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B1E
JEA G DT A TR 0 R 21 112k DE, BUT L, BWikHE, Pilisfbe 230

]

728 OEEUL, EBRFR AR E OETHEEBIRLN A D TR ANTH<EE 25
N, ZNHOEREERRIEREEOBEEE I8, BREOBRNE G254
D, Fz, B0 R E OB IO B EME IR BRI S TR, I TI3ET
AL S Th, EFEA~OF G RHESNTWD (EAT7#4, 2000)

ZDIDNT, EFERBEAETFIZRNELRWE ROAEELIHEIZOWTH TALE, A
ROPEEFEHFADI S, BN HDLEIGITR LT 25% THD,
F72, BROENTEEO 80%IXENFETHY, 20%I LA ThHD BIHKFER, 2020),
HEEITFEMZEL TR RE R ANFTLIENTELD, IFEOREOIEBI
fEE L OWEALD T, FREE RO A SFITRAEmNIZHLDIZXL, 77X Ol
ABFIIH DTN TS (RMKEEA, 2019) . 272NN T - 355 Him T o B 3
TE LR, IHERE I D[RS, FEIOAE K CidRS, MHEMZET
CRICHEE | O EOHAR RO O TIY, Febs oA SR F13H £ 40,
INHES DD EFE - HEF B ETO MG RPN Z GO Iy AT LD FE
MRELFEL TS, — 5T, FEHUTFAR SN TODREEWE T O NKULES,
HE B OMBGREM ST 2T EITE N, TOBBO—2LL T, {HEE D EMK
PEMIIE ARFIC TR DO— DI, EE PR ZRINSNTVDLIENETH
N5 1-1, #ZJIIR, 2020) , AEFEE DL 7%, k% 72 iitm B 242 971, M
Bz, JRBEICIE S F B, THfE 2 0L O THHEE X DIHEF 1TV 7220 =T
BA59, — 7, AL ERMIIX T 5RO 1 DU TRV ZEnUIXUIE

T HD5 (NPO {E NS D7 4 —T 1, 2006) .
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JEEE, TRDBLFMESDERWEIZEDIDITHIEISINTNDDIEADN, £ DEF
RFHIEILE £ TORNA, FRWITIHES IR 0MEEE D BR AR 530> D e i A5,
THY, TIUFRERFRE L EHIK T LT EE 2 H5 (AR5, 1999; 7K H, 2018) .

BRI 1% DI P> TR Z D TREFE O T 11, IUHEA R A0 8 i
R E DI BREED AL DR, ISk T D5 R ORI/ B2 E DR
WA E DEGBIRIER DR ELZ T TRID, 75T, ZRHDOBIRITER TS
A Z LT, SEEDRRENFIM SN D Z L0725, T DOFRIEL2DTE H I3~ THh D,
ZOHMIT, MHLRDF RO, FITSNHHNLRCMAE N LI C B HT LI
%, DI, TR DOFEEZ AN T DIRIEOTRR L, PR IND FiEIT @O
W ThHoT=ELTh, FEUEITS B LI D, $iz, & RY ORI BT OB % &
SR D INTH R OREE 2R F 3 D HANBAFE O HED SN TET23, Wb Hdfy
BRFE DO RIHEE 22D DL, INHER O F RS E KT T 2AD =X AOMHTHY,
2 R FE I D B TE T (4, 1963)

T, EBRICHRD OSBRI SH R OREE O ERAELE D L7
DTHAI INKFAVBITWDDIE M, B, 9 AT LE, RVEOIMBLOFRIC
£, BUETHIR @G0 5T EE O H B OREEE ML, SMEOBELELE
It 188 BALR A DRRBR-SCHER, BRI DSWTHIET S, WD BRIEICE>TITH
NDHZENZ, Fiz, BB DT RMEWAT DS, BDMBESHKL, £HO
IR CREEEC S E 2R A, B IRL TV (FREF, 2010) . F R OREERBDSMBLIC
PRSI Z LR NEIRNDY, ZOEIITHE —HI7R ELHEN <, TBIRYAIRTIZ LD HfE
FEDHEITER TH D, 22T, SMEELDE BERIZRIEIEZ 1357201, IR
AL D E BALS (Fa[, 1995; A )15, 1996), J1FHPEE & 8 & (K FE O o BE
R (HED, 1968) 23 7eS LTz, LU D, DAL IEZ HIDDITH LD EA

EBEEE 2B, WA &b SR DR S KV RTEAE, LI MtED



BRADHIE CThoTz, Fiz, MR A E LR IEL OBIE A, MBS B REERD
BRMFHEORIEIZLYE BT 2 TESRFESN TEZ (PED, 1980; MNHE,
1988; KARD, 1994), ZNHDOAFZEE, FICRIHSLEETOBANKRT, £H
DOFALIR B LA O BIEAHT 2 T TRY, FEEE LITBI ORI C5 25, Wi
HEANEHESCHEHBRGOMRLICIVE R THLEEZBND, — 75, SN B K
RRIZARIZN T THOINAE R OZAL - D NEETWDZEbH D, —IRICH R,
IS K2y R S RO BRBE CIE S DG B 3 e 7= d, BAELT- b
AR E AN RLC, AT B2 VX —%1E5 (K H, 2018), 2
NBDRNEE G DI ISR DO ZAIZSAT T 27280 (A, 1989), ARAR/ N—Z]
TEERFFRICEB N Th, BEEE OREMFEHEL U COMBIZ AL O & B - D 272577,
ARG DZALS ER SN TRY, ZOEH &2 M- IE T DT LIZLEFEIRTE

ERALL TSI GRS, 1969), L0, REKEENK 7L THHITWDT A=/LE
VRO T FEILE DOMESIEIL NI, 1938), F RWINHER DT AL e i
DT, R R SCHTRREE SRS B o TD T EDD (BRR, 1942; fEH D, 1974;
H¥Z, 1991), EO<Ek% 7adh B OFEE O E BRI EEO— 2L THWOLILTE T
(5D, 1976), Eiz, B, T/ E ORHBEM ELREEIR T IC > Tid 35
ZERNMESN TS (HIKD, 1989; KPS, 2015) , SHIZ, Héas AT OET A —fi
L TEIZ &I, B2 228 R0 S EFHE A T4, IR DSVBLTINZ,
BT E DEBIRIZRZACIC BT 28 AANERS AL TEIZ (3R 1-1 7K, 2018), %<
DA NEFREESNDIZ DI, NS B B LA, FIFRIc Lo TLIEL
XEETHIENHALNE/ RS TETZ, FIZIE, AT YTIZBW T, BEMRHLDEE
T, MLV NAIOZETT Aa e U Eafm &Enm< (A, 1991), 48X &
HNCHEE LT 7 VD7 e S Cnd (B 85, 1991) , Jelzil 7= FR i

ERPEDIHER DZALICE W T, MRRRI R R R S I R AN H 52 LM T8



SND, DT, IWHERFDE A &, YPB34 DA S ME O 28 8 251l L CTHRERE D
BUBELZHIET L35G, B EZOEEZSLZENNEETHLIEO B TIib
DFEOBEAITHEEL Y,

EBIZ, NER D O/ HTREML, MREEL TUTHOR— KN TH D, IR
ExZDOEFHET LM G 2FIES, B EMIEL, SRk a~hr 77 1—
(HPLC) 72 & DREZR IZ L D0 T E BN FEBREL ~ L TILIRAT DI o7z,

W B R PE D FEATIZ 3BT, BRIEHIEAN 2\, ZAUTK LT, BEEA R 37150t

e

Ry 2 E 5 FIEL, EEMORANEE TR L LTCHIIEICIAED, 2

ki

e, WEEE, 72 ORIE, RIEHD ZHRASRIE S B L LT R ik o
WFFERe, TSN D T ZADPEIZ L D5 M 72 EWFFE B R A D B T&E 7= (JT HF,
1998) . F71Z, ITARIN G2 MBI LD R DORE LR EBAITIAE K L, RS RET
DEEEE ADM, OB EBRRGHEAT (FH, 2007), — 75, BEEELLIM Imk
CREEEFHMICE 32 B ARIE TR0 ThNIZb 00, R KT 512
BB oTz, ZOIDNT, BUETY, JtiBiEfIZI1T 50 EE B & L8
B\ a2 —F ==V ERES D200, BBIRIOEBHHIE L 5 2 2 i B RN £

fiipsskeOBILTND,



#1-1 WROREFEICBET 2 E & F O - oHriE kM, 2018)

HoT) 7
SHTEE EpfhE - EE BRE)  JERUES
& BRHE (BR) , EXeEit, afBir (@)
2% BREHE (BR) , KREt, ERAERFT (@)
&Y EHEHE () , GC, GC-MS, VA FGC, BVt H— o) o)
S EREIRME (Sk3E) , BrixdBAEERt, pHA— % o)
Lk BREHE (AR, AR , BIRILIAHE, T8, BEEKRH (@) (@)
VA==V HPLC, ¥E&3t, HHAE (e) (o)
g 31>C HPLC, RQ flex, tbBEE (HHXKE) o
haF/4 K HPLC, LC-MS, £ XHEEit O
TRV T=Y HPLC, LC-MS, XKt O
i HPLC, Brix¥ERE3t, 3A#RSMH A 3t, HPCE o) o)
B HPLC, pHA— %, BEBRES, AR KE, HPCE (@) (@)
W7 I /B HPLC, LC-MS, 7 I /B 473 &, HPCE o)
BYEH tbexE® (DAKE) (@)
Ko FERZCAE KoRdR) , uEfdlzE (KoEiE) (@) (@)
o 0% i GC, BEZX LY —, RBAREC Y — (@]
IFLERE GC, Photo-Acoustic Spectroscopy @]
PEZ=-DUN 2 GC, GC-MS, LC-MS O
2V | tbeE i, BRIHHE (DAKXEE) (@)
MEFRR J =4 28, E®WPCR (e)
FS5>22Y 7 b—LBBHF ONAZA 707 LA, mRNAseq o)




