~ Terpineol 0.27 0.21 0.21 0.18 0.07 0.13 tr tr
3-Methyl thiopropanol tr tr tr tr tr tr 1.32 1.86
Benzyl alcohol tr tr tr tr tr tr 0. 30 0.10
Acetaldehyde 1.7 1.59 1.37 tr tr 2.04 0.79 0.72
n-Hexanal tr tr tr tr tr tr 2. 68 2.77
trans—2—Hexenal 2.60 13.12 2.04 11.13 1.13 19. 45 1.78 9.07
Acetoin tr tr tr tr tr tr 0.39 tr
2-Methyl 2-hepten 6-one 0.39 0.35 0.31 0.29 0.43 0.52 0. 58 0. 57
Ethyl formate 0.78 0.54 0.61 1.35 0.51 0.61 0. 46 0. 30
Ethyl acetate 1.95 0.79 1. 53 0. 67 2.19 1.27 4. 47 1.73
Methyl n-butyrate 0.31 0.13 0.24 0.15 tr 0.47 0. 49 0.27
Ethyl n-butyrate tr tr tr tr 0.45 0.25 tr tr
iso-Butyl acetate 0.67 0.39 0.53 0.33 tr tr tr 0.26
n-Butyl acetate 4,19 9.18 3.30 7.78 0. 98 3.30 1. 04 3.78
iso- Amyl acetate 1.76 1.83 1.38 1. 55 2.18 2.51 0.76 1.24
n—-Amyl acetate 1.39 1.43 1. 09 1.21 0.52 0.72 0.74 0.75
Methyl n—hexanoate 0.78 0.24 0.62 0.20 0. 05 0.25 0.35 0.27
n-Butyl n-butyrate 1.80 1.85 1.42 1.87 0.14 0.82 0.83 0.35
Ethyl n—hexanoate tr tr tr tr tr tr tr 0.35
n-Butyl 2-methyl butyrate 1. 09 0.47 0. 86 0.40 0.15 tr tr tr
n—Hexyl acetate 10. 25 13.77 8.07 11. 67 3.3b 5.62 5.24 7.21
n—Amyl n—butyrate 0.53 0.35 0.41 0.29 0. 06 0.22 tr tr
cis—3—Hexenyl acetate 0.34 0.20 0.27 0.17 0.09 0.12 tr tr
trans—2-Hexenyl acetate 0.68 0. 61 0. 54 0.52 0.30 0.51 tr tr
n—Butyl n-hexanoate 1.33 1.70 1.05 1.44 0.22 1.43 1.04 0.37
n—Hexyl n—butyrate 1.36 1.84 1. 07 1. 56 0.19 0.69 1.78 1.23
n-Hexyl 2-methyl butyrate 0.58 0.37 0. 46 0.31 0.21 0.20 0.51 tr
Ethyl 3-hydroxy butyrate tr tr tr tr tr tr tr 0.19
n-Amyl hexanocate 0.27 0.19 0.28 0.16 tr tr tr tr
n—Hexyl hexanoate 2.46 2.28 1.93 1.93 0. 53 0.27 tr 0.28
n—Butyl n—octanoate 0.31 0.27 0.24 0.23 0.08 0.17 tr tr
Ethyl 3—methyl thiopropionate tr tr tr tr tr tr 0. 26 0. 49
iso-Bornyl acetate 1.23 0.72 0.97 0.61 tr tr tr tr
n-Butyl 3-hydroxy butyrate 0.27 0.18 0.14 0.15 0.11 tr tr tr
Benzyl acetate tr tr tr tr tr tr 0.16 0.09
n-Hexyl n-octanocate 0.09 0.13 tr 0.11 0. 06 0.19 tr tr
CioHze tr tr tr tr tr tr tr 0.11
CisHos tr tr tr tr tr tr tr ir
Ci4Hao tr 0.15 tr tr tr tr 0. 48 0. 36
CiaHas 0.18 0. 06 tr 0. 06 0.06 0.12 tr tr
CisHso 0.14 tr tr 0.05 tr tr tr tr
(E, E)-a-Farnesene 10. 64 13.14 8.37 11. 14 2.37 1.74 1.21 1.83
Estragole 0.12 0. 06 0.09 0. 05 0.09 0.22 tr tr
ZFO* 21.91 14, 62 38.79 28. 09 20.15 35.83 28. 56 17.59
Total 100. 00 100, 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

z GC-MS = L BARIE. TSRt 5L, PEG 20M 50mX0.25mm ID ; #75 LiREE, 70—210°C(3°C/min) ; AARIRE, 250C; Fx VT -4 =X,
He 30ml/min ; - > iFiREE, 180°C ; 4 A {LEE, 70eV; Hiff#EE, Hitachi GC-MS M-80B.

Y GCIZ L B45H7. F D445, #5 L, PEG 20M 50mx0.25mm ID ; /75 ARE, 80—240°C (3°C/min) ; EARIREE, 250C; ¥+ V¥ —H X, He
30m{/min ; $HH%2, FID; H#4EE, Hitachi 663-30.

oA F—t—r., REEHELEENL TS, v R
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40K CHRBL OEFERICET 3 EEORTIRPT (A, A') L trans—2-hexenal LBE (172 uM- (™) (T X AEFERGEER (B,B)

HEoR IR BT INESCHEEFORECRIETRERRS OB

. 0°CT?D HARE (zmol-07)
Ry . }
WRHEE o 43.1 86.2 172 345 690 1,380 2,760

trans—2—Hexenal 134z —x + + 2+ 3+ 4+ 5+ 5+
232y — + + 3+ 4+ 5+ 5+ 5+

n-Butyl acetate 134 — — — + 2+ 3+ 44+ 5+
232 - - - - + 2+ 3+ 4+

Farnesene 134 - — — - — — — —
(Mixed isomers) 232 — — - — — — - _

2 AMEAAE 199443 A8A. Y MEAR : 1994466 A14H.
*RAEFAGE  —, RBH £, ERR; +, FEEICEE ; 24, R 3+, R 4+, EE 5+, HECEE.
R B IR ERBEHOI0% L, EDOEEZFT.

BTR BE OSTEBERICRIET Ce-TATE REFOTAI— LD

HAREBRE (uM-07)

BRMAS
0 43.1 86.2 172 345 690 1, 380 2,760
trans—2-Hexenal — + + 2+ 4+ 5+ 5+ 5+
trans—2—Hexenol - - - — - + 2+ 3+
n-Hexanal - - - + 2+ 4+ 5+ 5+
n-Hexanol - - - - - + + 3+
*REFEIERLAL.

19964 6 A 2672

B8R R (TBTIRTHRERICRIET Co REATIISIR OEE

AnERHE
Cis—F & 1 P 2 Py 3 py 4 Py
1w ERFRERAER DYlE B# A% H B
Linolenic acid =5, 0.0a 0.7a 1.0a 2.0a
Linoleic acid =R 0.0a 0.0b 0.0b 0.3b
Linolenic acid = 0.0a 0.0b 0.0b 0.5b
Linoleic acid EFR 0.0a 0.0b 0.0b 0.0b

N

O CTHYE#, 19964E5 H20H /LER
FERTEE 0 RMEM, 1 FEEICERE, 2 BE, 3 P 4 5F, 5 ERICERE.
FKRERODBHZEDTNT 7~y b Duncan DS EREIC LV FEZE (P=0.05) 257

“
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et — B AT & D F SRS IR e
FTHZENFEINTWAR (TiEH, 1991), €DHEMH
OWTIHIEE A LHALPICEA TV, 56, FE
BLESEC BT IR ORBEROHEEEZTRS,
REITERR T Y AT ORERER DI, TORE
BBV EEER L,

WV L BT OBMBIC OV T T E TOHEE RS
&, INHERTOREENC I T AT T RN 5
ZEMREMBNTWD (Shutak-Kitghin, 1966 ; Barden-
Bramlage, 1994a), L L, RZEBRO X 5 ICAEFTH? O
TEFHTRERZBRERL, EAOLDICNEDIZIE]
DAINCERESET 5 K 5 AR TR T A 62
AT 5 Z LRI, ZhbORFRIE, EXT
BREQEBTAT—IJICL > THESLPITORENERD
ZLEEFRLTND,

U o IOFERLTIBEOR TS 2RETRELYT
WZE, KEROIEBT AT NNEBICZL > TEETS
ZERENS, VAREXVRETIERESVEE
THEEZLNTVWS (Meigh, 1970), €OREFEEY
B L LT a—farnesene DG ZRET 5% OFHERZ
XN T 7 (Huelin'Coggiola, 1968 ; Meigh*Filmer, 1969 ;
Barden*Bramlage, 1994a, 1994b),

ZIT, FBRRLTOFEEMEL L TEALATWS
(E E)-o—farnesene IZE B T3 &, FRELEEROE
FREERICKRERERR AN R 2T, Fio, IFERPFIC
B3 ‘B BREOERERESOREEZ{ToLLET
A, WEL b USBEORSPRES NI, KIZ, @
FHICBT BRGOERLEL LB LI L 25, trans—2-
hexenal DEBRBHFE L K E <, IRV T n-butyl acetate DZE
ERREPoT,

