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AEDA

AOP
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FD
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GC-MS
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GCO-H

HDMF

HEMF

HS

IR

LOD

MS

NMR

OAV

RI

SAFE

SDE

SIDA

Aroma Extract Dilution Analysis
Appéllation d’Origine Protégée

dimethyl sulfide

enantiomer excess

Flavor Dilution

Flame Ionization Detector

Gas Chromatography

Gas Chromatography-Mass Spectrometry
Gas Chromatography-Olfactometry

Gas Chromatography-Olfactometry of Headspace Sample
4-hydroxy-2,5-dimethyl-3(2H)-furanone
5-ethyl-4-hydroxy-2-methyl-3(2H)-furanone
Head Space

Infrared Spectroscopy

Limit of Detection

Mass Spectrometry

Nuclear Magnetic Resonance

Odor Activity Value

Retention Index

Solvent Assisted Flavor Evaporation
Simultaneous Distillation Extraction

Stable Isotope Dilution Analysis



SIM
SPME
TCD
TPP
ppb

ppm

TEMPO
BzOTEMPO
SMEAH
THF

NMP
8-HPETE

10-HPETE

Selected Ion Monitoring

Solid Phase Microextraction

Thermal Conductivity Detector

Trans-Pacific Partnership

parts per billion

parts per million
2,2,6,6,-tetramethylpiperidine-N-oxide
4-benzoyloxy-2,2,6,6,-tetramethylpiperidine-N-oxide
Sodium Bis(2-methoxyethoxy)aluminum Hydride
tetrahydrofuran

N-methylpyrrolidone
8-hydroxyperoxy-5,9,11,14-eicosapentanoic acid

10-hydroxyperoxy-5,7,11,14-eicosapentanoic acid
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1.1 F—ARFRZHHE L2 T RMDOZEE & &aFEO&E
1.1.1 F—= A4 2 i # U 72N L& D 2Rk

AARIZBT2MLTEMONT =T 4 —i%, HRTHEENICRLIBEEITHY, F
— ARNBN R EDOGREY R LTI TR b ASL TRV, F— AR RN A L
ML GIZITER A R R3HY, &BD, B, KT, BT 272 L0FHEDENC
IMA T, ERIEAATRER RO L MV MRS, H2OWVITREAR, S HITIHETIE
FOU RFEICHIIE LA BN L TR Y, ToMECHBRELZE TH 5.

INHDOF—ARFREZFHE LM TEMIZKRO OGN HEEREROUNE DL LT,
HHEIZBWLLERBTHZ LB H Y, ZHUITFHERRER >80 5 B % & Sl o
ffiF bz tEDd 2 FTHELRRETHD.

—J7, BmOEEBEIT, TFE, HOMEST T 2 M X 52k S vz mskas
MHEHE TH Y, KERRAKT —AOE KT T o RO & 2HICH LT
WD, ZORREEEBIMOZEIE, F—ARLFREZHHE LI LA SOV T B A4t
TiXe <, EfkER TEIMLS ok x 2B BB STV 5.

ZORRIZ, ST 2T —XPNEHE LN TR O dnE 2 17 B3 5 HE AT
Pk LT, B0 L @ERORENEEY, 52N TEMIC

M. SEDIMNEVIREOMENLE TN TN D,

L12 TR EE e LTod (B, ) AEOIRE R@L

FiE, NOBEEHAG LARWHEZE 2 5 Z EAFREZR AT, HRORBRMEL
BEXDEEBNZBBEESZD. LL, MEREORBERFNOERES, JLOEHE
RBEEAYET D AMT, HETTRADETIBMEELE LTEXLHE8HH D,
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COBEMIZEARIIBWTHE THD. FOMEIE, BOBICHATHEMMNEL,
FABFERHE (1 kg DR EZAEFET 2 DICHE R kg) B R < 2 A MA303)25 72 (Table
1.1-1), —RIZFHOMHIEEMTH S, S5, BRCBT L4 (KW, ) AEFEE,
fa G B A ORI, A & OMIFEBIF, S DICHRME RRIC L DBEERELS
OREZIATERY, PRI OAPE &M/ MER 2TV (Figure 1.1-1) .
INHOEmNG, ARENICKIT 4 (W, $) EEEORERRENEZ 251
FEOT, IMLRMERE L THER NP L TH D0, R BE R %

TR T D Z LIXREEIC R0 o0 d D

Table 1.1-1 F, K, OB I & e kR

20x AU L 6 4% H 2% H
8kg 3kg 2kg
*) 1 kg DR A EPES 2 OIS B2 ik &

(THRHTBPES ) WIaEE (2004 4E) Y ©oF —% 10 {ER%)

Fho tREES Fho T EES
610 8600
590 8400
570 8200
550 8000
530 7800
510 7600
490 7400
470 7200
450 7000
LRI i it g g e i @”Zﬁ F &L LT,

Figure 1.1-1 P & AEFLOENAEE & OE) W
(EMKES  BREFHEE LD ER



113 BMOBWL IEHATHHEFZ L Z Z TORMLEFEOEE
BHROBWL ST, WRSPRE CZRAETDHEM S, s, H1E, R TZET K
IOz, FHKRSCEFER Y, Hax RERMHAEDE > TAEL IEANRER T

&» 5 (Figure 1.1-2).
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e LT, F—ARLBRTIRIET X/ Bokkx X7 F R, BikO BBV R S
NTW5D. FlziX, F—XTIE, BT I BE T TF FTHRPLERICES L,

FUNRTF REDRERRTF RRF—AOERIZRIZE D > TW\D 3. Eiz, g
P57 1,000~10,000 DX7F RH53 7%, BRIRZEI L £ A5 S 2 Hmd 5 2 &
WEE SN TWD Y. —F, I, B TZAET H5EHEXED DB RADIBN L ST T
RERBEL 52 DFHNZONTORENEIML TEY 59, BHMEOBEWED 2 /5
WZIREG-L, Bl Sam ESEEINOBEBEMENFEHE > TS,

BEICED ZREGT 2 HEOVESL LT, BREHOERRH 5. BLFEHT
BB, A A X ML, LR ERKRA Rl EET T2 B THERN S
TWD. EaEFEOKRENL, R ETHLREMDBFDHDOE TWIEARKRDOE D OMiR,
HETERRETERLEAT7 7L == (IFELIBRVWEFY) OvAF T, £LT
AKFFHHDOETORVRBIHEDHWE D ORGR ENB S, Flz1E, MLERO
FLUECIIRAAMEL SO D T2 DI SN HMBREEIC L 0 2+ 5, b LITKkbhd
BMOFY 2T 5 B TRAEENEDND Z &R, E, MEEHERT
RN D BADEIT L > TARITE L GNRNFYRAEKRTL2Z2E26HY, AU D
BONHE L2 (77 L—s3=) BEIE, EAHFEIMET UNT RSO mE 0K
TalERITHEDD. 2T, A7 7L —NR"—%FEK LI TD (vAF L)
ez, BmBERZRET 52 bE<ATONATWS. 51T, WH TREEEN A
REBRDIMTEMIT, BOMERNES T X MYCHFIZR LN Ti'E D% 5 AR
BREMEZENE S22/ 562, RERFVZRLEFE L LTURET 52 L
T, a2 A MEMATEIMERPBW L SOERPRKLLND Z L KR THD. ZD
£ 912, BEREROMEMNIL, MIEhomE R ESLENEIZ & - TEHERKE &2 R
LTW5.

BIFEROFEHIIE, REWITHRT 2 REBFR L, AHRARICE Y S bnicsd
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FREEID DD D RIRERHT, IS EN TV D ERLTRC, T 6 2 NBLHLRL
BERALEL L CO A Lo /R 2, ARRGZRESOMH, EHEL TR0 THS. &
RRAERHT, FRD & L THRMEEMZARERICELVIEONTE b D THD. i
CRARFRNIZBEOFZXEL L, T b3mbRGadb L < miiRbonZun.
TP RN, TNODOEXIIHETHMOEZMHAL. SRERNCE S B A 5 A 6K
NZED SN TN D, LinLaeh b, HHETHRRER TH 2 KRAREHOETES
FREBOHTHIT 5 Z LIIRE# R 2 & %<, BRRTIIRL TR ORI ITE K

ThLE RARFR 2 HNICALE THEMAAEDOE TIHET L 2 LN RUTH 5.

1.2 F—X{ZHOWT
1.2.1 BARICERT 2T — XD

F—R20%, AAZFEHCE L 2T TF a0 F =X, TF 2 70 F— X &k
T L7 e AF—Xn3b 5. IS, TF 27 0F— X 3REOAI % ILRE
RV xy b (BREER) CRESE, Ko (Ro—, 1LiE) Oo—HERELLE, A
ST THET S, T F 270 F—X0PIER SR 0 b e Y, FERCRYE

EWTHIUZITR 1000 FEL O T F 2 T VF—ARb 5. KESGETDHE, Bk
EEERNT Ly ad AT, BEEDT TRRSELAV XA T EEIEEA T,
WEDOHDBER T D =T — A2 AT, BEPICRAE T A 0= ) —HRET
ooty a7, BRIZE > TKGEZRIZL THLS Ro/on—F I N—F
ZATNDD. FTFaTNVF—XE, EHEEINTWDIEDN, 7R AF— DR
B LThEHINTWD

Tat AF =R EIFTF 2 I N TF—RZHAFE A, ML TEN LSO Z B
LTIt DTHY, MBI L > TRHREHZRIESETWDIZD, BRERMICIZE D
RO AL T = L 13 <, RIFEICEND L WO RIERH D, £z, TrkERATF—
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VL, kxR ERE (AT A4 A, N — (W), R—ra v (B L) ITNLTE,
FHEZFIH LT <, KBICWANWARKEZRE LD L EWOHIFE b H L. TD—),
TR AF—AORKORBEIL, FETHHTF 2T VF—XIKFE L, BERE
ZEA, D ORERNCHER LRITUIR oWV E WS RERS 5.

1980 FERATFEE TOHRIZBIT HF—ADOEERILIT B EATF —ANRERTH -T2
23,1986 FELUIRIL T F 2 FNTF—AOHBEEN T m B ATF— X% LRIV, £ DETFEL
EREIZHD. 612, BRA—AHTZY OF—XHEEREIT, BKKOEN LD
EEEDRNLOOEMERICH Y, TOWMEDELITFTFaIFINLF—AThHDZ
EMG, TF 2T NTF =X TARNIHERBEMIZZRY D28 % (Table1.2-1, Figure
1.2-1).

HATHIEIN TV T TF a2 LTF—XL, N—R+BIN—RFANTTHHI—
BF—RAeF X —F—XTREKD 23 ZhHe, Yot XAF—XDRFEE LTOMH
T oM, EESTTF 2T LF—XL LTHELZ SN TS, PTH I—XF—XDARE
BR—FEELL, A—FF—AD 7 DD~ AL RIREKES A ARNI R b ENT

W5 EE%x% (Figure 1.2-2).

Table 1.2-1 HE 1 AH7- 0 OF—X1HEE (2016 4)

kg/
TFvw—7 28.1
77V 27.2
FI7R 21.6
A7 21.5
FAY 24.7
TAY D 16.7
HA 2.2

(Canadian Dairy Information Centre“Global cheese consumption” &2 ¥ {Ejik)
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FTF 2T NF =T, FERRIEIC K VA RN DY, TR DLDRKE 7 mtk
AF =LV HEZEThHDH. ZORRTT 27 VT —XHEEOHIMERIX, HAAN
DF — XA T 2R EFREREM 2 KR L TWD EEZ BN, F—AZdiE L

MTEGIIRO 5N D EFEDOELIZ IR FALEL TV 5.

122 F—ADAL & BT

N R e B IN=REATDOFTF 2 TN F—XOREITIL, AKEZR ESE5720
DRARTENSH L. —ki, F—RTEEEL L OEREOENTRE S, ORI
TS 1 FUEICED DO HD. T—AOFHEE I AVEEELEEETH
D, — I, BERTOTF— 1L, ToAE<E (] 26%), I5E (K 34%), K5 (§) 35%)
TR 95%% D (J&D ORI S%ITE X I, IxT, HE), ZOBMEORKIZZ L
WHDOD, T2 BERIRE D B RAIC K 0 A T 2D BRSO R RS 12 LV RBE
B ET 5. b, LAEKENDITERT X 2 Bo~7F R ENERL, iF
EOITAREBRRENAERL, TR LI F 2 T F— X DR DI B
4%, F=ADORWKME LTHMONDERET X /B0 7F RO, #pkic
FVHRED T —ADFHRREAONE, HDWVITHROBKICEL BT 5 F03#ik
ENTWDEI. —J, BIZE VAL DT —AOFERRDIE, 7T VBB ERLET
VEZT, TV, ARXUFA—), TITFE NE, EBENSIETS Ny, Ta—
N, 7 NCERDD. BT, FRAIIMEG ENDEES Y © U oA B
MBEULIEE, TRy, OTEFAREGMbDY, BHETHEEREIDEK S
o P,

ZORRIS, BRRICEVIEREN D F—XOFEREAKICE > T, FRLEELREH
TOOEDTHY, BEICE VBRI LIER L Z ZITED D ORI Z RS S
ZliE, FREPFHE LM TEMSOME UWEBRZ HI#E 2 oIz L > THE
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HIRETH S

1.3 FAIZ2N T
1.3.1 AARIZET 2 WO

HARE N Tt S 5 A RIIREESRN L AR Z S Y, 1990 4ERAETE £ TIEERE
FRANTHEEON 8 HE HD TV, LaL, FREEZOHMCE bW im AR
DHBEEIML, BUETIEFREDK 6 FINWATRATH Y, EHEFROZIITK 4 F
IZFE THBHIAA TS (Figure 1.3-1). Trans-pacific Partnership (TPP, Eg A EFE/S— k
FT=v v ) BERGESNEAH, AARENICET 5 FRFHGERIL, 4% IbICZ

DM 3R E D Rt & 5.

Fho

1200000
1000000
800000
600000
400000

200000

0

1990 1995 2000 2005 2010 2015

RERNEEE BWAE

Figure 1.3-1 4RE/A &

(FEMOKPER TEPEMGETAA) L0 1B

—7J7, BARBHHEERE T ¥ =72 2001 412 2000 HHE 125 L C3HEE L 72 2FR org
A 9T, 85%NEFEFAEZHT ERIEL, MIAFRAD 2% % K& Ell-722 &
M, BARIZET 2 EEFROBIEDRD TEWIZ ERM I TV 5.
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EFEAITIE, T, RS, RMENH D, i L Tsi-CAemE 7 ERE RS
L, ENENREROFSELFF ORI AT, BEHE, BafmfE, EaE, A
AEATD 4T T RROLNTNDS. FTH SR EEMFETH Y, RGN
WELSANVIALTE TFRED | IR DNENIZHED T2 DT 67 S & KA DO JRIE & Ff>
WARECTH L. AR, BICHANVAX A VR THY, BRENRERNA LS.
MR, FRORBEREZGET D DITHEOT LMD RN RS A il &2 BT &
bEFOZETHD.

I, BOFRNOBIHRA OTIE, g, AL OEES, WAt E R
22O\ C, Figure 1.3-2 DFERA2HE LTV 5.

70
- FlIEs BEES BEALY

%

Figure 1.3-2 4FRIZxTHA A —

(RN BIN o & — @R ERANET  [125~35 ORI T 8 4f,

FEBATENC B 2 HABTHA ) Pk 23 R 10 L0 1R

Trb bt ERARDISIRND | & 65%D AR (EEE), R\ Ik
SOJER N & | 40%, THERF DO H 2] 23% Tdb - 7=, EFELTIL THSCRBE DN % | 40%,
MiA& 23 FUE ) 24%, (A% 2 FIR] 23% Th o 7=, A4 TIL Mg A TFE] 58% 4%
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SOANBEDY, SHIT FHZHBIZRV 23% B RISEIINDFEIG DB EmNro T2,

CORERND, WANFRITAMEE DL S ANER S, BRI 2 BRI

LG, EEFRITRAKORE, 20580\ L XN EHE SN DMEAAERS, &0 bl

ZOMEMIIFIAICBWTEEETH S, LL, —RICHABIIME1EmL<, FoEET

FmESTVDLHDODOMGE BB TH S (Figure1.3-3). THpxIZ, BWLET

HENDFETH DA, ik, HEHOWTNLFEIISA D 2 LIXRERRILT

H5.

F/kg

3000
2500
2000
1500
1000

500

[ E A PY ED ST A% EETHERGIRER

N
120000

100000 ./0—0—.\.\.
’_‘/./ 20000 H—Q—Q\’ﬂ
A_‘/A—’A/‘—_‘ 60000

40000
I—./-/./'_. 20000

0
2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
e —aiE -m-dE F it AL oEEE T

Figure 1.3-3 [EFEAP O EHIZEAME & Hg | & o Bl
(EMAKEES THPEYRIEGEE XV 1ER)

1.3.2 FROFHEE & AR Ak

ADFRITAKIZZ LS, FY HMARESSIVERENHL0HTH L. —fKIZ,

FRITIMBGHEE S 2 Z L2k Y, BIRETZLRKL S 2/ 0 S5 MRDBTER S

%, NBGHEIC L VRO RS, T B4 U0 T TF ROk

ML, MBGHE TR E 72 AN SNIE G T SRt i s T g 1.

—77, MBGHBIZ XV SN D ERMST D% <L, NHEEMEORERALVELD &

EZHILTWD . JNEL

15
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D, BES, KT, B 270 LE), MBVRECREHZR EDORIC IV AEL Nt s
DNT UANRIRY ZHOMAEDEIZLY, FNENORERIRA DF D B
SN DEBZHNTND.

T, KA, BAORKEZET 5 A—7OmBRR T, S22 EN
DODROFEFEZHAN T HZ ENTERDpoT=DITxt L, BILEZRKT L EENZENDOR
DFHENPRELS EF L2 b, FROBBEIZ E > THEXRRDITERE S LV b
MR CEERER Z R T AREESER A THD D 2 212, FROMEGHE
IZEVERESNDIBREZLLER LS LE LS ELAKRICE S TEHEVITEETHD,
FHBLLEATIZ K 2 EFERLT DR ORI A BRT 2 2 1%, MRS E L
W2 HE 3 D B OBHFEIC &L > THELRRETH 5.

B, FREEZBOLIET I 2T, FEOMBENIREZE %5 % R- LT
Wb EEbTWD. Bz, PR CIEHEESCHEIOEDE W LY, HFEL
WERIET CRAEADRALEAELDGEENR DD, < D OEFEROTHEHEL, o
WA NRAORAERML, BWLIRT MBI E LTRHSATWS. &b
DTEIHL, TR ENTHEN SN DEZEROOLSTH Y, ZORADOER
WARORZEBGML, FREBORKEZRS T20RBHDL LEEDNATND.

—_—

4 FERHTIZHONT

AR LT 2REDEY ZHET 2 BMELZERT 210E, ZORBOEFD 2K
TOERN D EZFHEMERET 2 LA THL. LonLien b, SIS EELER,
5y DIREINHREREN TR Y, FXRDIZZOT O —EHIEE . 51,
B XU OT IEHRD TH B D EHEIR MR D D 2, BHICENT D0 bE<, T O/
REHRBEYPIO DT 20O A R FENRE, IEHENTE . ZUZTF— X
FRIZONTHHIS T <, O BICIE U TR 22 5IEIC X D2 BRI M TH
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nNTxlz. Tnb oGk FERWEE, MRz EEPELOFRMEL, WHoir
&, SRS R OIS TR 2 i~ %

1.4.1 &L

BMOFZITHE RO NOWMY Lo TS Z gk, BROoFIRSBENLEN
DRETHET LI ET, TORBDOFED ZFMRLTNDE. —RIC, BEOFERKS
BIIBD THETH Y, =2 b (%) ~ppt (—IKHGD—), HDHWTEIRID Z
ENE. TDIY, BRI EMRAT 5720100, FRESEZRY L TR 5
VBN 8 % FRST DIEIEIL, T 0 BMIZHE DY THRA 2 HEBRRE S TE .
AU, BREG O, LFRIMEERIELNE WO JISERT 5. TRbb, &
KB TNRIEWIRR 2T 2B, SUSMED R Dk % IR ERERZ oL EWh D
DN E WS RER DD, o T, FMUEBMAETH- T, FRIHEEN LR D
ERLNDRERD IR BT, FEROICEIT 2 EFELKMET LI OB L b &
RT3

Ny RANR—Z (HS) {£1F, KMICE S EXaeiitE T 2715 TH 5. Static-HS 413
FEARBRICEMEAN, BLEDSHICBIT LIEERRDETAZA S ) VTR
WML, ZOFEFE GC ~EATLHETHD. ZOHED, FlREERZLEE L

D ZNCHERGT DERK b DI S HEMEICEN LR RRH Db DD, —fRICKMICHBAT

TAFEREDEIID N0, GC W THOREENE LR E WD BERH S .
Dynamic-HS {EI3 &5 K W KAHIZBAT L 7&K & 8o i 12 2 LI O W5 FIN e

TLHETHY, MRFMAZIET T Z LR EICEY, GCHTici i) 2/ Static-HS
EEHA_TRIEIZH ET5Z2ENAETHDS. L, BIRT H2UER ORI LY
BRI DRAEREN R D R, ERICR R 2R 2 LE L L, £ b OB EUHE

I OBEEM IS WE WS R AN SH 5. Solid Phase Micro Extraction (SPME) 1
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1, vV V== FAREEOD 7 7 A N—REIZ 2 —T ¢ 7 LshE (E8) 12,
SAHOFERR Y ZRAMGT 2 HETH Y, B CREERBRECTHIMERLS, HomkE
TGCHTTHZEMARETH S, LL, BRI 2 (EMH) OfEICL D EFR
RRoy & DBAMENRRIL D 5 2, HERLEFRXOEZHRET L LR TERanh Y, &
KoM Z FEfiT % 9 2 TOMBERHEZ.

EHIT, WTILO HS LR IN D EFRMTIE, Ba1D
DEME—E DO DR T D728, B EENDRA RERW Mg 22 &
DBREHETH 5.

R=F AR~ —E—XEFHHELI=H T L0 X HEENEE (BIEWATE) X, &
T LZERGY % & LKER 2 0 L TR D 2 W S8, W& Lo B XD 2 A
TEINT 2 HETHY, BEREICEENLIERRTZHET HDOIEBNTHIETH
5 D BIEWRAETLT, BT 2 Z &< BEXWAMET 2 2N T 2RARH L b

DO, BEECHIEEZ < EOLY o 7VTEATE RV Y, £ Om H#EPH I TR

WD,
WAL L, BB ENL TS ZHEAN T 25 TH Y, Mt

ECRMIZE EN D EFRM ZHENCHETE 2 5 2T, ME & bbbV,
FBRRGOBAR D72 WS FIERH D, 1T, FRPHEEZZ < E0RLOF
LT OME DL FARETH Y, TOFHFIIIRIEL ZIGICE>Tn5. LavL, M=
DERE WM T 256, FHIREO SRS OF L OEREMZ 572018, B
DIRVERZ WD LERH Y, FHATE HEROBBICIIRAR S L. -, kkx
REREZFFOFRM D OMIMEIXZEETH Y, K12 OMHMIEL R 570, HHE

FIOBRGELTHD. SHIT, WAMHIETIE, WESORR EOREREMMS b

S

FRA & EBICHE SN2, 26 N BEOFEZMS DN 2 NEc+ 585845
H %<, LIED GC O ThbXEE 5. Z0=0, WA ORI S A2 A LoD, &
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Bkl ShoFLSMMEE LA HDODE RSN Z 3%
FRIHEIE DI DKL, KEKAKE L, @A ML (Simultaneous
Distillation Extraction, SDE), JBE# iz B84, Solvent Assisted Flavor Evaporation
(SAFE) £ EN D 5. KAKFARIEIIKRAKE Ebicmibrflbamb B TE 58
THEAILTW DD, BIERIZ 100°CHEVIRE DR D720, ARILE £ WERT DA
Co%abd s, AR (SDE) %X Likens-Nickerson' i HH 25 & CTKZ KA
B e EAT L A A GO 7o HIE T, EICEES B EL S FRo 2 ME T
DRSNS D120, FEZOWICEZHINTEZ, L L, KEKKEIEL FREOME
W51, WHEOFESHIZEIT H2FHITRE S TW5D. JBJE SDE iEI1E, BIES
£ 100°C &V ARWRE CHEXURI T & % 728, SDE O B AL STV 5 23,
PR D@2 EE S5 2457, IRMEERERE ORI ARy OB KR E L < Z OF
FHEIHIZPRE S 415 . Engel & "IC L - THIFE 4172 SAFE i£1X, MEZE FTHOT NI
MEA T 5H 2 & THH L & BICHERNTZRE L, NEBMERD BT 5 FIET
HD. RBEINTWEEZ 237 MINSO T T 7 A B 2 W5 Z ok, #eko

EEZE T CORBEICERTEBARSOEINEREN E L, (ERREETH - -4

o

ZEICEMDOMEENICERR D ZMET D EbARE L o7, BIfE, ZOF| 4
FIXAFIFHICE > TRV, Fax2BNOFESWMEICIEH I TS

1.4.2 JHlE Z2 & T B & dn OF < 1A
FRRF—AD LS RMELZEICEUCEEELND, BEREWMET L2 L1E,
JEOLe LIV L HICKEETH D, L, IKEES TR LT HRMDMKSI
RN AR —ThH D Z &0, BRI L MIEOBAIERE 2D, FRS DI %
BRAICHET D Z ERNFHEL WD TH D, MIEEZZ L ELEB RN HKERTAR
it (SDE) {BIC THRRMS HMET 2 HiENRESNL TS Y. ZoFEE, &
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(Z 100 CHEVRE DR 2305728, ARITEZENRWERESBELL5EBH Y, i
MIEZ Z < BOMRETITERRMBE L 0D, £, ~y RAR=ATRAZEENDLEK
Ry EEL, MBAE (N—YT7 U R v 7E) 2175 TiEblEShL TN
) ZOHEL, KHICEIFVEZZOEEMETEZLHFEADR DL OO, FRLT
— X EDOMIEEZ < GUEBREMIZE N 5 E/EXD 2 ERENICHET 5 2 L ITH
HThHn., F—ARFRPLOFREMET 2 5EL LT, M @2, HLH0E
<) Leganinb, WARHIC L > TEHEXZME L & bicmtg, comtiizs
B2 R CAM T 2 FIENE ST 5 162020, 5 — XA Oyl <X, fhtzh
ROM ENEHETHY, WAL OBEMEEALHESL, BEENB~OBEAREZ RS

THIZOIZ, BRITHIWIE ) NEE L. AR TIEEINEIEROR EXAEETH Y,

w

1999 =LA Tld, Solvent Assisted Flavor Evaporation (SAFE) EAGH S, REICE
F B AR O BB ITUGE ST g 2730,

ZOEDIT, MEEZL ETCEBRELOFROMEL, TOFY ZHILEEFD
it &, FXKEG EWMIEDOSBE, LW ZEERLETHY, TNENDOEED

THEYDENEDLRNHIEEZMWDL ZLRBETHD.