FRUESE BTN, FERAE TOMBEELT, FIFMECk R 7l E 4 VL E L
9, HEIOWE - FEAMCREE A B CEDIEEN RO LN TS, ITHTIE, ikt
BAREEIHMOIBIEL T2 FIELL T, BRETFRAEOHNIIZ2ELEDLN TS, T
b, WHER O A BEROEIZ I BB & D R BIn T2 IO~ —H—&L T,
MU AL BN D AN E AR T D Ib AR 2 KO LT D5 FETHD Uk H, 2018),
B OBAR T HBLOM DB DE ORI LN T LT DRIDOEFED R L
DOFEFEAR T DML BAG 21 T 2 5 IENHRE S TS Ok ED, 2016), LLZRA
5, AR FFEBIRRT S0 1T B S BEBERFAL TR A 2 AR L T 5, FERO it il
R T MR T 2720120, HROBAR TR & IR T & DA BR %
DRRNETH D,

— 07, BT L DAL O, AL NGBS 0O 7T ARG AR | 2 T,
T AT =2 T IR I3 T D, FFROZARIE, FEE LR DR D
THISOMEEE DR T 25 | S 2 RIBRANRFRIR & 220 LT, BOh (1997) 13, TR
JEE B LSRR ORTL YT O &4 EL, IREEZETSE 52U BREL
TR ES 2 bL, ZBEHNENTTAME LD ER T AR NI EEmE L,
DI, BRWY DO ARARLHNENL, S0 ERFFHAT ORI RER D —D>THY, Mk
RTTF LV AEREEL T, FRYOMEZEACEATRE T D2 LITXY, ol E ik
FrRIE D SIS TETZ (HE4L, 2016) . RO FRETE T DI LA Ol
% DELIZ OV THRF T THOR TS, BIELT, IV NERIR TIRIFLIZBRIZ,
SBLOIRREIT R IRFFSN T TS, BREFHIE CIEFV O MK T L7z (R D,
1981) . E7z, Ly aZ OIEMEYE O O RFHT MR ZEN H D73, FEEK T
I bICiTSm N H D (Bell et al, 2016), LWV 7= E 2305, LA DIC
DT, AR RSB & U CTREE DI LB O DY E A~ OB KU

EL TR IAZEDNHOLMMNIIENDR Y, e R L TV 5 (Ruther et al, 2005 ;



ML 2007) , HIZ, FEFEVEALA Y IR & O BEIZ W TS, MRkREERERF D
HEET La— LRoFET LT RO AL (Hatanaka, 1993) X°, IO Z I
9 B -FRALIZ LD E RSy DA NN HAL TS (Song and Bangerth, 2003) , ZALHD
REER RGO BIGD 1 2EL T, FEIERDEALLARN AN LD AR ENRE D
WEAY - 2R 5D, ZAUCK > TEREEDOEE N AL, SfEiIZ T ORERE ) T2
K H7 o AR5 TEY (X 1-2, Marangoni et al., 1996) , F#iZ, INHERIZBW
T, SEIERTIC RN 084 L%E 2 B TS (Shewfelt and del Rosario, 2000), S
512, Yamauchi et al. (1986) 1%, UL YIS DIEDOFALD R L0/ mm 7 ¢
NDGHRIE, 7ana T 7 AN STET DRMERRE O o fifIC Lo TAU T AR O g
LB 5L CWAEHELR LT,

P (2013) 13, TOLTAEREIEE OB - 3 RICIER L, 7R O N E &k
LR EATR R OFE R ORNTITIE DM BN H DL A8, TRMDUNEE LhE
J'E LB LA Ofe B k3 DARE R R (b ) OB 2 S FE 251 A 972 5 1
BRI, ZO%E, HEERDIEFEREILT ICHIRE—EDEETHY, INFER:

(I R D LB WEWIRLE NS D, SHIT, Mla A RIS E oD i
b+ S R B BAEER TNV A= ALEMZONT, KEEY %
KGLEUIZVE RV RICKY, 7TV M~ — I — R L7252 L3 B L
7257 (Syukri et al., 2018) . ZDOIHIZ, AKEATE OB EAIZHE B Lo/ 7

FERHN TESCHEE ~— I — L EMN A HEh>o5H5,



Trigger

Alterd membrane fluidity and permeability

/

Dysfunctional

Membrane
Proteins \ /

IncreasedCa2+ in
cytosol

f Cellular
Decompartmentation phosphatases
Formation of membrane/v lon leakage (phosphor)lipases
lipid calmodulin
Gel phase,nonbilayer \
phase F Free fatty acid
ree
Generalized cellulare—" radicals ree fatty acids
oxidation ,\ lipoxygenase
Hydrocarbons Fatty Peroxydized
aldehydes fatty acids

1-2 A b L A K DR OO LB ORI
(Marangoni,A.G. et.al, 1996)



LZAT, A7 A (Omics) LITMFRMAT A F KT DHEETHY, AR OVERIZ AL
(Lipid; BE'E + Omics) TIIRE OMMEMENT | 2 EH T 5, [FIEEIZ, Metabolomics (A
BB R) L1, Metabolite (GH#) DFEFEIC Omics (HEFEMEHT) 23DV V- HGETH
0, IO 2 B% T2, T7200, AMORFORNEZILINTT D
DT, R OWFETELDER A RIRD TALEW D R G2 L7025 (K, 2013), K57 F
EOMRBWE L, TR0, TR ENEENDD, ZRBIESHICEE (—R)
R B L R E IS, R EITAET LA TIIRODR, FR
RSOt FR 7 R T E IR 72 b O THD (D, 2011) , AXRBIZ AR, &
BB COIS M ZENREA TWDD, R B ih 0 B OMFE THA E T 5616
DY, BREDOBROEEILAEL 2D A~ — T — DR IR E, FIEHMT - I T4
\ZEDREW OMIE, BEEMD T 7 RUITE 357280 O pE -t b il & 0D bl 55
DMATOITIY (K, 2013), INELT=F RH O H OB A B OMBHT 722108
AHThHHEMESNS,

ABFZETIL, TERDEEREFAMIE B &% DA el T 15288 7, FEREEEFHR A 7T
RE7R, T R OULHE R RSN DI EMIE B LIz, HARIr~ N T7 ¢
— B BEIHTE (LT GC-MS) & W R AL B 4 D26 B & 75 SR IUHE 1% D ff I
IRBED B R A HEFEANCHRATL, EEE(R T ORI C B L ThE & e 28824 AL &
HURIRL, Wil ie B RS L 7e 0 DR ~ — I — Al oy T H O T 52 L& B
ELTze ZNBDALEM DT 07 7 A VDS, BT DD R CORERLIRIEZ S5
ZEDRHBDEZ2AUE, HEIORIEIZE > TREE OHE D A REL 72D Z N HIFRFS LD,

B2 ECIL, IR DSBS LAMED TS, B AR R R R AT L 2 IR
7R E FE SR I D = — XD @R L Y D &t 51T, BT T ORI L & %
EL, GC-MS (ZL DM DT ZAT o7, It LI iR ML E ) DB L O

Z IR U7 e R O PLS BRI L~ C, MBI LN AL DRTDART L

-10 -



VU OREEEICEE T I AREL, INLD T uT r AL ORERE
BETLTz (B35, 2020),

F 3 ETIE, FY_XYDOER LA TAR—) KOy W) RDTEREICB T D, 5
MAL B OZEENITHE B LT, V1038, FEHEITHERD, ITEITZOEERD
UL RIEEERS - I LHEmEL THEMIT LTS, 1y by 0, GITIC L2
BEAN R T BT, HETT L OERE, A—/LX v XY LT BT %
REPMER T2, DT, A=y NTHBENLHEBEE GO T a7 7 AV
135720, [AESNDIEE~— I —WEL RARL AR D, T T, Fr NV IHE
% K O ML DR F O A LS M EEL, TAI/a~ N TFT7 41— H &
SHTEH(GC -MS) IZRHMFER T AT 5T, IR—V ey NI B D IERED F v
Y DT P S DAL G O T 0T 7 AV D ZE2 5 D T Il M A
W 2&Eb10, BEEIR T OFBELRVI DA MAERR LT (B35, 2021),

B4 BT, 8 2 BROE 3 BECALNICEREARIG T 5LEbIT, AU Yy,
Fp XY, Ay by XY ORI L DR, b b R T IOEE) L -2 8)
R TR A O T 72 FEEE IR EE L L CORIREMESS, Zuha W TRkl Tk
&, A/EY T LRI DWW TR LT,

-11 -



H2E MBSO Ta T AV I ARTL T OREEE SRR
2-1 %%

RV NIT AV E e e T AR & B 28 T e Bl oo i\ ik i a8

]

KTho, e, IEEMICIEL, FHIHE &N L<EHERE R LWVONLEDITIC
HI-DIREE RO —2>THY, AAREWNTORIERETFIT, £ 1,100 EMH R4
KD 5% (28725 (BARKPER, 2019) o AEBEFTIEOIEA, M EUI0 L5 S (g A< F]
RSN TWD, ENOVEMERITEAME IS, I LRAGBEAY L o3 A
HEN TS (EFOKFER, 2020) , R L2V 7 XU FHER: O FVE AL A D T,
e BE 7R E B CRFF BN & &0 ISR B R R B A B A D = — XU mivy, E7e, o
R ERIRRIT, I Y K028 53 MG S e W BRI O 22 D RS Bh A3 i< 7=
¥, it E « BT R RO BR BE S AR LG U O (B 3, 1989) 077 A= L b v i (H D,
1991) 23203, ZIHDBAD IIIMBELDZAGIZIEAT T Do LNLZRDND, R E Tl
NI E R & BT O R S K> TLIZLIREBIL, ATyl
BWTE, 7R U BREA BN EINI D02 LRmESNTWD (B ED,
1991), £D7=8, INHERFO & A EITKET o XHEEL TRl 2 LB D503, UL
HEE % DOMEEEHZENNEECTHIFB OB COMMITEL Y, 2o 50T
AR, R A AL, RSB COM & FIAICE, MEROBE TRy %
R CE BT DEATBI R A BIR LB TH D, T TR TIX, S D%
MALEMITE B L, TAIa< 7 T7 40— HE&5HTEFHGC-MS) 2 Ve AZ Ry
ALY, SMBIEALDAEC R VERECORT LY OIFENREE IR T2 LR~
— N = FEHLNCTHIEEBIIE LT, F RO OREEDERIZONT, i
AP RAIFHNTORWD, FEEZEMREBIDOEGNETIRLIT, £h
VR HED D D B FRTHE 1 <01 2 JiB PR | 2 R < BRI 9~ 5 & & 2. 5415 (Brash et al., 1995),

