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Fig. 1-1. Sake flavor wheel.
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Fig. 1-2. Awamori flavor wheel.
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Fig. 1-3. Sweet potato shochu flavor wheel.
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Table 2-1. The reagents used in the measurement of the odor thresholds (1%).

No. Compound Manufacturer Purity
1  Isovaleraldehyde Tokyo Chemical Industry Co., Ltd. >08.0%
2 Hexanal FUJIFILM Wako Pure Chemical Corporation 95.0+%
3 Ethyl butyrate FUJIFILM Wako Pure Chemical Corporation 98.0+%
4  Ethyl isobutyrate Tokyo Chemical Industry Co., Ltd. >99.0%
5  Ethyl isovalerate Tokyo Chemical Industry Co., Ltd. >99.0%
6  Ethyl 2-methylbutyrate Alfa Aesar Co., Ltd. 98%
7  Guaiacol FUJIFILM Wako Pure Chemical Corporation 99.0+%
8 1-Octen-3-ol Tokyo Chemical Industry Co., Ltd. >98.0%
9  Citronellol Nacalai Tesque, Inc. =94.0%
10 p-Damascenone* Merck KGaA (Sigma-Aldrich Inc.) >98.0%
11 Farnesol Merck KGaA (Sigma-Aldrich Inc.) >95.0%
12 Geraniol FUJIFILM Wako Pure Chemical Corporation 97.0+%
13 Linalool FUJIFILM Wako Pure Chemical Corporation 98.0+%
14 Nerol Tokyo Chemical Industry Co., Ltd. >98.0%
15 Rose oxide Merck KGaA (Sigma-Aldrich Inc.) >99.0%
16 o-Terpineol Alfa Aesar Co., Ltd. 96%

*B-Damascenone is a mixture of cis and trans isomers.



Table 2-2. The reagents used in the measurement of the odor thresholds (2"9).

No

Compound Manufactuer Purity
1  Methyl salicylate Nacalai Tesque, Inc. =98.0%
2  Ethyl laurate Tokyo Chemical Industry Co., Ltd. >99.0%
3 Hexanoic acid Nacalai Tesque, Inc. =99.0%
4 Octanoic acid Tokyo Chemical Industry Co., Ltd. >98.0%
5 Sotolon Tokyo Chemical Industry Co., Ltd. 13-15%
6 Whisky lactone* Tokyo Chemical Industry Co., Ltd. >98.0%
7 Methionol Tokyo Chemical Industry Co., Ltd. >99.0%
8 Maltol Tokyo Chemical Industry Co., Ltd. >99.0%
9 B-lonone Tokyo Chemical Industry Co., Ltd. >95.0%
10 2,5-Dimethylpyrazine Tokyo Chemical Industry Co., Ltd. >08.0%
11 2,3-Diethylpyrazine Tokyo Chemical Industry Co., Ltd. >98.0%

2-Ethyl-3,5-
12 ) i BLD Pharmatech 98%
dimethylpyrazine**
13 Acetic acid Nacalai Tesque, Inc. =99.7%
14  Butyric acid Merck KGaA =99.5%
(SHIGMA-ALDRICH INC.)

15 2,3-Pentanedione Tokyo Chemical Industry Co., Ltd. >97.0%
16 2,4,6-Trichloroanisole Merck KGaA 99%

(SHIGMA-ALDRICH INC.)

* 5-Butyl-4-methyldihydro-2(3H)-furanone, mixture of isomers

** mixture of structural isomer
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(a) TSRS (Table 2-1 @ No. 1-6, Table 2-2 @ No. 7 & TX 15)
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DB-5 (30 m x 0.25 mm i.d., 1.00 pm film thickness; Agilent Technologies Inc. %) %
EH L7z, MS A7 b V3T GCMS-TQ8040 (Shimadzu Corporation #Y) % f#
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AL, 7 A4 MBI L VITo 72, BIESRMEE Table 2-3 (239, 7233,
VAR R RS LV S L7,

(b) EhAEFRKSY (Table 1 @ No.7-16, Table 2 ® No.1-4, 6, 9 &N 10)

B~ A 7 2ty (SPME)-GC-MS |2 L 0 HIE L7z, AL (a) & FIEETH 573,
AOC-5000 (2 X 0 akEl%a 60°C, 5 ZrffRiIE L72%. SPME 7 7 A 73— (65 um
PDMS/DVB) T 60°C., 30 4yt 2475 7=,

Table 2-3. GC and GC-MS operational conditions.

Condition

Carrier gas He, 150 kPa
Oven
Middle boiling point compounds 40°C (2 min) to 200°C at 10°C/min
to 250°C at 3°C/min (hold 2 min)
High boiling point compounds 50°C (2 min) to 200°C at 10°C/min
to 250°C at 3°C/min (hold 2 min)
to 320°C at 10°C/min

Injection 2 min, splitless, 250°C
lon source temperature 200°C

Detection Total ion monitor
Scan range m/z 35-200

(¢) ¥/ h—/L (Table 2-2 ™ No.)
SPME-GC-MS (2 & W #liE L7e, alRHRE, BRI R OVRERALER IS, 5
DAN=Y &l LT HiiE (16) & IRERICSE E L7z,

(d)23-VEFNAET VRN 2-TF )3 5-U AT LT U (Table 2-2 D No.11
KON 12)

SPME-GC-MS 1 X W HIE LTz, 7 /b3 —/VEEE 20% (vvIIZATER L7=30BF 10
mL % 20 mL O/3A 7 U240 E L, AOC-6000 (Shimadzu Corporation #4) % f»
THIH 21T o 72 #BHA 60°C, 5 3EIfRIE L72#%. SPME 7 7 A /3— (50/30 pm