1.4.3 HEZR 0L

BRIV LEEREEDICIE, 2ROFLIRSVNEEND D, FAbERE
T 57O, [Hx DTS 2 ERH H. FLRMDITHERER S THLT2D
KEE R ETHH A7 n~ s 7T 7 1 — (Gas Chromatography, GC) 1%, HFX577
PrIZZMEN TS, GCIZEEE LIcEmnfRiex v ©7 U —7 7 AT KD, Aot
OEWEFIH LTl L BRI, e g e W CTlliEST 5. FROHT
ZH SN DHEESHTE (Mass Spectrometry, MS) 1%, KR D~ AARRT MLEHED

TLEINTE, TOVAARY MVIERZIZEAG DR = /L TWAHTZ8, T
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RO~ AART MLVERIE L TEBL 2 LT, RMALT RV DO—En 5[y % [
ETDHILEHARTHD. IHIT, GC THREL 72 3t S 2 TrFFRsf 2> b #E
LIERFHEIE D SR ICEA OB TH 5. kkx RIAFHEESRE I T 52, Ik
RALKFE Z AV 5 Kovats Index*V723 —#x 1 Td 5. Kovats Index 137 T L DOHFH O FESH
BRI THIIEEY T L ICIZERUEZ &V, BELEESH T 2A0RIICHESH
RN, \LEMERFET D2DIZAEHTHD. ZORIZ GC-MS X, —EDOHIE TEX
iy D~ AARY L L Kovats Index &0V 9 2 DDIEFREGDH Z LN TE L7280, &

RIS DORIECHE BRSO FIETHD. &5, GC-MS TEbNnDEA A7 u~ T

v

FLAMBREBIND =7 HEEEZHNT, B EZERT LI L HAETHD.

FELXRY DERED HDVITEERIEL LT, HEERMESCHEEEEN L HH &S
NTWD. BEERINEZ, BEAIREOE R ERMT 2N LB 5 e — 27 m
FENS, BMIZEA L TWERsEZRET2HETHS. ZOFEEEL, HKH
FRECERMBAERD D ZENTEDD, Htd 2 WITHEEEOFERRS D DK S
N5 ENRZVREOFERDHICHEAT 2 2 LIZREECTH D, NIRRT, &P
(CIFTE L7 WBEA B O NEHEHEM B 2 RN L, NEEEME & E B L2V Ry O B —
J EREEON O HR RN EERET D HIETH D, NEHEELE T, £FXKD ORI
T D ISERE KAHE CORMGE A PN B & [F U & E L CE # i 4 F
T 556 LMEREE AW CERMBEEZRET 256038 5. Ai#IXEH2EH &35
CKWEWSIREDRHD DD, < ODREMITE ENDLEOEL KD OE &b %
IR TE DR D 5.

RV EfERERMEZ KD 2 H5EE LT, RERNK CH X °C) TT~MbkE Lz
H B9 Sy & NI EEYER'EE & L C W 5 Stable Isotope Dilution Analysis (SIDA) 723BH % &
Aute 3239 ZAUTHE R ISR U 7 F X5y DL ERNAR T T ~L U7z BEAETR B
BESL 2 AT R ORI TORM Ltk, FXUHE, BEIT T2 FETH L. ©BE
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[FALIRT T~z LIAEMIE, MERROELRMS LR RI L TH D20, FXMM
LREOHHZRNR L THY, T TORELZGERNLEWVIFIEDRH L. SHITGC
ToORHEE LT MS 24252 LT, LERNMKTT L L7EEMn & RIERZRO
FRETE, DFREOEVEZFALTESICHNT 2 ENARETH L. ZORRIC
SIDA (LB IR 72 E R GIETH 205, —MUE Y D plisy DL TE RINAR D AT LN #E 7

2, TORMPFRHIIRESND.

1.4.4 S3HTHE R OfEHT

GC-MS 1L ZH D F LAY % T EME - B R T 2 2 EBAEETH D, Lo,
FLRN T OBMEIZENZNRR D20, FRNGOERM L HRMICTHIT D 55T
LFLb—FH LA, BMICBT2HGEL REG 2 HIEL LT, Sly0EREE
FNFNOBMETE - 72 (Odor Activity Value : OAV) MRIREIH TV 5 3. 0AV 2
=1 ThHIUL, TOFXHMTEMICEEL LS Eh, HERA~FSLTWD Ll L,
OAV BEWERMTE, BEM~OFGENGNEHRShD. ZhETlZ, g
5 10,000 FRONEFRE LCTRIESN TN D A, OAV=1 LR 500, 205 Ho 3%
BETHDIETFHEENTND P, L, ZTOFER, FEILSLOERME L BiE%
VELT D70, BENSAARESICITEN T2 2 LhREETHL. SHIC, GAE
ORI TERVWHMEOEEN S Z B BERTERVEVSMEND 5.

BT 2 HFGE LA E®MICET HE L LT Aroma Extract Dilution Analysis

(AEDA) 73BA¥ Sd7z 39, AEDA 1% GC Tl L 7o FERE & a4 TRV TR 5
GC-Olfactometry (GC-O) O—FETH Y, AL & CTRBERICHR LIz otralkl (&
SIEEM 72 E) & GC-O TIZBWAE U< 22 ETHRVIRLAGEL, ITB\Wa&
& CHUNLZ2 < 72 2 ERTO A% 3% % Flavor Dilution (FD) -7 7 7 % — &L L CRODTF
ETHDH. ZOFIET OAV ORESNZEINZHETHY, GC THhEShRnEk
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IRMERE DR TH> THOEX~DFHEEZMEST D LN TE, TOFLGEDRH
HICEEZ LS Ly, E7o, FXIRMEY 2R 28002 — 2T hiddoR
Bl 5 2 L bETH D . T bHiT GC IZ L D0 & BREdl 2 /A&
DELHTETHY, BERLEDOHDITKT 28 /0 OF5E 2 EIES \HET 5 2
EMFRETHD. T, FXRUIHTET LM DWRR, HDVEFRTOFGE%
BEORB ORI THE T 12O DOEMMRFIELE AL, SHIT, a8
TR EOEFER TR P HEZ R ENTWD Z &b, FEFIOZNTF — X0

WTH> THHERTHERA P NELERH S AT RWATREE L H 5.

1.5 F—=XB L OHFHOFLKHIZED TR
1.5.1 F—RAOFEZMIEO B

FF 2 T NF = AOFELKREDICONTIE, THETIZEL OFENRSNTEY, 600
L EOFLE BN RSN TS . —J5, AEDA 72 EOBRICHIT 5 H5E %
ZELIZFHEIC L Dk A RO T — ADOFXR S TR SN RSICER T2 &,
Toa—)VH 16 fE, 77 e RE21HE, o N8 T, m ATV ISHE, T b
VHTRE, 7T BT, BERBLOEGHGEWE 21, TSV L Z ot 6 i,
FR¥E 24 FEOD 135 A PER TG & LTHEIN TS ¥, 2k TIZ 600 FiH
UL EOFESH DN T — A BME SN TND ZEMD, FEXREFGRMIIZOF O 1/5 12
EThb.

FF 2T NF =L, FERCRE, FEMOEWTE L OFENTFET S, Znb
DFRTRENRTF 2 TNV F—AOLIIFEEPH LN SATWDS. FlZE,
Rl blldl BIOHEIN TWAETF =¥ —F—RXIEL OFENPBE SN TEY,
butyric acid <X acetic acid 72 £ J#%<° methional, (Z)-6-dodecen-4-olide, 2-acetyl-2-thiazoline
REDNFRINCENTFGEZ T I L NG ST 5 162324212839 Preininger 5 (FT A
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v H =) F — X% 5 4y £ LT methional, 4-hydroxy-2,5-dimethyl-3(2H)-furanone
(HDMF), 5-ethyl-4-hydroxy-2-methyl-3(2H)-furanone (HEMF) % K.t L, 2 -2 furanone
FNTA A= VO SIZHELTWD EHEL TS P, Qian HIE, 7L I Ty —
J Ly Yy — ) DEFRFEHRS & LT acetic acid, octanoic acid 72 £ MRS ethyl butyrate
728w FRH L, pyrazine AN Z OF —ADF Y ZRHESIT TV D EHfEL TV 179,
BT, BAEFIE Z 2FEREMNMSZE I T MO0 T H %< OFERH
589 BIZIE, TAESEORRIZEVATTT I BRI, S OICHf L THERBMED
methanethiol, methional, dimethylsulfide (DMS) 7% & D& RifL-A%), 3-methylbutanal 73
ET VT e R, isovaleric acid 72 EDMIHZ T 2 Z kb Tnod. —J7, A
B OMAKZIRIZ L0 A U728 THIMED E W butyric acid, hexanoic acid 72 & 13X #AK,
XY BEEICHMT 2 FELRES TH D, Zh o 0EHSCEHOMBIBLEN & 5ICKIG
L, ethyl butyrate 72 & > A7 /L$H, 2-undecnone 7% & A F /L7 kL FH, 4-decanolide 72
EDZ 7 hHE, l-octen-3-ol X° l-octen-3-one 23K L, 2k L 72 F-— X 0 EBE % 1%
TOHREREFERNDEZENT 52 L bESNTND

ZORRICER % 72T T 2 TTF— XOFELRITR0EIN D DR O EIT L 0
WZeFInd 5. UL, TOEL TN ONEFTHY, AR TEGEOEH NS F 2
FNTF — AR OFRQ G Gy DA ZZBMICHIE L7l R Y 7263, FXE

oy O FF 5 & BRI O BLR ICIZ AR K STV 5.

1.5.2 FROFEXHIEDOBLR
PR DOFELRS & LT 800 ML LOFRMAS A AH SN TEY 37, FROMEUZ
F VAT 2 FR/EHRG OWFFEEITIRD T 042, Cemny H 11X, = — A F L724FRA
DEZRFFH 4 & LT, 2-acetyl-2-thiazoline, 4-hydroxy-2,5-dimethyl-3(2H)-furanone
(HDMF), 2-methoxyphenol, 2-ethyl-3,5-dimethylpyrazine, 2,3-diethyl-5-methylpyrazine %
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ML, ZRO6DOEDNRr—A RERH S, BWEEV ZERL TS Z E 2B 60
[Z L7z 220, Specht HIE, BT TEFROBFELRTFEM T E LT, HELLGELWVEDY
2% 5 L CW D4y & LT 2-ethyl-3,5-dimethylpyrazine, 2-propyl-3-methylpyrazine %
BELTND D,

—J7, Guth 5%, ZIAATZHDE 4-hydroxy-2,5-dimethyl-3(2H)-furanone (HDMF)
& 12-methyltridecanal Z B E R &K FF 5-p5r & U THM L7z 2. B CERAERE (tallowy) ,
FARE (beef-like) DFEMA 295 12-methyltridecanal (%, MhoORFE (B, K, #H) »
SBIXIZE A ERHEENZ2NZ E0 D, FROBEERFMERR D EEX LN TN,
—77, BARNIEIED SO OF KB LTI D 70y, T E TIZE SO
MBI DD, ZHE TOMEND, FFOBNL I ZRRT D 72DICITH RN EHE
Thh, TOEUIFHFEDOSRME (WORRSM, B TORESRMNRLE) TERSh
D2 EIMHIBDNT IR o7 19404440 UL, ZORHEE AT DB IIART I 53

%<, REZOBWLEICHEET ZEFEXD OREIZITE > TH7w.

1.6 RBFFED B & B

Edo X 2 IcF—ARLFNAFE LM T RMNT, WERBMOPELZZ T TR
ZRRIEDEATEY, HRICBH L EEREROMNARD TS, Zih
DIREDIRRNZ BN T, F—=ALFRNOEXUTRS OME L /EA T 2 BELERNTH
D, BAIENRE L, omkiER a2l T E MG T 5 2 Lo RE R EoTs
HORHEERERTH D, BIFENE < mflaEm 2l 72 &K MG L7285 % B
BT DI0ILE, D EST 7 v MR £ 0 2L &z @k e JFE O A3 2 R
722Kz LD RINCEIR T 5 HIEORENLETHY, TOESIT L5 EHRR
JFRLOFERF Gy E XN OREEZALNCT L ERHDH. L, HBERHFGK
oy E NS ORBEICIIARHARE S NN T2, F— AR A HEE L2 T A IR
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HHND, BIENRE L, DomkEn A T ERORE B RMIITHO TN D
A E=1AL AN

T, ABFETIE, LVEROENTET AR ZTHE LM TREMAEIED
FTIeO DRI A 2G5 72012, ADMEST T FMuls &0 Zhifk S hicmk
RIFEIOMRE L LT, BSNTZTF =AM PEOFERF G EHRRL, T bhb
FLH U 72 R0 72 BF XK CTh D 08 7 V7 & REIZOWT, BFRRHE EFHEE -
THRPEDfEIR 2 77 T

ARIWLIE B ENH > TND. 2B TIEMMBEDHWEREM Th 5T — X
ICEBRL, ETRREDORRL I —FF—AOFLXRS IR L, Bkic k5 EFRE
TRAZ BT % iy O 237z, IRWNT, BRI K VIS 5 2 & Zffesl L 7o oy g
TAT e REIZOWT, HxRfHOTF 27 VF—XEHANT, TFa2T7L1F—X
BT D Z O R R L.

BETITEHMEN BV EMREM TH L FIZER Lc, FIZiTBWnW L SICEER
FBAOFEOVDRDHY, TOFYNERT HRMFITHEHINA TN DD, FERFGMY
IZOWTIEAB RGN Z V. 22T, FMFLMAFOFRIA KT S LT, do
FrE O 23272, & 51, Guth b Ik > TRLEZ4RN L A Sh, BT
FREEDFER & Fi> 12-methyltridecanal (25T, FI4EFRUCIIT 2 % EI D fRIA %2 3 20
7z

4ETIE, FREBICHAWON D FIEREFERTH LA & 0 &, SR 4R
DRBRIZKIFETHELEZ, TNETNOFERUCE END T —oFLICER L TEREZIT
Sl FPTREOEZR LM GER, B, R 2 AW TREES T 2 L7z, kv
T, EOFRHERT &, PR OFHEE RS Td 5 12-methyltridecanal DA AAEM %2, F Y
OWIR, Ml M OBLE TR L.

SETIH2E, 3ERBLM4ETHLNIBRARIE L.
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FowE R LT FaIVF—AFRUTBT D0 EHT VT & FORPEICE
BRI

HFEOARIZBITDLF—AOHEERIE, 7T 27 VF—ARTevXAF—X% LF

S>THEY, TFa2INVF—XIERANCHEREMLCRDSOHL. TFaTLF—
RIFFERCRIEIC L 0 k2 REENH Y, ZNODORKLEZE THDH. ~N—F k&
N= REA TG INDA—FF =R F o X —F—XL, BRIZBITLHTFF a7
NF—=ZXDERERTHY, TOHTHL 7 vDODRN~ ANV RpEKERET DI —FF—
2, MOAEEENRZ BRANIE BB LENLTVWDI T T2 IALTF—XLEFRXD
(Figure 1.2-2) .

T—HF =L, AR TREZRTCREINIRENRT—AThHD. BBE=T—4
F—ADRERZHIZ & > T THERIE TR TH Y, FERESEV R ERFAD
JEBRDSTERL S0, OB BT 5. —MRIZ, F—& F— X OZARIRIEE0A E 7
51HLUECES DL H Y, YRR M TRMBR SN mRE PR F—FF—X
AP O R O ERBM TH 5.

FF 2T NF—=AORKE TR T DEFEXETITOVTIE, ZLOMERDHY, Zi
¥ TIZT AEDA 72 &£ GC-O DFEE MW Tk A4 e F— A DEFR TGy et S i, £
< DEERRVA ST/ o TG 1619825278383 8L, I—F F— (B
HRFFEHNE D72 <, BRDEGRTITONTOME 749 135 50, JBKEEKT S b
I ODEERBERETHILIBFXAFGRSIFAHTHD. SHIZ, F—XORRITL -
THERT DERLTICONWTIL, BEST MU, 7407k N, = ATV, 77
NHE, Ta—)VHE, SRk E, 77 U, 7 VU ES < O DS
ERTNG 90 L, BRiC &k 5 F— XFR S Db Z GC-O TEEMICHE L
THNRIEE A ERLS, A=FF—XLZOHITITZR.
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AETI, R LT IT— X F—ZAOFRUCHET DR OYEIRIT AEDA O Fik%
W, TZTHL LR Te A== R EFEREAT D 0BHT VT B REO12-
methyltridecanal & € OFIRAEIZONT, TF 2 7LF—XORRE & & HBEORILE,

SIGEET VT e RO & FREORELE, S DICRIBEMRIZ OV TRHRE L7z,
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21 AR LT —FF—XZEENDH LWERE G K57 “12-methyltridecanal & & D

Fki O R E

FeR L7e X 91L, F—FF— XZRMHPITRA OFLRINER S AURK R 2T 5 03
ZZICHFEGTHEREDICONTITbn-o T e, REITIE, BREORR D I—
K F—R%&HWT AEDAJEIZ LY, BARIC L 5 EFEREICBE 53 2k 2 i3 % &
EHIT, ZOWRE TR L7087 V7 & FEE“12-methyltridecanal & % OFEZILIC

DNWT, T—=FF =BT L EARFEIZ OV THRE L7z,

211  EBHIE
2.1.1.1 F— X3k

SHBOMMEMD R D T —L 24 TF =X M LIz, Eii 10°C, E 80~
0% DG TR (4-5 7 H) Bk, T (12-13 B ) 2k, B (2223 T H) 2

RLIEF =R ARIAEER T 7 — L KD IA L.

2.1.1.2 3K
ethyl butyrate, ethyl isovalerate, ethyl valerate, ethyl hexanoate, diethyl trisulfide, acetic
acid, 2-isopropyl-3-methoxypyrazine, methional, 2-isobutyl-3-methoxypyrazine, butyric acid,
isovaleric acid, pentanoic acid, hexanoic acid, 4-hydroxy-2,5-dimethyl-3(2H)-furanone
(HDMF), octanoic acid, ethyl cinnamate, 4-decanolide, 3-hydroxy-4,5-dimethyl-2(5H)-
furanone, 5-decanolide, decanoic acid, 4-dodecanolide, dodecanoic acid, methyl nonanoate,
undecanal, dodecanal, tridecanal, tetradecanal (%A FALRIRNSFE X VW IEAL 72,
pentadecanal,, hexadecanal (3T 7 7 A4 7 X 7 BRA =L VA L7z, 2-ethyl-3,5-
dimethylpyrazine, 2,3-diethyl-5-methylpyrazine, methyl 2-methyl-3-furyl disulfide, 4-hydroxy-
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2(or5)-ethyl-5(or2)-methyl-3(2H)-furanone (HEMF), phenylacetic acid, 3-phenylpropionic
acid [T 7 ~7 /W R v F P N LD EEA LTz, (2)-6-dodecen-4-olide 3 R.C.Treatt X
DA LT

3-methyl-2,4-nonanedione®) & 8-methyldecanal®® | SLHRFLHE O FIETHRK L. AAkL
T AEAIT~ A AR by & RPUICEVFRGE LT,

3-methyl-2,4-nonanedione. MS/EI m/z (%): 170 (4, M+), 152 (1), 114 (5), 99 (66), 72 (16),
71 (30), 57 (8), 55 (11), 43 (100); RIpp.wax=1728, RIpp.1=1217.

8-methyldecanal. MS/EI m/z (%): 123 (52), 97 (35), 95 (47), 81 (87), 70 (76), 67 (49), 57
(100), 55 (90), 41 (80); RIpp-1=1258.

10-methylundecanal, 11-methyldodecanal, 12-methyltridecanal , 13-methyltetradecanal,
14-methylpentadecanal, 10-methyldodecenal, ¥ J U8 12-methyltetradecanal, %, SCHEARL
W VDO TEESEIZEK LIz, T22 L, & TREOBRLKSIE 4-benzoyloxy-2,2,6,6,-
tetramethylpiperidine-N-oxide (BzZOTEMPO) D1V 1T, 2,2,6,6,-tetramethylpiperidine-N-
oxide (TEMPO) ZHWTEHK LIz, T72bbL, MIET D 0T uET NI U BRET V&
JEEHZH, 70 =% — A v TV o T SETA YT AR T IVETILT
YTAI TN BT IVEGIE, KR EA 2-A X hFY) TAI =T A
T U YA E DT v a— U k~ETE, IRWT TEMPO MAEIC XY BRI E 57 0T
t & &R L7= (Figure 2.1-1, Figure2.1-2). &% L7 id~ A A~ b L & B

g 227 KL (NMR) TRIE L.

)\/MgBr
CuBr, NMP, THF SMEAH, THF
Br ™R CcoEt ———— NCO,Et ——————>

TEMPO, KBr, NaHCO3

WOH cheCh
—
n n CHO

n=45,6,78

Figure 2.1-1 Synthesis of iso-methyl branched aldehydes.

30



\)VMgBr

CuBr, NMP, THF ‘ SMEAH, THF

Br MR COEt ————» S Sqcoe —————>

TEMPO, KBr, NaHCO3

\)\/\M/VOH chaClz ‘
%
n SN cHO

n=>5y7

Figure 2.1-2 Synthesis of anteiso-methyl branched aldehydes.

10-methylundecanal. MS/EI m/z (%): 184 (0.1, M+), 95 (48), 82 (78), 81 (48), 69 (58), 57
(100), 56 (59), 55 (63), 43 (79), 41 (68) ; 3C NMR (100 MHz, CDCl; ) § ppm: 22.09, 22.63%2,
27.35, 27.95, 29.17, 29.34, 29.44, 29.82, 39.01, 43.91, 202.93; 'H NMR (400 MHz, CDCls ) &
ppm 0.84 (6H, d, J=6.8 Hz), 1.08-1.17 (2H, m), 1.21-1.34 (10H, m), 1.44-1.54 (1H, m), 1.56-
1.66 (2H, m), 2.40 (2H, dt, J=7.4 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).

11-methyldodecanal. MS/EI m/z (%): 198 (0.1, M+), 96 (51), 95 (51), 82 (78), 69 (60), 57
(100), 56 (54), 55 (63), 43 (78), 41 (65) ; 3C NMR (100 MHz, CDCls ) § ppm: 22.09, 22.64x2,
27.37, 27.96, 29.16, 29.35, 29.42, 29.56, 29.88, 39.03, 43.91, 202.95; 'H NMR (400 MHz,
CDCls ) § ppm 0.84 (6H, d, J=6.8 Hz), 1.08-1.17 (2H, m), 1.21-1.34 (12H, m), 1.44-1.54 (1H,
m), 1.56-1.66 (2H, m), 2.40 (2H, dt, J=7.4 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0H2).

12-methyltrideccanal. MS/EI m/z (%): 212 (0.2, M+), 96 (51), 95 (54), 82 (87), 69 (61), 57
(100), 56 (53), 55 (64), 43 (82), 41 (66) ; 3C NMR (100 MHz, CDCls ) & ppm: 22.10, 22.65%2,
27.39,27.96,29.17,29.34,29.42, 29.57, 29.65,29.91, 39.05, 43.91, 202.91; *H NMR (400 MHz,
CDCls ) § ppm 0.84 (6H, d, J=6.8 Hz), 1.07-1.17 (2H, m), 1.21-1.34 (12H, m), 1.45-1.54 (1H,
m), 1.56-1.66 (2H, m), 2.40 (2H, dt, J=7.4 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).

13-methyltetradecanal. MS/EI m/z (%): 226 (0.2, M+), 96 (58), 95 (53), 82 (89), 69 (60), 57
(100), 56 (51), 55 (65), 43 (84), 41 (65) ; 3C NMR (100 MHz, CDCl; ) § ppm: 22.10, 2.65x2,

27.40, 27.97, 29.17, 29.35, 29.42, 29.58, 29.63, 29.68, 29.92, 39.06, 43.92, 202.92; 'H NMR
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(400 MHz, CDCl3) & ppm 0.84 (6H, d, J=6.8 Hz), 1.08-1.17 (2H, m), 1.21-1.34 (16H, m), 1.44-
1.54 (1H, m), 1.56-1.66 (2H, m), 2.40 (2H, dt, J=7.4Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).
14-methylpentadecanal. MS/EI m/z (%): 240 (0.3, M+), 96 (60), 95 (52), 83 (53), 82 (93), 69
(59), 57 (100), 55 (65), 43 (82), 41 (65) ; *C NMR (100 MHz, CDCl; ) § ppm: 22.10, 2.65%2,
27.41, 27.97, 29.17, 29.35, 29.42, 29.57, 29.63, 29.65, 29.70, 29.93, 39.06, 43.92, 202.92; 'H
NMR (400 MHz, CDCl3 ) 6 ppm 0.84 (6H, d, J=6.6 Hz), 1.08-1.17 (2H, m), 1.21-1.34 (18H, m),
1.44-1.54 (1H, m), 1.56-1.66 (2H, m), 2.40 (2H, dt, J=7.4 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).
10-methyldodecanal. MS/EI m/z (%): 198 (0.2, M+), 95 (85), 83 (53), 82 (57), 81 (57), 70
(82), 69 (57), 57 (100), 55 (71), 41 (72) ; *C NMR (100 MHz, CDCl3 ) & ppm: 11.39, 19.21,
22.09,27.05,29.17,29.35,29.45,29.48,29.91, 34.39, 36.60, 43.92, 202.93; *H NMR (400 MHz,
CDCl3) 6 ppm 0.82 (3H, d, J=6.4 Hz), 0.83 (3H, t, J=7.2 Hz),1.01-1.14 (2H, m), 1.16-1.35 (13H,
m), 1.55-1.65 (2H, m), 2.40 (2H, dt, J=7.2 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).
12-methyltetradecanal. MS/EI m/z (%): 226 (0.3, M+), 95 (72), 83 (58), 82 (64), 81 (55), 70
(83), 57 (100), 55 (75), 43 (56), 41 (68) ; *C NMR (100 MHz, CDCl3 ) & ppm: 11.40, 19.22,
20.92, 27.09, 29.17, 29.35, 29.42, 29.49, 29.58, 29.66, 29.99, 34.40, 36.63, 43.92, 202.95; 'H
NMR (400 MHz, CDCl3) 6 ppm 0.83 (3H, t, J=7.2 Hz),1.01-1.14 (2H, m), 1.16-1.36 (17H, m),

1.53-1.65 (2H, m), 2.40 (2H, dt, J=7.2 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).