T TAMITETIE, Ry AL LUHED D ORRIE R [ ORE TR SN DT R 2

-12 -



fEEDZIELL, RUL YU, BARDIRERMICTTRL, ElEn S
ML EWE, GC-MS IZ&> TR H LT, 2O 28 & A FRE O

BIERIZOWTHRNTL, fERE~— U — LD b EMERFR LT,

2-2 MBI O
2-2-1 HERAEEL

A BRI, MR)INREEREIF 2 — 3 h I TR S hAv LYy
(Spinacia oleracea) ‘37— 2" L )X (FHEDER) Z N TZ, RIL V78,
FIZDOAEB RN, Tt EtE, MPEME, Ao BBkl ToaiT b, ko
BRI U7z s AN RINS LD (B, 2001), X7 —V 2’ (BRE~FEEZME) 1L
2018 4 4 H 10 HHEFE, 2018 45 5 A 29 HILHE, /o /R’ (A~FHEEXME) 1T,

2018 4~ 10 H 10 H#EFE, 2018 4 12 H 4 HIZINHEL =L D THD,

2-2-2 RYL VT DRTREY

RIS, EHICRITTIZOWE B2 KWL THRZEL, K57k %
WHEM ST, AR R Lo TERSNAIEF AL G O EA B EL, 3 FEHEFE
B, SRS T TREL THOINE B 0o LRz B s LT, BTRE, JES 0.02
mm ORVTF LA, [EA 5.5 mm O7C&FEIS 10 2353732, & 20 2 FiBHiT,
RV YT ST O ANTRO D240, [HIRSNICHEL TITo7, ZORFOLE
NOIREE 95.5+0.5 %RH Tholz, ‘7m /A7 1%, (IR TR & IHE R 00 515 2 1)
FELTS5 CBEO 15 Clahyl, IVE-RrBiss 2 B2 0 HELT, 0, 3, 7 A&
R EWEHEL, IT7—271F, Ir /2 J0ER0R0E iR TOJiE - AT
FELTI15 C&25 Clohril, 15 CTiXo, 1, 3,5, 7 H#ZIZ, 25 CTiX0, 1, 3

HRRICHEMEE AW aimE Lz (R 2-1),

-13 -



B FE SR D FIRIZ, 105 C-d L7728, ZHUT HAUCKVIED HLDZRD BT,

ZNbEEL TGIFR TEORMETHD,

2-2-3 HEBEMALEMORE

RyLYy 1 R AN 23 L OFERARZSRO LEE FHICTF 2—7 28kl ,
TENAX TA Z et L7= 77 2% (UL F TENAX %, GL #{T> A, T-Dex* ATD 60/80
150 mg) ZEHEIR S, R 72 L TEBNICEREIERSE, FUL YT IOk
HEN LML EWZ TENAX BITHIE LI (K 2-1), filifkiE, 23 Co=RSEM:
TV, R 7O &L, 500 mL-min™!, FHEEFREHIL 60 53 E L7z, fHMEIEA X 3 [H]

T, BB 2 TYToT-, F17, BORBTHHEL, cnE T I 7817,

-14 -



F2 1R LY DR E YT T EAE

BPEIRE Yo7V 7 H o7 v ORI

=)
fin i I F (©) (s A %0 BRI (°C - day)
. 15 0,1,3,5,7
R T7—v=  2018/5/29 0, 15,25,45,75, 105
25 0,1,3
5
7w ) A 2018/12/4 715 0,3,7 0, 15,35,45,105

-15 -



e
TENAX%S > I:I
BA - 547

ROLVVDEANE GC-MS
BB

[X2-1 A7 LY o ORI E WIS & GCMS/rHr D
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2-2-4 RSO

TENAX B CWas S-S 1, INEI S 2 1E (Shimadzu, TD20) (X0
AT~ T TT7 40— T EOINTEF (LU GC-MS , Shimadzu, QP2010) ~E AL, 4547
L7z (%] 2-1), INEMBLAE 25 8 OIRFESA11E, hoo 7 REA-20 “CEL, 250 COHNER
T 5 A RfRFFL T 60 mL-min™ O T GC-MS ~EALT, GC Z3#rizdsv
T, I7A121% DB-WAX (Agilent Technology, £ 30 m X NS 0.25 mm X /= 0.5
um) ZFEALT, D7 AR, FIHHEE 50 CT 5 A% 140 CET
5 C+min’', 220 ‘CET 10 C-min! THIRL, 220 CT 5 R FFLIZ, FXUTH
AL, NI LERAW, JiEEFHEE —ET 40 cm min! (FZ7A%E 1.22 mL-min°
D, N—=Uf X 3 mLemin® U7z, EAE—RIZAT Yy M AT VR 20:1), MS
IEFE XA PR 200 C, A ¥ —7 = —AIRE 200 CEL, m/z 20-350 % E#iPHE

LTCAFv LT,

2-2-5 T XA IO EAT

GC-MS ZHTICEVH SN N2V AF L 7a~ T AIOWT, MIBALEEL T
BN =T EITICHW, T, o —20oh, 77 7 ThRriiahicy
—J%BRINL, AR CRERL 73R 3 KAE D 1 OB TSN —21% 0
ELTC, KIC, e —JmfEx o 7 VE & TCRRUTER L., £L T, ZOMEL, A
— 2=V I RO BRI A O — 7 DF TV EFEEIN 0, FEERZED 1
EIR DI LT,

INOOEZ RS, ALYy ORTERERIRE 2 H 284802 L7z PLS (Partial
Least Squares ; #8773 B fc /N —3) [BIF 0 AT 24TV, THUZ KD 672 Variable
Importance in the Projection (VIP) itz VT, Rpeifd Bl E OHEE I 53 D57

B LT, PLS [Bl)#574T1%, SOLO (ver.8.6, Eigenvector Research) [ZJ01T-72, &
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7z, [ERET VO RSTE0E, Venetian blinds 7R AN T —3 a2k CTRIELT,
VIP EIC R BIREN AL A LR ERIRE OBR AR D720, 22—y N
(ZEE DR BRIE I K D WE g 7 F 25— 53 #1%, R(version 3.6.1, The R Foundation for
Statistical Computing) (2L To7, £7o, K =7 T LG54 OHEEIL, n-T
IV THIIE L2 AR FRFE A% (Retention Index;RI) &, B AT LT —H_X— 2R

(NIST) IZ LD~ AART ML D I L0 T 72,

2-3 fERBIUELE
2-3-1 BPRATV YT DEFEMALE M OTEE

TENAX iR LB AE/GC-MS S HTICEVEONIN—F NV AF L Ia~ T L%k
WIPALBELT=L 24, ZNE DTS TR 70 [HOE —2 %2157, ¥ AA~T ML
DT —H_R—=ARFRIZEY, ZDHH 50 [HOE =IO TR 4 N T /T —hC&ET,
ZNHOHIZIE, d-Limonene X°(Z)-Hex-3-en-1-ol, (E)-2-Hexenal 72E D7 /L, 7
Jva—b, TIVTERBE EI, TENAX BEHWT 774737V 7k E-T
RV UL SNDEIEMAL EMETE T DL TEZ, £/, 6 AUINHELD
12 AINFER, BRICE —ZEED NSUWME TR Th o7z, EBNOINE ETORIR
S SRR B LD R IS L Db D EE 2 b2 T, B EIZOW T,

A% S0 EBRRFHIH L LB ICHETT 2B EDR D D,

2-3-2 FHEIN-HEFEME LAY EATBRERIRE O BfR

AWFFE T, By EE LIHE) O O IR H O FE TR SN DT AR A R
DEIRAEEL, HSNDIER AL S EDBIHMEIC OV TE LR LT, Iy R e
ORI TEBTHE — 72 HUHRE T 572012, IERMLLIZ&E — 7 fE & i

BIREZZNF AL, BiZE%E LT PLS [BIR #2177, PLS [RIESHT

-18 -



IR EZOEEMNTIT, AW IO ITHIB AR L TR A %
RET DL IO EIE WD SEHENATRETH L2, SEILIEDY 27 %35
DFDIENTED, 20T, JVZLDOBELE AV BIF2 T IRIET VAAFR
THIENTE, ZEEDOMHBEOMNTIZA FH T (Wold et al., 2001;BTE5, 2011),
FIz, AL TIIRRD 2 DDAV L YT LD T — 2515725, S fIZ PLS [F]
IR HTEATHE, MRS RIS KHS L2 [BR T 7 L SRS AL, BESNVARERE
~— N —b R R LR DR DD, T THMT T, ERDMTEICE N T
W T DR NARRMEE~— I — 3 FERER 272012, 2 DOmTENSHELNTZT
—HEHFELTHEL T, 7238, PR Q Mg ERIC I > TSI/ VE 4 mu3s T
MBERALTZ,

SRR R IR O FERIE S PLS [BUR T LD TRIEOBAR A X 2-2 1273, 53
BTEERETE W Rev X 0.87 Thoto, SR LA WA A7
R T AR B O I & SR IAE O AR BT & <, R RIEE OHEE 12 %
G328 MEAY, TRbOREE~— 01— L7202 D853 DMEIE T H Al REMED RS
iz,
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% 40 - e} O I:I
= '..-0 D
2 B =0
& 20 A a

O % T T T T T 1
20 40 60 80 100 120
Measured CST (°C * d)