11



DVB/CAR/PDMS 2 cm) T 60°C, 30 Zrflflitiz47 -7, 5#ri2iL GC-2010Plus
(Shimadzu Corporation #) Z{HH L7-, &+ &7 U & 7 AlE, InertCap Pure-WAX
(60 m x 0.32 mm i.d., 0.50 um film thickness; GL Sciences #) Z{ff L7z, MS A~
7 R V4TI GCMS-TQ8040 (Shimadzu Corporation ) ZfEf L, EFA 41k
EIZE0ITo 7=, BIESRMIE Table 2-4 (279, 228, EEITHSHREREIC X
D EhE LT, 2, BEARKED 2-=F N3 5- U XA FIVE T DKM & LCHE
ERMRTHD 2-TFN3,6-VATFAE I OUNEHEIN TN b, H
ANZ GC-FID |2 & 0 i 2 ffed8 L 7=,

Table 2-4. GC and GC-MS operating conditions (pyrazine group).

Condition

Carrier gas
Oven

Injection

lon source temperature

Detection

Collision energy
2-Ethyl-3,5-dimethylpyrazine
2,3-Diethylpyrazine

Precursor ion
2-Ethyl-3,5-dimethylpyrazine
2,3-Diethylpyrazine

Product ion
2-Ethyl-3,5-dimethylpyrazine
2,3-Diethylpyrazine

He, 50 kPa

50°C to 230°C at 10°C/min (hold 5 min)
to 150°C at -20°C/min

1 min, splitless, 230°C

200°C

Multiple Reaction Monitoring

18.00 V
21.00 V

m/z 135.10
m/z 136.10

m/z 66.10
m/z 107.10

(e) HEWE K& UL (Table 2-2 @ No.13 &N 14)
4-(4,6-F A FFX 135 P T P2 A W) 4 AFALELRY =L a ) R
(DMT-MM) Zfaaal e LT, E#ENEEZ T X THER T 5 FEQe)E —
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L L, O EER LT, 73—V B 20% (viv) ICAR L7230k 100 uL
Z 0.35mL /A T E L, NEERE L LT 550 mg/L BEfZ-d4 %2 10ul, &5
(2200 mM n-4 27 FLT X UPER A 2.5 L, 200 mM DMT-MM &% % 2.5 uL ¥R
mu., =T 9 MU BROS S 721%, mofricfit L7z, 204riZid GC-2010Plus
(Shimadzu Corporation ) ZfEH L7z, ¥ &7 U B F A%, InertCap 5 (30 m x
0.25 mm i.d., 1.00 pm film thickness; GL Sciences )z L 7=, MS A7 K /L4y
HriZ GCMS-TQ8040 (Shimadzu Corporation #) ZfH L. B 1A 4 ALIETIT
o7z, PIESMIE Table 2-5 1277, 72385, EEITNEEREEIC X 0 3206 L7z,

Table 2-5. GC and GC-MS operating conditions (short chain fatty acids).

Condition
Carrier gas He, 70.5 kPa
Oven 60°C (2 min) to 300°C at 15°C/min
(hold for 5 min)
Injection split I:1, 250°C
lon source temperature 200°C
Detection Multiple Reaction Monitoring

Collision energy
n-Octylacetamide (Acetic acid) 6.00 V
n-Octylacetamide-ds (Acetic acid-ds)  12.00 V
n-Octylbutanamide (Butyric acid) 6.00 V
Precursor ion
n-Octylacetamide (Acetic acid) m/z 114.00
n-Octylacetamide-ds (Acetic acid-ds) m/z 117.00
n-Octylbutanamide (Butyric acid) m/z 199.00
Product ion
n-Octylacetamide (Acetic acid) m/z 72.10
n-Octylacetamide-ds (Acetic acid-ds) m/z 56.10
n-Octylbutanamide (Butyric acid) m/z 156.20

13



(f) ¥ k1 (Table 2-2 ® No.5)
WA S DJE 27) ([ZHt> THr LT,

225 OAV OEH
FREGEEOEETHD OAV 1L 1224 EESHT THON-GHELY 1222
BEFRA] CHE L7 BaBEE TR LA TRkdi,

226 HEEFHHHFEORE

110 mL HDO A7V 2 —ICEB/EXLD ZWIN LTz 25% =% 7 — VKK %
50 mL AN7=bDE /SR Y A M LTz, &EFXLD OIREIL Table 2-12 KW
2-130 LBV T, JFAIE LT ey MalJgaotra W TEHAE L7z 90% 740
BOMEEZEA LT, 70V VBTV ~XH U 72 U RAFX—T
7 R KRR25-DAFNET VD5 oIE PABRE D EFED 2K CIZ< v
FURARNBFELTZZ EDD, 90% BHBMED 2 fFREICHI L7, xR
Mok, TRIE < [HEE) OXHICHFEY ORI E TE LT AR SEET
R T AL, F TRV L) Lo - B KRB 4 T L
F O L7z, U A NI, 1222 BEME] OSIENGFF 274 08SML
72