F—XOFZMHEIL, BALETEA LT — XD BOREKEINZ 2%
HHETAZ U —RICL7ZRIC, BAICIEMLER A L. 8ALF—X (20g)
&K (6mL) #MA TESIRBETAZ YV —RIZLEF—RZPZFrz=—T /1 (50
mL) ZAiz, MULIRE 5 LTHERMS 2 Lk, & 0o8 (1811 G, 15 min,

C) CTEESZRWNT Y= F Az —T VK 21572, BARET Y 7 L THoK
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L, WEIEYEYE (methyl nonanoate, 50ng) %N, SAFE"Y (5x103Pa, 40°C) (Z
TARERMER D ZRE, V=T Lo —T VEXMMREZ DB L. B0 a8
ML, B—F Y —x R L—%— (550 mmHg, 35°C), KW CTEBLIRTEM L (8

100 pL) .

2.1.1.4 FAITRIGE D 7= DL S DIEHE

WEELZRDOREDT-O, BB (2224 B A) By LizF—X (240 g) &
T, 2113 TR LUIEGiEZ#VIRL, FRRMEY (R 150 L) 21572, Z ok (50
ul) Z¥7mu A&y (40mL) CTHRL, fafimigAkET FY 7 A (50mLx2 @) T
FR A BRN T2, fafnediik G0mLx2 Bl) T L. Y ruux 2 g (b - ik
50) X MAKAREE S U 7 ATRIKE, m—& Y —x /R L— 4 — (550 mmHg, 35°C),

SRR TR L7z (K9 100 uL) . #F b /o - HErEmsy (R 50 ul) (XU 7

i
H

Y

VT hrma< 777 40— (15C, 20ecm x 0.7 cmi.d., Wakogel C-200, 5g, Fnythl
SR 1L, n-Xv & B30mL, HiGy A), n-XU X /YT —F )0 (30 mL,
10+ 1, v/v, BE43T B), n-Xv &/ F)xz—7, (30 mL, 10 +2, v/iv, E45 C),
n-XUH )2 F e —T0 30mL, 1+1, viv, B4 D), Bz Filro—7/L
(30mL, M5y E) THEKEBRA L7z, TR N0y ETr—4 ) —x /SR L —X— (550

mmHg, 35°C), W\ TERRIE TIEAM L7 (5100 pL).

2.1.15 BB IO T LT v FEOE B E KN Ok

BRI O F— AP OJIEEET VT & REERT 572012, 7—X (20g), Z&#
K (6mL), Y=F )L=—7/L (50mL) 35X ONHEELEY'E (methyl nonanoate, 50 ng)
ZHWT 2.1.1.3 OFETHE L -EFKEMREY (R100pL) 2227 v A% (20 mL)
THMRL, 2.1.1.4 OFFETHM - BN 21572 (K 100 ul). 15 biuic itk - A
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MESE, YUV BTNI T A e~ 7T 7 40— (15C, 20cm x 0.7 cmid.,, Wakogel
C-200, 5g, FUEfidEdd) (CCorm - R L7z, n-Xr % 30mL) Zyi L7tk 7
AT b REZ Gy % n-_Xr ¥ /T —F )L 30mL, 10+1, v/v) (& CTEH
L, 2—#% U —x 5K —%— (550 mmHg, 35°C), RW\CTZEHERI CTHEM L (1

100 pL) .

2.1.1.6 Gas Chromatography-Olfactometry  (GC-O)

DB-WAX 77 7 A TCTOSEME ; GC RO OIZIChB WS EE LB L, WHIh
EESES Rl Lz, ISRV EEE IR DIEH T A FELRR Y O 25 <
THUARye—%—TIREL, 528 100 mL/min O LSk z28E U, EEk
LI TomY Th 5. HiE: Agilent 8L 6850 WA/ v~ NI 7 &AL
72. H7 2 :DB-WAX (30mx0.25mmid., FEE 0.25um, Agilent f:H). 4 —7 iR
F£ :40°C~210C (5C/min). ¥ ¥ U T —H A : ~U A (§iEE : 0.9 mL/min). AL :
A7) v FURTEA. HEARIRE 1 250°C. RBHEAR : 1pl. s BGEEE R
% (TCD, 230°C).

DB-1 1 7 LA COSM 5 8 - IZBW0WnE 27 A (ODP3, Gerstel #1:8) 2254 L
7c Agilent #:8 6890N WA/ v~ 7T T7&MH L. 772 :DB-1 (30 m x 0.25
mmi.d., & 0.25um, Agilent fE#). A —7 AR : 40C~210C (5C/min). ¥ U
T—=HA :~V A (Fid : 1.0mL/min). 7 FEAEE: 27U v b L ATEAN. HEARRE
250C. FEHEAE : 1uL. BtgEs  KFERA A g (FID, 250°C). ODP3 (% 250°C

THEHL, 77 AHEBOICTFID &4 L7~ (FID : ODP3=1 : 10).

2.1.1.7 Gas Chromatography-Mass Spectrometry  (GC-MS)
GC-MS [FLL T DHEER L OFKMETIT o 2.
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RE . A7 v~ 87T 7% Agilent t15 7890N, B EAk H#wE Agilent 184 5975C
ZEEH L7=. #F2. : DB-WAX (60 m x 0.25 mm i.d., JEE 0.25 um, Agilent #:8) I
JO'DB-1 (30 m x 0.25 mm id., FEE 0.25 um, Agilent fH). A —7 R : /LR
RZAZFY » b L AFEAFRIZ 40C (holdtime: 1 min) ~230°C (3C/min). A7V v hE
AR 80°C~230°C (3C/min). v U7 —HA : ~U A (i : 1 mL/min). FEA
LSV ARRAT Y FUAFEAH D WVIATY » FEAL FEADRE : 250°C. 70k}
AR SV ARZZY » U AEARHLSpL. A7V v MEARHZ IuL (R 7Y >

NEE 30:1). EEMHHL A A ALEE 70eV, A A U PFIEE 150C.

2.1.1.8 FEFXMDYDEMN EE

A

2.1.1.3 TR L72F —AOFLEMDICE EN D FEFRKTIL, v AART b,
GCIZBIT AREFHEEQRD ZELOFNG LT 5 Z LI XV FEE L. ©&El,
methyl nonanoate % f W72 NEFEHEYRIC T, K aky & NEHEEME DV AR AT 7 7

X —% 1 & L THEHL, Total lon Chromatogram (TIC) O E'— 7 [HFEfE % FHV 7=,

2.1.1.9 Aroma Extract Dilution Analysis (AEDA)

2113 THB LT —XOFXEMREDIL, Y7 ana XX 0080 BEMICHIR LT
(45, 1615, 641%, .. 4845 . Zn oMK (1ul) % GC-OIZIEAL, HXRAH
%4y D FD-7 7 7 # —% AEDA OFETRIE LI, FHFRITD FD-7 7 7 Z—(L 3

& OFIE D 9 % 2 4L LA L= % 5 L7z,

2.1.1.10 HER GRS ORIE
FEREGRD DORIEIX~AALT ML, GC 2RI AHEERE (R) BXOEH%,
BB OZNL LT 52 Lk iToT-.
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2.1.1.11 ZplEgHds K ONRSE T V7 B NEOEME &

RFEH 11~16 DRFB L ODIEET LT B REIX, v AAXT bL, GCIZBITD
REHEE (RD) ZEMHOENADL LT HZ LTI VFEE L. E&EEIE, methyl
nonanoate % F U 7o NEBFEHEVLIC TR L, Selected Ion Monitoring (SIM) {2 THllE L
72 GC-MS O~ A7 v~ F7 7 A0 — 7 miEZ HvWiz., NEEEYEIZS T 54
DV ARN AT 77 & —%, FEEIZRA LSRN & NEIEEYE 2 GC-MS ]
EL, BYTHIHBRICTAA VL7 o~ M7 A0mEBHBLVIRE L. &

BICHW A A OEERE VAR AT 77 Z—%, Table 2.1-1 IZ;R L7 B T

HD.
Table 2.1-1 Selected ions and calibration factors used for quantification by SIM
No. Compound RI Se!ected Calibrartion
DB-Wax DB-1 ion factor
N11 undecanal 1605 1283 126 17.8
N12 dodecanal 1710 1285 82 55
N13 tridecanal 1815 1287 82 4.2
N14 tetradecanal 1921 1589 82 3.9
N15 pentadecanal 2027 1691 82 2.8
N16 hexadecanal 2141 1794 82 2.5
112 10-methylundecanal 1662 1350 82 4.5
113 11-methyldodecanal 1767 1452 82 4.3
114 12-methyliridecanal 1872 1558 82 3.4
115 13-methyltetradecanal 1978 1656 82 2.8
116 14-methylpentadecanal 2084 1757 82 2.3
A1l 8-methyldecanal 1574 1258 81 4.9
A13 10-methyldodecanal 1781 1458 70 4.2
Al15 12-methyltetradecanal 1992 1663 70 3.1
methyl nonanoate® 1501 1207 74 1.0

2 Internal standard
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2.12 FERBLOEBE
2.1.2.1 BAKIZ KL B A—FF— XD FEHEEFEL Sy DEAL
FTFaINTF—XFEFHELES, TORKITIAAZT D, 20w, EBRMEL
LT, BREDRLDHBERFICAFTELEE (ARE) OFT—F 44 TF—X
ZIER L. HWIELTEAEKEEZZ S BTEERTH 2 F —AOEFEXIRMED L, ~—A
MRIZLEF =NV TF NN —T )W X D8RI &, SAFE ZAa b7
ETHEL L 72, AR @E O MBWREZ b7z i L 72 B R[IRED I,
ARED R D4 T —H F— AOFRN e EFRE RSRFFL TR Y, BFRGT OHR

(O U 72 oA aoRl &l L7z

Table 2.1-2 Quantitative amount in different ripe stages of the Gouda cheeses

Quantitation amount (mg/kg)”

RI® Compound 4-5 12-13 22-23
months monhs months
986 2-pentanone — 0.2 0.3
1033 ethyl butyrate — — 0.8
1112 2-pentanol — — 0.2
1191 2-heptanone — 0.1 1.9
1235 ethyl hexanoate — 0.2 2.3
1296 acetoin 1.1 1.3 0.4
1316 2-heptanol — 0.1 0.2
1400 nonanal — — 0.1
1437 ethyl octanoate — 0.1 4.1
1443 acetic acid 16.7 28.1 20.3
1503 tetramethylpyrazine — — 0.3
1536 3,5-diethyl-2-methylpyrazine — — 0.4
1540 2,3-butanediol diastereomer 1 6.2 5.2 6.2
1545 propionic acid — — 0.9
1572 isobutyric acid 0.2 0.1 0.9
1576 2,3-butanediol diastereomer 2 6.1 4.1 7.0
1603 2-undecanone — — 0.7
1616 butyric acid 10.8 17.0 351.5
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(Table 2.1-2 continued)

1640 ethyl decanoate — 0.4 4.7
1673 isovaleric acid 0.4 — 4.2
1694 ethyl 9-decenoate — — 0.3
1740 pentanoic acid — — 55
1812 2-tridecanone — — 0.3
1846 hexanoic acid 2.6 5.9 258.0
1936 2-phenyl-2-butenal — — 0.3
1961 heptanoic acid — — 3.7
1977 5-octanolide 0.1 — —
2023 2-pentadecanone — — 0.1
2050 ethyl tetradecanoate — 0.2 0.6
2061 octanoic acid 0.9 1.7 113.2
2118 4-hydroxy-5-methyl-3(2H )-furanone 0.2 0.1 —
2181 nonanoic acid — — 15
2204 5-decanolide 0.4 0.4 0.4
2258 ethyl hexadecanoate — — 0.1
2269 lactic acid — 0.1 2.3
2274 decanoic acid 1.0 1.7 69.5
2339 9-decenoic acid — 0.1 6.8
2383 4-dodecanolide — — 0.2
2389 undecanoic acid — — 0.4
2438 5-dodecanolide 0.2 0.3 0.2
2482 ethyl (Z )-9-octadecenoate — — 0.2
2489 dodecanoic acid 0.4 0.5 16.2
2627 phenylacetic acid — — 0.3
2668 5-tetradecanolide — — 0.2
2709 tetradecanoic acid 0.1 0.3 8.0
2932 hexadecanoic acid — — 2.4

TOTAL 47.3 68.6 898.4

— :<0.1 mg/kg

2 Retention index on DB-WAX column (60 m x 0.25 mm i.d.. coated with a 0.25 um film)
observed from GC-MS.

b Quantitation amounts are calculated by using 1 as calibration factor.

B O D A=A F— R ZEEND TERFEZMS % GC-MS THu# L 7=k

B, BER OREITAMBEAEWIZEEML, &b EH (22-23 7 AH) Ak

A

DMBEREIIMD TEL N N2> 7- (Table 2.1-2). L2L, 2 TOEILS D —
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FRIZHIN 2 017 Tid7e <, 72 2 $ (5-octanolide, 5-decanolide, 5-dodecanolide)
<° 2,3-butanediol ¥IIEH EOLEEM/NE <, 4-hydroxy-5-methyl-3(2H)-furanone X%,
HHNEL 722 LT 2HANRRBD o7z, ZULIEFFEETHLIILICE EFN TV
PRIy BB, RO EEZ TR EHEESND.

— 4, NV 7 U &I A ROIMKGHRIZ LD AU &3 2 65 iENEEHA (butyric acid,
hexanoic acid, octanoic acid, decanoic acid, dodecanoic acid, tetradecanoic acid) <% 41
BDOTZATNALIZE VA LT EF 2 BiIvDH = A7 VFH (ethyl butyrate, ethyl hexanoate,
ethyl octanoate, ethyl decanoate) 2/, AF /L4 k% (2-pentanone, 2-heptanone,
2-undecanone , 2-tridecanone ) <>t 7 ¥ > i (tetramethylpyrazine , 3,5-diethyl-2-
methylpyrazine) 72 & DOFXITIE, RHIH AR W ESHES NS 2 m 2378
bivle. THHORERIE, T—FF— XD L 2 FKS DEALS LI Bk
T oM ERRTTIZAE L DRICKAITE, BEOREN LY REWZ L2/RL T
5.

ARFTOF —ADEFEVITIZEAEEELNRVD, HDLNITHEFICHNEDTH D
D, BEPSERIZERNEY AT 5. ZhUE, T REBET ARERTAELE
W, 780, BREIOMAY, HoOWVETBICE Y EL, FRS N ERT
LI THDZENMBILTND (Table 2.1-3) . 372bb, LOZAEIETH
LHEA L, TuT T =B EOBRLIMER EDWMEMIZ L T, XTF R
T BRI, S OITAEDSBIC L o TELEWSe, HHBIEGHE~L
frEid. BEIZY N—BREOBERIC KL > TENEE, 7 Mg, EiIcofsh, &
DIZERWAEMIZ L S TAFAT Ny, T7 MURERT D, F— X ORERESY &
LTEDRnb o0 (B %~1%A50), L7 = U ITHRBE R & OMAEWIC X -
THEER diacetyl, acetoin, ethanol 72 ENAERLT 5. I BT, 7/ BEFTENHEUC
LoTAAL T = FRIENEZ Y BT VAT 7 VB ER L, JEIIER & ethanol 725
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T AT VBN ERRT D Z LR BTN D 83950,

Table 2.1-3 Flavor compounds generated from the 3 principal milk constituents during ripening

of cheese”
Casein Milk fat Lactose & Citrate
Peptides Fatty acids Lactate
Amino acids Keto acids Pyruvate
Acetic acid Methyl ketones Co,
Ammonia Lactones Diacetyl
Pyruvate Acetoin
Aldehydes 2,3-butandiol
Alcohols Acetaldehyde
Carboxylic acid Acetic acid
Sulfur compounds Ethanol

Fro, A= F—AORETRIL, BRELICABEAY —F—, RO CEALEEL
WINU TR LT B AL A Ol L CUbE: (I — ) 24 S w72%, g (hom—) ZHE
PR, FEFE, I, PARZRD 5. IMBE ORI, FLBEOAEMIZEY pH 2K T S
, MEAFTOMHRRALLZIEESEL BN TIThILS. b2, ABFEB kDA
X< B RIERD, BRRIZBW TS UV ESRL, XTF ROT 2 VBB EKRT S
e, ZHUHREBRESY & 70D 0. —TF, HEEE A X —Z —IZ K DNEN i & i
TeAFFETIE, AF—F —ITHWO N D AMBEINEE 0 fREER O X TR bR oT
ML LR b, F—XRUEIZBIT D AME I, LBRARKICLY pHEZK TS E LT
O, BRI D L CIREDOOIRICZET HREEDBEA LS.

FEEFERIL T OTTHO T, BROESWRSETIE EHIN L2 IEEEE, — X
THE, 7S MU, EIZVVEIE, WIS T XORRIC I D AT 52 &5
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NIy T o712 83950 L, BEXUICEWIITREN S L5720, S EHE
KRG DHBTF —ADEFELIZHE LTV D EIFR G20, $70bb, GC-MS TldiH
TERWMEZRNKD ThoTh, BECKRI D F—AOFRUICEE R 2 Bl
ZLEDBERINTVD ™. 2T, FERFRIT OB TR 2 H

AEDA |2 X B bk 2 5 A 7=

2.122 BRIZ L D I —=FF—=ZXDOEFRF LG DEAL

ARSI ORI D T— 24 4 7 F— XOFLIEMWIZ AEDA @M L7-#E%, FD
Ty HA—64 LLLED 38 B —J EBRIHL, I—FF—XDFY HBEL OFREFEHS
INHRD Z L AR LT (Table2.1-4). ZhbH38E—2D55H, GHEDE 10 L
SIZONTIETAARY FUVB IO RI KOV EZICEOEEFRESTHZ LN TEE
R, FRDREISN T BRI T iR I3 B DB MERIR G W e 72, AEDA ([ZHWe
BRI D GC-MS DI LD REIIREECTH 7. 22T, Bto&E (8 240 g)
O L THEREMYZHRL, SOIERICEEND WIVR L BEE REEKFET R
U LATERE, RWT, YUATNANAT AT~ NI T 74— ChHE - FRLTHE
53 % GC-0 B LT GC-MS THEX W G A 2 R Lc. TORAE, By B~ENDS
512 20 5y (12-methyltridecanal : 20 Z[R<) ZFEE, b LIIHETH LN TE
7. PEEGEIRRME OARWVE S B 205 1L A 7 /LS (ethyl butyrate : 1, ethylisovalerate : 2,
ethyl valerate : 3, ethyl hexanoate : 4, ethyl cinnamate : 25) % LKL LT F 0P R
N7 4R, HESy CmBIT 2 EOA NFUET UV, B4 D HIXT S hUE (4-
decanolide : 26, 5-decanoide : 28, 4-dodecanolide : 31, (Z)-6-dodecen-4-olide : 32) % 3
weEeLTT7T X LE T Y 8 (2-ethyl-3,5-dimetylpyrazine : 10, 2,3-diethyl-5-
metylpyrazine : 11) X°7 7 / VEHANPFEIE SN, THHD 9 5, methyl 2-methyl-3-furyl
disulfide (16), 3-methyl-2,4-nonanedine (17), ethyl cinnamate (25) %, A2 CTF—X
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MHEMO TR SN TEEFXKT Th 7.  methyl 2-methyl-3-furyl disulfide (16) DOFF
HWCTHDEHX I Kk (vitamine-like) &1, BX I V2B EIE S, FicE# IV Bl
THOLTT IV DY TH D EMETIROEF D 2R

5T, ARME ORI D 3FED A — X F—RTONT, K& DEFERF GRS D FD-
Ty 7 A= LIl TAH, TN—T 4 =& EAT D= AT VM (ethyl butyrate :
1, cthylhexanoate : 4), Ak, T vV, THROFMELAT LT P8 (2-isopropyl-
3-methoxypyrazine : 8, 2,3-diethyl-5-methylpyrazine : 11, 2-isobutyl-3-methyoxypyrazine :
12), BER A3 5 /LR U ERFE (butyric acid : 14, pentanoic acid : 18, hexanoic acid :
19, octanoic acid : 23, decanoicacid : 29, dodecanoicacid : 34), ¥ ¥ 7 A/VEROFH %
9 % 3-hydroxy-4,5-dimethyl-2(5H)-furanone (27) , &V % 4 3 5 4-dodecanolide (31)
& phenylacetic acid (37), Z L THFRKOER 2 A T DRIEIT W b 72> T2 il sy (20)
LTV = RF/REAT HRIEICNTE LR T2msr (30) D 16 By, PR HIRD
RS RDIZHENFD-7 7 7 Z — 3 TN LTz, 5lisy (20) DG TH % FRER (beef-
like) &1, BRALTEHFADIZBWERT. ZNODORDPAR LT —FTF—ADE:
MDTHBEREFERUITESEE L TWDH EEX NS, £ 2 CREICWZ LR o T2plsy

IZOWT EHICEECHMBTH 2 &ic L.
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Table 2.1-4 Potent odorants showing FD-factors (FD=64) in the different ripe stages of the

Gouda-type cheeses

log, (FD factor)
No. RI* Fraction’ Compound® Odor quality 4-5 12-13 22-23
months months months
1 1030 B ethyl butyrate fruity 1 3 6
2 1058 B ethylisovalerate® fruity 1 <1 3
3 1129 B ethyl valerate fruity <1 1 3
4 1233 B ethyl hexanoate fruity, sweet <1 3 5
5 1376 OA  dimethyl trisulfide putrid 1 <1 3
6 1417 OA  acetic acid sour 3 4 4
7 1429 B pea—like, bean sprout- 3 <1 <1
like
8 1433 C Z'BOprOpyl'e’f . pea-like 2 4 7
methoxypyrazine
9 1450 OA  methional green, potato-like <1 4 <1
2-ethyl-3,5-
10 1467 D dimethylpyrazine nutty 1 1 3
11 1496 D 2>detyrs nutty 4 1 4
methylpyrazine
2-isobutyl-3-
12 1526 C . earthy, musty 2 2 5
methoxypyrazine
13 1573 D green, mushroom-like <1 2 3
14 1616 OA  Dbutyric acid sour 5 6 8
15 1666 OA  isovaleric acid sweaty, rancid 4 3 5
methyl 2-methyl-3-furyl L
16 1666 B . de meaty, vitamine-like 2 <1 4
disulfide
3-methyl-2,4-
17 1720 B . de green, fatty 2 1 3
nonanedione
18 1734 OA  pentanoic acid sweaty, rancid 1 2 4
19 1843 OA  hexanoic acid sweaty, rancid 2 4 6
20 1867 B 12-methyltridecanal® beef-like 1 2 4
4-hydroxy-2,5-
21 2030 D  dimethyl-3(2H)- sweet, caramel-like 3 5 2
furanone®
22 2046 OA sweaty, rancid 3 3 4
23 2056 OA  octanoic acid sweaty, rancid <1 1 4
4-hydroxy-2(or5)-ethyl-
24 2062 D 5(or2)-methyl-3(2H)-  sweet, caramel-like 2 5 <1
furanone
25 2132 B ethyl cinnamate™® sweet, cinnamon-like <1 3 <1
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(Table 2.1-4 continued)

26

27

28
29
30
31
32
33
34

35

36
37
38

2149

2193

2198
2267
2330
2377
2400
2470
2480

2523

2543
2559
2624

D

D

OA
OA

4-decanolide

3-hydroxy-4,5-
dimethyl-2(5H )-
furanone®

5-decanolide
decanoic acid

4-dodecanolide

sweet, peach-like
sweet, caramel-like

sweet, lactone-like
sweaty, rancid
green, cucumber-like
sweet, lactone-like

(Z )-6-dodecen-4-olide sweet, lactone-like

dodecanoic acid

phenylacetic acid

sweet, lactone-like
sweaty, soapy

floral, sweet, powdery,

green, cherry-like
sweet, green, fatty,
lactone-like

sweet, honey-like

3-phenylpropionic acid® sweet, cinnamon-like

1
1

P N WO PEFEPE WO

1
3

W b w oo~ o

w

4
3

& Retention index on DB-Wax column (30 m X 0.25 mm i.d.; coated with a 0.25 um film) observed
for GC-O.

® Fraction in which most of the compound appeared. A-E, these frations were obtained by silica gel

column chromatigraphy; OA, overall volatile concentrate.

¢ The compound was identified by comparing with the reference substance on the basis of the following

criteria : retention index (R1) on stationary phases given in DB-Wax, mass spectra, and odor quality.

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

by comparing with the reference substance on the basis of the following criteria : retention index (R1)

on stationary phases given in DB-Wax and odor quality.
¢ Newly identified compounds in cheese.

" Odor quality assigned during AEDA.

2123 A= 42 A4 TFF—X|C

21231 F—X

BB L A= F—XDFXIT

B 2 HHE

BT D3I T LT & RO FFE

kg L

T2y DT, B —27 20 ORI, FREE W) =— T T

&Y

DRy ks L OFERRE D T A2 KD GC-O0 TBEf L& 2 A,

FEICHEE 2~ D 2 L

L.