[X2-2 PLS[EUG/HTIC LD, KU Loy vl
(CST)D FE YK & T M D> BEL%R
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2-3-3 WYLV DREE~—T —ER LR DB ML B OBRER

IR R FLRE DR, 72 b EEE O P I HE B Z R T B2 DN 0%
LT 72012, BFRFEEIREE O TR L CHRGEO®mWE —2%, VIP fEIZXY
e L7z (X 2-3) o VIP EIZREWEE T H- 37O 55 (Trap et al,, 2013), 2T
B (1.0 DL ) 28, B RIRE O FHICE BICH L TWDHEE 2 b5 BT
10 ROLEWZTEIR LT,

INBEDIEAZONWT, VT var AT v I ARD L AT VT —2 25D
EMEAT ST RER 22 (TR T, MRS ADEEZ R~ HLEY, 77205, iF
JEFE BR MRV T LS nA b EMEL T, (E)-2-Hexenal X°(Z)-Hex-3-
en-1-ol 72 E MRS, ZbiE, BB EHAFOFRNMWEARL, FET LT
ER, HETLa— LU THLND, EEREIRE O D ThDY /L i
(LA RS IV TS ILDA, BERE OMMBRIEE I 10 ST A B S VD FEE
HY (FH)11, 2007), BREEAN RISEDOT T F V031 L L COBKREE R T5ZE0HH
METRoTND (LA, 2014) , RIERTIE, o7 VDRIV YT ZINFEZ DD 3 I
EIFRRE SR L C, ILHERE DB AL A2 ko TR S N HEIE AL B 4 D B85 % 4
BRUCTND, UUHE 0 B % OERML S W ORELZFIIALIOELIZL DD, 5E2TH-
T2EIIRFETER VY, Lo T, (F)-2-Hexenal °(Z)-Hex-3-en-1-o0l 73 ff FE &7 - fif i
~—H—WE THLNE LN T HITIE, BRDREENLE THD,

75, BYRARE DS IEDOMEA R L, Ry R SR RIS THEANL 7L & 13,
3,7,11-Trimethyl-1-dodecanol ( Hexahydrofarnesol ) , 2,6,10-Trimethyldodecane
(Farnesane) 72 & D7 /L~ LAHT, HIEILEAXT VR JAR, BB IXEAZFT LV
D—FETHD, TV HHL, FEDIRDMEGE 25T TR R R D B L 7=
IV BRI E DR LIZ Lo TARESNDA XV ALEW (B LIENIER) 12X > T

ARRINRESNAME THDHEWHILD (A FHES, 20034111, 2007) . AEERICEBWT,
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N R S0 B i W) 401 L A HE S U72(E)-2-Hexenal <°(Z)-Hex-3-en-1-ol 134 F L UE AL
BYDO—FTHY, ZNOAANB R ZTEELL TEAFT LR ThD 2,6,10-
Trimethyldodecane (Farnesane) DARKAFHEL, BT, TDOMLEMIREIZE-T
TAFXFT N AR THS 3,7,11-Trimethyl-1-dodecanol (Hexahydrofarnesol)73 4 i &
NlcEBEZbN, 108, XV AMCEMEVERDFHESNDLT L~ FHO—FE
TdH% d-Limonene b, AFFEIZH WV CREEMIMAZ @MU CRIHSNLOO, BT
B L OB EN D DN ST T2 DIV ARSI o T, Fi2, F 2-2 IZUARE
NTI=Z DD T L — LR RALKFE T DOWTOA IS EIZARE TIXRm 7273, R
LK FEHE EABRICHEL TODIEND, BITHEINENIB OmRAL - DRI kL
TWHEBZHILD,
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VIP Score

o
20 -
o0
O o
15 4-2 Qo
) s o G
O OOO O Q)O o)
1.0 - 5 0 S
0 0
e q% o)
(ONe)
05 A S22} ogj
O @%
L¥:
0.0 '
-0.15 0.00 0is

[X]2-3

Regression coefficient

ULy T RTEARE T D
HALBYOERFFE L VIPA 2 T
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#£2-2 WHEZRART LY U ORFERFETHRE T~ F G E R ORI LAY

Sign of

regression VI? Candidate compounds
coefficient SEOLE
1233 2.13 2-Hexenal
= 1402 1.71 (Z)-Hex-3-en-1-ol
1145 1.62  4-Methyl-dodecane
1666 1.91 unknown
1928 1.88 3.7.11-trimethyl-1-dodecanol
1355 1.73 2,6,10-trimethyldodecane
+ 1358 1.66  2-Butyl-1-octanol
1336 1.65 unknown
1230 1.61 1-Methyl-2-pentylcyclohexane
1923 1.58 (E)- 5-Octadecene
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2-3-4 RYV Y URE~ — I —BERIL S WL DREE Y 7 A Z — 44T

WIZ, PLS [BIf T > CGRIRS - EFE 10 oL o0& — 7 mifk%,
Bz 0, R EE 1 LT D4 — A=V 7L T Z-score ZH L, KLAEY
DA BE T DR LT AR R IS B 2B IC DWW TS 7 7 A% — 43 #T
AT (X 2-4 ), TORER, RV YL S DIERMER L, B
1B DRI AR B 7 2 0R 3Rl BE (@) LHIME M &2 7~ a2 BE (D ~@) D
REL2DODZN—=T1Z 57T b, PLS G GAHTIZ LD BIRGRE D5 LIk E 2 Z 24
— WS RDBRUE 1T — B LT, EB1Z, EURREDS IEDEE R LI EMIZ DN T
X, 3 DOTN—TTF DI, ZAVHIET R R IR EE OB RIS ZE B 2L
TEY, OIHEE B DITHFEFIREN 45 C-d T, IFEAERHBSROEE,
QULHES D DR B SIDD, — R I INCIECAEE, @75 C-d 22 —2icA
HIL, 105 C-d TIIREPD T D8, OIDNT N— TSI, T, Irsfd R
HREEIZBIL Cik, ORTRAEFIRE 0 C-d(UNfEY H), @15, 25, 35, 45 C-d, @75,
105 C-d D3 S>OTN—F\53 bz, 7/V—T@IZonW T, 15,25 C-d T/
L= TENTR, 45 Cod OFN 35 C-d IVHINSEFHLIE R EL, BT A
i EDOBURDAMRClIen o7, FFZ, 35 Cd OF XX /a /X% 5 CT 7
H TR L 72 L& DR T 0T 7 AV T D, 35 C-d TiE, ZIRITEWK
AN 5 4-Methyl-dodecane 732%<, HE/INJ~5(E)-5-Octadecene 3V 7273572,
77 TR EO T THDN a7 ORI E M T 0T 7 A, D R
THRRDEOD, TR TS Lo TR 230 1§ 2 28 Doy 23 R & T
W5 (Bell et al., 2016), £7z, VA/VRaryh(BA3F2) ORPE I 31T D5 T
LG OB ZEAIT, BT RRIERE SR E MR &0 BB OB (Luca et al,
2017), )7, Y BEDOAA =NV TH, BRI E IR O THFRR S B T L2

ERHESN TS (B A, 2018), Ko T, 35 C-d IZBIT2HEERM(LEM T a7 74

=25 -



VORFRMEE, a2 OMTERR, HDVITRIR COREITE (S 'C-7 AH)
DB I DL DODNIDONT, SRR DL ThH D,

WFIUCEE, SNSRI EMEHEL T 7 A 75528 T, 1IN
ENSDRPEREEIREZ K-/ hD 3 DDA —/ )L THEE FTRE THH T EAVRIRE
iz, Fz, AL CRE LIRS RIRE EBRO 105 C-d FTRPRLIZFAY LY
YU, AMBLOPE SRR DN TS T, EEROFIES TR TODIEE
IREEDRT L YT 1T DIFTERIZR M FEAR T 2 4R ML B AT I ko> TR ¢
TOLTENITRES I,
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-3-2-101 23
Z-score

4-Methyl dodecane

(E)- 5-Octadecene
1-Methyl-2-pentylcyclohexane

unknown
2,6,10-trimethyldodecane
unknown

2-Butyl-1-octanol
3,7,11-trimethyl-1-dodecanol

25 15 45 35 105 75 0

Cumulative storage temperature (°C - d)

K2-4 KL g RpERE SR TN E G OO RS
(LB & WA IR ORI 7 5 A % — /3T

=27 -

(Z2)-Hex-3-en-1-o0l
2-Hexenal @

&)

@

@

spunodurod J[je[oA



2-4 /N fE

ABFFETIE, IHER O SVEAR T 233, & A7 T IEDOBI B N E FN L7
DLV UERGRELT, RARDITEGRE - HIF ORIV O S DML
B INBYEA/GC-MS IEIZIVHTL, SRR T EOBEZMF L7z, flifE L4
AL OY — 7 EFEZ PR, FEAR T OMIEL L7 IR A B A4
BIZUTz PLS BURGATICED, RO L D OfE RIS 5 R B M L &%
BIETET, IR DORTL Yy L BIHSN ORI GO D, Il R
EDOBFENENEB 2 DI 10 SOLEWIE, FPFERIRE O KIS T, N
T2H0, WHTLONENENMRINTZ, ZNDITVT v var ATy RET
—HR—AZLDHEMT, TR OEEEAC S RIZEORE H REE AN WE X,
TEW (A D ARL ZBHEIRAE HAR B E D A o7 (2 KOTE AL S LD T L~ AR R
e LI LD M LRSI, FTe, By DT vT7 7 AVX, Rrfg s
BEEIZIG U TREL 3 DI N—E T E&, A7) —=2 7 L~V TOREREFEAT O 7]

BEVEDSRIBE NI, KFIT, (E)-2-Hexenal &(Z)-Hex-3-en-1-ol I3, INHEE #4122 <32
5B —J5T, 2,6,10-Trimethyldodecane (Farnesane)=> 3,7,11-Trimethyl-1-dodecanol
(Hexahydrofarnesol)iZ, H7efs Bl E OB L THIMUIZZENLEEEIR T 2R