2.3 FERKLOELE

231 FRAEEE K ORI REE

FEIL, WA D% ) — WVRELIFT 2 RN SIC L Do~ MY
v I ANREZNT DT EVRHMBILTWD (28), L7ohd > T, AREBERT - JakIZ R
T DE R DELRAS~DFE 2 B DNTT D72 0OIT1%, AKBERT -y IR Lz
WIEZ WD Z ENEETH D, TTIRINTO D AREBER - Jako T Vv a— LR
FEVE, FEWED 25% (viv) ThHDH T &, FIAKBERE « JWEITII AR MER > IXE
EANEEENRNZ LD BT 25% (vIv) =X ) — VKRR ZE TH D &
AW U7z, &7 D 25% (vIv) X 7 — L KEAIR F o F B AE K OVFE 0 B fiE Je OF
Za vy Mallfatro HUE LTz 90% A {E I Table 2-6 }2 O Table 2-7 D &
BHTHD,
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IXUDIT, RFFEEFLT (25% (v/v) F72I33EEL (30% (viv)) LIZEED == X
J = VKRR CRERBR M Th T bW oS FR & el L7z, W7 0 508
25% (VIv) TH J — LK F & T BCOJ IEIC X ViR Lz ~FHF—1d
RENBEE 24 ng/L)(14) (X, APFAEOFER L IZIT—H L T\, B-A 4/ L OK
FBMETH D 1.7pg/L1E, RLT L 25% (viv) =& J — VIKEEHR & VI A 7= 40
EOOHE (1 ng/L) (29) &, BEOHIEFIEITE R D L ODEEDOFERE TH -
2o — T B-AA/ VOBEREICEBWTCE, HLERKEEICBONTHLE
D ZFRITEROANRY A NP 3~ EFTE LT, B-A A/ L OFDITKT DK
S, B OBEFEIZEE T 2B FORSNZE D 100 FRERR D 2 &35
HITHED (30), "NRYAMIEIVFEVAZRBTEZDLRENRKRE I Z->TH
HTENHEIND, LB | FAREOT Va— VBELAT LX) —
JVIKEEHE 2 AV, L U2 IE F B X > THRE LB I EIE R % & 72
LT ENHER SN, — T, VT a— g BT T L a— L ORI
WEOHE (15) LEWZR LI, BER IR0/ Sk U 2 h2NE& C 7R E
ZRMELE L THEL WD, ZOEWVIZEEORE HFEOEWZED H O
EEZOLND,

WIZ, Kt & B DIRE DT X ) — VKRR TR 2 it & U BEER
DITON T DILEYORER L LT, = AT LAY (R T L, AV
Bl =T /L 2- A F LB T /L) ORFIBREIL 10% (viv) =% ) — IV KEEHR
PORE (BT /L 20 ug/L, A VESERTF /L 15ug/L, 2- A F/L-Elfg T
JU:3ug/L)(18) & AR THEFE T T /WTIFIT LT, A VESEE =T L KL TN 2- A
FIL-FEEE = F VTR T Lo, £72. /0 b — /LR A EIE 1% 4,800 pg/L & 720 |
KREEEE LT mnBE (28) & L THE S Tuvs 35,000 ug/L L 0 H K0 -
e ZOXINTZE ) —VIRENEINT 25 Z & T, BENME T3 D8 2 iR
iz,

HESCE—L, TA Ul BEHEZ RS U CRIERE S ooy & bt
L7, BIEEEZER LSS, KA = ) — VIRENES Z &2z
T, RERMER S OFEN R D, ZNDORTIE, 3 2 A 71200 bz,

1 DHIE, BEEETICBIT2BME L Y S AFECHRE LBEMENE O, 2
D HEIE, BEEEPICBIT LEE L IZIEFEO O, 3 OB ITEEEREICK T 5
ELEVbEENLEDTH ST,
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FEIEEIC T DB L 0 S AFE CRE LEEBEMENbD L LTIE, 1Y
NLILT VT B ROKAMBEM 3.6 pgL) 1 —1HORIME (600 ug/L) (32) &
FEi U TR 170 RV & 72 o 72, FRIBRIC, 1-4 7 7 »-3-A4—/L (5.0 ug/L) D
BANBEME S 7 A P OBIE (20 pg/L) (33) £V HIRVMEIC, ~FH RO BMIE
(800 pg/L) HiEHH COMMBIME (2,300 ng/L) (6) & il L TIRUME & 72 o 7=,
Fim, A7 X UBROBIME (1,500 pg/L) X, 1HEF TOMRMBM (1,800 ug/L) (6)
CIRIERIFETHHD, B — /L TORABE (5,000-10,000 pg/L) (17) £ Y Kig
IZIEVME CTH - 7=, EHAEIERIC OV T, BERR (39,000 pg/L) 1XiEHE O RIE
(37,000 pg/L) (6) EIFIERZETH-72H DO, B — /L HTORBME (60,000-120,000
ug/L)(17) &4 2 SRVMEIZ, BERE (1,300 pg/L) 137EBEH ORIE (6) (4,300
ng/L) KOVE— /LA (17) (2,000-3,000 pg/L) (2% L CEHEBAIE VE TH
ST, B LAY TIE, AF A4/ — /L ORMBME (910 ug/L) A3, i ORIHE
(34) THD 1,650 ug/L LV HLIRVWMETH »7-, BikO@EY =X ) —)EBELE
BT D ERAMBEMIE 25% (vIv) =X —WARIEIMEL 25 Z ENTRIND Z
Enb, )= NVREOREN—DEEZLND, EHIZ, TNLKRSITE
—NART A IHBEICEEND R DICL D~ MY v 7 AR EZT,
IRV THEIE I S 097 < L 25% (viv) =4 — )LKBIRIZEB WV TRIE
ICEENME T L2 &b ERO—D EHEIND,

— 7. I T AT a—/LORMBIME (18 ug/L) 1. VA > TORIMHE (23 pg/L) (35)
OVEHE TORE (14 ug/L) (36) LIFIFEREDETH 7=, HHEDO I B RO F 72
RE L &SN TW5 246-FY 7oa7=Y—/L (TCA) &iFH T OMmMBEET
H50.75ng/L(5) LUA U HOBABIETH S 4ng/L (33) OHFRFRRETH -
oo TNODORGTIE, =8 ) — VREIZL D8O~ N v 7 AOEEEZZITIT
SWZ &, T2 0OMSFORELZ T H I & THRMEREINTREL 8o
722 & T, ENBNR -T2 EBRBEEND,