INHORREZBEL, ATE134 0% R URTER232 H 1
IZTHER® trans—2-hexenal, n-butyl acetate & U} farnesene
(RMEEEE) O 3ESICONT B ORRICHTS
BELBRIF LD, WTNORHTY trans-2-hexenal i
B b IERE CITERCURER S FEE L, n-butyl acetate | T
THRIZHIRWE, UL, farnesene [IBIBEIZRB W T LAT
BT HRERNEBE L ehoTe, ZORRID,
trans-2-hexenal |Z n-butyl acetate X ¥ H{REBETY o
SREICRLTRERESIEE T LEBHALNITR-
foo LDAL, ZDFEBRDH I farnesene T X 5048
FERDFERIHER TE o7,

Anet (1969) [XAE{£SLT o —farnesene ® H ENER (L H>
St b U =& EERIE L7z Z &, $ 72 Huelin'Coggiola
(1970a) {XEEFE DTEE T T o —farnesene # BEER{L L,
TOBLHNBRIZ X DV LTRERPBE L L E2HRE
L7, & 51T Huelin*Coggiola (1970a) i diphenylamine

P
£

7% o ~farnesene 7> H IR b Y U ICESBRLERE T D
TEEHELTCVWS, ZhooWELR, BECEDSE
TR & EARIICE S REMAIEIC L 5%
Yz DBERIZONWTEZ O@mENAZLND (Lurie
£, 1991;Du-Bramlage, 1993), #%iT, Rowan & (1995)
13V v TR XY a-farnesene DEEER{LH L EZ BR
BEOHRFE NI UESBERE L., LL, RO
Froix B OFMETEER LY IERT D2V
ZHEDb ST, MEOBICIZZOHKE Y = ORIEEY
BrEzZ N5 (E E)-a-farnesene DEMNH LR
b, ZOMERFESCTORERME LRI
SN ED,

F7-, BFE<2lT 1 diphenylamine R° ethoxyquin @ & 5
REEBEAHLBEICLIVEI TSI EBMONTEY
(Meigh, 1970 ; THES, 1991), Z OFERIZATEST A3
OMCBIBRBICL D LEZRLTWS,

KR TERB L3845 D 9 B, n-butyl acetate |ZET
BRI REREREITDZLIFBRICHMLEN TS A
(B, 1958), trans—2—hexenall%7 VU — 1 B ITFRHRK
slLTHehThabon (HEF, 1981; FHJIS,
1994) , BFig-°1F & OB EMEIC OV TIIES A b TV
AN

E7-, WHEORBEDY v IREIRARS D trans-
2-hexenal # % < HeZ LIXAMBNTVAD (B S,
1994), ZO XS RBERIHESLTOELEHETI L
BE SN TV S (Shutak » Kitghin, 1966 ; T, 1984;
Barden-Bramlage, 1994a, 1994b),

EEB B LITFRCITOREN D RVFERTIT
trans—2-hexenal BNE L L7 <, L HIKBE TROTH
SER AR X4 & 55, trans-2-hexenal DEFRERCT
(2% 5 5 O R EEARVIC TR E T,

o —farnesene & BT 1T OBBICHOWTIL, SAERBT
ITFENICEEEZRE LR TVRBERBE LIS WREL
Y %, a -farnesene 7524 2% (Huelin « Coggiola, 1968 ;
Meigh, 1970), INFERFHEIO RBRTIE, IVFERFHAD R VE
LEFESCTHERNR O EL 2 BITbHEP b, o —farnesene
BOEXIILALERW I ERBRESNTVD (Meigh,
1970),

a—-farnesene ML D TR T IT R T TREIT OV T
Huelin+Coggiola (1970b) (%, =& / —/AIERIZ X 3RE
X EBRTRTERNEAE L b O OEEOIFRECITHER
LIXRA B L, F7- a-farnesene O EMALIR TR
L LR, RPTBRERIIRE L2V LEZREL TS,
IR, BmMENT o-farnesene Y TREHT
HFLLEBBLEINR TR OREYE L EZ LD
tHEAER L TOIRTIHRNI LETREL TN D,
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Y=

13 12

COOH

Linolenic acid

0, \E;

0H
VAR

13-L-Hydroperoxylinolenic acid

:

; )
VE\CH,0H e\ A\FH0 0HGAANANLO0H

cis-3- cis-3- 11-Formyl-cis -
Hexenol Hexenal 9-undecenoic acid
E E
E 3 4 0 H l 7
A=\ CH,08 ==/=\(H0
f 3 trans—3- E 6 CO0H
rans—3-—

Hexenol Hexenal 11-Formyl-trans -

10-undecenoic acid

N:pHZOH B ii/ldCHO

trans-2-Hexenol

trans—2-Hexenal

E, +E;

) . ) 2
Linoleic acid —— > n-Hexanal

ALY Co FEIFIERASEE D B D Co-T ATk FRU Co-T A a— A0SR (Hatanaka &, 1983)
Et: Acylhydlase E’z : Lypoxygenase E”2 : Hydroperoxide lyase Ea : Alcohol dehydrogenase Ei-7 : Isomerase & Isomerizing factor

trans—2-hexenal DREWIRIZIB 1T B ERIC OV THF
(1981) R Ut Sekiya b (1982) 23R D L 5 72 il/e s
ZLTW5B, 75, lipoxygenase | J2 ¥ linolenic acid
ICEERBERMEN T, BE{E#13- L-hydroperoxylinolenic
acid AR X, ZDOHE{ED hydroperoxide lyase IZ &
D BIZL L T cis—3-hexenal & 11-formyl-cis~9-undecenoic
acid ER I D, Z D cis—3-hexenal 7> 5 B EE L
T trans—2-hexenal BAERK I, IHICZhBBETEN
T trans—2-hexenol BERR SN D (BB41X),

ZORBEPOALHIRE I, CoT AT b RANET
ENTCeT AT —VTEBRIND L AT HRERIC
HT ORI ED L S IET D0 ERRT, O
£, trans—-2-hexenal & trans—2-hexenol, n-hexanal & n-
hexanol DWTFHDEFEETH CoT ATk KX Ce-T L
A=V RV IRRECEENER L, ZoOBRITERS
NIz CeoT AT A CoT I — T R b— XTI
INDLEENBELH RAFAHRELRELTVWS,

ABFFETIRATRE64 A # R UN27 B # O BT AT B W
TS RIIE SR LV trans—2-hexenal BE VT H 1%
DOTERPIBRE L TRV, FOBRAL LTS
ORETITESERE /R LY trans-2-hexenol 231>
ZEDBEBLTVWD R CHEINS, Thbb, Zo

FEHA D A4S B G trans—2-hexenal 7> & trans—-2—hexenol
NOBEEAELHPITONTND Z ERTRBREND

FERCTRERRLV L ESECEVEEISSEER
U245 B # ORI 8] Tl trans—2-hexenal {JIERENE
BRIV LEZWH DD trans—2-hexenol [TILITIK L~
THESELARREOBICENIZLAERLNE ST,
DX S BT Tld trans—2-hexenal 7> & trans—2-
hexenol ~DEMBRFRERTHITE LT T
WIZERRBREND, LIERoT, RFERT OFRAEITHE
WD CT LT F& CoT A a—=LOEEICHT B
ZHEOHENERO—D & UTEEL TWSaFetERE
26h3,

I DITE4IED S B 5372 X 51T trans—2-hexenal &
n-hexanal DZNZHDOFIEEY)E 1T linolenic acid & lino-
leic acid T, Zh b D CiwNEAFIREAIER DI RTTERS (T HRAE IR
ERBETINE S DEFART, TORKE, mALEFIEH
L LIRS BERETRTZEBHLNIENE, W
% O HB Tl linolenic acid 23 linoleic acid X ¥ RpE=0i
HRIERBBESEBERL, LrLTOBRELE Lo, £
7o, FEONEBEZERAT AR TIToi e 25, IFERT
BRAER D3 linolenic acid MEBCHHIZE L <A L, &RNT
linoleic acid LB THL ZDOEMAMB A blz, T OREREMN
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5, ZhoOREFAEIEENARRIC KD RABEEE LS
SPOBEEELVELTHIBERHETHL I LETELT
W5, —F, HEWMIKIZIIT D lipoxygenase (IEAR L E &
L, EROBAEHEL D FEHE CREETE 2 &, linoleic
acid X ¥ linolenic acid {Zx L TS {EAT 5 Z L HE5
nTWaa (AF, 1981), EROFBRIZIZDOI L L XL
—ET 5,

—J7, EBEAROBEFERELY b CARTROEEESE
W CRTERT RPN L h (TR, 1984), Z0fR

V

‘TR AR L, FRELESROMESTOREY
BB L7, £, BFRBLESEOIEFICHEIT D RKR
DEFERSOHEEEZHREL, SLICZTOHEET IS
SNWTY I RFICRIETEER R

1. FRRREZRIVEFESTHRD 20T,

2. IFEPICBIT A REOERERESOREEZ{T
LI A, HHELEREITHEL CSEEDORMS R
EEh, MEOBICRSNRERITIZDNRPT,

3. IFREIRP CESR I W FRETHENIZORVER
SICEBL, MEICRBIT IR OBMLELRER L
FEE. trans-2-hexenal DEBRIFE L RKEL, RNV T
n-butyl acetate DERNBKE o7z,