FTv—I—EMELTHEEE R BN,
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B3 BB T a7 r AV IR BR— LB I U R~ O fRE EE AR
3-1 %%

o

%X (Brassica oleracea var. capitata) 1%, FEf]% B0 TEIHESNHE ED—
DThD SR PREEDEANEMEL CTAMEHASLTWDZ LT, TFED
Ty N EOTEENNCLY, ZOAEFEED P53 L BT - TH@EEL T
HIVTWD (AR, 2018), 2655 I TR EFSRICRW T, TERF - E & EE - il 3
L, FFEREMESERRD NG, FENDTLE, M TETH BRI FEH
P3P IETANER O T2 D TR EFEIZ, FRTF X NI TITILHEREH] - &> T
VAT LB L, RIEMAGIREIOREENED SN TS (5 |, 2020), T2, Fr
ITAEERAESESEI T HY, AUV YT DL R IEREERMESE S & b U C IR R
FEDR NS, ARIRICE L ZE T 3~4 o HRRE O RHIITE W HE Th D, £HLT=Zen
5, PERIA DO B H 72O ELE S OIED, RIRRTH L7 SR 2 i B 2 A
THFERF Y XY PGS TS, Fr XY O SEDIRERIE, T - AP BR BRI K &<
KAFL, SOIFBESINA T e vy XY O EZ RELLELT D, LT2n->T, Ivh
BFERIEC U T, B REEERBE IS U TN LR E A S CHZ LN EE LD,
eI, (IR R M B E b Tl EDO L LITRE T B =, B IS /WAL A
NIV, BEE L TRDI TIZ WD OB — R TH D, LLRBE, EOREET
HNBEZ NI 7T REDNIMEEFE OB Z RO TODLORERTHY, R FE
SN TODATREMEL B\, Hiz, ITAEBE £V O BELVZ L5030,
JFBHE R CHEIR T 22 LA RAICEFE B AT LV O M b 5D, LT23- T,
BB IR My XY DEPED T IS T, T —Ru Az BT 58 R bh AR — /L%
XY DR R BB AN TE TR E D BB CE L FIEDOBFE N EEN T
WhH, bHA, —HEBE T ORIBIZE VTS, SEEHES AT LD R LT

JE B B ONE (IEAL D702, SMBUZEALDEL TORWNEEIE T, R—/F XY O
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TERYZR I FE AR T A 2 DAL ORI T BN FAER ISR D B TUVD,

— 7, BRI TR B E E L VD AR AR N BT D BB FE L,
BRI FER B 2B 22 0L, =F L AEREDPE R T DR E DA
RSB EL DI THDH (Hr~U4+,2014) , —fKIZ, Iy NP, A REEF
THORBOOLI TEED T2, BEEAEDOBLRD — AR A RILE L TIRFEM
IRV ESND, LNLRAD, JOEETOHEFH =— X XHS T 5720121, &
EPEDOMELRITHEXD, FRET, B, SREEEEVEICE 7+, BB AIF20 M 34 i
B CEDRHEELT DNENDD, 7 NF RIS B THDT0, BFRBANT O &
FEALICE D EMITEEZ BT E0iTte LA, A - Hifn s BAE L3 52 M EE T
&%, First-in First-out (S ANUJE L) ZEEARIZUL 2308, fEECIRREICIN U CREHEL
RIS DU BN DD, kR, TmL R A REOBSICI VLT, HiICk>T
BT BT CREEAHIREL T&7o, LnLenib, ZHOLTZ BB AL D
T EIEDBELR T, S (K> THIER RS RARDZENMBEE 2D, ZOLTH &
NS, B RF 2B THR— L~ LEIREICE 5> BB RS % 2
R CELEA L END,

Fr YOG EE RN RTIREL LT, FEEHD O ILEEERE & &, 7 Aae
VEEGEDHVWLND, AR EIZL S TINHERFIZBIT 8 EIX R R D720
(Mukasa and Hakoyama, 2001), ZiLba W TR ZFHMIL LD & 2854121, IX
HERF D3 B (TR T DR EEL ORTREDR DD, UL, i Il LY TlIps
EZHRE TRV, FETOMET =y ZIIR R ThH D, T THLIL, 2oL
Te R IBZ R L 20, FERIEF NS s rIREZR B L RAME A BRI T2 282 B 1Y
ELT, BLIRRRIZHBITHE R DI SN DRI AW B LIoit 2w
TV, KFIZ, RUL YT TS, BBVl O FeAl 5 fif EEZ JV /A BN g

PAbEI BT L~ D 2,6,10-Trimethyldodecane (Farnesane) X°> 3,7,11- Trimethyl-1-

-30 -



dodecanol (Hexahydrofarnesol) 72 E NMEEZFE LR T~ — W — G L 72 DT &5 T A
< 77 4— EEmHT (GC-MS) ([ZEDHAZRaI T AL > THERIL 72 (B Kb,
2020), L2ALAR 3D, ARUL YT TRLIIZ RS~ — I — W E DX X2 E 1T D
M ATREMEIZ DWW TCIE, BEIRET T2 E N DD, £o, Dy by, GIErcks
WERARN 2% T 572, BETTLUOERS, R—Fy Y LT B 7 U
BIHIPMER T 5, 2072, R—NEHy M CHBESNAERIEL GO T 2T 7 A
ST R0, BERL e DREE ~— 1 — WS B D AT REME D B D,

ZZCARMFZETIE, IR 3 LU MLER % O RFR 281 5% v XD ik
SNARERMAL AW ARIEL, GC-MS 1= LAMEERI W 54T 7., 5B OREEED
TEFRITOWTEMBYRa o P AFRHIL TR, INHES FUTZ IR LS EEEE D
AR RO IR & A THY Ok H, 2018), Z DK FITAEMIELDE GV ET DL, IX
T 75 0D i R okt <Ol B B TR | < B9~ %5 &5 2 b D (Brash et al., 1995), 2T,
HT BRI L IRE O CALER) 755 O FRBIRE ] OF T D i IR E 2 fEE DV 7 7
LU RELT, IR—= LAy RV R DR THRBES N DML E D707 74
NDFEEBHDNTIEEA T T2 EbIC, B~ — T — L2050 EMETRRL

7”—’
—o

32 MBI O E
3-2-1 fHEEE

PR B DX 7 X HIA (M—RIHE ) 1%, #R) NIRRT O EFEE 1352 T,
2020 £ 2 H 22 HeGTE, A4 4 A 7 HIEHE, [ 6 H 22 HIZIES U, 1LY
H, fEERIEIC 50 (UhE) 2 2 KOREEE DU 7 ifaf RIS 7= v X 2 23 )
PRI 2 —~TEY, BRI L7, R U 72F v XY O E &I, 1495.6

+109.5 g Th-oiz,
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3-2-2 R—NFX Y ORFRESM

R /L2 I, Y HIZJEX 0.025 mm DRV TF L4 (650 mmx800 mm)
(23 fEFHS AN TR O ZrD, KSR IPGIEIZEE LR35 10 °C, BLT 20 °C
TENEIATR LIz, NS HA 0 HELT, 10 °CHFRRIZ 4, 8, 12, 16 H%, 20 °C
IPkIL 2, 4, 6, 8 HRZRIZEAFTRIELHHIMAL A M DOTELIT T, AWFFETORTE
HEIE D LRI, 160 °C+d THDH, ZAUIAED DL LA B CHERBST-

If iR T D,

3-2-3 IRy OFHRB X OB

Fy NV EINFER, 2 °CT 5 AMRE LI, SMER 2 BURVAAL, 7—F 7 mty
H— (Panasonic, MK-K81-W) 2LV 2 mm BEFEEED > hrv XV 2L, 2
Z IR HEHE SRR T U SOKESIR (A VMR IR EE 200 ppm) I 1y HiRIEL 72, £ D%,
IKETGD TR T AR EFL IR 1 3 FHRIEL, SOIZHNIKE DR T VT
L CRIERIZ 1 R AKIRIE L=, KRBT, 200 ¢ 370, JEX 0.03 mm ORY =T L
> 4%(230 mmx340 mm) [ZAAVTEED AOZH70, 5 °C, 10 °C TR LT, #HRMELE
WOfEIL, Y HZ 0 HELT, 5 °CRTIRIL 2, 4, 6, 8 Hi%, 10 °CRFRIZ 1, 2,
3, 4 HIRICEFNE LB L E M OHEEZTT o7,

# 3-1 TR —)b, Iy hENENDOITERE Y TV 7 HaRm T,
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#3-1 F4xXY, Iy hFy_XRYOFKIBEEEL YTV 7R

By TR I FE Ty FUTY v SEORRE
(C) IR/ I T AL A HEEE(C - day)
10 0.4.8.12.16
R—ILF XY 0. 40. 80, 120. 160
20 0.2.4.6.8
5 0.2.4.6.8
A N S N 0.10.20.30.40
10 0.1.2.3.4
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3-2-4 EFAEIE

Fr XY OEFHE, AEFH (AAER, 90 )ICEVEIELE, R—LF v~V 134t
235 3 K H OBEDOFREH, o701, ML 750k 2 B 30 mm OB~
(ZRED THIE LTz, IELTZ L*, a*, bMEN LB AE 2L FORUZXKRDTZ,
A E ={(L*0- L*)> + (a*0- a*)? + (b*0- b*)*}**

ZZIZ, L*0, a*0, b*0 iF, HTEPHARRF DIETH D,

3-2-5 ERMLEW DL

RV BIOT Y b XY O EW D 3T 24T 72012, B~ A7 v
H (LT SPME) IEIZED, ~yRAN—AHAZELT, F—/LFr XY 1 {HZ Al
72 4.5 L DEPAREZ, SPME 774 /3— (Supelco, PDMS/DVB, [EJE 65 um) Zt v
RLTZARNE =24 AL, BN THRIE T 7 A/ — & @& S THB M LA WA Tt
L7z, fiERIT 23 CCOSIRSME T TITV, FEERFFIE 45 r L Uiz, flifRITA1X 3
FTOoAToTe, Dy XX, Dby XV ERAFL TODRO 75 SPME 77 A
Nty hUIZR A Z —Z4E AL, 8D O LRV A —% — I E L TRNICHHE
T AN—EBIEE, R, FERE TR — A e XV LRSI T, K 3 AT
FMAC B DOREREAT o7, W Ivb AR ITIT R L/ iR &8 K0 HE % E 5248