Vb AT Oy LR D FEB AR L, T ORABEIE (9.4 ng/L) 1XIEE
FORMRABIE 23 ug/l)(5) DM 4ETH -7, ZHUuE, IHHEICE DA%
PRI LD~ N w7 2R E2Z T2 L bRBREND A, FORENT X
J=NVEEDOETHHWEFEVRELEUL THWDZ b —REBZXHILD,

B SR IS RN GFIET A VA AFXF—TF 7 F U KN 2-=F/L-3,5-
VAFNET DD 2 AT ONWTELRE LT, ARBRIZBW T, HR~ERREE
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WERARELTOBHEZEZRL, WHRIBETHLEIDAFLOTWVERIEEL Hn
HZENLEELWEHIWT LTz, 2D, Z02 T, BIEERIEASY A2 L
oo TNETIZUALA AR —F 7 | f/@i‘ﬂéﬁlﬁ%ﬁ? X, 30% (vIv) =X J —)LKIRIR

IZBWTIREINTEY . SEERBEMERRIIC cis /KT 790 pg/L., trans T 67 pg/L
EWEENTWD (20), ARBROFER (40 pg/L) 1%, BHMEAME trans (11T
BE722 2 LRSI, 30% (viv) =& ) — WVIEROFER LIZIER U Th o712,
2-TFJL-3,5- D AF YT VU ORABEEIL, Sug/l THoTo, 2-=FL-3,5-7
AFNET DAL, AFINVEORED B HEERMER 2-2FL-3,6-0 A F
NET D UNFIET D, FTHEARIED 2-2FL35-DAF LTV NIE
END 2-TF)L-3,6-C AT INVE T V% GC-FID IZ LV 4 L7, 2-=F 1
BS5-UAFNAET VORI, 54.5% ThHDH I EDRHER I, Zhb B
DKFTORIEIL 2-=F/L3,5-DAFLET V8 0.04 pg/L, 2-=F)1-3,6-
AFNET VUM 8.6 ug/L & 3,5 KOFNKIBITIRWENRHE S TWD (37),
AABROBABEIL, WA OFHNRMETH o7, LLEDOFRERND, A ZF—
T RN 2-mF)L3,5-D AT INE T U ORREBEMEICITI AW 2K g
Mﬁd/\rﬁ:ﬁfﬁ%é ZENR R I N FICHEERARL LTERT RS

I ARECHERA LZb D LRI C A= — FHEOREEZHNDZ E 2L
WRDHTETID 2 B ORAMBIEAIEERARE LTHEATEEE X, &
B, BE—bAMORE T L D MENE VRN AT L o2 5BA810, &
ML ENTIVEEIEBZLND,

Dby, BEITEHTIHREICE > TRELSDPOBEMEICEILTDH &
MHER STz, Ko T, ABFEIZ L 0 AREEBERT - OB KE G- ORI 5 L
TR CIvE LIZBEEZ VWD Z & T, L0 EMAeEFERET G E O A il {8
DT EWGhoT,
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Table 2-6. Detection and recognition threshold (1%).

: .. 90%
Detection Recognition .
Recognition
No. Compounds threshold threshold
(Ug/L) (Lg/L) threshold
(Hg/L)
Isovaleraldehyde
1 3.6 6.1 35
)\AO
Hexanal
2 20 44 280
WO
Ethyl butyrate
3 O 26 55 220
/\)J\O/\
Ethyl isobutyrate

O

4 39 10 74
\HJ\O/\

Ethyl isovalerate

5 O 1.2 2.6 24
PN

Ethyl 2-methylbutyrate
O

6 0.76 2.2 60
/\HJ\O/\

Guaiacol
OH

7 f 18 44 330
o)
\

1-Octen-3-ol
8 OH 5.0 12 110

\)\/\/\

Citronellol

9 )\/\)\/\ 270 580 4400
X OH

18



B-Damascenone

10 0.0083 0.019 0.29
NN
(0]
Farnesol
11 940 1,600 60,000
X N N0
Geraniol
12 )\/\)\/\ 26 72 640
X N OH
Linalool
13 L N 6.6 14 500
HO
Nerol
14 — / 1,100 1,900 5,500
HO
Rose oxide
15 o) 0.058 0.13 4.8
Pz
a-Terpineol
16 2,900 7,200 34,000

O
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Table 2-7. Detection and recognition threshold (2°9).

. . 90%
Detection Recognition .
Recognition
No. Compounds threshold threshold
(ug/L) (Lg/L) threshold
(Hg/L)
Methyl salicylate
o)
1 : I o 320 560 1,400
OH
Ethyl laurate
2 0 99 260 950
/\/\/\/\/\)J\O/\
Hexanoic acid
3 O 800 1,700 3,700
/\/\)J\OH
Octanoic acid
4 O 1,500 2,200 12,000
/\/\/\)J\OH
Sotolon
0
5 o 9.4 15 39
/ OH
Whisky lactone
6 w 40 86 260
o)
0
7 Methionol 910 2,100 4,100
\S/\/\OH > 2
Maltol
o)
8 4,800 11,000 40,000

20



B-lonone

9 _ 1.7 3.0 53
Lo
2,5-Dimethylpyrazine
10 \[/N 8,400 14,000 79,000
%
N
2,3-Diethylpyrazine
11 /NJC 160 310 740
C
N
2-Ethyl-3,5-dimethylpyrazine
12 \[/NI/ 5.0 11 28
|
N
Acetic acid
13 O 39,000 79,000 120,000
OH
Butyric acid
14 o 1,300 2,000 4,900
/\)J\OH
2,3-Pentanedione
0
15 \)J\( 110 270 810
o]
2,4,6-Trichloroanisole (TCA)
Cl
16 C<< 0.0018 0.0056 0.084
Cl 0
\
Cl
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232 HREFGE