Oz RET D20
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ICIRAE S AL TE Y (RIpp-wax=1867, Rlpp.1=1554), GC-MS IZ LV Z D~ A AT hL %
BHZENTE. &b, AUE WBIED T 5L FEIED T A ORFHEEDZE) B X
O U BTN T DIBT DB OEHRND, ZORSIEIREOEMT VT B R
ETPRENTZ. 61T, CERICEHE S VTV D IRFHERE 294 i, ZopntF—X
D> B IHTHLAL Y T D 12-methyltridecanal (20) S HEE L, Sk 2% 2B W DE %
AL, Rl (DB-Wax, DB-1), ¥AZ~Z hb, FRPEHEEML E =B L2 LTk
DVRIELT.

I HIZ, ZOHES B D GC-MS 7 — & ZFfMIC R~ 7%, 12-methyltridecanal & 55

UL Te~v AR PVERT O BREEEEND T &2 R L (Figure 2.1-3).

™ cHo /JT\4”\CHO N cHo
n-4 n-5 n-6
Nn: In: An:
Normal-aldehyde Iso-methyl-branched-aldehyde Anteiso-methyl-branched-aldehyde

(carbon range: n =11 - 16) (carbon range: n = 12— 16) (carbon number: n=11,13, 15)

112 113 114 115 116

(20)
All Al13 ALS

N14 l N1 N16

VL AL L

360 380 400 420 440 460 480 500 520 540
Time (min.)

N11 N12 N1

[d%]

Figure 2.1-3 Mass chromatogram of the volatile concentrate
(fraction B) of the Gouda cheese.
Nn: normal aldehyde (carbon range: n=11-16), In: iso-methyl branched aldehyde
(carbon range: n=12-16), An: anteiso-methyl branched aldehyde (the number of

carbon is 11, 13, and 15).
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INBORIE, FOYAARY MG, EHEEB X OIEEEM T LT e RRT
Iz, bbb, NII~NI6ITRFEN 11~16 OEHFI T LT & RE, 112~16
IXIRFBED 12~16 DA YV AF AT AT b R, All, Al3, AlS IZRFEEN 11, 13,
1507 T A AFAT AT NEEHIEL, TNZEhD Rl L AART FLBRE
i & —BT 52 L EER L. 2o OSSRt v e R, FRMNHO

WSS WHALODF —ANSITETH RS TH -7,

21232 F—FF—X|Z IIGEE T VT e REERLRR O Bk o 281k
12-methyltridecanal (20) @ FD-7 7 7 % —(%, BykIMNEL 72212 L7z > THY
ML7zZ s, T b OEHE XIS LT v RS FERIZ ARG 23 &
KBRDICLTEBR>THEMT L Z ERHEES N, 22T, ARHMORR D T—4F
—AMOTNT e FEOEHEELERL, TOME% Table 2.1-5 12F LD TR LTZ.
HIICEZWOIXESH T LT B RET, K CI2, Cl4, Cl6 DT LT b RO, 4l
$H7 VT B RTZU 12-methyltridecanal D& A & L RSENZF N ETH -T2 72, &
87 VT & KT, 4 Y AF LT IT B RO 12-methyltridecanal (2%, 7> 7 A
AF VT LT & RO 12-methyltetraecanal D& H &N LW LEAOVURS L. 2D X 91,
Krx DEHFEITERLRDH DD, 8-methyldecanal Z < WO T LT b R Bk
NELRDITHE>TEEENHEMLZ. LML, AEDA Tl 12-methyltridecanal (20)
LSMIRH S otz TOHERE LT, #ENREEOEWICE Y ThEnoBE

DR DAREMENRE I N, 22T, £7 407 8 REOBEICOW TR L.
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Table 2.1-5 Quantitative amount of normal and branched long-chain aliphatic aldehydes in

different stages of maturation of the Gouda cheeses

Quantitation amount (i g/kg)a

No. Compound
4-5months  12-13 months  22-23 months

N11  undecanal 2.7 2.9 3.6
N12  dodecanal 6.5 6.9 20.1
N13 tridecanal 3.3 4.0 15.0
N14  tetradecanal 7.3 9.5 30.5
N15 pentadecanal 4.5 6.1 11.9
N16 hexadecanal 9.2 13.9 23.6
112 10-methylundecanal 0.4 0.5 1.0
113 11-methyldodecanal 0.5 0.5 12.3
114  12-methyitridecanal (20) 6.8 10.3 49.5
115 13-methyltetradecanal 3.2 55 18.5
116  14-methylpentadecanal 0.8 2.0 3.2
All  8-methyldecanal 0.9 0.9 0.8
Al3  10-methyldodecanal 1.7 2.2 11.2
Al5  12-methyltetradecanal 7.8 12.0 38.3

 These amounts are the average of the triplicate results in the different cheese samples.
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22 FF 2TV F—XIZE Sy SE T VT B RO E RS

BT, BARANCRBLBLEN TWVWD T T aINLTF—AThDHI—XTFT—ADH
I EH G T OO EHE L, BRIC K VN 555 & LT, 12-methyltridecanal &
ZOERAETHD, ZHEONBHETAVTE FE (Y AFALBIOT VT A Y AT
DY E AT LT AT e R) ZRELE. ZRHOESE, FROFRES E LT
WE WIHLbDOD, F=ANbIIFHICAH SN THY, £z, F—XDHh
T I =L F—XIHEE ORI D, HDHVET F 2 TNV F =X I AFET DD,
SHIT, BB HETIZ LTeD > TEEDOIEEHT VT FEOEGAHBENHENT 5 &0
IBIRN, INK T TF a2V TF—A—RKICHEHA IN LM E I N2 ERHTH -T2,
ZZTARHEITIE, T—FTF—RXXVHICRAH LT VT e RED, FFa
FINTF—AFRICBT HFEEAONCT 52 L2 A, OREHT VT & FEO
i & BESSEFROGR, OO FF 27V F—XOREMAM & 3T VT & R
DERREEOBR, @FF 2T NTF—XBIT L5 T VT v REORIBEE, 25

L=,

22.1 EBITE
22.1.1 F— X7k

[EpE I — X F— X : 4-5 F7 A B, 12-13 7 A #ukdh, 22-23 7 H 8k % A IR A
EHZ7—AXVEALLE. EHEIETLY bF—X 4 AR, 24 7 AR %
=taF—XTHEARSHIVEA L. HETF =X —F—X 5 AR, 1570
HER S 2 BT — X THE (FR&EMC a—RLr—y=ay) T0BALE AT
FREA—FF— 02 AR, 5SERME, 7T AEA T AOP. : BEUIHEA
HObH D, 24 I HAMS ZRASHEA—F —F — XLV IEA Lz, BRI
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a7 AOPIE, EASCERNSG, TORHMEZ 24 I H K L HEE LT-.

2.2.1.2 R

undecanal, deodecanal, tridecanal, tetradecanal, methyl nonanoate | HU AL AR 21
L UIEA L7, pentadecanal, hexadecanal (X7 % 747 A7 AL VIEALT.

8-methyldecanal % 2.1.1.2 TER L7 H D% Wz,

10-methylundecanal, 11-methyldodecanal, 12-methyltridecanal , 13-methyltetradecanal,
14-methylpentadecanal, 10-methyldodecenal, 12-methyltetradecanal (% 2.1.1.2 THRL L 7=
H D% Wz, [AEEIC 9-methyldecanal , 9-methylundecanal, 11-methyltridecanal, 13-
methylpentadecanal & SCHRFLHL YD H{EAZ S BT, 2.1.1.2 IR LI FIETER L.
AR LT AT B RIZwARANNT bV EEREE I AN MV TRE L.

9-methyldecanal. MS/EI m/z (%): 170 (0.1, M), 82 (60), 81 (46), 69 (68), 57 (100), 56 (64),
55 (62), 43 (89), 41 (75) ; 3C NMR (100 MHz, CDCl; ) § ppm: 22.10, 22.63x2, 27.30, 27.94,
29.17, 29.37, 29.67, 38.98, 43.91, 202.91; 'H NMR (400 MHz, CDCl; ) § ppm 0.84 (6H, d,
J=6.8 Hz), 1.08-1.17 (2H, m), 1.21-1.34 (8H, m), 1.44-1.54 (1H, m), 1.56-1.66 (2H, m), 2.40
(2H, dt, J=7.4 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).

9-methylundecanal. MS/EI m/z (%): 184 (0.1, M+), 95 (72), 81 (68), 70 (74), 69 (63), 67 (45),
57 (100), 55 (69), 43 (50), 41 (73) ; '3C NMR (100 MHz, CDCl; ) § ppm: 11.38, 19.20, 22.10,
27.00, 29.17, 29.38, 29.47, 29.76, 34.37, 36.57, 43.91, 202.91; *H NMR (400 MHz, CDCl3 ) §
ppm 0.82 (3H, d, J=6.4 Hz), 0.83 (3H, t, J=7.2 HZ),1.01-1.14 (2H, m), 1.16-1.35 (11H, m), 1.55-
1.65 (2H, m), 2.40 (2H, dt, J=7.2 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0 Hz).

11-methyltridecanal. MS/ET m/z (%): 212 (0.3, M), 95 (74), 83 (65), 82 (61), 81 (57), 70
(81), 57 (100), 55 (76), 43 (53), 41 (79) ; 3C NMR (100 MHz, CDCl; )  ppm: 11.40, 19.22,

22.09, 27.07, 29.16, 29.35, 29.43, 29.49, 29.61, 29.97, 34.39, 36.62, 43.92, 202.96; 'H NMR
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(400 MHz, CDCls ) 5 ppm 0.82 (3H, d, J=6.4 Hz), 0.83 (3H, t, J=7.2 Hz),1.01-1.14 (2H, m),
1.16-1.35 (15H, m), 1.55-1.65 (2H, m), 2.40 (2H, dt, J=7.2 Hz, 2.0Hz), 9.74 (1H, t, J=2.0 Hz).

13-methylpentadecanal. MS/EI m/z (%): 240 (0.4, M+), 95 (69), 83 (59), 82 (68), 70 (84), 69
(59), 57 (100), 55 (72), 43 (57), 41 (66) ; '*C NMR (100 MHz, CDCls ) § ppm: 11.40, 19.22,
22.09,27.10,29.17, 29.35,29.42, 29.49, 29.58, 29.63, 29.69, 30.01, 34.40, 36.64, 43.92, 202.96;
'H NMR (400 MHz, CDCls ) 8 ppm 0.8 (3H, d, J=6.4 Hz), 0.83 (3H, t, J=7.2 Hz),1.01-1.14 (2H,
m), 1.16-1.35 (19H, m), 1.54-1.65 (2H, m), 2.40 (2H, dt, J=7.2 Hz, 2.0 Hz), 9.74 (1H, t, J=2.0

Hz).

2213 F—AFRICEGFENDHT /T & REOSH

F—AFRICEENDLT LT B REOmSE, 2.1.1.5 LR CHETHLE.

2.2.1.4 F—X[EERH & 5 HE

[HpE T —&F—X (12-13 7 H B OEIEE B 7L, SCRRELHE O J71E %2 25 12 all
L7, Thbb, BALLETF—X (1007g) ([c¥7maua XX /A X ) — VIR
(96 mL, 142, v/v) Nz, RNAT v 7 AIFH—T2 oML L, T — AR ETR
EPELZ. Zhig, Yzuau A&y 32mL) EARBEK 32mL) FIERMNZ % (%
NENEBM LTRSS TRAT v 7 A F % —% 2 ;pF0e), =008 (1811 G, 15
min, 5C) ([ZTREEZ RS NIFERMERZ /A, S 612, BT U U A2 THK
LI lR B O 2 e — 2 ) —Z N KL — & —, RWTT U — 4 —IZTREL
2RE WSy (3.70 g) E157-.

BoN-2REE S L, EREICEHB SN TEEZSEIL, T oy (HE

=i

MIIRE) &7 MRy (EAIEE) ([CaE Lz O 372bb, KigHio T2k
HE sy (3.70g) 7k by (40mL) EINZ, 30 0FFE L7z, 045um A7 T
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TANE—IZTC, TR NUAREESGE T B ORERSICOE L, S5, TR
VARSI =2 ) — a2 N R =2 —, RNVTERRMIC TR EE L. Uk
DEAEIZE Y, 7 iRl B.12g) &7 & M AREES (0.50g) 2457 (Figure
2.2-1).

Goudacheese 10.07 g

dichloromethane / methanol (1+1)

|

Solublefrac. 3.70 g Insoluble frac.
(Lipid) (Non-lipid)

rotein, sugar, etc.
acetone P ’ gar,

Solublefrac. 3.12 g Insolublefrac. 0.50 g

(Simplelipid) (Complex lipid)
glycerol ester, phospholipid,
sterol ester, etc. glycolipid, etc.

Figure 2.2-1 Fractionation of Gouda cheese and its lipid.

2.2.1.5 FRIKGIFRIZ X 2 HEs I 7 L7 & R OFHERL

FRIZE T DREONIEEH T LT v ROFIBKEIT, I XA~vu—F 0 Thy, Al
B DML TSN 7 VT e RENET D 29, 22T, F— XORIRE S 4A & Rk
T T A~vua =7 ThndEMEL, LATOHETEBINKSHELZ.

F—ZX (1.0g) &, F—X10gMHADOHRIEEE Sy, T 70bb, 2EEE S (037g),
EIREOT & b REm S (0.32g), BLOREES (0.05g) % ZEILEENINK iR
L, FEET 20887 V7 v REAZENL L72.  IN-HCl (50mL) (2538 7= (38R L
feF—RELOKE S %, IBGETR () 100°CIC T 1 RFRIBIGHIZ, KIS CTHREAD
%, V&8O 10N-NaOH Z M2 T7 A U PEE LTERONED G, EBEL =T VT & N
- TR L7 Q0mLx2 Bl) . RWT, SriggH 7 VT b MEEE S AHiRIC
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WEEEEY)'E (methyl nonanoate, 5pg) ZRANIL, MEKRFEEET NV U A THilg%, v —
2 Y —x /R L—4&— (550 mmHg, 35 °C), & HIZERXIRIC THEEZE L L, £ 200

WL E T L7

2.2.1.6 GC-O

GC-O1%2.1.1.6 IZ7#& L7~ DB-1 1 7 LA TOLEETHIE LT-.

2.2.1.7 GC-MS
E . A7 m~< N7 T 7% Agilent #18¢ 7890N, ' Eif HH47 1T Agilent t154 5975C
ZREA L. B 72 DB-WAX (60 m x 0.25 mm i.d., f5/E 0.25 um, Agilent #:8)
JO'DB-1 (30 m x 0.25 mm id., FEE 0.25 um, Agilent {H). A —7 R : LR
RAZ Y » h L AEAREZ 40°C (hold time : 1 min) ~230°C (3°C/min). A7V v ik
AL 80°C~230C (3C/min). ¥+ U7 —HA : ~U A (F#E : | mL/min). JEA
LSV ARAT Y FUAFEAH D WVTATY » MEA. FEADRE : 250°C. #7k}
HEAE : 7NV ARRATY » MU RAFEARHI SuL. A7 Y » RMEARFHI 1pL (A 7Y »

NEE 30:1). BHEMHES : A A4 AVEIE 70eV, A A IRIEE 150C.

2.2.1.8 BAEDOHIE ik
SIS T LT e REOKAIZIS T 5 BfEIE, Ullich H D515 V&2 SB THIE L.
Tebb, REEMONTEEDE (KAHOBEN 2.7ng/L Toh 5 (E)-2-decenal®?) &
DT VT e NEAE G Y 7 ma XX R E, BRI 2 5oL, K,
2.2.1.6 IZFLHI L 72 GC-O OB THRE L, &I OER LM TE D ARG ELZ K
Dz (FHHRERIL, 3ADASRY A DO H, 2 NULEREFREEK O B2 L),

Truana AL WRICEBIT D ERORE ERIRGEEND, AU TE KD O RIE %
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R 7. 355y O B fiE= (P EAEAEY B 0O B <45 Bl 53 O 1 FE < N ER AR YE M B oD Aiv IR %)
/ (NEBEE I O i BE x5 5oy D ARG 3R) .

22.1.9 S3IEEET VT b REO EMEERE

ISR T VT B REEIX 2.1.1.11 LRI FECEEEEXIT- 7.

222 fHRBIUOHEE
22.2.1 SIS V7 v REEOREE & BIECAE R O BIR

A—HF =LY, RFEF12~16 DA VY AF AT AT E R, BLOREL 11, 13,
ISOT VT AV AFATATE RERHLE., LrL, TNHORIEEHT VT RiE
DOHFT, I—FF =X TEWTGEEZ R LIZDNRFEE 14 DAY AF LT LT E
R T& % 12-methyltridecanal DA TH 722 L5, £ 4 OAIEET VT & RIZHEEIL
T MEIEE FFORRIR CTHDICHEDL LT, T b OBIMEITRE < B/ 5 rRetENE 2
b, 22T, REL U B 16 DAV AFATATER, ToT7A Y AFLT )V
TE R, BIOESHMAMT LT e ROKHMIZBIT2BEEZREL, ST LT e R
HORE & BIEOBIRZ I 52N Lz,

BLRRNZ LT, g7 VT v REOBEOZEE)T, BEHEHT7 L7 v FMEE 2L
Wi H B — %R LT (Figure2.2-2). BHEET V7 v REOBIEIXRELOHEME &
BIZEFLEEDIZHL, £ VATFABIRT U TA VY AFAT AT E ROBEEIZE b

(CHRFEEL 14 THRBIRVMEZ R U, 2 ORIEITRFELN 1| D82 D LA 1065 LA L.
DI, RFEK 12~14 OFFE T, DESHONE LBEICRE S EEL, 4 Y AT
TAT e ROBMIEI, ST HREHROT T A AFLT LT E RO EERT
10 fFIRVMETH 72, ZOFRRND, HIEEHT VT v FOBMEIL, FEDRFHT
RANETRY, BT, SIEEHONEICS REREELZTLEVWOIREEFET L L
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Nhroiz.

COLIICHEE L EEE AT DRBEERTH Y 2035, REHOEIZ L > TR
WRELSEML, FFEORBH ChR/MEL 72 ILEMREIZOWTIE, BRICE SO
SHEIND D, Fl 20X, SEFEME %2 A9 D 4-mercapto-2-alkanone & 4-acetylthio-2-alkanone
OREIE, R-KES)-ROWT G, BIENKEHE 8, BEDREH 7 TRLEVME
EARTIENRRESINTND D, X5IZ,  trans-4,5-epoxy-(E)-2-alkenal OREME I, &
FH10 THROBMWMEZ RS Z L BHE SN TN D . Polster © DOWFSETIL, 44 sy
DT NI FA—VED 3 WockE &, BEICHBERS D Z L2 BEHL, 51 0E
THEEL D AR ENBEICEEL TV D EHEEL TV D 9. ARSI T VT
E REICBWTYH, REFOE SR, AFILEOMNBEBOENCTHRMENARKE S B D2

EMB, S ONMEEEPBEICEEL TWDH LT H0UlhTIEL LEADND.

10000
—e—1Is0 A
1000 —B- Anteiso
= --4- Normal
[3+]
< 100
(@)
=
S 10
o
s A
g
=
— 1
]
E=)
o
0.1
0.01

11 12 13 14 15 16
Number of carbon atoms

Figure 2.2-2 Comparison of odor thresholds of homologous iso-methyl-(e),

anteiso-methyl-(m), and normal-aldehydes( A ).
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B, —HEOGIEHEHT LT v NI, REBICK > THRERLT TRIEFMLKRE
<AL LT- (Table22-1). A Y AFATATER, TUoTA IV AFLTALTE R,
THNOZEEH T VT v MES, KIS T 2FME, KRIBFEOEMIZE bR, b
7 ARRING, FRBRERT, ZTVRRICE L. Thbb, KHICKT D REEMK
RBDRFHTIE, —HONBEET VT v FEIL, FRBEOFRE AT L2 E0HL
Wil ol £, TUVTAYAFATATE RORLBEEOKV Cl4 @ 11-
methyltridecanal [ZF— AFLFUITHRE S NT, £D72H AEDA T 12-methyltridecanal
DHNEEFRML T E L TRESNTZZ ERbhoi.

U EDORERIY, HEEROSEHET VT v RPFEET 2 RINCRROEEATE T — 5 F
— ADFXUZ & 5T, 12-methyltridecanal X, Z DOFFEANICWEME & FREEE WD =

== REMICL Y FEFICEELRER RS BRI,

Table 2.2-1 Retention Index (RI) and odor quality of iso- and anteiso-methyl-branched

aldehydes
cz’a\:gg]:z:oc:s Compound % Odor quality
11 9-methyldecanal 1251 citrus- like
12 10-methylundecanal 1350 citrus, beef-like
13 11-methyldodecanal 1452 beef-like
14 12-methyltridecanal 1558 beef-like
15 13-methyltetradecanal 1656 beef-like
16 14-methylpentadecanal 1757 dusty
11 8-methyldecanal 1257 citrus-like
12 9-methylundecanal 1359 citrus, beef-like
13 10-methyldodecanal 1460 citrus, beef-like
14 11-methyltridecanal 1561 beef-like
15 12-methyltetradecanal 1665 beef, corn soup-like
16 13-methylpentadecanal 1766 dusty
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2222 FTF a2 TG NF—RIZBIT LT VT v NEOEA & L RO BIR
T—HF—AEFEZNTBNWT, BB ETLIZ LR > THIREET VT & NEOE A &
DM U2, BEFREZ R TESR DO T F 2 7L F =IO T b RIEEDBLS:
DR ORI, B RBICHW I EHE T — X F—X2MA T, [ U< AR
EITOIFL Y hF—X, Fo2 ¥ —F—ABILVOVF T U HET—FT—X, 77X
FEALT AOPREEMPTHEORLD 4 EOTF 27 10F—X (EI—FK -~
— KX A7) OHIEHT VT e NEEZIE L. ZO/RKE, WIhoF—XTh,
ST VTR REIE, KOV EMICRARLELDOICELEENDZ EBNbh otz

(Figure 2.2-3).

250 —
— Iso
gj200 —
g B Anteiso 7\
5] ,l
$150 i
1] F
5 A
.£100 - 7 il
§” N 7
% EZZ77 " 7
,
4-5M  12-13M  22-23M iM 24M 5M 15M <24M 24M
Gouda-type Mimolette-type Cheddar-type Gouda Comte A.O.P.
(made in Japan) (made in Japan) (made in Japan) i (The Netherlands) (France)

Various types and maturation periods of natural cheeses
Figure 2.2-3 Contents of methyl-branched-aldehydes in various types and maturation periods

of the natural cheeses. (M : months, Y : years)

ZORRIE, RMBRTREREZBRTESNLF—XTIE, WInboE#E7 v 7 e
BNFEL, DORMBARICE Y TOEFHENENT 5 L) ARtk Z "R LT 5.
LirL, F=AOMBEICE->T, H5WEFRLHEETH-TH, BEEHT VT N
DEAERLZOHMRITIE, EWARDOONT. flziE, RILI—FF—XTH->T
b, EHELAT U ZETIE, AR LSS VT e FROEAH &L ORI
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BipoTWz, Zo ORI, JRFMRSCEIESREN T — XB T 2 087 v
t FEOBRICKRE K BT AT REM 2R LTEB Y, HlxI1E, FIHICE TN 5 ETERME
B, AX—HX—OFE, HREREER EOERN, SIET VT v REOAREIZE

Wy 5L EZLND. T THEET ATt NEO BRI OV CTRE L7

2223 TF 2T NF—RITBIT L5587 VT & FORIEMEIZ SN T
12-methyltridecanal 1%, FRIZI T DEEMRMFIEND, Fek/r ) VIRECTHLH 7T X

~a—Fr DAL ERREESN TS 29, sl fLICE =LV —T VA E2H

TLTITAXvua =7 0%, MAKRGRICLVESGIIT VT e RelEET 2 2 Lhmbh

TW5% % (Figure 2.2-4) .

vinyl-ether bond

0 \CH,~O—CH=CH--R,

N e H20
R,—C—O—CH 0 P  OHC—CH,—R;
| [l hydrolysis
CHZ—O—IT—O—base
OH
plasmalogen aldehyde

Figure 2.2-4 Hydrolysis of plasmalogen.

—7, FHICEENDI2EEOH 1 %N VIFETHY, TV VIFEMKD 3
mol% N7 7 A~ —7 L ThhH I ENMBILTWD . ZD7), FHAZFEET 5
F—RTh, ST AT v NEOFIBRMEAL 2V HL T T XA~va —F U MFET D 2
EMTRIND. BB, 2—FF—X (12-13 » AR & AR TR R L7z
LA, BEODEET VT e RENED, TOAKRBIMKSHRIIOERELY b

X520 > 7= (Table 2.2-2).
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Table2.2-2 Amounts of methyl branched aldehydes generated by hydrolysis of cheese

No. Compound ugkg
113 11-methyldodecanal 132
114 12-methyltridecanal 1631
115 13-methyltetradecanal 1507
116 14-methylpentadecanal 813
Al3 10-methyldodecanal 122
Al5 12-methyltetradecanal 3823

ZIZT, F—RIBTDL0EHET VT v REOFIBREZ A &[RRI T X~ o —
TFUTHDEWREL, MARDRZIVESIZT VT el 2 &) 77 Xwnm
— 7 OWHEEFIA L CRIBMEORR 2R AT, 3705, i L3 —%F— X (12-
13 0 A EEih) AR TR L, DIgHT A7 FEHZEC DBy 2R L
. FEBIL, FANOAERLEDIREET VT e REZIREICT 572010, 8AL
7F—X (1.0g &, 2IFEEY (037g), 7V — LT AT LLAT B—/LT A
TN EOBRMIBEN G ENS T FowaEmE S (032 g), U URESHERER SO
BEEENEGEND T b o RERES (0.059) ZFENE THKSME L O, K % Diisy
IZBT DI T VT & REOAEREZ R Uiz, 8T V7 & REORIBRAD
WERLT T X~va—47r (U UIRE) ThiuE, 71 b RRE Y X0 yids 7 v
TE RENERT L EnTHISNS.