4. IFERPITORERRME L LTELLNTWS (E E)-
a—farnesene {22V T b HRE & ELRROWRLHLED
el E L=, BREIL ORI 0T,

5. THERD trans—2-hexenal, n—butyl acetate Fz UF farne-
sene (BMEER) ZIFHERITFMLEL, BRI
BT T BB G L, TORE, trans-2-hexenal IX
B b EEE CIFRSIRERET 2L, nbutyl acetate

BRICRIT DEENREBEZEOR Y AL L ATECT L DB
EEREZONDD, ZOL D REMRRIZY TR
BETHHERR, SHBELIIHETBMNELELD,

WFHIZ L THEIFRSITHBERARICL D B A 6N
BH, FOEEELA o —farnesene D BEIERLIZ L A H DDy,
X % trans-2-hexenal D AEFGERRICI T HEEEAV 0 EEE
OEVARIZED HOD, SoITEEHRER I XS
HL OIS EOMEEFIZRT TR,

=

BRIk SEETEA L, LML, farnesene ALE
TIRELBE LR T,

6.CoT ATt RETD CeT V2 —/LORTRCT HRE
RICRIFTEEOERZ W U= #EER, trans—2-hexenal
IZ trans—2-hexenol & ¥, F 7z n—hexanal {X n—hexanol
IV RBE CIHESSTHRERSER L,

7. BRI B SE IR 1T B 1E ¥ linolenic acid (trans—2-
hexenal DRIEEME) & linoleic acid (n~hexanal D
EmE) ORBOERZHELL, ZEROFET TR
linolenic acid & linoleic acid D5 TRPBC T #RIER
NFEA LTz, WFE OLE T linolenic acid A3 linoleic
acid £ 0 FOERMPE BRL, BERELAIHENE
Linotz, BEHRA AP TR THRERD linolenic
acid /LR CHFIZE L <34 L, RV T linoleic acid L3
ThbEOBABH LN,

8. INOLORRND, ‘HBE OFHERICET DTS
1T DA T trans—2-hexenal %2 n-butyl acetate D
RERD—-DE LTHES LTV ARENRE I
[
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F10E

) 2d et OBRRBEATEFROGAEREBEEED

RELERUD (CRETHE

I #&

Ura des (C5HU X CTERRL) ORIRETRE ISR
ETOREEEFIRLROBBEEZETS (BL2M0E
B, ZOBEFEBREAIICEE LTV EhbHERE
TR ‘BREel EEEhTns BUF, ZoE
EXBAECT BT 5),

ZOBRERCIT b E-ERDOEERT & [, L
FROEERIZIC L VDT 50, TOEBIZOVTIE

[l

FEAEFRS TV,
AETHAEREIC L 220V EHEALNICTS
7o, BT & OBEMENRE STV 5 o ~farne-
sene N°E DMOER S OFREHZIEL, ARELE
BROBRERMESOEBELZHE L, &DIT, FOHEET
DRy RO OBEDE OBRERCT I RIZFTEEL %
L7,

I #HRTHE

1. ARRLERRCKTI2BRELTOER

bk BEFAL, 1992486 A 10 B ICE R L ESEN
FEREETEWICHEET 2 X 5 ICHROELH —85E
(16. 2X19. 3cm, AMSITIMAAS TR THRIAS B DOHE, HEE
HRDRT 7 4 ARTHERESND) BT, BELE
BIEDDICZEHROINEEF O A28AICKREL, HEE
T OERAPSZ0 4 ARICNEERELE, BED
I0H28RICINFEL, EHBIZ0OCTHRELE,
BEERT OREEOTEIL, FRELEREORE
TNENIEZMERAL, AR 2 A% (19924£1258),
47 Ht (19932 ) RU62:H#% (1993424 A) 1
Tolz, ARRLERRIIBIT AEEZEOHREIXRHR
I BEEICL VT, EBIC, BRERT OREDH
EEFBROMEICTT L IIC0H 6 5% TOHFH T
KLU, AEZEOBREZRHINCFHBEICLVITo =,

2. ARRLERROFTBEPICEITIBRAHOER
BEMAE-CT OB E DT LR DFEE L M8

ROBRBROBREMESZFIFIZEC TROL S ITHITL
oo Th0b, FRELESROREZNFRIOET
ZHEL, BMESSTRRBE LT WEREOHKRELT» S
ZODBBIIPLITTOREEZETTHA 7 THE, Va—
P—THER LT, BEROBRICY > T, WTFholf
BT H BRI ECT OF EICHRD &R Uy 2
Uiz, :7-RORE, BEZNHT5-0IcbBoRE
EEHRMUTz, WICENS (1994) OFECET T RIS
NEMZHEHE & L T n-butyl benzene 11 %, ZEK S
T30mmHg DFET, 40°COERIC TRIEAESHKE %
Tolc, HREHEDO 7 v 71X 3FTRT, ThFho k
ToTEHERAT )= RIATAADEBETEHH LT,
IN6D N v TOEREEEEhYE, BRIz F Lo —
TNEMATERBRS ZME Lz, ThICEKRE~ 7
AV LEMATERL, 2B%ICu—2 1) —x R
L— A TEELTH R a~ 57 - BESHHERD
A< b2 G L=, il RES L
7o SFTEMEIZE O ROMEITR LT,

B2l AL oBmmE

REBEREE
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3. trans-2-hexenal, 2-methylbutan-1-ol, n-hexanal,
n-propanol, frans-3-hexenol, n-hexyl propionate,
n-amyl acetate & ¢* farnesene DB FIE ¥ (FHRIE
RICRIETEE

trans—2-hexenal, 2~methyl-butan—1-ol, n—hexanal, n-

propanol, trans—3-hexenol, n—hexyl propionate, n-amyl
acetate 2 U farnesene (BIEEER) OmRGEEHFEL,
Zh SEFFMIRIC X - THAESSITHRERPFERT 50
oy mEkgE L, T742bb, 1993410 A 28 B ULF#ED b
3 DERREEOCTHEL, IFE2»H% (1993412
B) LEEADASE (19942 A) ZHEIRICELTE
BEACAPIZEEEZ RV T, 00252, 760 pmol- {7 F
T 8 BRSO E DA PIT20°C TORFHIMREFL, &
EOREOHREEZFE Ui, ABIT1ERIRESTY 1
FEE Lz, TOEEFERFEIOROMEIIRLIZEE
hTHo,

4. V) OREOBREPTHRERCRIET CeTILT
ERKEZFDCeTIA—IDEE

Bk D >D Ce=T ATt ¥, T72b trans—2-hexenal
Y nhexanal, & HICFDEFNEFNOT Va—n, b
+ trans-2-hexenol & n—hexanol DAL & HE L, Al
DEREBHDBE L RBEONEFIET CTATE R
FOT N I—LVOBAECITRERICRIETERE
L7z, ftekE3ED b3k’ 1219954210 A28 AICINFE L,

m #&

1. ARRIERKRCEITIBEAEPITOEE
BIER LRI I3T B IFEARHRIE R E T DR AE
KRBT OREOZRITEBRITR L.

2. BRRLEZBROTEPCHTIERANOER

BPREREARINC 4R R L MR R OBRM S TR R,
fE OEERSOBERUEFRIFIRITRLILSB
D ThHD,

3. trans-2-hexenal, 2-methyl-butan-1-ol, n-hexanal,
n-propanol, trans-3-hexenol, n-hexyl propionate,
n-amyl acetate RO farnesene DREEIE (T HRAE
RCRIETHE

FHRE L EREO MBIV TERR TRV,

4723 b trans-2-hexenal, 2-methyl-butan—-1-ol, n—hexa-

v &

FrEmRIcBITABaEeTIE S TRIhOHE
Eh (TEE, 1984), EEOITEST & Bz - THREEN
AUAOBRWEH L W EAET S (FH, 1993 ; Warner,
1994) , I X > TIHERF OB ETHR SN 2560

EHICOCTHEBLE, AZIX2,»A% (19954128)
L AR (1996F2 H) IZiT-o7,

5. BREE®FHRERICRET linolenic acid & linoleic
acid DL

trans—2-hexenal & n—hexanal DHEZEIZISIT 5 F N
FNORTEEME, 47215 linolenic acid & linoleic acid
(e, 1981) OWREER, BEOFET ZELRPL
EeEL W L - EREH AP TRO L S REREIT o7,

1995410 A28 RN ‘db3b’ DERFEE 0°C TRYE
L7z, MAEIIEFR 2 22 A% (19955F12H) L 4 A%
(19964£ 2 A) ICREIET o HEAL, AI—REDHRE
BRI BRI 20 mm D HFZIRIZ linolenic acid & linoleic acid
OHRGORIRE TN ENETEM L, TOBE, B
BT I AR BRI SN CTIRE LW &L 9 ITER30
mm D AT v B —ICFOERPN20mm ORNERT, T
ERERICESBICEA Lz, MERETOCTERH
I 4 AREMRE U7, RIS Ul ARFABIER 2 AL L
FREIVEEZARSBm DT U r—FIZ AR, FTHOTC
THEL-EBEZEHATHHOEREZERL, 0°CT4H
[HIESS AP ‘