B 2 RE LT 32 i DB ~DOF G2 RiTT 572012, EESITICL > T
HEL-aaEEBmEMEEZ VT OAV 25 H Lz, —#AYIZ OAV 28 1 DLE
oA, EARPRABMBEIY AW ELDHME~DOFERDH D &
EZOLNTWD, 2B, TCA DEHEIL. B (24) OfRE5I M L,

F— DB ERELTITONT, AR - JuEEE S SBEO 7 2 Y —J
CRBERT, ZBER. HEgBEmt. 1ok, B, 2 of)DRRKEHEK D OAV D
KAl % Table 2-8 |2, FHIEA BN N OAV O FHE % Table 2-9 (Z7$, WKIZ,
B TCTRBR AT o 2T DN T, OAV BEHICHWERE OBk (D~®@),
A7 3V —RIORKEH &L OAV O K% Table 2-10 |Z~7, 723, TCA
IR ST R A 248 R 7 R FERICA N Enh, £V be
IS EETIERLSER LI ODSIETH L Z b, BT Y —jl
TEBRL AT A —%HE LIEEZ R, £lo, 5 5 Txge e Lz 16 gD
H1 7 3V —RI O E A B Y OAV O % Table 2-11 (27777,

ARIEBERT - AREAEROIERE 22/ T TV —NTHRETLEF D lim %
BT D20, By OVIIREE LY OAV O A Kb 7=, £ 72 FHIETIx
R Z L oTE R0, il x OIEEOR M Z =~ X 5 Zepkisr. BRI mTED
B 5 Wik a MV CHRLE S L7 HEg el Rr A OB K0, T k3
HAAX—T 7 b ROEEEESS TCA O L ) ICHRUEREARBICL W AR SN2
F T T LRy D% 5 A TS 5 728D OAV O i KAE & #ead L 7=,

OAV BHOFER., A YRLAT AT N, BT /L., A VBTN, A
VEBEBTT IV, 2-AF NIRRTV, -4 7T 34—, TUU U T L
L OEEED 8 /i3 =T OAT 2V —TOAV OFEHMEN 1 L ETHo7-, Fiz
A VNV T VT e RRZATALEY) (BT L, A VBT L, AV
=TV, 2- A F)L-FEE T /L) O] OAV (7 = U — [ D Z=)3 ELlg iy /s
Shole, TNOLORSITEICEHEIORBICLVAERT L2 Z ERHEINTE
D, ZDDAT A —DXFIRL BHIND Z & TRBER - Tak O L&
ELTHET D ZEDRBENT-, 1-F 7 T 2 -3-F— L D) K O K OAV X
ARRIZBWNWTO B 7T T — LI L TEWMEEZ R LIZZ EnD, JEOFY
FIZHFH G L TWD 2 ENBEZLND, -4 7 T 3-4— WX EBE -
EfCAHBZHWV 20X 52 EFEND Z EBMEINTWD (38), TDT-
B, BEEME—FR S LTRSS AIRICBW TR b EAFENE L ol L HfE
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LI NDH, BERIE OAV SEMENE OMODJFEID 17 TV —IZB W TR b Edr o
Teo ZDOMDIEEN A T U —ITITBHEBER A3 LTV 5, BEERERHC T D BE
feD OAV FEIMHEIL 2.6 LW 2 &b, ZOMDEE D T ) —OYEE % &
S LizEEZLND, Zhud, BRFEEENC R CHFEBEE & sk U CHERR DR E
DEL BB EVHIWITALO®HE (15) b —H LWz, 77U BT UL,
TSI FABE B 35U N T OAV O EBESML D 71 7 2 — & BT HHHY R 2 >
776

B-HX~tv /), Fo=A— VFrua—nL, a—XFFxHhA1 R ~FHhf—
oo NV UR AT XU, TTAT 2=, KA T A — D 9 KA iEn
TNOOAT TV —"TOAV FHEN 1 & L7 2 b, FFEOHT Y —
THHETHHEV ThLHZ ENHEREINT, -~/ v u—XFFH A KD
OAV X, FHMEKR O KB L HICHFEREEIZB W TEOMD 7 L—7" L g L
THFIZEWMETH -T2, VIr—ARr T =4 —E, HighElt D OAV O
EEMEN 1 &2 Bl 572, 2RO EORE (15) 2B W T, EicH#Hhk
T B CHLIHFICEENDE ) TARUESHRICHRT 52 8 (39) B4
ENTWD, LR T AFREERND S -~k vou—XA4FHh A1 K,
UFm—v, 77 =A— VR HEREMOEF Y FEICTHELE L TVD Z LR R
ST, TT7AT a—ZoONTHHFEREROA OAV OEMEN 1 % LAY |
HEEEEROF D ORBICEHES L TWD I EIURBR Iz, LvL, TOHEEKIZD
WTITIREDHR TET, SBRBREFARDMNEN DD, o, ~FF U BED
7 B UBRITIEMBEETC. A T A — TR BV T OAV O MBS B ME
R Uiz, —Ji. ~"FHF— il onTiE, EHBEE LSO ST Y —T 0AV
DWHHEN 1 2 ERlo7eZ &, £ 7 TV —[IZENEPI NS oo 2 L
5. EMEF L U TIFEEL TV D ATREMED R S vz,