F— B KOS NEE Wy 2 B INK SR LI AE R, T—R2BT 20 8H T LT e R
HOAENEIL, FETHL T—FF—XAKRICERN T E LTEENLDLED 100 L4
RN Sz (Figure2.2-5). X512, F—XDONIEH T VT & REORIEMAIL, R

BOHRTHT 2 N aEEBDICES LTz,
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Figure 2.2-5 Amounts of methyl-branched-aldehydes generated from whole cheese

or each lipid fraction for 1g of cheese

ST VT e REPEAGIEE 0T 8 UORBEB OGN O AR Lol 2 L
5, YYOMELITRRY, F—RIBIT BT VT © REORIBMAIL, 4RI
B DHIBME (7 RXA~vm—7r) LIFRRIMEEZAT L ENRENTZ. Ll
MG, FIEEHT VT e NS, BEMIEEZ G177 b RER S D B IREE RIS
B LTEZ D, F—XIZBT 5K, 7V e — L= X710 L5 efifto
RWEE CTH D e SNz, £, BRIUKDRIC K > THIEH T VT b RESARK
L2 b, ZORISHERH BILTND O = L= — T LS DIFENRE X L.

Flo, TR TREOMBEN RS Z L%, BB DOEND G BB
TWa., e aT—FF—X, BRI L AFOIREIZE T D IEEEERIZ D
T, HARIMIEAEMSZ 2015 Rk (BFT) 03k L, Table2.2-3 (Z/RL7-. £h
2Dl AT —XZFTA I ATFART T AV AFNO5IE8 % KO REE
BENDOIKL, W (Fnd, @AL) (I3 8E A RO R O WS EIL 7205
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. fEoT, FoROWMITEHICIE, FRLIZRRY, Y AFAEST VFA Y

AFNIEEB T HMHEFFOREDOFEO RS B BN 5.

Table 2.2-3 Fatty acid composition of lipid in various foods®®

Fatty acid composition [w/w %]

Foods 14.0 150 150ANT 160 160ISO 170 17.0ANT 180 18:1
milk 10.9 11 0.5 30.0 0.3 0.6 0.5 12.0 23.0
Gouda cheese  11.7 11 0.5 30.7 0.2 0.5 0.5 10.9 22.2
Wagyu beef 2.4 0.3 - 24.3 - 0.8 - 19.9 51.8
imported beef 3.6 0.7 - 25.9 - 2.0 - 20.3 40.6

(X : 0 means saturted acid of carbon number X. X : 1 means monounsaturted acid of carbon number X.
ISO means iso-methyl branched acid. ANT means anteiso-methyl branched acid. - means unmeasured.)

INHORERIE, F—RIZBT D0 T VT v REERDRT v v V3D T
K&V, Thbb, QIEEHT LT & RIZKESBREREMEE LTHFELTWDL Z L
IZINZ T, YPORBELIZRLD, F—XZBT 5087 V7 v REORIEMRIL,
FRIZBT DRIE (FT7X~va—4r) IR LEEEZR T L REEEZ R LT
5. Thbb, BENEEICEATEF—XDHE, FERICHT L 0EST LT v FE
OEBEVEDNTITH T RIREMEICIN A, L WZ A T ORI T V7 v RERTBMR ST

THOMREEZRTHOTHD.
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2.3 B

KETIE, R LT T F 2 9V TF—ADEFEXRUCHLET D02 6T 572012,
RRE DRI D A= F—ADFRTHMT 2 ik U, BB ET > THEEN
WINL7=FLRE S ZH oI L. 26 OF T, 12-methyltridecanal & —iH 0 43Il 5
TNTE RThLIEREEZT—XLVPDTRHL, TRbDFTFa2I7 1T —XITEH
T DB K A SRS RRET LT

AARNCHEHEORNT = F—XEAL, ETRREORR L T—=FF =D
HRA G & AEBDAICTHIER L2 24, TN—T 4 —eEFRMe AT o AT LV

(ethyl butyrate, ethyl hexanoate), Ak, 7> Vik, TEROFMEZAGT 287 P (2-
isopropyl-3-methoxypyrazine, 2,3-diethyl-5-methylpyrazine, 2-isobutyl-3-methyoxypyrazine) ,
MR A2 G325V W% (butyric acid, pentanoic acid, hexanoic acid, octanoic acid,
decanoic acid, dodecanoic acid), ¥ ¥ 7 ANVEROFF A AT 2 3-hydroxy-4,5-dimethyl-
2(5H)-furanone, H\W& Y %79 5 4-dodecanolide & phenylacetic acid, % L TR D
FR A& AT D 12-methyltriecanal & 7'V — > 2 FEFR &2 AT 2 REICTZ DR D> T2l
D 14 AT ITRASIIH B R R DIV FD-7 7 7 Z —REAFICHIN L7z, T b DK
DRRAL LT T—=F F—=AOENTHELRBERITRSELE L TWH EEZXLND.

RN ENEF B EE O L 7= F %K & LR L7z 12-methyltridecanal |3, & A A
EHRREROREIS S & LTRLATND R, F—AX VPO TRIENZS TH
o=, EBIZ, T—FF— |21 12-methyltridecanal DFFRFAR & L C 7 FED Sy S5 A0 Fn
THT e R (f Y AFNVH%EAHT 5 10-methylundeanal, 11-methyldodecanal, 13-
methyltetradecanal, 14-methylpentadecanal, 7 > 7 A Y A F /L 3% A3 5 8-methyldecanal,
10-methyldodecanal, 12-methyltetradecanal) 737 $£41, 8-methyldecanal %[k < W9 40D
Ry, BRI AR 2T L.
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WKNT, ZNHDONIEEET VT & REOFF 2 7 VF— X282 HitE 2 Bfig+ 5
L, I—HEF—XPUSNOTF 2T NF—RCBIT D ERE, kL BIESCER
ATBRIAR & AU A IRET L7z, T OfER, I—4F— X TROIAEHET LT & RE
DT F 2TV F =X bEdmEi, BEHHPRWNMEEZENEOEH RTINS
TEEER L. IBIT, LT VT e NEE A OVBIECE R 2 i~ 76
R, BEIRFEORFEE 14 THRNERY, SIEHOMBEIZ L REREBELZTDH L0
IRMAEFT L Lotz i, —EHONHT LT e FEIE, REKICL-
TREZT CTRIFMBRESEML, RIBLOBEIMZ L by M7 AN B4R
BRAERTIZZVRICE(L L. Thbb, BEME 22 RFHCTIIAEHT LT
R, FRBEOFEREET L2 EBHALNI o7, ZORERIE, EEOSHT
NT b RBFET DRE LIz T — X F—ADFLIZE > T, 12-methyltridecanal 73 & %
It B Rl T B, FOREMIVEROVGEIEE SRSV 2 =— I RERICLD
ZEERTLOTHD. IDHIC, TFaTNVF =BT L0B8T VT v REORH]
BRERIE, BRIKGRRIZE D 7T & REARKT 2HELZFF> b O D4RITEIT 2R
K (FI7Avu—5rr) LIZRRDBELAT 2Rt E2R Y, Z ORI TF—
AT SN2 DT VT e REXLY b RIBIZZWZ L bR LIz, T72bb, #
RN FE NS HE A T2 F— XFR CTIE 12-methyltridecanal % (% U b & 32 D4 I dH 7
AT b REOBEREENEICH T AREERH D

U EDFRERDN S, fMMEOmOEBREM THLRW LT —FF =X (2L - T,
12-methyltridecanal [T EHE R FLRL SO OE D TH Y, ZOHEEMIIAMMM A E L 72
HIFEHmEDLEEWOLNCLIE. EHIC, HEERTHL —EHOSIEEH T VT & N
b, BEHIMBNELS R LML LD, EERARICE > THEM LS A&

720, B LI TF— AOEKUITHET 2 raetEz R L.
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HI3E MEVEROED LT VT e FOREICE 05

FROBWNLSIE, FIC TFED ] TR TRIK] OS> TEY, TH 15D )
TRV LSDHERE LTHETHD 0. — KIS, FRITEOREBTENLNLS Z LI
Dipl, MBGHBLESND Z LIZ XV BREZZLFROFY AR L, IR M -
T5. ZHETITMBA LT FAOFRIZ OV TIE, £ < OAF5E 15:20-22.26293040-43.58.69) 73 &,

, BEOFLRRS DR SN, TRENDORRY DL 12837 V ATHEET H 2 & T,
SZHIFROFEY PR EIND EEZX BN TS, BIFEICBWT, 12-methyltridecanal
ZIILOETL—HORIEHT VT b FEEZT— ALV PIO TR LZ. ZhbD5y
847 VT B REOZ ITFROFXES & L TT TICHlE STV 5 %9, Guth b1
FIANVTEFRFLROFR CTERWFGEZ R L. 2 LM THRER (beef-like) &\ D 1l
D TRBRREREAT L2 L, I, OBKE (B, K, ) 22013 A RS
T, FRICERIOICE L GFT 5 Z L7 8D, 12-methyltridecanal Z IEY (1A Z)
AP L 2N E RO EE RN L LTV D 2.

—J, FROPTHRPE, BARORZR L TUWIMIB W T HEMERE L, 77 v
NMElZ L0 Zhifb s em D iEO sV EREM TH LI BB 69, £oknL &
DRINCHEEITELAFHE > TND. FFEOBVWLEE, ROLDLWBIREFFFOHE L
WEBRICHR L, ZORBKZ AT T 257201001% [FY ) DEETHL Z & MNEBEICHL

IZSALTNG 0440 LvL, BWL SIS T HMPRAEOHE LWE D IZFHF LSS
L BEFLREIIARARRN LRI TV D.

S BT, BN (EHAZ) FRHEE L 72 2R RE K O EE R R 5 Td % 12-methyltridecanal
IETINFETITMFOFRL D E L ToREITRLS, MAFDFD 2/l 50 & LT
DEIFELERATHS.

RETIE, ETFHFEOHE LWERICHFST D% AEDA O Fik% AV T
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L, MEN CEAR) R L 722 RE KD FHEE S Tod % 12-methyltridecanal O FI4EH
R[UCBT 2B ERFT L. RWT, FROPFHEEME (RESSMESM) & 12-

methyltridecanal ZH EDOBMRAZ M, S HITHIIKIZOWTHRE L7z,
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3.1 FFEOFKRE GG ORIE R L OF4EXICH T 5 12-methyltridecanal DEH]

FAEOGFE LWEK A AT T 2720120%, H<E2EWarzob 26 0F Y Nl
EHThY, ZORADOEFD Z TFEE) L) B i F TOMEIZLY, FbE
TG R R TOREREND Z L BNDD > TND 0440 2, BEE R IEN A HED
hW %, BEFRFE T CRRRL, 2R E CHET 2LV 3208 fTHY, s
BrfHT 572DI21F, ZORRED O S ICEE Lo TEEORENEETH
HEEZD.

FFEOFERG GBI OWTIRA & ORFFE P4O0RH Y, F 7 N VPR ICK
LHETHL LEMINTWDS. L, 77 M EHET CIEMAEOREL BT

2IE 3 EIEE AT EOMNILTETEHRORMPFRINTWND EEZ L.

F T, ARFETIE, FEMEWTARREEE AV, ROl R TMEL, ARk
LB EZ bS5 2 LR MEICRE LEBFRIREDZRE L, FXF5M

ST L7z, 5612, BAFRICHOWTHRRO HTIETERRED 2L, FXEF

B rZ OV T AEDA % AW TS 5 2 &1 & 0 A O RetEfR ] 2 3l 272 E 7z,
INEL (GEAAA) FHEL L 72 AT R DSy T 5 12-methyltridecanal D F14EF T35 1T

HIFAE BN O NT HBE LT,

3.1.1 FEERTTik
3.1.1.1 APEEt

AT, Al LT ZERERRE Bl 7 Himol, V7 w—2, A5 Efk), A
FRELTITIAT =2y ROA—ZA T U TES (B—R) BIOT AV VES (F
—nA ) ERASE LI UREBELI VAL, A=A T U TERLT A VR
AT I SRS i, MEREII A ORFERME TH LS. TN D DFRITREND DI L
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TORRBIZR 2 £ TR SN b D%, HUIVITLREE 2-3mm OF S ITINTL) T
AL, ERIHEHNTH5ET25CTHRE L, BT 2ATHIC—BE 5CTHRE L THE L
7o, BE23mm OEY) Y IR XS ERLRWE D ITHRA VY 7 (R LK
X&th) ICANTEZREGEL, 80CO T +—F — AT 2 pMNEL 7. i &
AL (A—A NT U TPE) I AEDA 12X D HEERICHY, AL (7 AV HEE)

VIRIFIE RSy D RIEIZ =,

3.1.1.2 R

2,3-butanedione, hexanal, acetoin, 1-octen-3-one, 2-isopropyl-3-methoxypyrazine,
methional, butyric acid, isovaleric acid, (E,E)-2,4-nonadienal, (E, E)-2,4-decadienal, 4-
hydroxy-2,5-dimethyl-3(2H)-furanone (HDMF), methyl nonanoate | B F{b Akt &
DHEA L7=. (E)-2-nonenal [Z> 7 ~T /LW KU v F Vv R L OEEANLT.

trans-4,5-epoxy-(E)-2-decenal’, (E,Z Z)-2,4-7-tridecatrienal”" | SCHRECHE O 515 TH Ik
L7z, BRLTEARRIE~Y AARY Ve RIEVRELT.

trans-4,5-epoxy-(E)-2-decenal. MS/EI m/z(%): 168 (0.05, M+), 93 (26), 83 (6), 81 (28), 69
(12), 68 (100), 57 (7), 55 (15), 43 (11), 41 (16); RIpp-wax=1995.

(E,Z,72)-2 4-7-tridecatrienal. MS/EI m/z (%): 192 (5, M+), 92 (43), 91 (50), 81 (100), 80 (26),
79 (76), 77 (38), 67 (36), 41 (31), 39 (13); RIpp-wax=2117.

12-methyltridecanal /% 2.1.1.2 THK L7=H D& -,

3.1.1.3 ERIBMEY DR

FROFEL[ILEIE, B L 724FW 15g 2489 lem W5 ICH)Y,  [FEOZEKEZ RN
LTIFH—T1IMESLS—ZMRICLTEBOZHHHL, Y=Frz=—F/1 (20
mL) Z0ix, WMUSIEE 5 LThi L72%, =008t (1811 G, 15 min, 20C) 12T
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By 2RO TR L7z, R TC, KRR R Y o A THK L= EFSA L, W
EREEHEY) . (methyl nonanoate, 1500ng) Z ¥RN#, SAFE (5x10°Pa, 40°C) (2 CARHE
MR ZRE, BRI E GOy 5. X2 a8 mE, n—4 ) —=x

N L—F— (550 mmHg, 35°C), W TEFXE TR L7Z (19 100 pL).

3.1.1.4 FRA3[RIE D 1= 8 DFZ LSy O YR

MEELIR D ORED =0, MEALIZBAL (7 AV HE) PHRBLIZ—2 K
(270 g, W 135 g4y) M5, 3.1.1.3 TRLTZGEEZBYIR L, BAHRH & SAFE 241
HE DT FIETEREME L, 150uL £ TRME L7z, ZORMEY (S0uL) 2o\ T
2114 ISR LI VBTN T L a~ NI T 7 4 =K D0EEIT, B A~

E Z1537-.

3.1.1.5 GC-O

GC-O 1% 2.1.1.6 |[ZREH DO T ETHIE L7z,

3.1.1.6 GC-MS

GC-MS 1% 2.1.1.7 [Zit# o FiETHIE LT-.

3.1.1.7 BEAER D DEN L E

3.1.1.3 TR L72AROFERREDICE EN D FEFRNTIEL, AR b,
BT HRFEHEE RD ZEm O 0 LT 5 Z &I XV FE L. E&HEIT,

methyl nonanoate & N2 WEEHEIEIZ T, By E NEEEDE D L AR AT 7 7

H#—% 1 & LTHEH L, Total lon Chromatogram (TIC) O B'— 7 mFEE % U 7z,
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3.1.1.8 AEDA

3113 THH L -FHROBFELREMEYIZY 7 na 2 X A2 L0 BRI AR L= (4 1%,
16 %, 641%). ZNHOHRIEK (1uL) % GC-O IZHEAL, HRFHHY D FD-7 7 7
Z—%# AEDA OFETRIE L. BEFXMT D FD-7 7 7 Z—L 3 4 DFHED > 5

24 LA B LT A £ L7z,

3.1.1.9 HFREF G DFE
FREGRSDRIEIZYAARYZ ML, GC BT AEEEE (RD) BLOERE,

REMEOZN D LT 5 Z LI viTo 7.

312 MRLEZ
3.1.2.1 o FEEFEL S

MAHEZRBMAECLIMEVEEIZ80CTH D Z ENHEIINTND O L,
B 72 INERE R IZ DWW I M e dr o 7z, 22T, FAE D e b Tl < 7o D INERREH]
et LIzE A, MAFIZ8OCT2 oA T L2 LICKVERbHMIELELND Z
L aER L.

WIS, FROMEEEZRFT L. FRIE, mEE2Z < E0RE—RERTH D
7o, WMiEE S E R VESSIE D X O AikIKIZH R, FRAS OMENEEETH
. 22T, MALLFRICRIERZEOKEZMA TEHERS—Z MRIZLTES DN,
VEFNT—T M TELRES O EZR A, S012, ERSZmLoBThlEL
TR/l F LT —TFT V% SAFE (CHEL, ZEICEENDIMIELREL, FXIE
M aEErz., SoNEEFXRGEYWEL, TOFRNOFE) ZBBFELTEBY, FXKY
DRI U 7o /o el & b U7z,

80°C T 2 /NN L 7= Fn/b LA (F—A N T U TIE) IZE E0 EFHEREXK
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4y% GC-MS THHrL, kL7, FEEEXS OB LOREIL, WihbimA

T (A=A T VTRE) LV HEDOITNZNZ LR DA >7- (Table 3.1-1) .

Table 3.1-1 Quantitative amount in different kind of beefs

Quantitation amount ( 12 g/kg)”

RI® Compounds :
Wagyu Australia beef

1084 hexanal 364 37
1130 1-butanol 463 —
1186 heptanal 28 —
1239 amyl alcohol 108 32
1284 acetoin 948 949
1290 octanal 24 —
1315 2,3-octanedione 74 —
1393 nonanal 84 —
1435 acetic acid 290 209
1440 1-octen-3-ol 109 —
1524 propionic acid 39 22
1531 2,3-butanediol diastereomer 1 40 —
1554 isobutyric acid 15 29
1566 2,3-butanediol diastereomer 2 130 20
1614 butyric acid 286 99
1621 4-butanolide 51 24
1723 pentanoic acid 65 —
1868 1-phytene — 355
2045 octanoic acid 102 62

TOTAL 3220 1838

— <20 ¢okg

# Retention index on DB-WAX column (60m x 0.25mm i.d., coated with
a 0.25um film) observed from GC-MS.

b Quantitation amounts are calculated by using 1 as calibration factor.

ZORERIL, At iAL (A=A TV TRE) OFRE L LU ES ORFSE L
H—E Lz 9. f4EFSICIL, 7/v7 & R¥H (hexanal, heptanal, octanal, nonanal),

7 N8 (2,3-octanedione), AENGME%H (butyric acid, pentanoic acid, octanoic acid) 732
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<EEN, l-octen-3-ol IFFFIZOBMEH STz, T HIFAEE R RO & LTHID
AILTEY Y, FEHEORBIZITIAEE B D 5 ATRetEn % 2 biLiz. —J7, 1-phytene I3,
AL (A=A FT U TPE) (OB &7, 1-phytene IXHELITE £ 5 HEREAH
krEZBN, fAROEVAES LTS EBRINT.

TR & LTHER L2 2N b DOFXED TV TN FROFXES E LTTT
2R STODH LD THY, FRCMPFICHELET D ERETE DDA G
Iehole. —HEZL OFLZMHRICBNT, EHRROZVWEEFRMSIET TR, B
EPENBEERFELR D ENENOFRCEE 2 EE 2 R 2 LB ERHIA T
%4 2 2T, FERFRS OB T KB &2 IV AEDA IZ &0 fi‘k

BLOWAN (A=A NF U THE) ORBEFERIFGH D EMITL, HRLE.

3.1.2.2 FIEDOFER 515 DR

B LAY (A=A T U TE) OFKITOWT AEDA OFfEE, W hnT
FD 7 7 7 % —4 U LaR LIEFER TGRS 20 ©—2 % Table 3.1-2 (R L7, MS &
RI 7025 16 2 FE, b LITHET 2 Z LR TERR B —2 19 [T E T MS 78
ORI T2 DRIRFIEEIT 72, ZHH DM 10 fisy (1-octen-3-one : 4, 2-
isopropyl-3-methoxypyrazine : 5, methional : 6, (Z)-2-nonenal : 7, butyric acid : 9, isovaleric
acid : 10, (E,72)-2,4-decadienal : 13, 12-methyltridecanal : 15, trans-4,5,epoxy-(E)-2-decenal :
17, 4-hydroxy-2,5-dimethy-3(2H)-furanone : 18) %, FiFEFR & L THKD Th o7z,

EBIT, BN TEWEEE (FD 77 7 #—4 Ll k) 277R LT 18 flioriE, £d
LN fatty, green, juicy 72 Em A AT DT /LT & RESCH b # (hexanal : 2, 1-octen-
3-one: 4, (Z)-2-nonenal : 7, (E)-2-nonenal : 8, (£,FE)-2,4-nonadienal : 11, (E,7)-2,4-decadienal :
13, (E E)-2,4-decadienal : 14, trans-4,5-epoxy-(E)-2-decenal : 17) Toh->7z. P ThHix b

FWEFG-FE A 7R LTz trans-4,5-epoxy-(E)-2-decenal (17) (%, sweet, juicy, metallic 727
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FrAL, BahBRoarsRoR) a—LBE5T 52 BMLATNDS Z 2D,
FFEDHWESIENWa 7 0bH &V ICESBAETEEZALND. ZNULDT LT
b N, U, BRMOIREEAMET DY g, 7T x Ui EDEER
SAFABNAIE DERIZ KV AERLT D Z EME BV TN G 617173,

—J, WAL (A=A NTZ U TFE) TIXFD-7 7 7 ¥ —4 U LOEWELE %2Rk
FE8E—r L, KLEWFD 77 7 X —%RxL7=DIE, green, potato-like 72
F D methional (6) T >7=. methional 1%, 7ZAE EEHRTHT I/ BTHD
methionine D A ~ Ly B —3fRIZ LV ERTHZ ENMOBNTND ™,

TN OFRERIL, FFEERIEEICHRT 2EFRR D DOHEZ R Z T LD LT,
A (A=A RZVTHE) OFLIBIBE LY b2 A BEIZHKT 2 EFXR D DX
BEM<ZITHZLERLTEY, FREBRT IIEBERCTEAESEDOEIG, HDH

XTI S OHERRER ST DIFVD, FRERDOFRHEIHR S BG4 5 /et Z2 R LT s,
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Table 3.1-2 Potent odorants showing FD factors (FD =4) in the different kind of beefs.

FD factor
No. RI® Compound® Odor quality® Wagyu Afén;lia
1 <1000 2,3-butanedione® milky 1 4
2 1076 hexanal green 16 4
3 1285 acetoin milky 4 4
4 1302 1-octen-3-one’ mushroom-like 16 4
5 1441 2-isopropyl-3-methoxypyrazine™  pea-like 1
6 1453 methional’ green, potato-like 64
7 1507 (Z)-2-nonenal® fatty, green, melon-like 1
8 1537 (E)-2-nonenal fatty, green, sweet 16
9 1628 putyric acid" sour 16
10 1668 isovaleric acid® sour 4
11 1704 (E,E)-2,4-nonadienal fatty 4 <1
12 1756 fatty, green 4 1
13 1770 (E,Z)-2,4-decadienal®® soapy 4 <1
14 1817 (E,E)-2,4-decadienal fatty 4 1
15 1876 12-methylrid ecanal®® beef-like 4 1
16 1885 fatty 4 <1
17 2007 trans-4,5-epoxy-(E )-2-decena_|d sweet, juicy, metallic 64 1
18 2039 4-hydro>;y—2,5-d|methyl-3(2H y sweet, caramel-like 16 1
furanone
19 2120 (E,z,z)-2,4,7-tridecatrienal™ egg white-like, marine 4 1
20 2283 woody 1 4

2 Retention index on DB-Wax column (30 m % 0.25 mm i.d.; coated with a 0.25 um film) observed for
GC-O.

® The compound was identified by comparison to the reference substance on the basis of the following
criteria: retention index (RI) on stationary phases given in DB-Wax, mass spectra, and odor quality.

“The MS signals were too weak for an unequivocal interpretation. The compound was tentatively
identified by comparing with the reference substance on the basis of the following criteria: retention
index (RI) on stationary phases given in DB-Wax and odor quality.

¢ Newly identified compounds in Wagyu beef.

¢ Tentatively identified because there is no reference substance.

" Newly identified compounds in beef.
90dor quality assigned during AEDA.
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3.1.2.3 (E,Z,Z)-2,4,7-tridecatrienal (19) D[R]

FEICBWCED 7 7 7 2 —4 EHHEENREODPBETY AR MARGELRT
FEICWZ B RN T2y O T, B —72 19 X egg white-like & V) fiidh Tz =—7

FMaA LI LB REZRAT. FRREIZEER L, 135g D4R LA XIRNE
MEFREL, WNTY VDTN BT Lrua~ T T77 4 —I2XD ADDE®DSHESFIC
SyE L7z, HEYL T 2 egg white-like DSy Z Atk ds K OFEMME D 7 22X 5 GC-O T

B LZEZ A, HIUERDIZZ < OT7 T e K& BICHS BICERFRSNTEY (Rl
wax=2120, Rlpp.1=1552), GC-MS IZ LV~ 2 A7 ML &% Z L AT 7= (Figure 3.1-
1,B). 51T, CERIEHR VICk T D0kt (bED 2 4o, FEED 7 L), ~ A A~
7 LoV, &\, VTN T T DIZBT Dy OE RS, ZORG & (E,Z,2)-2,4,7-
tridecatrienal & H#EE L, A AR L CHRIE L7z, RSIE, BRLT 7% RO
BICE VAL DHFERMG E LTHE BN H 503, M TR A AROFRKMD
ELTHID TRIEEINIZMSTH D, CIRIC L 2 & KM T 2 BIE A D TR (1L
H10.07ng) Z&0H 7, BETHFE2EDFRNOFRUICKREREEL 52 52 L)

SN 5.
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o
o

81 A 100 o B

0 _ o 79 _
= 80 55 Rlppwax=1784 ~ 50 Rlpgwax=2120
& 41 67 95 Rlpg.,=1319 z 01 Rlpg.,1=1552
£ 60 £ 60 67
£ = 55
PRS 109 M) 240 107 121 M]*
3% 166 320 135 163 192
= | T T e . = |llil ‘I‘. ol ey
%40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180 200 220
m/z miz
38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00
Time (min.)