FAEITEL2ROMEITRT L0205 5 DHFA TS
BREREEE LT, TV r—F2HNOREIIT I A LI
B#EICIT» 7=, BEMEDOHEIX Duncan DZEEREIT X
DiTo7,

S

nal, n-propanol, frans—3-hexenol, n—hexyl propionate ;2
¥ n—amyl acetate DBAECITFERICKIZTEE, &
HICEHBR T ORRYME LB 2 5TV 5 farnesene D
FEEFATBRIIBLORICT L

4. CeTILTE EEZFD Ce 7 I OA—ILDBRE NPT
ERCRETHE

CeT VTt FLFED CT N a—/LOBHECTH#E

ERICRETESO0MERFUNRCR LELEBI TS

5,

5. BRIELFEERCKET linolenic acid & linoleic
acid D#E
PR E-=CITHEERIT B IT T linolenic acid & linoleic acid
DFBIBLRIRLIZEBYTH S,

=

3

% (FE#H/Y AT, 1994 ; Mattheis, 1996), = DEEL
TERDEFERRT L RRICREORIZH N, RBAETRES
ZEFFEEA LR,

HUT L BER OXMRETHDL A o
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0 CTolEHE (7)

IWT
[Jas
801 s
% -+
% 60
5
& 404
20 +
0 }
ARG
4 -
3 -+~
-
A o9l
g 2
%
7
)
B 1
0 }
IR

6

0C TR (A)

B3 RSB S A oARRLERREOBMERTRESEROEEORE

SRR RO, FERITEE L, ®E2, PHE3, EE4, FEICEES. FEAOSREEOEEHO0% LOBESTT.
RFOREDITAT 7y MIFERORE XXHREICLY, BEOBAFTREICLY ZNTREEE (P=0.01) #574.

EORENELL, FRED LI ICHEA»ABTH

80%LL EDFEAELE T, EE, ‘T—LF L FY ¥R’
L B ORBRETHD TFREI-AR TV
Th ZOBME-CH B RE SN TWD FBKEER, 1994),
IO, ZOBRELITIFEO LB CHRENICR
ERHBND,

PR DT T IE I REDO THHEM I e E
ICRELLTV (BB 9E ; Warner, 1994) DITx LT
MIE R A E R SRR A mE & R OB R R
ITHRE LT (TBE, 1984 ; Warner, 1994), UMb,
BmECHE ZEEO & S Rl SFIRIC X - TR
5Z L (B3, 1993 ; Warner, 1994 ; Mattheis, 1996,
1997), FIT X o TR SBEICEIR SN B Z & h
b, REODEFRIIBITIINORENEZ NS,

DL, ZTOEFZRHINEL Y i L ABBINET
RAENZEL (THE 1984 ; FHO ATH, 1990), Lig
ERAEANC L vl S hEE & (FHRV A TR, 1993 ;
Warner, 1994 ; Mattheis, 1996) |3 FERDETRERCT LS

MRS, UL, B0 X > EREZFERALEE
TR ENZ 2 L, SHLIZCAITBTEAS TS
& (FHEVATH, 1994 ; Mattheis, 1996) 76, fEED
Wﬁ@ﬁk FBLERALELZALNS,

T, AR LRI ABMESTORERESE S LT
%%@hﬁ?ﬁ&ﬂ%uﬁ%ﬁ TEMEL, FRELE
REIIBITERRSOEREZ LR L,

HEPICBIT 2 REOELREERGOREEIToZ L
5, MEE LA UEBEOMSBRAES L, KT,
EBRELIVLABETORVESICERL, @HCBY
DR OEMERZHB LI-L 25, trans—2-hexenal D
EZhRFEbLREL, &RV T 2-methyl-butan-1-ol, n-hexa-
nal, n-propanol, trans—3-hexenol, n—hexyl propionate,
n—amyl acetate DIEIZENRALA LN, ZHDDRESD D
5, trans—2-hexenal 1377V — VB AR R kBES E LT
o, LobiEHRIcRiT? BE oFKRLEE
ROBREESOUETIIERETR LD RVESTH S
IEhD (FEOE),ZIOTATE FIZERSRAICL S



B B ) IR EOEAYCICREBEICETIHER

E9F EEToULT i ERICBITAERRELERBROERMSORE

RS BE (umolkg™)Y

[ ERERRS UL FERE R 2 Atk RBP4 A% T 6 A%
FRE EER FRE ERE BFHRE  ERR HIRE  ERE
Ethanol 758.09  1359.32 3011.92 2818.80 4611.72  3245.50 3000.48  6696. 96
n-Propanol 11.13 31.18 2.78 3.34 3.34 5.76 4. 56 29. 18
iso—Butanol trv 3.60 1.35 1.27 0.40 2. 62 3.55 tr
2-Pentanol tr tr 2.67 1.57 5.40 5.49 7.87 19.63
n-Butanol 64. 85 108. 78 108. 88 93. 35 101. 24 132. 43 157. 29 422. 49
2-Methyl-butan-1-ol 31.79 60. 79 7.43 9.20 6.32 14.72 18. 76 81.37
n~Pentanol 0.88 1.74 0.69 0.53 0.45 0.58 3.24 9. 74
n-Hexanol 19. 58 34.39 34.02 21.78 36.23 62. 94 92. 58 224. 08
trans—3-Hexenol 3.21 6. 22 3.23 3.32 1.98 5.42 4,07 10. 03
cis-Linalool oxide (furanoide) 0.25 1.29 0. 46 0.61 1.10 1.07 2.30 7.35
trans-Linalool oxide (furanoide) 0.29 0.82 0.29 0.22 0.43 0.31 0.78 3.16
2~-Methyl-3-hepten—1-ol tr tr 1.72 1.52 4.31 3.07 7.06 15. 64
n—-Octanol 0.71 0.78 .72 0.29 2.34 1.73 3.10 4.58
n-Hexanal 6. 68 12. 61 3.10 3.35 8.77 21.92 18. 23 57.37
trans—2~Hexenal 19.02 47,05 9.37 31.93 8.51 56. 08 14.94 60. 45
2-Methyl butyric acid 80. 74 127. 06 0.87 0.70 1.61 1.43 7.75 6. 86
Ethyl formate 0.67 2.86 0.49 0.38 0.94 1.13 0.80 4,02
Ethyl acetate 3.05 3.51 4.32 3.18 6. 47 5.14 4. 36 10. 42
iso-Butyl acetate 0.52 0.51 1. 10 0.52 0.78 0.75 0.81 2.16
Ethyl n—butyrate 2.47 2.59 0.59 0.54 4,36 2.20 11. 34 15.70
Ethyl 2~methyl butyrate 1.69 1.92 0.08 0.05 0.46 0.37 2.07 3.19
n-Buty] acetate 6. 16 4.86 9.17 17.20 10.94 12. 10 5.57 3.73
iso—Amyl acetate 6. 28 9.54 3.26 9.27 2.17 5.38 2.563 tr
n~Amyl acetate 0.38 0.55 0.41 0.91 0.46 0.76 0. 36 0.45
n-Butyl n-butyrate 1.59 2.47 4.25 4.18 2.95 4.74 1.98 1. 50
Ethy! n-hexanoate 3.19 21.34 5.18 2.11 3.32 3.48 14. 51 15. 20
n-Hexyl acetate 6. 04 8.11 17.93 26. 50 18.49 30. 44 17. 69 13.82
iso—Amyl 2-methyl butyrate 0.27 0.81 tr tr 0.12 0. 26 0.09 0.24
n-Propyl hexanoate 1.97 3.59 0. 65 0.38 0.58 0. 52 0.87 1.62
n-Amyl 2-methyl butyrate 0.43 0.89 0. 56 0.42 0.26 0. 57 0.45 0.31
n-Hexyl propionate 0.71 1.88 0. 65 0.94 0.53 1.81 0.47 0.85
n-Butyl hexanoate 26. 28 32.41 21.56 9.71 17.75 13.97 17.33 11. 20
n-Hexyl n—butyrate 1.48 1.43 9.07 5.76 12. 47 14.94 12. 26 10. 18
n-Hexyl 2-methyl butyrate 18.94 27.51 5.31 3.17 5.80 9.72 6. 90 10. 73
Ethyl octanoate 0.82 1.16 0.25 0. 08 0. 55 0.30 2. 50 5. 06
iso—Amyl hexanoate 2.15 3.01 tr tr tr tr tr tr
n-Amyl hexanocate 3.33 4.50 1.26 0. 56 1.41 1.30 1.56 1.07
n-Propyl octanoate 1. 39 3.16 0.11 0. 09 0.14 0.15 0.19 tr
Ethyl-3-hydroxy butyrate 0. 45 0.93 tr 0.19 tr tr 1.75 20. 35
n-Hexyl hexanoate 67.71 76. 70 43.31 11.91 57.14 41.96 61.76 28. 95
n-Butyl octanoate 16. 14 20. 97 10. 76 4. 09 1.66 0.95 tr 0.38
iso—Amyl octanoate 2.98 3.83 0.53 0.27 0.77 0.88 1.02 0.98
n-Hexyl heptanoate 0.94 2.20 0.49 0.38 0.80 1.06 1.00 2.48
n-Amyl octanoate 0.94 0.99 0.49 0.22 0.80 0.48 0.99 1.09
n-Hexyl octanoate 5.43 7.19 3.09 0.95 3.58 2. 72 4.44 2.46
n—Butyl decanoate 0.25 1.39 0.31 0.25 0.16 0.25 0.07 tr
(Z,Z) - a —Farnesene 3.78 5.58 1.29 0.47 1.21 1.96 1.17 1.80
(E, E)- a —Farnesene 929.94  1020.04 307. 45 86. 57 340. 58 257. 17 217.82 103. 56
Limonene 0.91 0. 87 0.18 0.16 1. 45 2.61 0.26 0.09
Estragole 0.34 1. 20 0.74 0.53 0.92 0.74 1.01 3.08

2 GC-MS I X BRE. FOSHEE. #F A, TC-WAX 60m X0.25mm ID; & F LB, 70—210C (3°C/min) ; HADERE, 250C; Fx VU —¥H X,
He 30ml/min ; 7 A IRIEEE, 180C ; A A 1{LERE, 706V ; H174EE, Hitachi GC-MS M-80B.