WIZ OAV FEHER T IO I T IV —TH 1 ZB X 72> T2k 5 OH T 0AV
RNEEMGE LTz, TO/E, v faxag—, 77 L0xY—)b Y har, U
AAX—T I N BAF ) 23-VZTFNET VL 22T IN35-VAFE
TIv BEER, 2,3-0F L UF N TCA @ 10 [f43 1. W0 h T 2
—TOAV RN 1 L ETH 122 LD, FFEDORMICEET D AR BERS -
JWEOHFRY WEICHGT LI NI NT, Yhrrog—LLT7 7Ly —
M, HEBEENCZ < EEN WD Z ERHE SN TEY (16), ABfZEICE VT
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t OAV O KIEN 1 2 TWAH BT 3V — 3 H#EREEOA THoT2, 2D
ED, HHEBEMUANDO DT Y —~DOFSIHE B2 LD, £ FHMET
X 0AV X 1 ZEZ TV ol=Z Enn, HEBEEORE D & B IR I 72 pk
BTHDHZ E BRIz, Lo L, REFECTIEAHTICE R L7230 il &
WO MEE B BGEICBE T AEBRAR LN TWD Z Enh, HENEOREL LD
BN ZRFET D2 EILTERDSTZ, £7o, B-A A/ Vb EICHFERERT OAV
DEKRAED 1 % L[\ > T, B-oA A TR RO H & O TR0 R
FELTIHFELTWVWD I E (29) NELNATWD, AIFZEICE N T HRNEZ R
L7 H BRI R OHE#EZFRHIEA L T\ e Z & n | JFBHI RS 72 &
KT THDHZEDRRDTRBINT, VA AX—F 7 N AT < D72
—IZBWVWT OAV DI KEN 1 UL ETH S Z LRI N, 2 1 % B
TWEeb DI THEIFRICZY L, VA AFX—F 27 AT U A AFx — DTk

BOWTHOAMICHKRT 5 Z ENMEINTWND (20) Z &5, HEATHEICFR:
@%&amm Yol ENRBEINT, £, 2-=FNNB5- U AFILET Y

ANZOWTIEFEICEBERSC RN CTRESN., £V 7 T —THEKNELZ L
ToRBHI IO W EAE CRIE SN BN CTh o 72, L7ed > T, Yazilior i3 EE
R FE L OBER R INTZ, 2B, Y a5\ Tid, OAV f KfEH
1 2B 2 CTEATDHEESHER S, 25 TP AR W TH -
7o ¥ b F JARRICB W T AP SN il ORE CTH 5 HiEE L EUVHE
BIMeH D Z ERMESINTND (40), L7eni> T, Y ha il AR E =i
E%%@éﬂtm%@%@m@% AT D EBHEE S, DM 4 5k
NV E B A I IR SR o 72, B IR ICEERE R RIS
i@@&ém5ﬁ77v~A~T%5k%z%Méo

Fa—), a-TIVERE =L U FABAT IV, </ b=V K R25-0 AT
NETVrD S EMEIETOHT Y —TO0AV DR KEIZBNTEH 1 RifiTh
oz, LIZDo T, 2D 5 O IEAMBERT - VA OFKUTHE L 2\ 2 & 2V
SRENTZ, VU FILEERAF LR 2,5-V AFNE T VT2 E TR %
T 5 ECHEBHIRHEM M EME SN TS (16), Lo, AREBRIZBWT
BABEMES R ORRKREAELID BRI ENRHLNERD | FERA~DOHFEN
RN Z E2VURIE ST,
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VU EDFRERNNG ., 32 D D B, 27 BT IEARREBERT < TR OF KA~ F 573
R INTZZ &b, EERAREMWE S L TOEMHTMIZLTNDEERD
b, RRBRIZ X VBRI T 3V —D D2 EOBERT - TR DO E &5 HT 72 ©H N
OAV %R Z LT, FEOEXEDVBEREL LT, HDH5WEIHT I —f
DHEFEL LTEHEELTWVAENIOWVWTOHRZEWVEECTINETHZ LR T
70, UL EORERZFIC, ARBER - 1 7 L — N—7R A — L OFEAE RURGEAY)
BLopimzgl&is, LT ZEE LK,
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Table 2-8. Maximum concentrations and maximum odor activity values (1%).

Maximum concentration (ug/L)

Maximum odor activity value

No. Compounds Sweet Sake Sweet Sake
Rice Barley Awamori Other Rice Barley Awamori Other
potato cake potato cake
1  Isovaleraldehyde 998 1,814 1,923 294 398 242 277 504 534 82 111 67
2 Hexanal 248 755 204 126 62 497 12 38 10 6.3 3.1 25
3 Ethyl butyrate 634 567 236 554 1,160 516 24 22 9.1 21 45 20
4 Ethyl isobutyrate 195 303 612 456 45 382 50 78 157 117 12 98
5 Ethyl isovalerate 34 98 86 113 6.9 71 29 81 72 94 5.8 59
6 Ethyl 2-methylbutyrate 31 59 88 44 6.3 70 41 77 116 58 8.3 93
7 Guaiacol 4.8 304 323 5.9 9.6 408 0.3 17 18 0.3 0.5 23
8  1-Octen-3-ol 60 43 796 1,489 28 30 12 8.5 159 298 5.7 6.0
9 Citronellol 17 26 473 19 12 19 0.1 0.1 18 0.1 0.0 0.1
10  B-Damascenone 5.9 6.1 60 0.0 0.0 6.8 707 735 7,179 0.0 0.0 818
11 Farnesol 66 105 1,562 245 18 819 0.1 0.1 1.7 0.3 0.0 0.9
12 Geraniol 12 22 312 10 3.2 15 04 0.8 12 0.4 0.1 0.6
13  Linalool 10 12 600 4.7 0.7 7.2 15 1.8 91 0.7 0.1 1.1
14 Nerol 3.9 7.4 225 2.0 0.6 33 0.0 0.0 0.2 0.0 0.0 0.0
15 Rose oxide 13 0.4 30 0.1 0.6 0.7 23 7.1 513 18 10 12
16  a-Terpineol 17 41 241 3.2 0.1 4.5 0.0 0.0 0.1 0.0 0.0 0.0

26



Table 2-9. Mean concentrations and mean odor activity values (1%).