Figure 3.1-1 Extracted ion chromatogram (m/z=81) on DB-WAX of the volatile
concentrate (fraction B) and mass spectra of (Z,2)-2,5-undecadienal (A) and

(E,Z,7)-2,4,7-tridecatrienal (19, B).

(E,Z,7)-2,4,7-tridecatrienal |ZE 7 /VEERNS, 7 7% RO BEERLIC LY ERkT
HZENEIN TS (Figure3.1-2) V. F°72bh, 77F% RO 10 fLOTEME A
F LD TV HIVDBRT, D% SNAZEEFE TN L, HEAR TH % 8-hydroxyperoxy-
5,9,11,14-eicosapentanoic acid (8-HPETE) % #% T, (E,Z Z)-2,4,7-tridecatrienal 23 2Ef% 7% .
—J7, 10 ALICERF NN L 72396 1%, TR & LT 10-hydroxyperoxy-5,7,11,14-
eicosapentanoic acid (10-HPETE) 3£ U, (ZZ)-2,5-undecadienal 2343 5 Z & s
SNTWD. LER-T, b L, #RD(EZZ)-2,4,7-tridecatrienal 73, 7 7 F K FEOD
HEigibick 0 AU ThHIE, (EZZ)-2,4,7-tridecatrienal 7211 T/ <, (Z2)-2,5-

undecadienal HAERK L TWAZ LR TFRINS.
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= — — = COOH

= o= S — COOH
% % AO\
2
RH RH
yOH R R
(0]
10
10-HPETE 8-HPETE OX
l l OH
CHO
\/\/E/E/ M
N\ CHO
(2,2)-2,5-undeadienal (E,Z,2)-2,4,7-tridecatrienal

Figure 3.1-2 Formation of (£,Z,7)-2.,4,7-tridecatrienal and (Z,Z)-2,5-undecadienal by
autoxidation of arachidonic acid via the intermediates 8-hydroperoxy-5,9,11,14-
eicosatetraenoic acid (8-HPETE, right) and 10-hydroperoxy-5,7,11,14-eicosatetraenoic acid

(10-HPETE, left), respectively.”"

2T, FRWICBIT H(Z2)-2,5-undecadienal ZHEFRT D721, FHDOT Y AL
Sy CHRIZ 5 B & GC-MS THAE L7z, ZORERE, RFHEE (Rlpp-wa=1784, Rlps.
1=1319) ONLEIZSCHRFEHE DO~ A A7 bV O3k &7z (Figure 3.1-1, A). 2O
ERIE, FRERXOERIZT 7% FUBO BBIBEATESBELG L TWD 2 L A2RE L
TW5%.

U EORERL Y, MEBFEORBICIIREOBE SR KE W ERNbnotz. —#&ig,
FAORRE 2T 2 IRIIERIL, WAL (F—R b T U 7 ) IZH~ TRz,
PTHF LA VB ) — Va2 FUEMAH2 7. ZoZ LiE, ML b
BEFOFEHEENRKE N &2 Frank HIZKVHESHTWD 7. 2wzl FbofRE
FRLEMES, ZOZERROLNNEKEZEAHLTNDS EEbATNS.
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—J5, SEIOKERNS, MAEFERRT 250 OFEN, mERFIR#ECH 5
U=, 7I7x%F RVBNOAELDLT AT E NE, 7 FFHTHDL Z R bhoTz.
S b, AEFEOAERICIE, @R IENIZZMECESE DAL T CORBBN LI TH %5 104+
WZLbHEBEXADEDL L, BEARMENERE, FIZY ) —ABEL G V)t
DFEIE, OO PWEIKIZET TR, MPFEOEMRIC S BELREHZRZLTWD

CHERR S LT

3.1.2.4 Fo4E 2B D 12-methyltridecanal (15) D#&E

A L72 & 912, Guth BIZ XA EIAATFREBERICET G 5 0 OBREMIE 2T
%, FHWEEDOFY 247 5 12-methyltriecanal 7%, 4-hydroxy-2,5-dimethyl-3(2H)-furanone
(HDMF) 2R\ TEWWESE %R L7z (Table3.1-3) 2. = 512, HIMTHEEE (beef-
like) &9 IEFITREIN BT 2 AT 2580, MOBKA (B, K, B 1ol L
B ST, FANRRMICE L AT 558005, 12-methyltridecanal % JIZEL (B3A )
AP L 72N E RO EE RN &R L TV D 2.

AIFFRITBNT S, MFEOFER WS 255 TH 12-methyltridecanal (15) (35 H
SNTEY, ZOMSNIEFEORBELRERR YD —>THD Z & Zfgid L7 (Table
3.1-2). LovL, FEFICBT 2 H5E T Guth b DOEBRFBERIE Em <13z, ik
FIZIF 12-methyltridecanal (15) (21X T, & 51T trans-4,5-epoxy-(E)-2-decenal (17) %
WD LT 5, NEMBEMBEOBILIZE D ART 27 17 v RS MR EDEFR

AP BETHL ZERP LN oT.

76



Table 3.1-3 Result of AEDA of volatile fraction isolated from stewed beef (FD =2).2?

RI? Compound FD factor
1078 hexanal 4
1290 1-octen-3-one 4
1346 3-mercapto-2-pentanone 2
1378 nonanal 4
1428  2-furfurylthiol 16
1435 acetic acid 8
1443 2-ethyl-3,5-dimethylpyrazine 2
1445 methional 32
1520 (E )-2-nonenal 4
1613 butyric acid 64
1657 2-/3-methylbutyric acid 8
1686 (E,E)-2,4-nonadienal 2
1741  2-accetylthiazoline 8
1793 (E,E)-2,4-decadienal 8
1863 12-methyitridecanal 128
1988 trans -4,5-epoxy-(E )-2-decenal 2
2025  4-hydroxy-2,5-dimethyl-3(2H )-furanone 1024
2192 3-hydroxy-4,5-dimethyl-2(5H )-furanone 32

2 Retention index on FFAP column.
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SYUGEH T VT e RO R LA A ELARA T 0O BIAR

AT LTI, BIAA T RE K DR S Tod 5 12-methyltridecanal (15) 1%, trans-
4,5-epoxy-(E)-2-decenal (17) £V & &FHEN 72 VK)o 72 (Figure3.2-1) 2. ZD X

FFER LA URAE LT, EBRICHW 2R OFESOINENSAE OB WA EE L C

N N
WAHREEMENR B X HND.
5
Wagyu
<t 17
~ 3
o
8
(&)
&2
a
L 15
0
OIN ANV TMINNOOIRSTOWOoO~NOLINDNOOOAN
N O NA NSO MANOUOSWLMINAENOOOMANO
ONMTNSTUIETITITITNNMOONNNNOOOWOKOO
™ A A A A A AN AN NN
Rl on DB-WAX or FFAP column

B w1
wn
-
)
2
(19
o
[on
(1%
1)
-
N
)
(Y
n
2030

FD-factor (4")
o = N w
1435 =————
S5 1453 —

O 1N N o0 — N~ S N < <4 OO~ n ~ o o

N 00 O N < o m OO <IN~ o0 O AN O

oaNmMmm < n N O NNNDNO o0 O —

™ = i o Lo IR o B o B IR IO o | - N N N
Rl on DB-WAX or FFAP column

Figure 3.2-1 Aromagrams of Wagyu (upper) and Stewed beef?? (bottom).

(15: 12-methyltriecanal, 17: trans-4,5-epoxy-(£)-2-decenal)
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Guth 5 OFIAA T FREROMIEE, RA YV FEROREESEKE & HICHEERS
IZT 2000CDOA—7 o CARRHIMB LIZHERTH Y 2, LROIENIZMED L ik %
80CT 2 MBR LIZBICE U A MAFORB T LIS L id k&< B 2L, =
DRRZRTIELGAT (PR OFRIECINEAGAE) OBV ERT 2 F SR DIENITRE L
TS EHEE LT,

ZIT, RETIHFRNFRUICKETHEEMEOREL, LoS LS50 L) I0REe
NI ZE LTefnd & o F 2 —D XS ICERAAVTERH, TR o4 E KO Fr
Rk T D trans-4,5-epoxy-(E)-2-decenal & 12-methyltridecanal (235 H L, 4+ O FE%H

E MBSO BRI OW TR L 7=,

3.2.1 EBITE
3.2.1.1 4Pk}

A, ZERERRA G1 » Ao, V7 a—2X, AS SRk, HOTHEEREM
(27 » Ao, V7 o—2), BEREREMNRE (30 » Hiol, V7 a—X)
ARSIV I UEHEL VA L. ALY, FTIAT 2y ROF—A KT YT
PEFWN3FE (Fa—Tmr— NV 2f, ANy T aagr 1 fE) XSt~ a o
FIVEA L. A=A N7 U 7 EARITLTESS A i, MEIIHORNERAETHY,
AETEZORBEA—A NV THEERT L. INOLOFRITERDLIOH L
WRIZe 2 F TR SN b 0%, HUIVIZLREE 2-3mm OEIITHINT) THEA
L, FERIZHEM T 25 E TIE25CTHERE L, SR 5810128 5CTHRE LIFR

L7z.

3.2.1.2 ¥
methyl nonanoate |FH LRSI D EEA L TC.
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trans-4,5-epoxy-(E)-2-decenal (% 3.1.1.2 THL L 72 H D, 12-methyltridecanal {3 2.1.1.2

TARLEZbLDEHW-.

3.2.1.3 R DINE

A% 338 DOSEAE (80°C2 4[], 80°C60 47[H], 121°C20 43fH]) THEA L=, /b
L, EX23mmOEYYAEERLRONEIICRA NNy 7 (AR TERASHD)
I AN TCEZ2AE L, 80°CH ™ 4 —Z — SR AHT 24585 5T 60 45EINE L 7-. =
7=, WYY WEMEED L bV MRy 7 (R TERAASH) AR TEREaEL,

L ML NEEERE (= v 48 PRS-02-11-VC) 1T T 121°C20 4y Emz L 7-.

3.2.1.4 BERIEMEY O TR
R OFRMHENRIE, 3.1.1.3 I[Zitdk L2 FET, MEALZFRNGIRELL 72— 2R
(120, W60g5y) MHYZFNLT—T/L 160 mL THEREZME L, NEEEYE

(methyl nonanoate 50 ng) % #sI#%, SAFE ZATW A L7= () 100 pL).

3.2.1.5 BREFMM

L A—2 IV 740 2 EOFRICHOWNWT, 3213 O3 @Y OMEE L= 6
FEHOFRIZHONT, BN ZDRNLRITHERZ T4 2005 40 R FH M 4
Gy b LME3 4) TR L7z, REHBHREL T A0 RIE0H &1 & TEIAATFRER)
EREL, BEROMELZ 1 (DO THY, 2, 2 (F), 3 (00HyY), 4 (F
W), 5 (RRVY), 6 (BB, 7 (XhOTHEWY) O 7BEBRETHMLL. =
Fa—n e LT, fib% 80°C2 IMB L= b D% TEAHRIEOH S 287 M,
F—ARNT VT 4% 121°C20 EIME L T- b O % TEIAATZFWER 23 7 M EEFR L,
6 FEH DR IR % [FIRFIZHE R L7z, N7 RIEEHME TR L, Tukey O 2% 5 LR E
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i1 7.

3.2.1.6 BN/ RIC X 2 EHET V7 b RE O

FRIZE T D 12-methyltridecanal DFIERIAIT T 7 X~ a—4 0 Th 0, s O LEE
TT7ATE RERAELD ERESNTND 2. 22C, A=A N7 U T74HERY LIE
HIZHT, ENEN02g ZLLTOFETEINKSL, WS 527 V7 v NEZ[EIX
L7z. 4N-HCl 20mL) ZJji&x, MEGEF (K 100°CI2 T 1.5 RFEUGERIC, KIIZT
B %, WEEEL7-7 V7 REA Y= F Lo —F L CHiH L7 (10mLx2 [|]). &
T, 7T b NEZS MR EY'E (methyl nonanoate, 500ng) Z¥HINL,
IN-Na,CO; KIEHE CTHeid L CER ZBRrE (10mLx2 [7]), AgfIAAK CHEE L7z (10 mLx2

[\]). MEAKEREE S N U o AT, SAFE (5x107 pa, 40°C) & CTARMEIIENR S %2 bR
X, 7Tt REEZELRBYESZ. ZOBME, v—X U —z KL —4— (550

mmHg, 35 °C), W\ TEFZZ CRM L7z (K100 uL).

3.2.1.7 GC-MS
HAZ7 v~ ~27 7 7% Agilent t15L 7890B, 'E &A% Han 1 Agilent £E5 5977A % {5
L, UFOFHRETHHT LIZ. 7 2 DB-WAX (60 m x 0.25 mm id., P& 0.25 um)
BLODB-1 30mx0.25mmi.d. BEE0.25um, & I Agilent #H). “FEDOT LT b
N, e —27 L DL EECE— 7 TIRO BAFE D25, trans-4,5-epoxy-(E)-2-decenal %
DB-WAX # 7 2, 12-methyltridecanal 2 DB-1 7 7 A CEE LT-. 4 —7 VRE : 35C
(1min &A—/L F) ~230C (3°C/min) ¥ LT 80C~260°C (3°C/min) ~300°C (20°C
/min). Fx V7 —HA :~U UL (G&E: 1.0mL/min). FEAE: 7SV ARZFY v b
VAFEAB LA T Y v FUAEA. EALIRE : 250°C. EHEAR : SR R
Uy LA (SpL), A7V FLRAEA QuL). BEEMEE : A 4 fLEE 70eV
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(ED), A A JRIEE 150C.

32.1.8 7T b ROEEER

2FEDOT VT R (trans-4,5-epoxy-(E)-2-decenal, 12-methyltridecanal) 1%, ~ A &<
7 MV, GC TR DRFHEE (RD) ZELOZNG LT 52 LKV FEE L.
ZHBT VT e ROERMEIE, methyl nonanoate % I\ 7= NEREEHEVE I THIHI L,
Selected Ion Monitoring (SIM) (ZCHIE L7 GC-MS D~ A7 u~ h 77 LADOE— 7 [hH
A AW, ERICHW A A OBEEHE VAR AT 7 7 4 —(%, Table3.2-1 (T
RLTcEBY THD. NWEIEEME I T 28ROV AR AT 77 2 —%, FH
BICRA LA L NEEREDE 2 GC-MS JIE L, %241 28 BT TA A4

Mo~ 79 AOEMBIELVIRE L.

Table 3.2-1 Selected ions and calibration factors used for quantification by SIM

RI Selected ion  Calibration
Compound
DB-Wax DB-1 (m/2) factor
trans -4,5-epoxy-(E) -2-decenal 1995 68 0.682
12-methyitridecanal 1872 82 2.693
methyl nonanoate® 1501 1207 74 1.000

% Internal standard

322 KR EBE

3221 MBSO R HFRICE D FHEE D &

FIANTZ R ORFEAE & LT beef-like 72 FiH A A3 5 12-methyltridecanal 235 =
NTW5 2. —7%, FifilcEWT, BB L fdOREE ICRk b 5T 5K
FSr & LT sweet 72D trans-4,5-epoxy-(E)-2-decenal % FLH L7-. Z OFE/RZE B A

R DOFEFEONMNEAS A L W oS TS E DB L > TAELAZ L ZMHEL, B D
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FHERSGAE TR L 724 AICE £ 5 12-methyltridecanal & trans-4,5-epoxy-(E)-2-decenal
rERELZ. T720b, BRI TIEE St (k) LHETEHE I
AE (A=A NTUTHE, 7727y R) MV, MEAGMAIE 80°C2 /i (Fisk
DFFEE % U D50F), 80°C60 47, 121°C20 43f] (L bV b)) O 3 &FETH D

(Figure 3.2-2).

trans-4,5-epoxy-(E)-2-decenal 12-methyltridecanal
LOD=0.2ppb LOD=1ppb
Lo ( ppb) 120 (LOD=1ppb)
® Wagyu beef H Wagyu beef

= B Australia beef = B8 Australia beef
= 2 80
g 2
=05 - =
5 5
*g' *g' 40
O O

00 B T T 1 O T % T —

80°C2min  80°C60min 121°C20min 80°C2min  80°C60min 121°C20min

Figure 3.2-2 Amounts of trans-4,5-epoxy-(£)-2-decenal and 12-methyltridecanal

in Wagyu beef and Australia beef.

ZDOFER, trans-4,5-epoxy-(E)-2-decenal |%, A —A T U 7ML IHREINT, 2
RMILMBRME OO Eh, S 6ITmEE, &2 WM ORWERAET
X, i ThoTHMMT A2 LT TERD o7, 7220, ZORSOBHRIIT 0.2
ppb TH 5728, 80°C2 sy MMEL L 7= F B LIS D A D& A BT IR UC B & 72270 o
=R REMEMN S 5. —F, 12-methyltridecanal X, FEC2> 7 MBS TIXW T D4R D
Hbt ST (2O ORHRA L 1ppb THS), @R TR LA —X TV
THATITEARENEM L. S5, ROMBAOBRENSWERETIE, A—Z2 7Y
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TR O 5 58 D 12-methyltridecanal 235 H S 7z,

ZOXIE, ZO2FEHEOT VT ROGAHET, HBEEMHFICLY RES A L.
BT, ZOBROEEMEZTH~L72012, BEEEOMFBLOA—A T U 74
(4 % 3 ER) 122\ T, 80°C2 43 & 121°C20 Zr o MEIZ R 5 2 O T VT &
ROEH &L~ 7 (Figure 3.2-3). = DfER, trans-4,5-epoxy-(E)-2-decenal 1%, 7 —
ZRZUTAENLIIRE ST, BN LR bR SE. —7,
12-methyltridecanal (2P 72 INEASAE T, WIFNOFRN S bR ST, 121°C20
SEOMETIE, FFLEV A=A N TV THENLE MmN, ZO/RRIE, 2
D2 EOT VT v ROGHED, FROBIESCINBSEME & W o Ie iRt 02 %
MZTDHZEERLTEY, Y Fa—REDORRANETFROREE L, LosSL
2 570 EORR MBS B T 2P OREE N R o7 &9 3.1.24DFEF &

—FH L TW5.

trans-4,5-epoxy-(E)-2-decenal 12-methyltridecanal
(LOD=0.2ppb) (LOD=1ppb)
15 150

N
o
o

100 A

0.5

Content in beef [ppb]
o

Content in beef [ppb]
>

° 50 A

0.0 yves 000 AAA 0 O80 AAA

80°C2min 121°C20min 80°C2min 121°C20min

Figure 3.2-3 Amounts of trans-4,5-epoxy-(£)-2-decenal and 12-methyltridecanal
in other Wagyu beefs and Australia beefs

(e: Wagyu beef, A: Australia beef).
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3.2.2.2 FRHESAFE O R 5 4 OB REFEAT

FARBRMEOFA RO 2 BEOT VT v RERREOENDR, FRORIKIZE X 55
A B HERTAN CHERB L7z, BREREMIC A W oRIRIE, R A R LR & FIERIC,
LA =2 T U T 4%, 3 50%MH (FFOF &2 £ L5 80°C2 72f, & 612N
B A L72 80°C60 77, M/JEIAATEIRIEZAEE LTz L b b5 121°C20 47[#]) THNEA
Lz 6ftH (D~®) &%l L= (Table3.2-2). #EAGEE LT, TEA0RIE0H
X & TEIANTZHARR) 2REL, RIEERRIZEROMES, 7 B o R TR L
2. 728, 1AL RIEOH X 1 trans-4,5-epoxy-(E)-2-decenal DR %, [EAATS
FAAR ] 1E 12-methyltridecanal OFF8 %, ZNZE N2 RELLZFHMIHETH S, I HIZ,
Control A & LT, F4% 80C2 MEAL7ZOQLF L D EHEL AR
OHE] NTH, —7F, ControlB & LT, A—RX K7 U 7% 121°C20 43 [HMEA L 7=

@LRLbDEMEL FERAATZFRER NTREERL, BIELFERFICRRLE.

Table 3.2-2 Samples of sensory evaluation.

Heating conditions
80°C2min 80°C60min  121°C20min
Wagyu beef @D @ ®
Australia beef @ ® ®

R 7 4 OFE R % Figure 3.2-4 (R LT, [EACMREOH S 1, A—A T
UTHED HFETHRET DI, RIS, 80°C2 OB N R bR <, MEAD IR
EHICLT=N ST, TOMETFHE 7. Bk EEER TIX, 80°C2 RN L 7-F1
ELISNDHENIT trans-4,5-epoxy-(E)-2-decenal [T TE R0 o72b DD, ZORGGD
BEE (K 0.015ppb) AERHERF (0.2ppb) LV b2 DIRWZ E2vn, BRHFRRLL
TTEEND ZORSEBERAM IR D Z N TE RN H 5. —F, [HiA
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TR 1X, FiE X0 A=A R Z U 74T L B, BN E 510>
THE - 72, B OEREFER T 12-methyltridecanal 23t SN2 - 2R THH-ThH
BRI T X SN A & LT, trans-4,5-epoxy-(E)-2-decenal & [FIAEIZ Z D %4y D F
il K™ 0.1ppb) 2723 FR RS (1ppb) LV HARNWZ BB L TV D ATREMEDR H 5.
[FE AN DH & 12 trans-4,5-epoxy-(E)-2-decenal D5 %, [ A A 724 A
7% 12-methyltridecanal DFFH %, TN ENEZ KB L CFHMIHAGETH L Z L 2B 2 6t
5L, TOERHIMGRIIZT VT € FEAROZEH EMR—HL TV LEDbNS.
IHI, GO TE L= A2 M2 LD L, 121°C20 20 (L ~v R &F) gk
LA =AM U T4, T8—=7 V% —F%—Fk) ° [V MLV RR] S o Rkt
ELTIFE LR a X AR b, TOFE= A2 M, 121°C20 43[H
(L bV R B L 72FATIEERO i o 72 Z & vk, FREIERIZEIT 5 12-
methyltridecanal D& A EICITHE EREHNH Y, £ OHPH L E X 7256 X AFREELO

I%ﬁ%l\$® R 6i§§7}) SARVVEREME N B B .

Mellow sweetness of lipid Stewed beef-like
p<0.05
strong !
I 6
5
4
3 d
2
weak 1
O @
80°C2min  80°C60min  121°C20min 80°C2min  80°C60min  121°C20min

Wagyu beef % Australia beef

Figure 3.2-4 Sensory evaluation of cooked beef by various heating conditions.

(The different alphabet shows significant difference.)
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3.2.2.3 RIS RSy O FH R

AA— "B EH/T D trans-4,5-epoxy-(E)-2-decenal 1%, FEZLi 7o n#Stofnd:
L2 EENDZEDND, LS L SORRE TR T D FlF o R 127 <
FAELTWSEE25. —J7, FREOEFM A AT % 12-methytridecanal 1%, F14 XD
A=A RN T UTHRICEEGEN, SOITMEDRBREDICLED > TEAENET Z
EMD, VF a—Tp EOFIAL BN EE R RO FEEICREE L TV D &
FR25. ZOXIIT, ENENOT AT E ROGHERIL, FROBEEMEBSEM: L W
ST OB LR 2T HZ EEZHA LT LD, ZOFBERELZ £ U 5K
IZIE, ZRHDOT T b ROAEFMESCEZENE, H25WITRBMEO S/ EOENH
MET L IR EREND.

trans-4,5-epoxy-(E)-2-decenal (X, FI/FIZZ <G END Y /) — BT 7% Ui L
DEMAEFEEE LV AT D Z ERREINTND T E5IZ, ZOFRRSO
BCLEMEIRT X VBRI EOREARENIFT L LF LR T T 2 nmbsnTn
%70 RTINS S 4, @RS D VR O INEASE TR HY
SN oA RIOMKEIE, ERROMREIIFE L. iz, FFEEOERICLE
EIND 3 ODFEME, EERENIZME, MAFIE R TORMK, € L TR MmEuR
ETHDH I ENEMEINTRY 0440 2 6 trans-4,5-epoxy-(E)-2-decenal DAERLIT
VBT, BRE (FRICREFIAEIAEE) O E L ZDmRb, S BT nESEM (R
B, W) (2 O 720, FIAEE DOIRRIC trans-4,5-epoxy-(E)-2-decenal 23R 5- L T\ 5 &
EIAbND.

—7J7, 12-methyltridecanal I%, 4ROFEE L &0 EOBRIIAITH L0, Fegk/n Y
VIRETH DT T A~ — U OMKGIRIC LD AR L 2, 2 O EMIT BN &
WZ LR THRIND. - T, AiREEZEATLHRIIZIE, HDOWITNEALELT D
1ZE, FHH O 12-methyltridecanal [ZHIIT 2 = & 3R Shrz.
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ZDXH7, FRENOT VT ROFEHBEEMOE, T 70 b AR E L
M, BHDVITHTEMAREDBEWE AT 2 & T, Fxix, xRt o

P2 RRBRANIC @D TE B bD.