Uz, FTz, ZBOR#, WTHHEL, ThiaET7 I 7L LT,

3-2-6 HREMLEWMD ST

SPME 7 7 A /N —|TW & ST LG 1T, GC-MS (Agilent Technology,
7890B GC-System, 5977B MSD) ~E AL, 7547 L7=, GC 73123\ T, Bl 7 A
I% DB-WAX (Agilent Technology, & 30 mxPN£E 0.25 mmx /5 0.5 um) ZfEFHL

77o BT LRENL, WIHIEE 50 °CT 5 R EF% 12 140 °CET 5 °C min’!, 220 °C
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FT 10 °C-min THIEL, 220 °CT 5 ERFFLIZ, FXITHRIL, NI LKW,
it EIIHOEE —E T40 cm min! (W7 A E 1.22mL-min™), /S—I i &IL3 mL -
min”! EU72, AT —RIFAT VYA, JEALRE 220 °C, MS LA AR
220 °C, A ¥ —7 = —AIRFE 200 °CE LT, A4 ALIEIT EI(GE T84 1bik),

U AR &5 HT 12D, m/z 20-350 ZERFHEL TAF v LIz,

3-2-7 T —HfEHT

GC-MS ik SNIZ =2 N AT 7~ TR ZONT, EIBAEL T
BONTE—2E T I AW, £7, B —2r05h, [Fl—5 T L 723
B 3 KIED 1 O TRIHENIZE—Z IR EBIBLT-, LD PLS (Partial
Least Squares ; #8579 fe /N —3) Bl 0 b1, FEECT 2 & T THICRI L CEITTEAR
WZEND, RO ARIE—2IZRL T 0 Z AN LU TEL T, KIZ, KB —7 miE%
P NVEETRUCERLL, LT, ZOMEIZ 1 ZINHE LT AR 8L, 4
—hAr =V TNV EER AL A OE — 7 DT TV IEEIN 0, FEERZEN 1
ERDIOFHEA LTz, 2B D% PLS [BIFE 2 HT B L OB E 7 7 A% — 43 BTl T,
7, PLS BRI, ZNODMEZFIAZE, Ty VB0 Y My XY Ol
T B LI HE D DR R [ OFE CR SN D AT FIR 4 B RZAE$E L T SOLO
(ver.8.6, Eigenvector Research) [Z X V1T 57z, [BlFE 7 /L O EAEE DI,
Venetian blinds 70 AU T — a0l K> CRIE LT, [BIFE T LD %2 i1
Permutation test %, #:0iR L[4 100 [FIZF%EL CREL, 702 )T — a0 Ok
ERRE (R ) IZEVEF OB LR L2, ZAUITEVSH L7 Variable
Importance in the Projection (VIP) fE% FHVNT, Byl FR L OHEE 1T F 5-3 D5y
EERZLT-, VIP X, 1.0 DLERHHESI, REWIZEF G235\ (Trap et al,,

2013) , ABFFETIE, VIPAEDS 1.5 LA EDAL W a it~ — B — s L GRELTZ,
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VIP fEICEVIEESNIAL GO — I HIEE, I RIREOBRIZOWT, B
Vo DOFEERF BRI KO, Fe KAE #£% %% (MIC: Maximal Information Coefficient)
(Reshef et al., 2011) (ZEDHE, FEBIBOHBEZHER LT, ©7 Y OMBEREROH
BAREIT REIZEVITo72, £, 22— 2V RO S<omE A IS LD Mg 7
T AH—341%, R (ver. 3.6.1, The R Foundation for Statistical Computing) (ZJ01T 572,
Flo, HFE =21 T oL EWH OHETE L, n-T N THIIE L 72 (R FRIEIE
(Retention Index;RI) &, B EAXIMLT —F~_X—Z(NIST11 FBLT NIST17, ¥§)I|

FHHI (B£) , Aroma Office ver.7 |ZUXEL) (21D~ AART ML D HEGIZ LV T o7,

3-3 RBIVOEL
3-3-1 IFRRF O aRDOE,

R—IL e XV, B SIRE 160 °C-d 123V T, AME 2 HiDBfkokx D 7
B BRICTROBNIZ, LnL22ns, MIEHNMLELIZSNND 3 BB OFEIZIBNT
1%, A B EDOZELITRRD DT (5 —2E W) .

TR X XY ORFE R O EEDOEAZE 3-1 (TR Uiz, BZEE, Frmf R A
20 °C+d ETITRESNITHIML 7223, B BUC I D82 TIIRABRBA A RF D (o L RFEI
72, MEZXBITH0IXRNEETH o7, LA Ledib, 30 °C-d TILAKIZHIIL,
HARCHARRRGZE D ERE T, By ey XY s RIS E T 201%, A7 =
)=V DFEAIC KD FOR R O —-> Gk H, 1994) T&HY, Watanabe et al. (2020) ©
W L FRERICHBZE DHETTICZE DI v b2 Y D 2D AV T T A 5 IR L LR R 23
BB, BFEME 3.3 LLEIZEWT, SRICI> TADERZBMTELILNH
oy BF OMESE (Kolbeck et al., 2006) TGSV TUWD, AMFTEND, BZEIEN 3.3 &
X DDITFERIREN 20°C-d 225 30°C-d DfEE7/2D, ZOZENB, 30°C-d LA L

RRI= T R XY THDHZ L, fRICko THETED, —J7, 20 °C+d 1%, 5 °C
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T4 HFORTRITHAE L, Uy NSO — A7l B S VH B IR I — 2035, fif
JFEHE O B R ELIRE S ThHIZH b H T, R TOREEH & IXIA
HTHLILDPIRESNTVD, BRI, B A TEAZ KD TE B
EEATOZELBZONDMN, (2L RODIZIIVHEDNLE THDHT-0, Wil - /e

B5 TORMITRE THL,
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AE

10 -+

0 T T T T
0 10 20 30 40

CST (°C-d)

[X3-1 HPEAETLIRE(CST)E I v b v XY Dth# (UE) D%
(NN— R 2 ; n=3[0°C - d], n=6[10,20,30,40 °C - d])
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3-3-2 =)V, Db XY IESN - ERECAEY

R—Ib, DIFX XV ZNEND YR AR—ZAHAD SPME flifEL GC-MS 43 #r
WXV ELN I =N AT Ia< N T DR TEAER LT- 24, R—IL TR 90 i,
AN TR 70 [HOE — %457, BREME LS cb0xRE, VT ovar AT
VI AR BERVAARTMNLD T —HR—2ZRFEIZLD, 50 HOE—ZIZ 2OV Tk
GYINT )T —RTCE= (5 3-2), 26D HZ1E, Nonane (No. 7), Decane (No. 11), d-
Limonene (No. 28), (Z)-3-Hexenyl acetate (No. 40), (Z)-Hex-3-en-1-ol (No. 47), 72&
DIRACKFE, T, Tha—L 20 HRR—/VEBIOT Yy "My XY b35E L T
S Wz, — 0, = L TSI IALE™IE 40 8T, €77 /%4 (No.
13, 19, 25, 35) %<, By b XY THEBESH LA W 30 8T, Allyl
isothiocyanate (LA T, AITC, No. 45) Ofli, 7 /L=1— 1 (No. 43, 47), 7/ 7 R (No.
17, 48, 50) 13 %<, R—NVBLOD Y M THIMES ORI LEM DO T 07 7 A VT 5
IpoTc, =y XY Ry MITT A SN ZEIC k> CH &R IS AR A ki
K0, TR TFHEH D RSN DRI LG L, SOHNZ A3 anhil S
ACEDIFAET H—T7, ZOIIRHE L DB Z 2 T2 WM L& b o
mEEZ BN,

Fo, B F A IVNIBWTL, 20 CHPERO T 28 10 CHPEREID S, B —7mEEN
REWHA DD T2 (T —2EWE) o FEREACA P OREEIL, TEIRERN D H % RS
FICBRAALT=Z D, BFHIREIC LD MMIRD ZDRENE X T, F— /¥y
YO iR 2N EIRAR TR D TSN TIZEWZSGE, £OMIChmE 2 b4
COHREMZZELIZTZO THON, 41%, MERIEE R THLF v Y DR 8E 5 &
L, PRGBS T oY 7V 7 S T8RO, dhil (REEEHD T

OREE) DA LRI L EW DT R, SEDORERIZOWT, MFARETHD,
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# 3-2 ~yRA—Z SPME i (20 &Lz R— LB L)

T3 " XY DIFEMEAL A

Detected in
No. RI Annotated compounds whole / cut

1 - Carbon dioxide w,C
2 747 2-Methyl heptane w
3 797 Octane w,C
4 803 2,4-Dimethy] heptane w
5 840 4-Methyl octane w
6 850 3-Methyl octane w
7 884 Nonane w,C
8 899 3,5-Dimethyl octane w
9 907 3,6-Dimethyl octane W
10 953 3-Methyl-nonane w
11 996 Decane w,C
12 1025 o-Pinene w,C
13 1030 a-Thujene w
14 1046 Toluene w,C
15 1051 2-Methyl-decane w
16 1078 3,7-Dimethyl decane c
17 1089 Hexanal c
18 1095 Undecane w,C
19 1127 Sabinene w
20 1134 Ethyl benzene w
21 1142 p-Xylene w
22 1148 o-Xylene W,C
23 1162 5-Methyl-3-hexanone w,C
24 1170 f-Myrcene w
25 1186 a-Terpinene w
26 1191 1,3-Dimethyl benzene w,C
27 1198 Dodecane w,C
28 1205 d-Limonene w,C
29 1217 Propylbenzene w
30 1223 Butyl butanoate w
31 1231 1-Ethyl-2-methyl benzene w
32 1233 1-Ethyl-3-methyl benzene w,C
33 1244 1-Decene c
34 1252 Mesitylene w,C
35 1254 y-Terpinene w
36 1266 Styrene w,C
37 1282 Hexyl acetate w,C
38 1290 1,2,4-Trimethyl benzene w,C
39 1298 Tridecane c
40 1328 (Z2)-3-Hexenyl acetate w,C
41 1349 6-Methyl- 5-Hepten-2-one w
42 1366 3,5-Dimethyl dodecane c
43 1368 1-Hexanol c
44 1371 o-Cymene c
45 1372 Allyl isothiocyanate c
46 1394 2-Ethylhexyl acetate w
47 1399 (Z)-Hex-3-en-1-o0l Ww,C
48 1404 Nonanal c
49 1465 Acetic acid w,C
50 1477 Furfural c
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3-3-3 R—ILF X XY OREE ~— I —ER S D ER LA M O BRRE