Mean concentration  (pg/L) Mean odor activity value
No. Compounds Sweet Sake Sweet Sake
Rice Barley Awamori Other Rice Barley Awamori Other
potato cake potato cake

1  Isovaleraldehyde 94 156 185 182 156 90 26 43 51 51 43 25

2 Hexanal 20 39 27 42 11 77 1.0 1.9 1.3 2.1 0.6 3.8
3 Ethyl butyrate 198 248 140 268 548 286 7.6 10 54 10 21 11
4 Ethyl isobutyrate 59 70 145 187 15 129 15 18 37 48 3.8 33
5 Ethyl isovalerate 11 19 17 27 2.7 24 9.2 16 14 22 2.2 20
6 Ethyl 2-methylbutyrate 10 15 20 20 2.2 24 13 19 26 26 2.8 32
7 Guaiacol 0.4 13 153 1.2 1.0 63 0.0 0.7 8.5 0.1 0.1 35
8 1-Octen-3-ol 15 14 23 393 11 11 3.1 2.8 4.6 79 2.3 2.2
9 Citronellol 9.3 8.2 69 11 5.6 7.9 0.0 0.0 0.3 0.0 0.0 0.0
10 p-Damascenone 0.2 0.7 17 0.0 0.0 2.0 22 90 2,008 0.0 0.0 243
11  Farnesol 7.3 14 297 123 4.5 91 0.0 0.0 0.3 0.1 0.0 0.1
12 Geraniol 4.6 9.2 51 6.6 1.7 6.5 0.2 0.4 1.9 0.3 0.1 0.2
13  Linalool 1.1 23 67 2.2 0.2 2.4 0.2 0.4 10 0.3 0.0 0.4
14 Nerol 1.1 2.1 40 1.0 0.1 0.9 0.0 0.0 0.0 0.0 0.0 0.0
15 Rose oxide 0.1 0.0 6.0 0.0 0.1 0.1 1.6 0.5 103 0.1 0.9 1.9
16 a-Terpineol 1.3 1.2 60 0.8 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0
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Table 2-10. Maximum concentrations and maximum odor activity values (2"%).

Maximum concentration  (ug/L) Maximum OAV Sample*
No. Compounds Sweet Awa Sake Sweet ~ Awa  Sake
Rice Barley Other Rice  Barley Other

potato mori cake potato mori cake
1  Methyl salicylate 0.9 1.5 190 0.5 1.3 7.5 0.0 0.0 0.6 0.0 0.0 0.0 )
2 Ethyl laurate 450 900 1,400 2,400 2,600 1,100 4.6 9.1 15 24 27 11 )
3 Hexanoic acid 4,700 3,400 1,700 1,900 11,000 210 5.9 43 21 24 14 0.3 ©)
4 Octanoic acid 6,700 940 1,300 2,600 6,400 1,000 45 0.6 0.9 1.7 43 0.7 )
5  Sotolon Maximum concentration in all categories :13 Maximum OAV in all categories :1.4 @
6  Whisky lactone 180 440 690 130 120 300 44 11 17 3.1 2.9 7.6 ©)
Methionol 1,700 4,000 2,300 3,300 450 1,500 18 4.4 25 3.6 0.5 1.6 ©)
8  Maltol 0.0 31 870 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 00 ®
9 B-Ionone 0.0 0.1 23 0.0 0.0 3.1 0.0 0.0 14 0.0 0.0 18 )
10  2,5-Dimethylpyrazine 0.0 400 0.0 0.0 0.0 220 0.0 0.0 0.0 0.0 0.0 0.0 ©)
11 2,3-Diethylpyrazine 0.2 5.5 200 0.4 4.5 32 0.0 0.0 13 0.0 0.0 0.0 @)
12 2-Ethyl-3,5-dimethylpyrazine 0.1 27 0.7 0.0 0.0 10 0.0 5.4 0.1 0.0 0.0 21 @)
13 Acetic acid 100,000 170,000 440,000 78,000 100,000 140,000 2.6 43 11 2.0 2.6 35 @)
14  Butyric acid 680 450 740 1,200 2,400 800 0.5 0.3 0.6 0.9 18 0.6 @)
15  2,3-Pentanedione 62 100 960 0.0 0.0 79 0.6 0.9 8.7 0.0 0.0 0.7 @
16  2,4,6-Trichloroanisole Maximum concentration in all categories :0.033 Maximum OAV in all categories :18 @)

*@ All samples in 40" Contest, @in 41" Contest, 3in 42" Contest, @Selected 75 samples in 41" Contest
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Table 2-11. Mean concentrations and mean odor activity values (2°9).

Mean concentration  (ug/L) Mean OAV Sample*
No. Compounds Sweet Awa Sake Sweet Awa  Sake
Rice Barley Other Rice  Barley Other

potato mori cake potato mori cake
1 Methyl salicylate 0.1 0.1 46 0.0 0.1 1.2 0.0 0.0 0.1 0.0 0.0 0.0 ®
2 Ethyl laurate 110 120 280 560 640 230 1.1 1.2 2.9 5.7 6.4 23 )
3 Hexanoic acid 350 140 220 490 2,100 85 0.4 0.2 0.3 0.6 2.6 0.1 ©)
4 Octanoic acid 290 87 480 1,100 2,000 170 0.2 0.1 0.3 0.7 1.4 0.1 ©)
Sotolon Mean concentration in all categories :1.7 Mean OAV in all categories :0.2 @
6 Whisky lactone 14 31 13 11 11 23 0.4 0.8 0.3 0.3 0.3 0.6 O
7 Methionol 360 700 400 890 170 510 0.4 0.8 0.4 1.0 0.2 0.6 ©)
8 Maltol 0.0 0.1 6.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ®
9 B-Ionone 0.0 0.0 0.6 0.0 0.0 0.2 0.0 0.0 0.4 0.0 0.0 0.1 )
10  2,5-Dimethylpyrazine 0.0 6.2 0.0 0.0 0.0 21 0.0 0.0 0.0 0.0 0.0 0.0 ©)
11 2,3-Diethylpyrazine 0.0 0.1 31 0.0 0.4 0.3 0.0 0.0 0.2 0.0 0.0 0.0 @)
12 2-Ethyl-3,5-dimethylpyrazine 0.0 0.4 0.0 0.0 0.0 1.0 0.0 0.1 0.0 0.0 0.0 0.2 @)
13 Acetic acid 46,000 52,000 69,000 50,000 54,000 74,000 1.2 1.3 1.8 1.3 1.4 1.9 @)
14  Butyric acid 330 240 340 560 1,100 460 0.3 0.2 0.3 0.4 0.9 0.4 @)
15  2,3-Pentanedione 4.0 2.0 38 0.0 0.0 10 0.0 0.0 0.3 0.0 0.0 0.1 ©)
16  2,4,6-Trichloroanisole Mean concentration in all categories: 0.00047 Mean OAV in all categories :0.3 @)