Y n-Buthyl benzene ZNEMBHE L L7 GCIC X B 4517, ZOSWERME. #5 4, TC-WAX 60mx0.25mm ID ; 7 5 ABE, 80—240°C (3°C/min) ; AR
B, 250°C ; ¥+ V¥ —HA, He 30ml/min ; $H23, FID; 55#745{&, Hitachi 663-30.

* UFEEREN, 108280, 1992. “ EBF (Klpg ke ™).
FRFBECHEMICED T 5221 ELOND, ITER
ToOMEME LEZ 5N TWSD (E, E)-a-farnesene X
BR OHE (FIE) LR AERIIBVLWTLARE
BLEHEROBOEII—EOBEMITRD bNRNoT,
INOORREZELT, FWR2,PAKL 40ARIC
TER @ trans—-2-hexenal, 2-methyl-butan-1-ol, n—hexanal,
n-propanol, trans-3-hexenol, n—hexyl propionate, n-amyl
acetate } UF farnesene (BMEEEH) O 3ETITONT
et ORRICRIETRELRILICE A, trans-2-

hexenal & n-hexanal O Ce7 /L7 & NOUENK LK
BE CIBME-CURERAFHE L, IRV Tn-amyl acetate,
n-hexyl propionate, 2-methyl-butan-1-ol DNEIZHE. L
7=, LA>L, n-propanol, trans—3—hexenol T\ farnesene
VT OO RERELIRIZINT b BRIEC T HRE
RERELZole, TRBDFERITICT AT E FE
PERECTEEZRBA LTV LTI V2 —3]
O LARELEVVERICHD Z L ETRLTNS,
TOZLEERT IO, HER2PABRT4MA
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glox A RRICRT 2BEESOREECRIEITERRSOBE®

R AR BE  (pmol- £7)
HRHS )
(R) 0 43.1 86.2 172 345 690 1, 380 2, 760
. . | 2 —vy — — + 3+ 4+ 5+ 5+
rans—2-Hex
S exena. 4 _ _ + 3+ 4+ 5+ 5+ 54
2 - - - - - - - +
2-Methyl-butan-1-ol 4 _ _ _ _ _ — — —
H ) 2 - — + 2+ 3+ 5+ 5+ 5+
n-Hex
ana 4 - - - + 34+ 5+ 5+ 5+
2 — — — J— — J— f— —
n—Propanol
4 _— — — pu— — — — —
2 — J— — —_— — — - —
trans—3-Hexenol 4 _ _ _ _ _ _ — —
-Hexyl ionat X B - B B _ _ . N
n-Hexyl propionate 4 _ _ _ — — - + 2+
Amvl acetat 2 - - - - 2+ 4+ 5+ 5+
n— acetate
yi ac 4 — — - — 2+ 4+ 5+ 5+
x 2 - - - - - - B -
Farnesene °
4 — J— — —— — — —_ J—

N

1993510 A28 B NFER, EHICOCT2HAITL» AL, 20CTORRAE LT,

P RAEFRFE . —, RERH =, BB o+, EEICEE 24, BE 3+, D4+, SE 5+, »7p 0 EE.
FED S +HIIREOREH D%, EOBEEZRT

RUEGES.

w

"

BLFR db REICBITS T ATE FEZOTA2—ADOBRERT EEE? Ok

FAFE R R AR FHABE (gmol- 07
XET = (") 0 43.1 86.2 172 345 690 1, 380 2, 760
trans—2—Hexenal 2 -y - — + 3+ 5+ 5+ 5+
trans—2—Hexenol 2 - — - — — - 2+ 2+
trans—2—-Hexenal 4 - - + 2+ 4+ 5+ 5+ 5+
trans~2—-Hexenol 4 - - - — - + 2+ 3+
n~Hexanal 2 - - - + 3+ 5+ 5+ 5+
n—Hexanol 2 - - - — - — — 2+
n-Hexanal 4 — - + 24 3+ 5+ 5+ 5+
n—Hexanol 4 - - — - — + + 3+

Z 19956F10 A28 B UNHETS, EHICOCT2AA T4 BEIFEL, MEL-.
Y SRS EIIEIOREFAL.

g2k dbd REOCHBMESITFHEE" ICRIET Co FTIENE O

HE cormmmmm  HET EREDER
- Ri& 1 2 3 4
Linolenic acid TR 0.0a* 2.5a 4, 6a 4.6a
2 58 Linoleic acid R 0.0a 1.0b 2.8b 3.5a
Linolenic acid EFEHR 0.0a 0.0c  0.0c 1.0b
Linoleic acid EEH A 0.0a 0.0c  0.0c 0.0b
Linolenic acid =R 0.0a 0.8a 1.72  3.3a
AR Linoleic acid ER 0.0a 0.0b 0.7b 1.7b
’ Linolenic acid EFEH 2 0.0a 0.0b 0.0c 0.8¢
Linoleic acid EFETR 0.0a 0.0b 0.0c 0.2d

Z EA20mm [N Cis-TRIFolgE 2 B9 L72%, 0°CT4 BREIRFLE.

Y 1995510 A28 BTG, BEHIC0CT2AA T4 AT L.

* BRECTOBEFR - ORI, 1IEWICEE, 2BE, 398, 45K, SEFICEE
KRORIEABTNAT 7~y MEDuncan DL BERETHEE (P=0.01) &7+



H 8 ) rIdREOFETCICREEEICHET U

#ic A B E - trans—2-hexenal £ n—hexanal D
CeTNT e REENEND CeTAa—NThDtrans—2-
hexenol & n-hexanol D BAIE-CITHFEEEICRT =R
FHELEZEZA, WTHhORHTL G717k Fik
FOCeTNa— LIV RBRETEENERTLILE
MR L7, T ORERIL, BEEARELRSTVCTATE
FRED CoT NV a— BT END LEENER S
HEREEE TR L TV D,

—35, trans-2-hexenal }2 O} n—hexanal OEIEEE I
N1 linolenic acid, linoleic acid (JEH, 1981) T, I
NOOWSH Y v TRRICRIETEELR KR W
FEaFoRERiEs & LEBAE-CTBEREZTR L, MEDL
#: T3 linolenic acid 73 linoleic acid & ¥ BR< FE L, Li»
L FEDBRAE-CHEBER b O EhoTe, £, REROL
HEEEH AP TTom 8 25, WThoREafmislhgs
THESTOEAS L VIEROFERANPE L <IMHEhi.
ZORERDD, ThbOTRETARIEREIC L 5 RS
BEEIERTORELLELTIBIERAZTHL L
DR EANS, —F, WIS T 5 lipoxygenase [3EEFR
ZHELL, BAOAGHIEL Y FEMRTEESED
= &, linoleic acid & ¥ linolenic acid {Zxf L Tiga < fER
BT ERMBNTVSA (FE, 1981), EFEORERILZ
DTl I —ETD,

7, BEECTIIBECSVEEREL Y bEED
HIRE N7 CARFECTIRA T 523, Zhik CARREICX
AMBEOHBLEEL TWAAEENAZELLN, Z0OZ
L6 HBRECT B LB O RS TR I D,

trans—2~hexenal DFEEIZIBIT B ERRIC DWW TIIHMH
fr (1976, 1977, 1981), Sekiya b (1982) RUMEH 5
(1983) IXHAIRNT R L7z X 5 ZefiiE & LTV 5. 5ha972
il (AHCRESORSE, DENEGEES) TERESR
S ASEEER L TVBIEHE, 772 linolenic acid ¥
linoleic acid % &/ LTV 5 EfgHs - U U IRED Z O
M HIT T, T acylhydlase 22 /ER L ClERER AT
BER S %3 B, linolenic acid M54 Tl lipoxygenase @
ER TR T OBENRFFIMEN, BER{LY13-L-hydro-
peroxylinolenic acid A3 £ K S 5, WIT Z O HE{EH
hydroperoxide lyase {Z X 0 BiZ¥ U T cis-3-hexenal & 11-
formyl-cis-9-undecenoic acid 4% L, Z D cis—3-hexenal
Mo BMELEE LT trans—2-hexenal PAEK EIN D, F
7=, linoleic acid M5 TIX lypoxygenase & hydroperoxide
lyase Dz & - T n—hexanal NAERK S5,