3.2.2.4 FWIZEIT S 12-methyltridecanal O RiTERIA D 5347

2-Methyltridecanal 1%, f14k 0 44— bV 7HICEL<GEN TV, £, *
DRIBMETH D77 A~vu—7 0%, FROLE, EEHROZWHRIZEZ HERT
WHZEehnHmESRLTWD 0 o, LA —2A 7Y 74T 12-
methyltridecanal 232722 > 2FKE LT, RN (RE) OFEGOEINEELTND D
EMTREND. LML, 77 A~va—F U IIKGRIZE VAT DT AT v R,
12-methyltridecanal 721 TlE72 <, Z< OENLGHBK I N TEY, ZOEHRDIT
hexadecanal 72 EDOEEHT LT & RTHD 7980, 2D, MRS THE Oz Lk D
ISV, FRICB T LT 7 A~vue—F OS5 MICET 2mEDHA 9%, 12-
methyltridecanal DG AIZHEH TE H0ESITAATHS. £2C, A—A T U7
Yo (FHN) BLOWRS (B 26, HEEEINAKSHZ THE U 5 ok g & OB 8
7T e REOEL L7 (Figure 3.2-5).
MAKRGHCTAELTET VT v R, BE#HT VT & FOGEE, EOME & RIS,
R THLRENOE RSN GRY © 71.5mge, MBS @ 133 mgg). —7,
RSN T7 T e ROBEIE, RY LIEFOBOEITIRIBICHEEY RY . 812
mg/g, IEY : 533mgle), FiAATZAAORSE ThH 5 12-methyltridecanal IZFRET 5
L, TOEHAREIIREEIV G, DLABFIIZEENLERLER -T2 GREY @ 0.7
mg/g, IEH : 187 mg/g). T7obb, RFOEEGHENA—A LT U THIZ 12-
methyltridecanal OHIEMARE N L & WD RFUTFTREMEDME S, Fil 21X, MFEOENR
JEB (WD E 72 78, 12-methyltridecanal D FTERARIZ LV 2L T\ 5 A]
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REMED N & 5.

90 -

12-methyltridecanal

branched-chain aldehydes

[l rormal-chain aldehydes

Generation amount [mg/kg]

lean meat fat

Figure 3.2-5 Amounts of aldehydes that were generated by the hydrolysis of Australia beef
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33 KN

ARETIE, ARORL L TUEIMIEBNTHEIEN SO ERA O£ LWERUSHE
53 oz, mpLmAd (A=A T U TE) OREBICIVHALNILE. S5,
InEY (EDAZ) FHEE L 72 PR E R OB T % 12-methyltridecanal (235 H L, FI4E5
(BT H&E, FRORBRME (WRESONESRM) L EAEOMRK, & LITHIBAIZ SN
Thias L7z,

T, BHEORVEREM TH I EORME 4H) IERL, fd LA
B (A=A STV THE) OFRFLGHSr % AEBDA IS T L7z & 2 A, fibdERe L
THTHLZR 11 547 (1-octen-3-one, 2-isopropyl-3-methoxypyrazine, methional, (Z)-2-nonenal,
butyric acid, isovaleric acid, (£,Z)-2,4-decadienal, 12-methyltridecanal, trans-4,5,epoxy-(E)-
2-decenal, 4-hydroxy-2,5-dimethy-3(2H)-furanone, (E,Z, Z)-2,4,7-tridecatrienal) % F8&7-.
o, MRV TEWTFGEZ R LIo g OFEDIEEICHRT 57 07 & R
7 N %8 (hexanal, l-octen-3-one, (Z)-2-nonenal, (E)-2-nonenal, (E,E)-2,4-nonadienal,
(E,Z)-2,4-decadienal, (FE, E)-2,4-decadienal, trans-4,5-epoxy-(E)-2-decenal, (E,Z,72)-2,4,7-
tridecatrienal) TdH Y, P THE S EWHFHGEZ /R L7 sweet, juicy, metallic 7275 %
A3 % trans-4,5-epoxy-(E)-2-decenal 725, U J — VLT 7% R U fele &0 & E AR
NG DBRLIC K 0 AT 2 Ch o722 Lo h, FFEEBIEEICH KT 5 F XK
DO R ZIT DT LR LN T,

HKNT, FRERIC LT TR OS2, b TbEWEFGEZR LT rans-
4,5-epoxy-(E)-2-decenal & A A TEA4 R DR T & % 12-methyltridecanal |24 H L,
A OFFRLIMBSME & OBRIZOWTHE L7z, ZOMR, AA— MMe&iHEzAT
% trans-4,5-epoxy-(E)-2-decenal I T, FELCMRMBGHEOTIFICZ L G, LS L s
SORBEBE TR N L5MPOREEICHRSBEEG Lo & —8E L. —J7, FRfk
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FREZ AT 5 12-methytridecanal X, F14 LV b4 —A TV THRICELEEh, &
DICMEANREDIZ LT TEAENHEM LT D, v F a—72 EOEIAHN
BN EER PR OBEEICRIES T 8 —B L. ZokoiL, ThETho
TATE ROGHEL, FROBESCMEAGN L Wo el GO ELZ M 2T D
ZEEWLMNIL, ZOMKRHBEREAECLERE LT, TNUHLOT AT ROE
FHEEPENZEENE, &5 WX G/ BEOBEVWARET L A fEEAHEER L. X
5T, BREFHmIC B W TA BRI BT D 12-methyltridecanal 0> A 2 135 1E 72 %6
DoV, FOFRMEEZTGEITFREEEOE I EO M EIZITERN & eV ATgetE 2 78
Wi,

PLED#ERN S, 12-methyltridecanal 1%, trans-4,5-epoxy-(E)-2-decenal %4 &35
REFIEBE OBRLIZ L VAL DT VT & REST R EOFLRMY E &b
WA D R W ERRAEM T DM EROEE MR OO EDTHY, RO
KRB & Vo TR OB AR Z T L2 L 2P 6T L.
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FHAE HIROFREDEEHT VT v FOEFKOMANER

Z 2 E TOMZERER D, 12-methyltridecanal % (X U b &35 —H DOy T /LT &
NEX, AMEO S WEREM TH DR L 3 — & F— XL & > THEER
FEZE D THY, TOFIUKHTHHFEEX, F— X281 5B 4 R B
BT ORBEEMORBELZ T TRESEHTLZLEZHLMNILE. 61T, FRE
BoOWE, ZhoOEa&EIITEERTGEANH DRk 2807-. —F, 75271
F— AL, —#HOGIEHE T LT B REORIBRENRKES TN TEBY, F5K
FELTRBLTANIEET VT e &L, ZO—EoThoZ bW LN T2.
L72i3oC, fHIZ BV L OERBLD RO BRI TAMO TEMRIECE 5T,

ST VT e N E LB IERECIRG T 5 & L b, #IEHEEZEX 256
ThHo THEHIEERDZLNEETH D.
I TEBHEICONT, FAREOEFR E OFER RV E SN HROERICE B
L, THENOFERICE EN DB ML E O BEAERCET 22/ 4. £<0
FBIN B 2 EHX M OMANERIL, & OMRE 22T 2 EH (BRI
EFY OB EENT HEH (FREM) (KBl Sh, ZhbOERITRROBNL S
EHBBICERT D L b TG 88,

—J7, WRUE, MR R E OE VI K0 KBS, B CREVRE &
B LB (REEZBRWEERR A IZOWT, Zib OkED 2 Hhoic%
< OFERH D 8. &5, AEDA <° Gas Chromatography-Olfactometry of Headspace
sample (GCO-H) ([ZX VU, $IMUCE ENLFHFVIZFHFLGT HITMA T, IEHEDO S 5
WMETLTOFVICHEGT O ZRBLIEERbRE I TND 8 i, o

(CEEREE R T RO H DM E LT, EXAFT AR O—FHTH D

rotundone NF /I RS2 %9. L L, 2O OHMERICBIT A FEEIL, it
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OB E AHIIC BT 2 RBMETIIA LN SN TE LT, HIEKIZBIT S
rotundone D EENET(X, RIEAWARENZRESNTWD. —TF7, EFE, JKEV 52055
SEREAR (GRRAVE A W) 1X, SAMUREE O A —RE/mRICNZ, IA—TF 4 —T
To& L LEEMRE LB, ZORERERUTRL REL~OISH BRI T
W5,

ARETIE, ETH—EM TS L7 3 FROBIM GEREIR, BEIM, BHm) (1Z
ONT, H2DFESEMDE~y RARX=ZA T ARG ENIEFELARDEHERL, D
b 238 U TR R 2 B RS 59 D iy O 237, IRWT, & DRF#K
7y E R OREESRR T DO E D TH S 12-methyltridecanal DA A EH 2 F <RS0

i, BRUEM OBLR D RRE L.
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4.1 FEB1E

4.1.1 SRR

AL BRI L OVEREARUE, TG A2 AR A S AR S LV EAL, E
BRICHEHT 5 £ T—20 COBBEIRE Lz, ZNHOMIE, Wb ARy K
N (AR YT) OFR UHUEIZ T, 1ZIXFR—F (2015 4, 5 H) QI R%E

MOBMICTRESNTE LD TH S,

4.1.2 K

3-methylbutanal, 2,3-butanedione, limonene, 1,8-cineole, 2-isopropyl-3-methoxypyrazine,
acetic acid, methional, 2-isobutyl-3-methoxypyrazine, isovaleric acid, geraniol, 2-
methoxyphenol, p-cresol, carvacrol, piperonal, vanillin |3 H FfLRREA SN BREA L
7-. o-pinene, myrcene, (+)-linalool, (R)-(-)-linalool, (S)-(+)-linalool {X> 27 ~7 /L KV v
F Vv N UERIE L DA LT, B-damascenone IZH AT 4 L A = v B XS4 L Y,
(Z)-methyl jasmonate X H A A A S#:LV, (Z2)-6-dodecen-4-olide | X R.C.Treatt &
DHEA LT

rotudone [ SCHRFLHEL D FIETHBE LT . B LTEEMITY A AT hré RIFIC
KV RE L.

rotundone. MS/EI m/z (%): 218 (100, M+), 203 (83), 163 (40), 161 (53), 147 (42), 137 (31),
119 (46), 105 (44), 91 (51); RIpp-wax=2276, Rlpp.1=1693.

12-methyltridecanal (X 2.1.1.2 D FETER LIZH D& H W=

413 FRIRHEY O
TR HE T CAH LR A B O I L TR X I L, S K258, 4
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LITZEARII AR (5g) 12, 5% (viv) ODEEKEGZLY=FLz=—7/L (20mL) &N
HREEHE (2-octanol, 100 pug) ANz, 30°COKIBH T 1040, BEFHEZRA L, HHM
B END BRI Lz, A A2 & 0 B £ RO - &% (9 15mL)
I, EEOKARERT N YU LT THIKE, SAFE (5%10°Pa, 40°C) T CARHEHIEMER ) % bR

BRI BB E G, BRI EEUESE, =2 ) —2 AR —&—

(550 mmHg, 35°C), W CTERXIE THRM L7 (K150 ul).

414  FROFIED -0 OFELRLSY DIEiE

B D FRE 1, O I L THRELZHIM (20g) 7S iEMHH & SAFE & fl4
Ho¥ 413 0FETHEL, S5 2 mL £ TRMELZ. ZOFXEMHEY O &
IZOWTC, 2114 I CRE L=V ATFNAN DT Ara~ NI T 7 4 —IZKD0EEITHD,

Hi4y A~E Z187-.

415 GC-O

BV E VAT L (ODP3, Gerstel £ & 3% L 7= Agilent £:5 7890N 7 A~
u~ NI 7 &AL, LTFOEMTGC-0 #17-7-. /77 4 : DB-WAX (30mx0.25
mmi.d., FEE 0.25um, Agilent fL8). A —7 R : 40°C~210°C (5°C/min). % Y
T—H A ~U A (i 1.0mL/min). {EAYE: A7 Y » b UAEAN. EALRE
250°C. FEHEAE : 1ul. BtgEs : KFERA A g (FID, 250°C). ODP3 (X 250°C

THEAL, 7 LHBICTFID &40 L7~ (FID : ODP3=1 : 10).

41.6 AEDA
413 TR LZHMOBERBEREDILIY 7 nno A 2 02 X0 BFEICHIR LT (4 1%,
16 1%, 6415, ... 4f%). o0 (1ul) % GC-0 IZFEAL, AEDA OFET
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T4

RAGHSGTD FD-7 7 7 2 —ZiRE L. EEFERFGS D FD-7 7 7 Z—1% 4 4

OFHEE D 5B 3 AL L3R L7285 LTz,

4.1.7 Gas chromatography-olfactometry of headspace samples  (GCO-H)

GCO-H*'"% 4.1.5 THEA LZEEEZ Ay, REHE X7 A7 448 TDU & CIS-
AFEADEZMAEDETHEHA L. IATHML TEZABBA (0.1g X, 50mL %
DT ANA T A AN TERR LIR, ~y FRAR—Z% 40COKET T 30 43
B b L7z, Eb L7z~ RAN=ZA T AL, HAZA b ) o DI C—ERBEE
WL7z. R L7z~ y RAR—=AH AL FD-7 7 7 ¥ —OBf%IZ, 1mL=FDI, 0.5mL
=FD2, 025mL=FD4, 0.l mL=FDI10 T&H 5. RWT, HAXA N U P TRILL
Tersy RANR—ZAH 21, 2.5 53 @0 TINEIAE £ — K TDU/CIS-4 & A7 A (TDU:
250°C, CIS-4 :-100C) (ZHEAL, CIS-4 #2iHIZ 260°CE THIRL, HRMDOLE
ZATYy hLAE—RTGC~EALK., £FKLYDFD-7 7 7 #—(34.1.6 LA

HRIZ 42 OFHIE D 5> B 3L B3t L7 fEZ 3R L7z,

418 GC-MS

HAZ v~ k77 7% Agilent 1LHL 7890N, & B 2R 1T Agilent #1:54 5975C % i
L7. #7 A :DB-WAX (60mx0.25mmi.d., & 0.25um, Agilent #:%) 35 X OV DB-
1 (30m x 0.25 mmid., FEE 0.25 um, Agilent %), A —7 JBE : X7V v hL R
AR T 40°C~230C (3°C/min). A7V v FEAKE 80C~230C (3°C/min). F ¥
U7 —=HA :~V L (i : 1mL/min). JFAE: A7V v FLAFEAHDLWVTAT
Uy MEA. FEARIRE : 250C. BEHEARE : 27U » ML AJEARFHL 02puL. A7
Uy MEAERZ L (A7 » B 30:1). BE&Etas : 4 4 AbEE 70eV, 142
PRI 150°C.
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419 oy OFE
FERAF GRS DFEF~ AALT b, GC BT H2RFEE RD) BLOFHZ,

FEMEOTH D LT 5 Z LIZK 1Tk,

4.1.10 linalool ™ Yt E MRS 4T
B HIMUZE £41 D linalool DHif% A= (enantiomer excess, ee) |L, ¥ 7 /LF ¥t

TV —HT LEE LT GCIlZBIT 2 4.1.4 TR L7214y CIZE& £ 5 linalool D E

—JEBEELVREH L. EEBLOEMFITLTO®Y Thb.

258 : Agilent £E8Y 6890 N series W A7 v~ K77 7. 717 A : InertCap CHIRAMICS
(30 mx0.25 mm i.d. f%/E 0.25 pm, GL Science fH#l). F4—7 LA : 60°C~180°C
(0.7C/min). ¥+ V7 —A A : 2% (Jitif : 0.7ml/min). JFEALD : A7 U » MEA (R

7Y R 1/50), {BEE (250°C). RRBHEAR : 1ul. BRHER : KFERA A AL R

(FID) (250C).

4111 EREFHE
WEEITMEL (L bV N LicA—AX R T U T 4R—1047 (20g) (2 (0.008g)

T TREEAARE L, S{bE% (12-methyltridecanal, rotundone, (R)-linalool) oD JE
i U2 KA 2 8 U 7= (Table4.1-1). =2 bz — L& LT 12-methyltridecanal @
HDOKIEWR = HEx L, rotundone & FE7FL7- & & (Sample A) &, (R)-linalool & 3E7F L
7= & & (SampleB), BI O G EHFELZEE (SampleC) (ZBITDH, a2 hue—
CHEE L CTEUDZEFVOEEME 2L 154 Q0125 40 XD B9 4 Lt 6
4) TR L7z, 372bb, a2 ba— L ERUE4, 22 br— L XD ETHN (R
W) &3 (5), 2 hr— X0 () 22 (6), 22 hr—/LX Vb TH

WEZIERW (X THW) 21 (7) &L, DWW ELE&EDFD (Orthonasal aroma)
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L, BRATEE 2D Y (Retronasal aroma) Z Rl L7z, & 672k RITEHETRL,
Tukey DZEWRE #1To72. S HIZ, &7t nTay br— (12-

methyltridecanal) OF D BN LI LK U7 HEE, 2 A el T2 KoLz,

Table 4.1-1 Samples of sensory evaluation

Control Sample A Sample B Sample C
12-methyltridecanal 100 ppb 100 ppb 100 ppb 100 ppb
rotundone — 0.05 ppb — 0.05 ppb
(R)-linalool — — 8 ppb 8 ppb
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42 FERBIOER

4.2.1 FAROEFL T G-y

BEAMO BT LI, BhE S SAFE 2A8bE TR L2, SIlESKD
iU, BB MEMET ETH, MTETHLRVERIIGLOAT, YoFrx
—TINREBRE L TWD ZERNbholz. LL, Yo FLz—T /LT, K
DFEVIFFH, PIMASROFRZB/IT L2 LT TERroTc. 22T, WEDHSE
Bl 0% BB, VT m—T IK LT RO K EZTM Uil AL 2 i
L7k ZAh, HYOME, FHHL BICKRIIIZEI N, KT, 5%OEEKZRMLIE
BHI, ROBFREFEIMMBEAFOND Z ERHLNE 2o, ZORRE R,
R TRIRZ N D FEXIRMED OFRIEZRE Lz, T72bb, IREERITTHrThm
H U TR Z M & U TR RN D, S%DOEBKEELY2F LE—T LT
TRy 2 L, RWT, SAFE (2 TREEREMED R ) 2 B Lo & KURHE Y 2 i 4
L7, 20X L THELNIZERBEMEDIL, AMAROED 2 RAFFLTEY,
GC-0O |2 X 2 FRF Gy OURIRITHE L 730k &l L7z,

3FOTAMDE R A G- r% AEDAIC TR L72L 2 A, FD-7 7 7 =3 £ )b
4 OFIPHIC 23 B — 7 B S, M OERD spicy e F A OIS, ZERFRO
FHRIMOR YL > TWD Z L3R S 4L7z (Table4.2-1). 260 23 B — 2 |ZHH
BT DERFGY D% ITEARBRDD 2N, BEREICIE GC-O IZHWEEFR
IRAED DM, £ 20 g DB HETEFRIRMED S 72, 15 5 - BRI,
YINTNHT Ay aw NI T T 4 —ITORERE, 50N A B R X O
PEH T DX D GC-0 & GC-MS ([T TREMIZ /3T L7z, Z DR, RIEICWZH 2205
7opisy (B—2 13 L %3RO rotundone : 20) ZFr< 21 oy FAE, & LIFHEET D

ZEMTE., ZNHOH T aceticacid : 8, (Z)-methyl jasmonate : 21, (Z)-6-dodecen-4-
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olide : 22 @ 3 FAMITHIMMDE LSy & L CUIHTH S Th o 7.

WNT, BT 5 EREGRYD FD-7 7 7 X —Z LI 25, &bE
WFD-7 7 7 % — %7~k L72(R)-linalool (11 : floral) %X U, %< DIy D FD-7 7 7
F =35 TIETH S T2, —EBORD IR EN DR bTe. eI D
FRUL, OB E Y LREICW T B 7e > 72fk4yr (20), B-damascenone (14 : sweet,
fruity) @ FD-7 7 7 # —73 & <, 2,3-butanedione (2 : milky), methional (9 : green, potato-
like), geraniol (15 : floral, rose-like), 2-methoxyphenol (16 : smoky, burnt) @ FD-~7
77 A =PMED 0T ZORRIL, SERBIRERORES, BRI K& <

TEENTZ b DO T2, —FHOMADEDOEWV LIV RIS Atz "L TkY,
IR D AR, L —RFFNCNZ, TA—F 4 —TT XD L LEFRELLRD
SEREIRORHE & B <RI LTV D

E BT, #E T2 TOBMNBE D FLRMITITONT, GCO-H % HW T 3 FOEHMD
b 258772 (Table 4.2-2) . # E 72 TOHIMUT, W T ALOEIM G TLENMED & 2 TRV
BaB>TWebDD, 1 mL BLFO~y FANR— 20 Z7E A& TR U7c i 80
12 flidy & BAMCA 22 <, WO b BT 2R EO RO T LR U A R
VETVUVHEHNERTH ST, LnL, TOFIBICKDHETIE, FD-7 7 7 X —H 2
BMELL E OB/ ZERNRBO HNRNT LD, #E T TORHM LT 5%

TREUDZERIT, HhHBE D b/ LRSI ND.
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Table 4.2-1 Potent odorants showing FD factors (FD = 64) in pepper extracts

log, (FD factor)

a b oo

No. RI Compound Odor quality Ripe Black Whits
1 945 3-methylbutanal stimulus 4 4 3
2 991 2,3-butanedione milky <3 5 <3
3 1032 a-pinene bitter, pepper-like 4 4 4
4 1173 myrcene bitter, pepper-like 4 5 4
5 1210 limonene citrus- like 4 4 3
6 1223 1,8-cineole camphorous 6 5 5
7 1434 2-isopropyl-3-methoxypyrazine earthy, pea-like 5 5 4
8 1456 acetic acid® sour <3 3 3
9 1460 methional green, potato-like <3 4 <3
10 1529 2-isobutyl-3-methoxypyrazine  earthy 5 5 5
11 1551 (R)-linalool’ floral 8 8 8
12 1681 isovaleric acid sweaty 3 4 3
13 1723 unknown citrus-like, spicy 4 3

14 1824 B-darnascenonec Sweet, frUIty 4 <3 <3
15 1858 geraniol floral 3 3 5
16 1863 2-methoxyphenol burnt 3 5 5
17 2088 p-cresol phenolic 3 <3 4
18 2217 carvacrol spicy 4 5 4
19 2234 piperonal sweet 5 5 6
20 2281 rotundone? spicy, woody 7 5 6
21 2407 (Z)-methyljasmonatec’d floral, jasmine-like 3 3 <3
22 2413 (Z)-6-dode(;en-4-0|ide°’d sweet 3 3 <3
23 2572 vanillin sweet 4 4 4

#Retention index on DB-Wax column (30 m x 0.25 mm i.d.; coated with a 0.25 um film)
observed for GC-O.

®The compound was identified by comparison with the reference substance on the basis of
the following criteria: retention index (R1) on stationary phase DB-Wax, mass spectra,
and odor quality.

‘The MS signals were too weak for unequivocal interpretation. The compound was tentatively
identified by comparison with the reference substance on the basis of the following criteria:
retention index (RI) on stationary phase DB-Wax and odor quality.

I Newly identified compounds in pepper.
®Odor quality assigned during AEDA.

"The enantiomeric excess percentage of (R)-linalool in the pepper extract; ripe pepper: 75.3 %,
black pepper: 73.2 %, white pepper: 84.3 %.

9The stereochemistry was not determined.
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Table 4.2-2 Potent odorants showing FD factor (FD = 1) in ground pepper headspace

e
No. RI? Compound” Odor quality” RipeFDBfIZ(c:fr Whis
2 991 2,3-butanedione milky <1 4 <1
3 1032 o-pinene bitter, pepper-like 2 1 1
4 1173 myrcene bitter, pepper-like 4 4 2
5 1210 limonene citrus- like 1 1 2
6 1223 1,8-cineole camphorous 2 2 2
7 1434 2-isopropyl-3-methoxypyrazine earthy, pea-like 1 2 1
10 1529 2-isobutyl-3-methoxypyrazine  earthy 2 4 1
11 1551 (R)-linalool floral 10 10 10
a 1829 calamenene® spicy, herbal 1 2 <1
15 1858 geraniol floral <1 <1 1
18 2217 carvacrol spicy <1 1 <1
20 2281 rotundone? spicy, woody 4 2 2

#Retention index on DB-Wax column (30 m x 0.25 mm i. d.; coated with a 0.25 pm film)
observed for GC-O.

®The compound was identified by comparison with the reference substance on the basis of the
following criteria: retention index (RI) on stationary phase DB-Wax, mass spectra, and odor
quality.

“The compound was tentatively identified by comparison with the reference substance on the
basis of the following criteria: retention index (RI1) on stationary phase DB-Wax and odor
quality.

?Odor quality assigned during AEDA.

®The relationship between FD factor and headspace volume is follows: FD 1 = HS (1 mL),
FD 2=HS (0.5mL), FD 4 =HS (0.25 mL), FD 10 = HS (0.1 mL).

4.2.3 rotundone (20) O [FE

SEREHRIZ BT, (R)-linalool (ZIRWNTEIVY FD-7 7 7 X — %R LIZ[REICW 2 5
o TSy (20 @ spicy, woody) X, GC D7 i~ k7' A ETEEORSNERD
2, WEMS Thole., 22T, ZOMSERET D7D, FTEREIREUE O &4 1
L, BERREDEZRE L. BOoNEERREWEZ VDTNV T KT XY 4L
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ToRER, BRURMIEZE Sy DICEEND Z L&, Wi, FEfmtEo 2 FEO S T L (DB-
WAX, DB-1) &% GC-O IC TR L7z, GC-0 IZH1F HIRFHEIE (Rlppwax = 2281,
Rlps. = 1676) (Z5%%4 4 550 %, GC-MS IZCFEMCHFTI L7 2 A, Wi D XV H
B &T DR D~ AANT MGG, XEkfEHR 0D, ZORSEEAXT L~
> T % rotundone & HEE L7z, LikZ 2512 rotundone ZAHL L, MU E £ 2 (A
(W e BRI o Ty L IR LT R, /M, ~ A A7 v, 2 O 7 2 (DB-
WAX, DB-1) (ZBIFDRFHEENS —E L2 Z LD, E—7 20 DSy % rotundone &
[FE L7z, BEIC, rotundone [XEAMUCE £, TOEHELBEOKEND, HIRER
OGN PRSI TR, BRSO H2 53, SIREK BRI W THSE
IZOWTIEHEEREINTWehoTz., LR T, SEIOMERIE, Z OB OE
ZE o T CEHERMY Th D Z L FBINIR LTIZAD COWRETH 5.
rotundone %, VA U REDFETHL T RUREICEEN, 7 FUREHICHEL
TBORIANIELFEND L, REOMTE bRVWERERPEMNT 5 Z L
PR STV D 20798 —J5 0 SRl KRR TIE, rotundone [T EHIM CGREAR)
L0 b AR GERE) OFNEWED-7 7 7 X—%R L, S5, RIU%
BRRTH-oTH, REOENAGM CREZE) KL0b, R CREA) OFD -7 7
J B —=NEWMEHAREO b, T ORREZERET H L, HHMUCIT 5 rotundone
GHERED, T RURFELFEERIC, REOMMESCREOFEORELZITHLRT
Bah, REOHDEARNBESN D EREIMORHEA 2 EFKUZ, ZORGDEERS
B 5-3 % AlfetE R S D

4.2.4 BAMOFHEE SRS D 12-methyltridecanal O FH A AEH
I OEFRUITER S A 53 D571E, TR, B, BiRE b 7n—J 1 FE
% FFO(R)-linalool TH 2D Z E N LT/ o7z, KM E & (R)-linalool D#ER FI4E
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IR 1% 73~84%ee & /&< (Table4.2-1, footnote: f ), F7=, (S)-KDORE Ok 7.4
ppb) 1%, (R)-EDOBEME (KF 0.8 ppb) LV HFI 10 f5m\ 202 & d, BABIZE N
% linalool ® 8~13%% /58 %(S)-linalool DEFERDHE I VWL E2 5. &6, &
B HENRHA SN STz, AL ¥—, U T 4 —72F# % FFDO rotundone H, HFX
Mt &~y RAR—=2FKD AEDA IZBWT, L HICEW FD-7 7 7 # — 2l X
NIZZ b, IMOFRIFGTLEERFTRLDLEEAD. £ T, HAMORE
FRHS & LT rotundone & (R)-linalool ZHX Y LiF, Zd 2 flisrdd, HiAATHFRSCH
i L7z F— XA DEFX G515y T % 12-methyltridecanal 12 % 1F 9~ %% % & eI Tl
L.