PR (5 Fe b, 2020) IZHEVY, AFFE CTIERTRRIREE LIHED D O Rl R ] D FE T
SNDATHAEFIREAREEOSIRELL, SN TR LG EOREMIZD
WTBLELT, IR IR ORI > TEB T 28— 7242 3572012, 1IEH
L7z & Y — LM IR E A2 2N 2%k, HE L7 PLS
(Partial Least Squares: #B77AH/N —3%) MR i a17 72, 7235, T2 ONQ Hitat&
[ZE o TRIHENTZAMVE 1 U DRI T, BFRFE R O F2HIfEE PLS
[ 3 AT 22 FRE O BAFRA X 3-2 12737, 5 4 IEAEE W/ a2 7 —
var OWRERE (R ey )% 0.82 THY, IR G WA LA T A $
U7 B R BRI EE 0 1 I & SERNELL SRR M 3 3R D B 472, 512, Permutation test
IZE-Th, BEINT PLS [BUFET /VITAE (p<0.05) THDHZENMERIIL, I
FRIRE OHE T 5T 28 B MALEY, TROBRE~—7— L7025 053 1
TFAET 2 ATREMEA R &I, BTIRRE BURE OB RIZHEW, S &2 KDDL
DI DRV E YR % R 72002, BRI O TR )L CHF G E O
BV — @I U7z, % 3-318, =X v XY DR SIRE 2+ E
FERMEALAEMELT, PLS [BURSHTIZED VIP fEA 1.5 L EZIRLTE 7 HO(LEY
ZUARL Tz, ZRHDLEYOE — 7w fE LR FIRE OMIZ BT 58T Y v Of
AR BRI DHEXHIE F6 L O KIFHARE T, £E 4 0.386-0.617 FBETY 0.414-
0.836 ZRL7z, BURRENADEEZ R, 77200, ISR MRV T%
<SG 6 [Hd-7-, Zhbid Sabinene, a-Trepinene, a-Thujene, -
Myrcene 72EDE /TR MNETHoT, TIWHITERK TH BRI (R FHS,
2003) , AIEH M U AERS NSRBI E R, INHED BT AR 2RO FE D
WBERAY - 3 i) T &5 (Z)-3-Hexenyl acetate 728 DA XL VE AL AT I THERD

FHEINDHDEFZ 2 BT, £7-, Hexyl acetate, Butyl butanoate (%, fEIIFED B
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fLHREE 2D, — 7, BRREBS EOEART, 720 Iy EAd A R K
WZBAtR T AL A M1E, 5-Methyl-3-hexanone CTéh 72, 5-Methyl-3-hexanone %, 71/L
N EMTHY, EITERACK BRI NI EE A/ 52800, JEVIED

b iR - L DA EEY) (AT, 2006; Dajanta et al., 2011) &5 2 507z,
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Predicted CST (°C * d)

Ostored at 20°C 0
200 - Astored at 10°C
A
160 -
120 - é
o .7
80 A
/,A
.20
g, -
40 - g O
/,, A
0 E’ 1 ] ] 1 1
0 40 80 120 160 200

Measured CST (°C - d)

[X]3-2 PLSEVUFOHTIZ LD, H—F v~ RPfs iR
(CST)D FEHE & T-JfE D BEFR
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#3-3 R X v XY ORFERAE TR T ~0 % 5B R Em R LAY
. Pearson's
No. Candidate compounds regression ViR correlation MIC
coefficient  score .
coefficient
13 o -Thujene -0.14 2.62 -0.588 ** 0516
19 Sabinene -0.14 2.62 -0.565 7 0516
25 o.-Terpinene -0.14 2.62 -0.571 7 0516
37 Hexyl acetate -0.14 2.62 0617 ** 0516
24 B -Myrcene -0.08 2.02 -0.494 7 0516
30 Butyl butanoate -0.09 1.56 0411 7 0414
23 5-Methyl-3-Hexanone 0.08 1.57 0.386 0.836

*¥: p<0.01. *: p<0.05
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DD~ — T — AL A O — 7 T RSO A BN B3 D HALE LR
R BT DRI W CHEE 7 T A% — 3 W2 To 72 (1K 3-3) o
AL DT a7 7 AV OFERINE, IR (0 °C-d) IZZ<Hitisn s e e
PR TSN DAL G D 2 DIZRELGGIFBNT, 2, PLS BURZATICED
[FREREL DTS &—B LTz, IR ADEE R UIALEHDZL0E, 0 °C-d T
Feb 2 S, BRSO EITREBAD Lic, 2Bl @EEEL RS ~—7
—WVEEME B 2 DI, IHEA N R L DD FTREMED ERR TR0, I FEA
N R KD a2 R L 72 $ Z LIS TED DL B0, SHICHRFENLETH
%, F72, Butyl butanoate /%, 40 “C-d THINL, 80 °C-d LARER/ AL D MI7Z -
T2 ST, IR BN IE DA R LT- 5-Methyl-3-hexanone %, BysifsFIEE LD
BIRIZIB W TH ERBIZABITRED SN -Tob DD, 40 °C-d KVEEINT S 7
Tholz, LLEXY, BIRSNT 7 HOMEWIE, EOMEIGICEY 0°C-d &
40 °C-d LL_EZ 5T, F£7=, Butyl butanoate &, 5-Methyl-3-hexanone O H (2
D, 40°C-d &80°C-d LA EZHIHIT D~ —I—AiITeVI2EE 2 b,

IS RS RE A LD e F IR O FE(ELE T, 120 °C-d & 160 °C-d
NI N—E T &, RNT 80 °C+d , 40 °C+d , 0 °C-d DIEIZFELIL, Brig R IR
JEIZIRU T, SR RB LA T a7 v AV ERTHIED RSN, 12771,
80 °C+d &, 120°C+d , 160 °C+d D717 7A/MIEEIL CTRY, RN O K
BRI D2 LT EEL N, SRR T ISRV S 5-Methyl-3-hexanone 725D
BIRSNTZ~— D — ML AW O EEZ EEL, ThHD B R/ T A
ST DM EN DD, AFZETOHHICBIT O —ZERBOIES XL, BEY —
ERT OB A EHE LT Z L DERES, SPME EOMIKLRE
DERELTE 2 DI, Rl — W% CHE S B EMIZB N TH IO L) a2 51

AU, EREMALEY O LERIHEN LN L2 E 2, SRITHFEEEEWOL
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D E BRI T IEDORETe, 4 ERLNERMLE Y O E Ri) et iR 2D 20,
BRHD, — 5, FFERE IR D 80 °C-d LR R— /L2 Y O FE ) E 2B
T, BERMACEWOT a7 7 AV 7 PG N0e FBe L7 D aTREME D RIB S HUT2,
22, B NN BWTIES - I LI 55 WK IR T BRSO fh B (R
Ff S S EHEERFRE THY, S RITATRSEMO M I LD R AL, ~—7

— AR DN AMEDRFEE DS LB TH D,
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(b)

1.4
1.2

08
0.6
04
0.2
0.0

Peak area X 107 - kg'!

|

a-Thujene
Sabinene
a-Terpinene

Hexyl acetate

spunodwod dnejoA

S-Myrcene
Butyl butanoate

5-Methyl -3-hexanone

20 160 80 40 0

Cumulative storage temperature (°C * d)

o-Thujene

[

[V

Sabinene

0 40 80 120 160

a-Terpinene

0 40 80 120160

B-Myrcene

X|

3

M

00 VRV
0 40 80 120 160
Hexyl acetate

2.0 $
15

0 40 80 120 160

Butyl butanoate 5-Methyl-3-hexanone
35
3.0
25
20
L5
10

0.5 g

RV}

0 40 80

120 160

0.0

0 40 80 120 160

0 40 80 120 160

Cumulative storage temperature (°C * d)

3-3  PLS [EUF S HTIC L GRINS IR — L v XY DR S W DL fE 75 A4 —
M (a) & BN EE BB T D — 7 HFE DO 28K (b) (X 3-3(b)I2H1) 2 X L)
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3-3-4 DR X XY OREE~— W —ER SR D ER LA M OBRRE

T RF RN DNTH, RV EFERICIER L L 7o & E— 7 i FE & s il H R
RN IAZE R, BRAERE LT PLS [BIYRSHTEAT 7=, KSR iRE D%
S PLS [EURATIC R D THMEDORMRZ ] 3-4 (RT3, 8 5 IEEEE v
RPcy 130.73 THY, MESNI-FRMAL AWML AT A E LT i AR A
T JUE & SERME LRI S GRD BTz, E51Z, Permutation test [Z5>Th, fEHEIN
72 PLS [BUFET /VITAE (p<0.05) TH-oTz, £ 3-4 12, Dy XY ORTEAEEIR
JEZFI 2 E R L S E L C, PLS [BlR#T &5 VIP E 1.5 UL EZ/RLT-
VEDLEMEV AT, ZNHDILEY O — 7 HfEE AT RIRE X, 70
FRRFABILR B D MBI L O RIF AR BT, £ T4 0.248-0.754 F5 LT 0.367-
0.991 Z/RL7c, ZNOOEFE~ — I — ML EW OS5 — 7 HEO LN BT 5