SEOSHORER, Abil OEER Tl trans-2-hexe-
nal, n-hexanal & T} trans-3-hexenol |V F&#E 5> & BT
T TRERFEOEEEZ R LA, ZIUTFERIIT
ENAHRBEEELTHAAREERELLND, Zhb
DSy O T trans-2-hexenal & n—hexanal [XARWFFE T
FBLESHLSDY b, RLIKEE THEESITRER

EFRBLTRBY, LrbENTOBTERDOT IV
I—EFEOTATE FED LEENBELEHWZ &2
RENT,

—%, HEEHICEECITRRE LTV (BR T
X C—T VTt KD S BLATE I T trans—2-hexenal D %
BRIESH, BFREIIC7 » T trans—2-hexenal & n—
hexanal REIEEN TS (FB9FE) DITxL, i
HEHBAEECTARE LTV At TIIUNFEREL D
trans-2-hexenal & n—hexanal ® —-2® Ce-T VT & KM
BEERLTWS, £, ThOOBTERHOT L2 —
NEHDE, (R TR X Y trans-2-hexenol &
n-hexanol ® 2D CeT LA — L NEET S (EIE)
DOITRL, A3 TIIUGERRDs S AR #% E F T n—hexanol
OHEBHEELTWBIETERY, ThbDCTATE
K& CoT Az — L ORED Ak ORTEAHN S OB
MELTRECHEE L WA ERERZ OIS, L
L, 2D LW TR E BICEHEMRBREPLETH D,

Fonda & (1997) %, ‘5 U’ Zx+3EHERINED
BHCIIRERBEEERREE L VWBEEEEINMEOR
HOERETSHI L, & 5T Mattheis (1997) 13254nm
OEHFEEENMNETIE ‘S EBITEAREOEHE
RNF ERBUBONRNNEE XL BPERERRTHZ &
FHELE,

KB BT DR 0EMFENERDRIC
o TERER (UVA, 400-320nm), FiEEE (UVB,
320-290nm), EE R (UVC, 290-190nm) KR UEZEHE
S8 (vacuumUV, 190-100nm) 2SS (HERE,
1991) , # EIC BT 5 KIS HRITMB LRI Y ic &
BENFEORINDO-DIZB L F300nm & Y RiEROE
AR MAKBRNDL2D (ERE, 1991) . ZORRNP DL,
HEICBEE LRV AL UVC BHIC X ABRE=eT
BEROBEIERBEOEELER DT RENEZD
nd, L, UVCDFD UVB X v ErFRCIEAZIERN
|hb (g 1991) ZebmbnThy, ¥IEOE
EARETER, LER-T, B LEBRERT O
FAEIZOWTIL UVBRoF DAL, BETRFHE, X 6ITKHE
SERZORECEELHE TRFANPLELBDN S,

ko & EFEEL THRAESRT OFRBELBREHINH
B, —oDTEEME LTHROL 5 LARHEEIND,
Thbb, ZOEEIBREOHETHOFEELZITOT
<, ZTOEHIZEE L THBAEAP FERAOCEELZT
T linolenic acid < linoleic acid 28BS, F4IRIZ R T
X 3 72 lipoxygenase (Z £ 5 I8 EBER (L EUG A3 B R E
ICEBRLTWD Z ERHEINRS. LL, 2D LD
WTIERAEBREHI O F B RTEFFRENE, SR OFEMRHK
FRMBEARZIEREIETHRV,

EEDIFEL T DERERME & LT, (£, E)-a-farnesene
O BEER LM S, Anet (1969) XF D BEIER{L



BHRR A ZTRBERE

ML EENCHE DY = B2 HBERIE LT, F7- Rowan
5 (1995) 3V IAREHHOEDOHE b = 258k
RELE, UL, FER 2 b oFSRLERE
DIEFER Sy OB TH B A2 & 512 (E, E)-a-farnesene
IEHEOHM TRERERAL NN &, KERD LS
IZ ethanol 3% < EANPEATIRE (FB 5, 1972) T
INFE sz ‘db2k’ T (E, E)- a-farnesene DIFETEEM
FHEIZZNICHLHRD LT, HROFESCTIIIZEALS
ELRWVWI D (E, E)-a-farnesene & fEEDEFEER

vV

BPEAIEI S A REOBHEAICAET B8R
% (BF, ‘BRELT) EOoOVWTERRELERBEDN
BaiTol, £z, INHERFLIFRPO™MEORKIZET
DERMOMEELRETH L L HIT, HETIRS K
CEOBEEDE ORKRICRIFTEELRE LI,

1. AERIESE IV BEESTAES L=,

2. ARRLEKROXIEBRRSOREETo/-E T
5, WEITIER L CH0EEDO K BRE Sz,

3. BREJVERBTHRVESICEBL, MEICE
TEEFEDERZPHE L= L =5, trans—2-hexenal
DEFFRHKE L, KRV T 2-methyl-butan-1-ol, n-
hexanal, n-propanol, trans-3-hexenol, n-hexyl pro-
pionate, n—amyl acetate DIEIZZERH ST,

4. ENRHONERSOTRBEHRRAL, BRICRIET
FEEBRF LR, trans-2-hexenal & n—hexanal ®
W Co 7 VT & FLED B b KR E CHAEITHRE
WREREBEL, IRKWT n—amyl—acetate, n—hexyl propionate,
2-methyl-butan-1-ol D JIEIZ 2 L 7=, n—propanol,

# 31 5 (2000)

& DBRITEI HICFHEMRMRAMLEL BN S, 7277,
e I B W TR RELT A BRI N b D
DOEEICR LT (£, E)-o-farnesene O B{L 23 B 54
LRI TFETE 20,

WTRUIZ LTS, BRE-CHHIXESE DR T & [,
BRICRBOFREENTRIN DA, ZORBOEEDMR
BAIZIX (E B)-a-farnesene S MIEEERAIER L, X HITIX
DR DEEOFREME b E O TEHH S SR st
BLETH?D,

=

trans—3-hexenol R URTECIT OB EHH L L TH 5
LTV 5 farnesene (BMEMFER) LETIXBAES
THRIERIIRE Loz,

5. BMHEINZCTATE FEZED C—TLIT—AD
RECRIITEEEZRHLEZL 25, trans—2-hexenal
X trans-2-hexenol & ¥, F7z n-hexanal {X n-hexanol
XV IRBRE CHRECTEERBRER L=,

6. trans—2-hexenal & n-hexanal ®Z - F N DEiEEY
H, linolenic acid & linoleic acid D R FIZRIFTHES
FANTFER, WE L LBRECTRERE BB L,
Z DFEFIT linoleic acid & ¥ linolenic acid TR <, La»
DbOE<HEN, £, EREHRE CIIMAFE
PAERALER & b ER P L VEENE LMl Shi-,

7. ZhoORERMPD, b OFRECBTSERE
RNF DO AT linolenic acid > B trans—2-hexenal~®
REBEERERDO—>E LTHE LTV B AMEEMER
RENT,



F 8V rIREOFETCICREBEICHTIHE

FIIE

ARG TIIEGEM R REEREOETERELOHEED-®
CEE LTREOEFTHHICBITI BTV T =D
B L R O O A A RRIREREY B I b 5 iy DR
REESIHFETITO L b, REEEOREY
BT HRHOFETHRE L,

B IR CH I HE OB R HZE LWHERT
FFRAGECEAMEEZMDT, BRECHMEIM TIX
FEMBEREND, ZORGEBEFICEDIREDERLE
EHITIEIEWEEL, RASETIIKBICHEUENT 5,
KEORBBICBITA T b T =00 3208y (RE
EOERWIELY, I, O, MEERTS) FRESIT
WA (Sun - Francis, 1967), ShBEHOFRAIAICEIT S
FOMMBEFRRBEIXIZLEAELD B,

FDRD, TOHBRMIENTT Y M T = OHES
ERERIER, REGED ‘RE¥—F07-FUI ¥R’
L HL, BESAED BR L AT r-T Uiy
2 DWThOREBEOREICBVWTYH 3ESDOHDTFE
BHER I h,

INET REI—FUT - FUx R, LT KD
‘FER OBRARTIINThY LEO3ESDT T
=URFEINTWVWASD (Sun-Francis, 1967 ; B - [E
K, 1975), 6 BOHBIZBWTHEMKICHEET I L %
R L, UL, RARICBIT 2EARED ‘I—0
FreFY xR THESO ] ETIOARFETDZ
L (BEE-EK, 1975), XIRIC ‘A—AF T Uy
27 TEHD 1 ORBPFEET D L (Sun-Francis, 1967)
BEEShTWD, T7hbb, HREICLIMEERAZDL
NB3L0D, FRARD ‘A—AF - FIVT¥ AT TR
3ODEFIITRTCHEET IR TN LAFHESN
THY, B0 F—AFr - FITvx R ITBTHT
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Studies on Coloring and Skin Disorders on Apples
Shoji Noro

Keywords : apples, bagging, coloring, temperatures, watercore, skin disorders, greasiness,
scald, stain, anthocyanins, chlorophylls, sugars, organic acids, lipids, volatiles

Summary

Seasonal changes in levels of anthocyanin, chlorophyll and fruit size were investigated in red and yellow colored

apple cultivars mainly noting color development. Seasonal changes in sugars and organic acids were also studied in the

skin and the flesh in relation to development of anthocyanin. Effects of controlled temperatures on the development

of anthocyanin, sugars, organic acids and watercore were studied during fruit maturation.