WEEITINEL (L RV M) Licd— A b T U 7 ARICHIMEZ 2T 7R EE 2 480E L,
#AbAY (12-methyltridecanal, rotundone, (R)-linalool) D JE % FH%& L 7= Sample A~C
DK 25 L 7= (Table4.1-1). = hw—/L & LT, 12-methyltridecanal ® 7?7k
A %27~ L, rotundone & A7 L7 & X (Sample A) &, (R)-linalool & A7 L7z & &

(SampleB), BI O HF EHAF L& X (SampleC) (2RI D, 2> hu—/L & g
LTELAFVOE L MI 2R L7z, i, R%EE24L L& 0 7TEBET
P L2, BT icB v Cay hr— b (12-methyltridecanal) D& VD 2328k L 7=
EREUTGEE, 2 AV MERRRT DL R L.

Sample A~C ZaY b — L LR E2ZEEBMRELZEZ A, 12-
methyltridecanal DFRFEEIL, (R)-linalool, rotundone TIIA ERZLITFRD bR -7z

(Figure4.2-1). L7>L, (R)-linalool I% 12-methyltridecanal D7 Y % 55D A H[F 73 % &
AU (Sample B), Z#ui%, & HIZ rotundone 231> > T [A] UAHA Tod - 7= (Sample C).
B O[AE, 22 E L X DF Y (Orthonasal aroma) & AT L X DF Y (Retronasal
aroma) DWW HEEETH >7=. —J, rotundone |Z1% 12-methyltridecanal D75 FHSE %

AL S HEAITERO - 7228 (Sample A), WFENIAFFET % 12-methyltridecanal @
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E—=T7 Vv =X —ROFXE £ & F o RIS L S, AT im0 b,

T 725, (R)-linalool IZEFXMAIZNE, rotundone 1T HXEMIIIEAH T HA[REMENH S .

Table 4.1-1 Samples of sensory evaluation

Control Sample A Sample B Sample C
12-methyltridecanal 100 ppb 100 ppb 100 ppb 100 ppb

rotundone — 0.05 ppb — 0.05 ppb
(R)-linalool — — 8 ppb 8 ppb
orthonasal aroma retronasal aroma
6 6
5 5
4 4
3 3
2 2
1 1
0 0
Sample A Sample B Sample C Sample A Sample B Sample C

Figure 4.2-1 The influence of potent odorants of pepper to 12-methyltridecanal.

PLEDRER NG, SAME R DR Td 5 (R)-linalool & rotundone 1%, 4K DFFEEA
oy DONEDToH D 12-methyltridecanal & FHAANEHT 208NN HV, L v MER R E
T2 7 N T A Sh oo Slyk TR Cill IE#iPH % 12-methyltridecanal 2348 2 7235 Th > Th,
INHDERED EMAG0EL LT, FREZHE LI LEMOBHEEZRD 5 2 W]

REMEDR & 5.
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43 FH

RETHE, TF2T7VF—ARFRNICKEE N D07 L7 & REORIBREN 5,
LA fh O TR 7SS B P CIM B AN T 5 2 & TRIEE 72D 5 % 12-methyltridecanal
ZIILHETH OIS T LT & REEIZOWT, HEHEHEZBATHAETH- THIE
e Z RO HEZ, TFRBBEOBFERE OMERRNE SNOIIROERIZER L, TE
NOFXICE 5 FHEE s W OFE AAERIZBE T 2 Mgt 23l 7.

3FEOEAM GERBM, BEIMR, A 105 N 5EK A 5-ASr % AEDA X° GCO-H |2
THRELIZEZ A, WTNOMBOESR MY, &2 O ITMIFICIEE T 2FK Th-o T
t, floral 72 &% A9 % (R)-linalool 23 b m WA G EZ R T Z E M LMNITRoT0. &6
\Z, spicy, woody 727 % £ 3 % rotundone ® (R)-linalool (ZR\W\CEWHGEZRL, &0
DU FEREIRUZ TRV WM 2R LTz,

TN, SO R 72 55 T 5 (R)-linalool & rotundone & FW T, 4-H O R EFE
KRS DOE DT D 12-methyltridecanal & OFH A AVER Z it L 72f5 %, 12-methyltridecanal
DFLIREEIL(R)-linalool IZ L VIR HALLMEIMBFRD B, ZORITANLY AP LT
n~v bbb POTRHUMERNA RSN, —JF, rotundone Tl 12-methyltridecanal @
BFRMEZ LS ELIHRITFRO N o7 b DD, BE—T7 Vv —F—FROFINE &
F o ToARREUC 2 LIRFn 2R A 23580 Hivlz. $72b 5, (R)-linalool 1L MNHI%)
K%, rotundone [ IEXIEMIZN R 2 A9 5 RENMEZ A LT,

PLEDFER NG, SARE R OFRHEAL S T & 5 (R)-linalool & rotundone 1%, 4K DFEES
sy DOE DT 5 12-methyltridecanal & AHEAEM T2 AlgEMEN &V, @ EFIHZ 12-
methyltridecanal S 2 72 A&TH->Th, ZHODELED ZMAELET, Bl IEER

ELTRETHZ2LT, FREZMBE LI LRMOBIIEZIRD 2 wlRetk s i L.
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i
&
R

AFRIE, BAERE <, DOmRER AT TN TR ZAE D T 78 O KRR
BRARER D201, FMIESS 7 7 > FMUIZ X0 ZRHE S vz mfk 22 R AR &
LT, BRENe T — AR PFOFRTF G Z R L, TN o056 /I L2 R gy
REFZES TH DT LT & REICOWT, FRMME L RE - T figA %
B LW REE LD DTH L. AL ORIL, F— AL DEKET 515y
DERRICEFER~DFEEEZZE LI FEwmEEH L, £ 2 TR SNz DRt %
JFEFCH 2 T — ARERNOMECTER - TSR 22 BEE ST - L 2 A1
H5H.

ARICBTOMLELDONT T 1 —F, HHRATHLENICAHALIEEITHY, F—
AP W2 EOBREW 2P LTI T &M b TR, ITEMICKRO b HH
BRBROOEHDE LT, BHIZBNLEERTLIENHY, ZIULHBEREH
DEPRCR LB & MG OMFE 2D D FTHERERBRETHD. —FH, BLOWE
B, T, HOMEST T ML Eifb S heEREm b EE ch Y, F
— AR E TR L2 TREMICOWT b2 RB- BB IN TN D, 2D X 91T,
RIS 2 F—ARLPW B LI TG OMEZm L2 7mEs LT, Ml
“BWLL? LEREMOHENGEY, THLEZMICTEMICTN.SEDL0E N
IEDIRRNEENTND. OB L T, BAFERE L, omfkEm &l
T2 Em Y ZEEICRG- 35 2 LIEFRFETH Y, BEREROERIIDRNTHS.
LinL, BERT—ARPHOFVIZHET DM & En o OREICET 55 721X
AR RENZE L, DRRERIORIEIZN o TR,

F TR T, AT 7 v REIC K 0 2RS4, D B AR TOMELE
PEVERFEERORE L LT, kSN2 —4F—XLMEOFER T 5K & R
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L, 20606 i LR 72 /K Td % 12-methyltridecanal 21X U &35 —
ST LT B REEIZOWT, FRFFE & FHE - I TR S W TS 21T o 72

AN, B LT F2aId AV F—ADFERATERIOOESTHD 12-
methyltridecanal & —iHE DT VT v R TH LEZEEZ F— XLV HIH TR L,
ZNODOTFTF 2 T NVF— XTI 5 EH X2 M IR L.

HARNIEHEO®mNAT—FF—XER L, FTRREDRR L I—-FF—XD

BFRFGM % AEDAICTHIERLIZE 24, BMHNARS 2213 EFHEEN L 72
LERM T E LT, ZNV—T 4 —REFEMEZHTHT A7 )V (ethyl butyrate, ethyl
hexanoate) , kK, T v Y Hk, HHOFWMAAT LT VB (2-isopropyl-3-
methoxypyrazine, 2,3-diethyl-5-methylpyrazine, 2-isobutyl-3-methoxypyrazine), B&& %4
T 5 VAR lEFA  (butyric acid, pentanoic acid, hexanoic acid, octanoic acid, decanoic
acid, dodecanoic acid), ¥ ¥ 7 A NVERDOFHFF % H 3 % 3-hydroxy-4,5-dimethyl-2(5H)-
furanone, H\\& Y %49 2 4-dodecanolide & phenylaceticacid, & L CHREEDOFEZ %
HT % 12-methyltriecanal & [FEICIZNT DR o72 7 ) — v R EREHT D0 % A
H L7 WTFNOFSHES b RABIENAR S 2D LD » THEERE T Z LD,
ZNB DRGSR LT T —F F— XD BN THERELICESBE G L T0nd &%
b, B LT = F—AOHERFIAR OO L L LTRH LR 12-
methyltridecanal 1%, F— X5 ILBHHRSS TH - 1=,

EBHIT, BWEFLEIIREIS RN b D0, I—&F— (21 12-methyltridecanal O
IR L LT T RODILSEE T LT b R (A Y A F VA4 % 10-methylundeanal,
11-methyldodecanal, 13-methyltetradecanal, 14-methylpentadecanal, 7 > 7 A Y X F /LA
%479 % 8-methyldecanal, 10-methyldodecanal, 12-methyltetradecanal) 737 F 41, 8-
methyldecanal Z fR < W N DO bARBHM AR 21T EHEML . 12-

metyltridecanal % & 10 Z LD DFIEEHT LT & RiE, 2—FF—XLDASNDFF 2T LF
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— R bEEN, ARMEAR RBIFEEM L. 518, AR LIESEEHT VT
b P HOCEESSER 2~ R, BEILRER 14 oA Y AFVEEET D 12-
methyltridecanal Th/hE 720, FRMITRFBEOHEIM L b2 b T A0 APIER
ERECIEZ VERICE T 27 L, DT VT & ROBIESCEFRILIRFEL S Do
MEORBEEZT L R gmoie. T ORERIL, EEOSEHEHT VT v RHRE
ETLHL LT T —FF—ADFEXIC E 5T, 12-methyltridecanal D F 73\ V354 %
R UTZBRE A, 2 ORFRMIERVEE L RS VWD) 2 =— 7 RFFNCL D Z L &R
THLOTHD. IHIT, BIKSRZE VAT 087 V7 v FEIX, 57— X T
HENTZSEET VT e REXLD & RIBICEZ W2 EVURESH, DIEET VT & REEIX
KERS AIRIERAR & U CTHFE L, BRIk 2 (Sl S D 2 & A HEE ST,

U EDFERNG, BIFHEDOEWEREM THLIRAR LT —FF—X 2L > T, 12-
methyltridecanal [FEERFXLTOONEDTHY, TOEEME, PRHIMNE 2
HDIFEEHEDLELEEHLMNCLE. ST, HEETH DL —HEOSIEE T VT & NE
AR, AP RS R0 EEEMEN S E D raetEz A L.

BT, AARDORZR LTSN BT HEHERmOFIFEZ Y BT, ZOFE LWE
RACFHGT %, FELEALA (F—A TV THE) ORERICELVALNIL, &
BT, INEN (EHAZ) FRER L 72N B R DFFEA 5 Cd % 12-methyltridecanal (2 H L, Fil
FERICBT %S, EDITFROFBSRM L EFEDOERIZOWVTHRE L.

£, OBV EREM THLMEORSE (4E) ICER L, ME L@
AR OEFELRE G5y % AEDA ICCTHER L= L 25, FBIC CEWEFEEZ 7RI Y
& LC, 12-methyltridecanal Z 5% 18 fir & W L7, 26D 5 6 11 457 (1-octen-
3-one, 2-isopropyl-3-methoxypyrazine, methional, (Z)-2-nonenal, butyric acid, isovaleric
acid, (E,Z)-2,4-decadienal, 12-methyltridecanal, trans-4,5,epoxy-(E)-2-decenal, 4-hydroxy-

2,5-dimethy-3(2H)-furanone, (E,Z Z)-2,4,7-tridecatrienal) [3F04 & 0 Frflic A H S 7=k
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DTHoT. £, MECBOD TRV FEZR LI O, V) —VEgReT
7 X NUBR2 EO/mEARARFIEIRICHET 57 V7 & MHE 7 b3 (hexanal, 1-
octen-3-one, (Z)-2-nonenal, (F)-2-nonenal, (E,E)-2,4-nonadienal, (E,Z2)-2,4-decadienal, (E,E)-
2,4-decadienal, trans-4,5-epoxy-(E)-2-decenal, (E,Z,Z)-2,4,7-tridecatrienal) CT&H 25 = & D,
AEEDIEEICHR T 2 FRR T O EEZRSZIT 5 Z LWL NI R o7, ARl
L LC=EHERERERA (A5 Fif) ZHWTZOFRXZH SN LR, Fihos
IROMFERE DR LETHY, SHROBELEEZD.

KNT, FPRERICLETHER O EL, M TRbBWVWEFLGEELRLE
trans-4,5-epoxy-(E)-2-decenal & & A A TEA N DR S) T 5 12-methyltridecanal (275
HL, FAOHEESCMEASM L OBRICOWTRF L. ZORER, A4 — &R
AT D trans-4,5-epoxy-(E)-2-decenal 725, FALMNRINEAGRIFOFIFICL S EENLDHD
Zxt LT, FREEDFEMA AT 5 12-methytridecanal 1%, F-L 0 bEASRICE L &
FN, SOITMBDPREDIZIEGHENHMT 2 Z L 2R Lic. ks, SRV
AR, MR, HimS R Ch o 72720, Th b L /RO BRI OV T,
SROBETHD. ZOL) RREFEZECLIERNE LT, ZhbDT7 LT E RO
A SO BVEZ TEME, 8 D WITRTBM A B OE WS BT D et R Lz, S 61T,
BRI B W CTARERIZ BT D 12-methyltridecanal 0> & A &2 13 1E 72 #PH S &
v, T OFPHZ BTG TR EEL OB LD F) EIZITIED b W ATRENE 270 T2,

PLEDFERING , PO @@ B Th D i FERIZ & > T, 12-methyltridecanal
X, REFIEROBIIC LV AL LT VT e MRS M BER EDFRRMT E LD
(CHERBEER T OO EDOTH Y, TOEAHBITFROTICMEE M & v - o HE
FMORBEBR T L L2WLNIT L,

BNT, TF 2T NTF—ARFRICRKEICEEND 0T VT & MEOFBREND,
LA bh D TR 72 SIS B P CIM R AT 5 2 & TR E 72V 9 % 12-methyltridecanal
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IZOWT, BIEHHZEBA TG Tho THBIHEEZ RO EL, FREHEOFER L O
PERRNE SNOIMOERIZER L, TALTNDOEFERUIE N5 R8s M OMAEER
DR L 7z,

3RO GERAEIM, FHM, BHIR) 125 EN5EFERET 57 %2 AEDA X° GCO-H (2
THELILEZA, WITNOHMOELIIMEY, &2 WIEHHRICILHT 27X Th - T
b, 70— F VA EM AT % (R)-linalool A3 b B WEF G A RT 2 L 3 S AN AR o T
BT, AR —, UvT 4 —72F#% AT % rotundone b (R)-linalool {ZR T\ a5
EzaprL, &0 DRI Ta W iR 2R L.

WNT, SO EA) 22 55y Td 5 (R)-linalool & rotundone % AV T, R OHEE
LS DONE D TH D 12-methyltridecanal & OAR AAEF & Fi L7255 %, 12-methyltridecanal
D 5 K58 FE 1E(R)-linalool (2 X W 1z B A 2GRS Hiviz. —7F, rotundone I 12-
methyltridecanal DEFLRIRE 2 2L S L NRITFRO NPT DD, E—T Vv —F
—HROBFRNE & EoTMREICE ML, MMARTRPEO LN, TRhDL, (R)-
linalool IZ 7S MHIZN R4, rotundone IZFLUEM R4 A3 5 wlRetEZ L L7z,

PLEDOFER NG, HIMER DR T & % (R)-linalool & rotundone (%, 2P DFHE A
sy DONE D TH D 12-methyltridecanal & FHAAEHT 2 [REMENR &V, B IEHFH 4 2 72
BaThoTh, ZNLOFERMDEMAEDEDZET, FRETRE LI LA M OE
Itz fr S 5 L ATRetE 2 L L7z,

AWFZEDRER LY, BAHED & < @Mk B Th 2 Bk SN2 F — A LMAFDEFR
FTHRAPH LIRS L EbHIZ, T B L7 FF i 72 B X5 CTh 5 il
T T B REIZOWT, FREESCHEECH L2 F — X4 WOMEE - INTLIZHT 5
K2 RMACIRET L, ZO—Mmz 2208 TE. 2L LN
RIS S BMERNE, F—ALFRE B LML L My MR &N
TR, TR -REERECHERIND EBHOLHE e L, e ook
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Summary

Title: Study about the characteristics of branched chain aldehydes which are the potent odorants

of cheese and beef.

There is a wide variety of processed foods in Japan, and livestock foods made from cheese or beef
are no exceptions. Processed foods are required to be delicious and easy to eat, and these are
important both to shorten the cooking time and to simplify the product development and
manufacturing. On the other hand, modern consumers have desired high-end foods which are
differentiated by branding, thus various processed foods made from cheese or beef have been
developed. Therefore, to improve the quality of the diversified processed foods, it is also required
for processed foods to satisfy high-end flavor, including both deliciousness and simplicity to eat. The
acceptability of processed products made from cheese or beef depends on many factors, one of
the most important of which is aroma. Therefore, processed foods need to have an aroma which
satisfies both a high palatability and quality. At present, to achieve this objective, the addition
of superior flavorings to the processed foods is one of the most effective means. To develop a
high palatability and quality flavorings, knowledge of potent odorants contributing to the
characteristic aromas of high-quality cheese and beef is required along with their properties.

The objective of this study was to elucidate the potent odorants of highly-ripened Gouda cheese
and Wagyu beef (Japanese black cattle) by using the Aroma Extract Dilution Analysis (AEDA)
which is a technique to evaluate the contribution degree of the flavor compounds by using gas
chromatography-olfactometry (GC-O). These samples are considered as high-end foods that are
differentiated by their scarcity value and branding, and both samples are preferred by the Japanese.

In addition, some methyl-branched aldehydes, such as 12-methyltridecanal, could be identified as
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the characteristic odorants of Gouda cheese and Wagyu beef, and their odor properties and cooking

behaviors were investigated.

Chapter 2. The study of the aroma of ripened Gouda cheese and odor properties of methyl-branched
aldehydes.

In this chapter, the characteristic aroma of highly-ripened Gouda cheese, which is appreciated by
the Japanese was clarified, then the investigation was carried out about the odor properties of 12-
methyltridecanal and its analogs. The AEDA was applied to the volatile fractions of the three
maturation stages of Gouda cheese. By comparison of the FD factors, 15 odorants (ethyl butyrate,
ethyl hexanoate, 2-isopropyl-3-methoxypyrazin, 2,3-diethyl-5-methylpyrazin, 2-isobutyl-3-
methoxypyrazine, butyric acid, pentanoic acid, hexanoic acid, octanoic acid, decanoic acid,
dodecanoic acid, phenylacetic acid, 3-hydroxy-4,5-dimethyl-2(5H)-furanone, 4-dodecanolide,
12-methyltridecanal) increased with the increasing maturation stages of the cheese. In these
compounds, 12-methyltridecanal was a newly identified odorant from the cheese. Furthermore,
although the contributions to the aroma of cheese were not high, seven methyl-branched aldehydes
(10-methylundecanal, 11-methyldodecanal, 13-methyltetradecanal and 14-methylpentadecanal
as iso-methyl-branched aldehydes, 8-methyldecanal, 10-methyldodecanal and 12-
methyltetradecanal as anteiso-methyl-branched aldehydes) could be identified as the analogs of
12-methyltridecanal. All of the methyl-branched aldehydes, except for 8-methyldecanal, also
increased their amounts with the increasing maturation stages of the cheese. Furthermore, the odor
thresholds and odor qualities of them were investigated using the synthesized methyl-branched
aldehydes. The odor thresholds gave a minimum value of 14 carbon atoms with the iso-methyl group,
and 12-methyltridecanal had the lowest threshold. The odor qualities changed from citrus-like to

dusty via beef-like with the increasing carbon number. These results suggest that the reason that only
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12-methyltridecanal contributed to the aroma of Gouda cheese among the other methyl-branched
aldehydes was the specifically low threshold and the unique odor such as beef-like.

As a result, it was revealed that 12-methyltridecanal as the methyl-branched aldehyde was one of
the important odorants in the highly-ripened Gouda cheese of high palatability, and it will become

more important with the increasing maturation period.

Chapter 3. The study of aroma of heated beef and property of methyl-branched aldehydes.

In this chapter, the potent odorants of Wagyu beef were revealed by comparison between Wagyu
beef and imported (Australia) beef. Wagyu beef is preferred not only in Japan, but also overseas in
recent years. In addition, 12-methyltridecanal known for the potent odorant of stewed beef was
focused on, and the investigations were carried out concerning the role of 12-methyltridecanal in the
Wagyu beef aroma and about the relation between the cooking conditions and the amount of 12-
methyltridecanal in the beef.

To clarify the potent odorants of the characteristic Wagyu beef aroma, the AEDA was used to
compare the Wagyu beef and imported beef. Eighteen peaks that included 12-methyltridecanal were
detected as the odor-active peaks, and about half of them were aldehydes or ketones (hexanal, 1-
octen-3-one, (Z)-2-nonenal, (£)-2-nonenal, (£,E)-2,4-nonadienal, (E,Z)-2,4-decadienal, trans-4,5-
epoxy-(£)-2-decenal, (E,Z Z)-2,4,7-tridecatrienal) which are well-known to be generated from
unsaturated fatty acids. This result suggests that the Wagyu beef aroma was affected by odorants
which were derived from lipids.

Next, to clarify the effect of the cooking conditions on the beef aroma, two aldehydes were
quantified in the Wagyu and imported beef that were heated under various conditions. One of the
aldehydes was trans-4,5-epoxy-(E)-2-decenal that showed the highest FD factor in the Wagyu beef

aroma, and another was 12-methyltridecanal that was known for the characteristic odorant of stewed
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beef. Trans-4,5-epoxy-(E)-2-decenal with a sweet note was detected only from the mildly-heated
Wagyu beef, and 12-metyltridecanal with a beef-like note was detected more from the imported beef
than the Wagyu beef, and it increased as the degree of heating increased. As the factor that these two
aldehydes have such cooking properties, it was considered a possibility that the differences in the
formation mechanism, the thermal stability, and the amount of precursor influenced their properties.
Furthermore, after sensory evaluation, it was found that 12-methyltridecanal has a proper range in
amount, because the excess amount does not improve the palatability of the cooked beef. Therefore,
it was revealed that 12-methyltridecanal was one of the potent odorants of Wagyu beef aroma, along
with aldehydes and ketones which were generated from unsaturated acids. It was also confirmed that
the amount of 12-methyltridecanal was strongly affected by the cooking conditions such as the type

of beef and heating conditions.

Chapter 4. The interaction between pepper aroma and 12-methyltridecanal.

The interaction between the potent odorants of pepper and cooked beef was studied due to for
maintaining the palatability when a large amount of 12-methyltridecanal is present. High amounts
of precursors in the beef, the excess amounts of 12-methyltridecanal may be generated during the
manufacturing stage. The pepper aroma was focused on because it was known to be compatible with
a beef dish.

The AEDA and the GC-olfactmetry of headspace samples (GCO-H) applied to the volatile fractions
of three types of peppers (ripe, black, and white) revealed that (R)-linalool (floral) and rotundone
(spicy, woody) showed high contributions to the pepper aroma. As the result of the investigation
about the influence of these compounds to 12-methyltridecanal, (R)-linalool had a tendency to reduce
the odor of 12-methyltridecanal. On the other hand, although rotundone did not have the effect to

reduce the odor intensity of 12-methyltridecanal, it had a tendency to modify the beef jerky-like odor
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of 12-methyltridecanal to the complemented seasoning odor. Therefore, the possibility was that (R)-

linalool had the effect of reducing the odor, and rotundone had the effect of modifying the odor.
These results suggest the possibility that (R)-linalool and rotundone, which are the potent odorants
of pepper, interact with 12-methyltridecanal. Even with an excessive amount of 12-
methyltridecanal, it was found possible to preserve the palatability of processed food, such as

cooked beef, by combining these aroma components.

The results of this study clarified the potent odorants contributing to the characteristic aroma of
the ripened Gouda cheese and Wagyu beef. Moreover, it could reveal some of the odor properties of
methyl-branched aldehydes which were found in cheese and beef by the systematic investigation of
the cooking characteristics. The knowledge obtained in this study would be useful for effective
flavorings that satisfy both the high palatability and quality of processed foods made from cheese or

beef, and these processed foods will accommodate the diverse needs of consumers.
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