(LU & By A R (2B R (S S W T B 2 7 A F — 37 aA T - 7= (X 3-5),

- 48 -



50 1

Ostored at 5 °C A
Astoredat 10 °C
40 - O
=
. ,’,O
Q L’
o\/ 30 T g ,I
—~ ’§ g
% -
@) o .-
B -
§ 20 9 O ,’O
b5 R
— A,z
[a B L’
10 A e
7R
e A
O @ v v v T 1
0 10 20 30 40 50

Measured CST (°C - d)

[X]3-4 PLSEVUFIATIZ XD, B v bFy VU7 iR

(CSTYD EHME & T-HME D BILR
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#£3-4 v bF v XY ORTER TR TI~DO % 5 ENmOWERME LAY

. Pearson's
No.  Candidate compounds regression VII_) correlation MIC
coefficient  score coefficient
16 3,7-Dimethyl decane -0.12 2.29 -0.481° 0.503
37  Hexyl acetate -0.12 2.29 -0.521**  0.503
40 (2)-3-Hexenyl acetate -0.11 221 -0.481**  0.503
33 1-Decene -0.09 1.72 -0.533"  0.503
45  Allyl isothiocyanate -0.08 1.62 -0.612"  0.503
39 Tridecane 0.10 1.95 0.754™  0.991
7 Nonane 0.09 1.90 0.270 0.843
18 Undecane 0.09 1.75 0.248 0.871
48 Nonanal 0.08 1.72 0.644™*  0.856

**: p<0.01. *: p<0.05
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Bt Jg 2 7 A% — 43 M1 CUL, BEAT (0 °C-d) 1Zheh <SRy BEL IR % 12
HHENDATFEDO R EL 2 DI B, PLS EUF AT IC LD [ERRE O F&—
BTz, FRAREN A DMEZ R T 5 HOMEWITNT b IR 46 LA R & <ed
L72, (Z)-3-Hexenyl acetate 1%, UG E ) DUFHEL 72V /L R0 OB bz &
STHEMESNAEF I ALEMDO—FETHD (I3 F:5, 2003) , EDT=8, 1 MILE
DRI Z L DAN AR SR EE 2 DTz, £z, ¥y XV EEH O RKES -5
T AITC 1L, 7 hay /L —hO—FTHHY =7 V03, Mlakikz W L= 0fkEEL
70T HZEICLY, MIBENIZRIET 23ny F—BIZdoTHfiIi, 7 ra—REBL
Ui & EHITAE RS IVD Gk H, 1994) , Lo T AITC DR fiiE, (Z)-3-Hexenyl
acetate L[AIERICA Y MU XD R THY, DB ITWD LI=ZED, iT
A LR DRI AR DO AL B I LA U TIZEA LR E ol B2 D
NIz, 1> T, ZNHDILEE, Ay xR IT L0y MLBLE % O IEL R
TREE ~— D —WEERMEE 2NN, AITC OERREIZITSER 22305 (K8
5, 1986) 25, EBHRHIBIRIE LRV DD 7R E, BIRDRRER LI THD, il )7,
[EFEREN IEDEE R UL B WIL, 7T ERTdHD Nonanal <°, Tridecane,
Nonane, Undecane 72& DN RALKFE ThH o7z, W AUbATEATIZIIM S
PRI T DT VIR 23RBS 4172, Nonane, Undecane (22Tl Byt HiR
JEL O B/ BENIRO LN o728, 10 °C-d - LABR LR SH, Bk
fkfGEL 7=, X512, Tridecane, Nonanal I, 20°C-d LAREIOtHSz, #6-C, Ivh
Fy Y ORTEAERIREE 0 °C+d & 10 °C+d %254 5I121%, Hexyl acetate =° 3,7-
Dimethyl decane DJ/V &2\ F AR HI<>, Nonane, Undecane O i & flErE 5L
WHEHTHDLHEZZ BTz, EHIZ 10 °C+d & 20 °C-d LA EZHRITHI21, b
(2N A Tridecane K> Nonanal O AN HIWT L HEL 7205 %, 7z, 20 °C+d & 30 °C-d

LLEIZOWTE, AR DO IICEFMNFLET D720, Mt beamo7nr
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AV T E AT HZETIDREE BN A REL 72D b D,
ZDINT, BEEK TIZtE-T, EIHIZE MWD §5~—h—EmL AW
X ENZR D T2b D0, EE DLW O FEEZIIRL, S hEoF DR

FIE o THEE Z Al CE D W REMED VRS LT,
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(a)

Z-score

21012
Vale

|

Hexyl acetate

3,7-Dimethyl decane s
1-Decene Y
Allyl isothiocyanate g
(Z)-3-Hexenyl acetate _g
I: Nonanal g
Tridecane =
I: Nonane
Undecane
10 30 40 20 0
Cumulative storage temperature (°C * d)
(b) Hexyl acetate 3.7-Dimethy! decane 1-Decene
8.0 25 25
70 N 20
6.0 20
5.0 1.5 I L5
4.0
3.0 1.0 1.0 °
20 05 05
1.0 - ﬁ
X
00 e 0.0 0.0 H .
— 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
_}40 Allyl isothiocyanate (Z)-3-Hexenyl acetate N Nonanal
. 12 700 12
P 10 600 10 é
NI 50.0 0.8
X 08 -
40.0 g
0.6 0.6
< . 300 o
g 04 '_L 200 04
\ 02 ] L 100 02
‘a —D—lﬂ—u——u— u_x_x_x_
54 0.0 00 R —
(W 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Tridecane Nonane Undecane
18 25 25
16
14 20 = 20
12 o .
1.0 é L LS
08 % 0 E o Q
0.6 ’ ? :
04 05 g 05
0.2
0.0 Lae—e 00 L 00 L

0 10 20 30 40

0 10 20 30 40

0 10 20 30 40

Cumulative storage temperature (°C * d)

3-5  PLS BRI HT I L RIS b v XY O MHAL S O g 7 7 A% —
SIHT ()& HNLE B H 7=V D — 7 EFEDZEK(b) (K 3-5(b)I1231F 5 X 1L M)
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A IZINETIS, AUV Y VIR D EEHEMAL DT a7 7 AV 71X
DREE~— I —RBREATV, BRI~ — I — (L& e L THREA Ve
ACEWEGFEREL TR (B35, 2020 ), Fr Y OEEEEZ R T LA
FRICA L VR CTAEPES LD (Z)-3-Hexenyl acetate 235 £ CU Nz, — 75, fiffE
K FERT~—I— LA ONTIE, AV Y RSN BAXR T L
KRR E DAL EMITRIRENL T, RUL LY X v XTI R FICfE- TR
SNOERMALE YO ERIZEEN IR Eip oz, SHIZ, FALF Y ThAR—/L L
T MEBWTHERMEALAD DT 07 7 A MIRES R o7z, RUL YT lbFp Y
IZBWT, ELIZIEIR— VeI N TR~ — T — L EM DR E T o283,
LA AR IS T, BARDAH T mEADL LT, RARDMHW I RS
MR DBHEALDEIT T HI LA REBL T, Luca et al. (2017) 1%, VA /LRy MY
% DRI S OEBNIMIL D FAEELLHIT, IFRMAEM DR BEEZ T HT
CEFER LT, AWFIEIC IV TIE, MRERIAIATIZ Lo GEIREN LB D ETDH
Hed, MMAESCING E ORI L/ R EHEE LTS, IR Bl & DB B E
TERW, (o T, BRI EHOT a7 7 AV 7LD T Rt B O AN H A O
PHIELTIE, JVIRHIZa s H AR RELIBEHTINA, IRED B DTIRE O AL,
TRE) - B8, A O EED LRI AN AR T N IR LG 7T a7 7

ANDEBZANT, SH%RETHLERDD,

3-4 /NE

BRI DRI LT — NV B L Oy b v XY 0b i S A s L & %
[E R~ A7 il HH/GC-MS IEIZED AT, SEEEAR T EO RS A MG L 7z, fitE L7 ff
VAL G OY — 7 HiEE S A, IR R A B R80T L7z PLS [BlR4y

Fricdky, IefaRiR 23 T2 E B/ b AW ER—/L T 7 8, Iy T 9 s
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TEI2, VT o av A Ty IAERAART NV T —HR—RA LD T /T —ar T,
RER D AR A PG BB RCA R RSB O BRAR I KOTEMEA LD DO A AL

HEINDLEEZDNDME PRSI, K, BR— LV TILE /TS, Ty
RCi Allyl isothiocyanate <°(Z)-3-Hexenyl acetate 73, i« 7o MEFIZZ<RD5
1, Hexyl acetate (37— /L3 L0 hCHEBL CEEEERICRD LT, £i2, Bk
B OS> TT VTR R, BEIIRRALKSESEINL, A—/L ik
O~ X XY CIESNT-WE L R o7, Mg 7 T A2 —ffftnbh, R
VDT T 7 AV T L DRLIHE DR RCE] G 2 Lo THPBARE R A X)) T

&, B AR U~ — I — R E D RS,
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BAE B FE

HRYOFEESOES W, TRDBLEEX, JsKHWOILTWSIHEETHY, Ao
TR L->THERERMWEERZTHOHIIHEDLT, TOFMEEIIELR THY,
B ZLIEREN B D LRI B D, FEEDIEIRS AR5 7 D — 2L LT,
N5y DEAZ & RN 92 Fikb i M U CEI2, OB Tl
MDSFRE L 725 TND, SIBEAT O I, @i B S S22 T R OF @ D72 1203,
T2 D45 B P IZ W TREEDIRREZ R L, )70 5B BEAMT 22 L0 7 H 17 B
RN THD, 20T, FEEOTHHIZE W TIE, KBS COHBOWPEIZE>T
ERPFONDLDONLEL, Z TR TIE, HRMOMEER T ARG 57
D DI I8 EBHEEE DO BTN D, REE~— I — (b &M ORKEZ HINELT,
F RN Z D AR B LT, F5IC, RO EZ(LBIGOH AR
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