Furthermore, apple skin disorders ie. greasiness in ‘Jonagold’ apples at harvest time, superficial scald in ‘Mutsu’

apples and stain in ‘Hokuto’ apples during storage were studied to determine the causes of the phenomena.  The results

are summarized as follows.

1.

Diameter, length and volume of apple fruits were recorded every two weeks from 3 June to respective harvest
time in red colored (unbagged Starking Delicious and Fuji fruits) and vellow colored (bagged with triple paper bags
and unbagged Mutsu fruits) apple cultivars. The bagging method is as follows ; young ‘Mutsu’ fruits were covered
individually with commercial triple paper bags for shading from 10 June to late September, according to the usual
way in Aomori Prefecture.  The outer and middle bags were removed on 28 Sep. and the inner bag was removed
after four days.

The shapes of sigmoid curves that showed fruit growth were different with the growth parameters. The growth
curves by fruit diameter and length showed single sigmoides that increased remarkably at early stages of the growth
in all cultivars. The growth curves by volume showed typical single sigmoides that increased slowly at early stages
of the growth in all cultivars.  The time when a fruit length became the same as the diameter (L/D=1) delayed
in bagged fruit than in unbagged ones.

Mean temperature every two weeks was recorded at the same time. In early June, temperature of about 15°C
was recorded, and coloring was observed in all cultivars regardless of red or yellow colored apple cultivars at this
time.  After that, the temperature increased until late summer, and reached about 24°C. Accompanied by the
temperature, coloring disappeared almost in all cultivars. From late summer to autumn, the temperature decreased
and reached about 15°C again. At this time, coloring was observed in the red colored cultivars and the bagged
yellow colored cv. Mutsu right after removing the inner bag.

Three separated bands of anthocyanins and the quantitative ratios of them were investigated in red colored apple
cultivars (Starking Delicious and Fuji) and yellow colored apple cultivars (Mutsu and Golden Delicious) at early
stages of the fruit growth in early June.

Three separated bands of a major component (I) and more mobile minor bands (Il and II) on paper chromato-
graphy were found in the skins regardless of red or yellow colored cultivars. On comparison of the ratios of their
bands, I was the greatest, followed by I and I, in that order in all cultivars. Comparison in the ratios of their
bands between red and yellow colored cultivars showed that I was greater in the yellow colored cultivars than in
the red colored cultivars. In ‘Starking Delicious’, the ratios of their bands between young fruit at the early stage
of growth in June and ripe ones at harvest time were compared ; the ratio of I was greater in young fruit than
in ripe ones, and the ratios of II and I were smaller in young fruit than in ripe ones.

Furthermore, seasonal changes in anthocyanin and chlorophyll levels were studied in red colored cultivars (un—

bagged Starking Delicious and Fuji fruits) and yellow colored cultivar (bagged with triple paper bags and unbagged
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Mutsu fruits ; the bagging method is the same as 1).

The anthocyanin level decreased from early June to mid July in all cultivars. In red colored cvs Starking
Delicious and Fuji, the anthocyanin level increased respectively from late August and early September. In bagged
‘Mutsu’ fruit, the anthocyanin level increased right after removing inner bag in early October, whereas in
unbagged ones, anthocyanin level hardly increased.

Seasonal changes in chlorophyll contents were investigated, and at the early stages of growth, all of the chloro-
phyll a, chlorophyll b and the total (chlorophyll a + chlorophyl b) were great. However, all of them decreased
gradually after that until harvest time. On comparison of chlorophyll levels between bagged and unbagged ‘Mutsu’
fruits, all of the chlorophyll levels decreased more remarkably in bagged fruit than unbagged ones right after
bagging in June.  The difference between bagged and unbagged fruits was found until the harvest time.

Seasonal changes in sugars and organic acids in skin and flesh were studied every two weeks using red colored
apple cvs Starking Delicious and Fuji and Yellow colored apple cv. Mutsu from the beginning of growth in early
June to respective harvest time in late October or early November. As for ‘Mutsu’, differences in seasonal changes
in those between bagged with triple paper bags and unbagged fruits were also investigated. = The bagging method
is the same as 1L

Main sugars in skin and flesh during the growth were fructose, glucose and sucrose, and minor sugar was
sorbitol {sugar alcohol) in any cultivars.

Fructose contents in skin in unbagged ‘Mutsu’ and other cultivars increased from early September.  However,
in bagged ‘Mutsu’ fruit skin, the fructose content increased after bagging in mid June, and the content was greater
in bagged fruit than in unbagged ones after that at any time.  On the other hahd, fructose contents in flesh
increased remarkably from the beginning of the growth in all cultivars. In flesh, no difference was found in
fructose content between bagged and unbagged ‘Mutsu’ fruits.

Glucose contents in skin increased gradually throughout the growth in all cultivars. The glucose content in
flesh increased from beginning of growth in early June to early or mid July, and remained almost constant after
that. Changes in glucose contents in skin and flesh during the growth were less than other sugars in all cultivars.

No change was found in sucrose content in skin and flesh from beginning of the growth in June to mid August
in all cultivars, whereas it increased remarkably at the maturation period after September. = Comparison in sucrose
contents between bagged and unbagged ‘Mutsu’ fruits revealed that the content tended to be smaller in bagged fruit
than in unbagged ones in skin after October, and in flesh after August.

Sorbitol content was smaller generally than fructose, glucose and sucrose contents in skin and flesh. On
comparison during season, sorbitol content in both skin and flesh was greater at the early stages of growth and
the later stages of ripening in all cultivars.  The sorbitol content was especially greater in watercore—susceptible
‘Starking Delicious’ and ‘Fuji’ than in watercore-unsusceptible ‘Mutsu’ at the later stages of ripening.

Malic and quinic acids in skin and flesh in all cultivars were found as major organic acids that had seasonal
changes during the growth, and citramalic and citric acids in skin were found as minor organic acids that had
seasonal changes in all cultivars.  Among them, a trace amount of citramalic acid in flesh was detected in any
harvest time in all cultivars.

On comparison of the seasonal change in malic acid content, the peak was found in skin and flesh during the
growth in all cultivars. The difference in malic acid content between bagged and unbagged ‘Mutsu’ fruits was
compared, and the content tended to be smaller in bagged than in unbagged fruit in skin after mid July, and to
be smaller in bagged ones than in unbagged ones in flesh from late July to early September. The difference was
not clear in the other season.

On comparison in the seasonal change in quinic acid content, the content in skin and flesh was great at the
early stage of the fruit growth in June in all cultivars, and decreased after that as the fruit grew. Comparison
in quinic acid contents between bagged and unbagged ‘Mutsu’ fruits showed that the content tended to be smaller
in bagged fruit than in unbagged ones right after bagging in mid June until mid or late July in both skin and
flesh.

Citramalic acid content in skin increased after early stages of ripening in early October in all cultivars. The
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increase was especially greater in red colored cvs Starking Delicious and Fuji than in yellow colored cv. Mutsu in
both bagged and unbagged fruits.  However, in flesh, only trace amounts of citramalic acid were detected and no
change was found during the growth in all cultivars.

Seasonal change in citric acid content was investigated and the peak of the increase was found in skin and flesh
during the growth. Citric acid content between bagged and unbagged ‘Mutsu’ fruits was compared, and the
content in skin was greater in bagged fruit than in unbagged ones after early July, whereas no clear difference
was found in flesh.

Potted, 12-year—old ‘Starking Delicious’ trees were grown at constant temperatures of 15 or 25°C or at alternating
day/night temperatures of 20/10°C or 30/20°C during fruit maturation (2 Sep. — 12 Oct.).

The level of anthocyanin in the skin increased under the lower temperature regimes (16°C or 20/10°C) but
remained at a constant low level under the higher temperature regimes. Skin and flesh sucrose contents
increased under low temperatures but remained at a more-or-less constant low level under high temperatures.
Glucose contents of skin and flesh increased under high temperatures and remained low at low temperatures.

Fructose contents were not affected by treatments. Only trace amounts of citramalic acid were found in the
flesh but the level in the skin increased under low temperatures and remained low under high temperatures.

Watercore appeared at the later stages of ripening under low temperatures but not under high temperatures.

It is concluded that low temperatures are better for fruit ripening regardless of the difference in the temperature
between day and night.

Potted, 13-year-old ‘Starking Delicious’ trees were grown at constant temperatures of 10, 15, 20 and 25°C
respectively during fruit maturation (30 Aug.— 9 Oct.).

Anthocyanin levels increased as the temperatures were low at the early and unripe stages. But, in the later
stages of ripening, the level of anthocyanin increased greatest at 15°C, followed by 10, 20 and 25°C, in that order.
Under 25°C, the anthocyanin level remained at a constant low level

Only trace amounts of citramalic acid were found in the flesh, but the level in the skin increased greater as
the temperatures were low and the harvest was delayed.

Skin sucrose content increased greatest at 15°C, followed by 10, 20, 25°C in that order throughout the harvest
time. The order of this increase coincided with the order of the increase of the anthocyanin level at later stages
of ripening. Skin glucose content increased greatest at 256°C, followed by 20, 10, 15°C in that order at any
harvest time. This order showed a contrary relationship with sucrose throughout the harvest time.  Skin sorbitol
contents increased the same as the order of the sucrose contents at the later stages of ripening. Skin fructose
contents were not affected by treatments.  Effects of temperatures on sugars of flesh were similar to those on
skin sugars.

Watercore appeared at the later stages of ripening only under 10 and 15C temperatures, but not under 20 and
25°C.  The intensity of watercore at 10°C tended to be greater than at 15°C.

To study the cause of the difference in anthocyanin levels between red and yellow colored apple cultivars, sugars
and organic acids from the skins of six cultivars were analyzed by GC during color development. The main
sugars were glucose, fructose, sorbitol and sucrose, and the main organic acids were malic and quinic acids.

Red (Jonathan, Starking Delicious, Tsugaru and McIntosh) and yellow (Golden Delicious and Mutsu) apple
cultivars showed similar increases in sucrose concentrations and decreases in malic and quinic acids during ripening.
All cultivars showed only trace amounts of citramalic acid (trimethylsily]l derivative, MW 364 ; identified by GC-
MS) initially, but the red cultivars showed a large increase in the later stages of ripening, whereas the concentration
remained low in the yellow cultivars.

When citramalic acid was applied as its sodium salt under the light of a discharge lamp to discs of unripe skin
which did not show any red coloration, anthocyanin content increased over that of untreated discs, The optimum
concentration of the acid for anthocyanin development varied among cultivars.

Many apple growers in Japan use double paper bags for the yellow colored apple cv. Mutsyu, to enhance red color
formation and to remove ground color.

To study the cause of the red color formation, young fruits of the yellow colored apple cvs, Mutsu and Golden
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Delicious, were covered individually with commercial double paper bags for shading from early June to late September,
according to the usual way in Aomori Prefecture. The fruits were harvested in middle October, and anthocyanin
content was measured for bagged and unbagged fruits. The anthocyanin level was greater in bagged fruits than
in unbagged ones in both cultivars.

Sugars and organic acids in the apple skin of both cultivars obtained from late August to middle October were
analyzed by GC after being derivatized with trimethylsilyl agents.

In both cultivars, the main sugars were glucose, fructose, sorbitol and sucrose, and the main organic acids were
malic and quinic acids.  Throughout the period tested, the content of fructose was much higher in bagged fruit
than in unbagged ones in both cultivars. No differences were found in the other main components between
bagged and unbagged fruits in either cultivar.

Compositional changes in other minor organic acids were also investigated between bagged and unbagged fruits in
both cultivars, using GC and GC-MS ; citric acid was identified as a component which had the most quantitative
difference. A small amount of citric acid was detected before coloring, and it decreased slightly at the later
stages of coloring in the unbagged fruit. However, in bagged fruit, a large amount of citric acid was detected
before the stages of coloring, and it decreased remarkably at the later stages.

Commercial citric acid (sodium salt) and fructose were applied to disks of unripe skin from bagged and unbagged
fruits of both vellow colored cvs Mutsu and Golden Delicious, and the disks were irradiated with the light of a
discharge lamp. When citric acid was applied, the content of anthocyanin increased compared to that of the
control only in the skin of the bagged fruit of both cultivars. When fructose was applied, the anthocyanin level
in the skin of both cultivars did not increase, regardless of bagging treatment.

Thus, citric acid appears to be related to the development of anthocyanin only in bagged fruit of the yellow
colored apple cultivars.

To determine the cause of a greasy phenomenon of the skin of apple cv. Jonagold, the main lipids of the skin
were analyzed by GC-MS, particularly noting the unsaturated fatty acids, which were fluid at normal temperature.

As harvest was delayed, the number of components and the quantity of the lipids of the skin increased.  The
compositions of 17 aliphatic lipids were identified.

In the stages before ripening, palmitic acid, stearic acid, oleic acid, linoleic acid and triacontane were scarcely
detected, whereas in the stages after ripening, these lipids increased. Among them, lipids fluid at normal
temperature were oleic acid and linoleic acid. Oleic acid was detected later than linoleic acid. The time of the
increase in linoleic acid coincided with the appearance of greasiness of the skin.

When commercial linoleic acid was painted on skin which had not shown the greasiness, the wax of the skin was
melted and the greasy phenomenon similar to the natural appearance was produced.

It was concluded that the natural greasiness of the ‘Jonagold’ skin was caused by linoleic and oleic acids.

Many Japanese apple growers use double paper bags to cover yellow colored apple cv. Mutsu to enhance red color
formation during their growth.

To study the effect of the double paper bagging on superficial scald, young ‘Mutsu’ fruits were covered
individually with commercial double paper bags from early June to late September as usual in Aomori prefecture.
These fruits were harvested in late October and stored at 0°C.

Incidence of superficial scald between bagged and unbagged (control) fruits was recorded and volatiles in the apple
skin were determined by GC-MS and GC during storage.

There was less scald in bagged fruit than in unbagged ones. The same 65 volatiles were identified in the skin
of bagged and unbagged fruits during storage.  Differences in content of volatile compounds were studied noting
the compounds whose content is smaller in the skin of bagged fruit than those in unbagged ones, and the difference
in trans-2-hexenal content was the greatest among the volatiles, followed by n-butyl acetate.  No difference was
found in (E E)-a—farnesene content, whose oxidation products are believed to cause superficial scald.

Exposure of healthy ‘Mutsu’ apples to trans-2-hexenal, n-butyl acetate, and farnesene (mixed isomers) at 20°C
for 20 hours showed that trans-2-hexenal induced scald-like injury at the lowest concentration ; whereas n-butyl

acetate produced a similar degree of injury at a higher concentration. No symptoms of scald appeared on fruits
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exposed to farnesene.

Comparison in scald-like injury between Ces—aldehydes and its Cs—alcohols i.e. trans-2-hexenal and trans—2-hexenol,
nhexanal and n-hexanol, showed that the injury was greater in Ce-aldehyde than in its respective Ce—alcohol.

Application of linolenic and linoleic acids, respective precursors of trans—2-hexenal and n-hexanal, on ‘Mutsu’ apple
skin at 0°C for four days induced scald-like injury in both unsaturated acids. The injury was greater in linolenic
acid than in linoleic acid. = However, the degree of the injury decreased in nitrogen gas.

Results suggest that shading of the apples by double paper bagging reduces concentration of trans-2-hexenal and
n-butyl acetate, which were used in these experiments to induce scald-like injury to ‘Mutsu’ apples.

The apple cv. Hokuto is very susceptible to a new skin-browning disorder called stain during storage.  To study
the cause of ‘Hokuto’ stain, young fruits were individually covered with commercial double paper bags from early
June to late September. These shaded fruits were harvested in late October and stored at 0°C for up to six
months. Incidence of stain between bagged and unbagged (control) fruits during storage at 0°C was recorded and
volatiles in their skins were determined by GC-MS and GC during storage.

There was less stain in bagged fruit than in unbagged ones. The same 50 volatiles were identified in the skins
of bagged and unbagged fruits during storage. Differences in content of volatile compounds in the skin of bagged
fruit were compared to those in unbagged fruit, noting the compositions whose contents were smaller in the skin
of bagged fruit than those in unbagged ones. The difference in content of trans—2-hexenal was the greatest among
the volatiles, followed by 2-methyl-butan-1-ol, n-hexanal, n-propanol, ¢rans-3-hexenol, n-hexyl propionate and n-amyl
acetate, in that order. No difference was found in (Z E)-a-farnesene whose oxidation products are believed to
cause superficial scald.

Exposure of healthy ‘Hokuto’ apples to seven volatiles and farnesene (mixed isomers) at 20°C for 20 hours showed
that both trans—2-hexenal and n-hexanal induced stain-like injury at the lowest concentration, followed by n-amyl
acetate, n-hexyl propionate and 2-methyl-butan-l-ol, in that order. No symptoms of stain appeared on fruits
exposed to n-propanol, trans-3-hexenol and farnesene,

Comparison in stain-like injury between Cs—aldehydes and its Ce—alcohols i.e. trans-2-hexenal and trans—2-hexenol,
n-hexanal and n-hexanol, revealed that the injury was greater in Cs—aldehyde than in its respective Ce—alcohol.

Application of linolenic and linoleic acids, respective precursors of #rans-2-hexenal and n-hexanal, on ‘Hokuto’
apple skin at 0°C for four days induced stain-like injury in both unsaturated acids. The injury was greater in
linolenic acid than in linoleic acid.  However, the degree of the injury decreased remarkably in nitrogen gas.

Results suggest that shading of the apples by double paper bags reduces concentration of trans-2-hexenal
characteristically and that the shading is related to metabolism of IinolenicA acid to trans—2-hexenal, which were

used in these experiments to induce stain-like injury to ‘Hokuto’ apples.