* (D All samples in 40" Contest, @in 41" Contest, 3)in 42" Contest, @Selected 75 samples in 41" Contest
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233  EREFEAMNHGEE

AFEBERT « YRS OFENE RS 32 By OHFIIEFE U L 9 e FEKREE2HT 5
LONEENDZ EHEBEZHND, &I BRI, Ll L 72FRA~D RAY
BiX 1 D TRWZ E0nD ., ik sy & 55 G @%U$@ﬁ5ﬂ%@%#ét

DI 32 A IR 2 B RER M 3 O Hl HH 21T - 7o % Table 2-12 XU 2-13
2R Lz, HREHH O =0 OB, 25% (vIv) T X ) — VKRR & VR
& LT 90% BB i 2 M1 IRA & LT,

AV ERRT IV FUTFAURATF IV, T ) T, 94 AX—F7 |
VAT E = wIV = U OWTE ZAVE TOHE AL 72 HEE D H
Sz,

B-H~t s d, THRZERR), [HERR). T2 MRJL THW 2L T TH#EER)
kwotﬁﬁﬁ%méMto%@@ﬁ%ﬁ%ﬁﬁ%@iﬁé%gﬁkéﬁcﬁb
DRENMBIGIZIEY | BT —DPRETH 572, B-F~E ./ D 90% FBHH
BT H 2B BERTICE N D EIIREE (17 pg/L) & Hel L TIRW 20 HdEent
HOEJRE CHAHMI AT > 7o, ORGSR, KO/ x Y 2 B33 THW &
STERBZHA LT Z LD AEBER - JaRIZB T 5 B-F~t /) o ORER
RFHIT THV NEYITHD LWL, ZHITBEOWRE (14) &b —&L
T2o £ZT, B-¥~t /) UAEERRGEMHME L L THEHT HBIEL. 90% 8%
FERE LD OEWIRECHEATRETHLIEEZIOLND,

~F T —uid, TEEE ofFERHH I, Lol ~F T — U 3s
05 OME (14) 12BN T, AKEBER - 1afko Hhek OFVICHS T 5 Alaetk
MEKEN TN, 22T, KVIEWRE TH D AMEBER - 1k H OSFEPRE T
I N R A N TR 21T o 723, BV 238k L7222 TR Y A
3 THER) ¥ L7z, & 51T 90% RBERMERRE LY & EWIRE Th 5 AR
BEET « YRR ORKIRE (755 pg/L) THIFHMEZIT o 72fEF, 17 AD/Sx Y X b
W TEER) LR L. 2 A2 TlkR) EFHliL7z, 2O X I ICWTHOREIZE
WTH TERR ] ORBNTICHIE SN2 LD, ARBRTIIA~F T — 1o
KR FBUT THER) 2NEY) S L=, 2B, AV — i vA 2% —0F
REREIAR (2) T EER) OEHERAL LTEHRASN TS, LB -> T, K
FEBERT - TARE ClI~F - — A LIS OLEW A TR OFVICHE L TnDHZ
bR I,
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AYNRVAT T RIZOWTIE TA L] BMRERIRBLE L THI S vz,

ZOFVITHHA 278N T2/ D THEBEZ FEIR TR L72BRICELLDE/D L LT
WMESNTND @), B, BLOSFY X ME THEE 9 =T —Fk) L&
BT, = AT LAY (BT N, A VEEEEZT L, 2- A F/L-fEfET F L)
DORERZ2FMAHFE L TRFERR) ° THW) Thote, £/, 77 AT a2—1D
FEAM A FEZTETE ORER & AR AR < TR Thotle, 1-4 7 T -3-4—
JIZHAEY A U CHREINTWE T% ) akk) Lo aREDPHH s, /7
LR T ) a—)b (“/]\DZ‘\D——/I/ Fo=F4—) Urua—L, xua—LEN
-7V E R A L) 1, BEORE (14) EHEPLURHMEARES S Sz, o~
X UERIZ OV T, @@fifk%&J®ﬁE%$kbf XEIINTED (8).
ARENEFPEI TR, TRHIE ) & STV DY (6), A RIRHR U723 EE, 73D 25% (V/v)
DITH ) — VKRR E VI BREICBW T [hN—TF) ERBEND Z L n%n
ST, —HTH 7 Z BT, EETORER & FERRC THHE < Tl &uv o RBL
MNEL AN, LEER- T, 47 ¥ UBRITAKSBERCIRE O e oF DI
THETLAREOH LMD E LTEBRLHRET LTV RERH DL EEZX DN D,
Vbhmrk REICEK ST I b—R), TEEGEEME, TR X TEERR) &
Wokk A 70/ S5 L SN TS (42), SRIOREBR TS [ 7 A1) R0
[HW] N T2 RBUTMZ T, T b—4k) L RBT 53U X My R BN,
B-A A/ AE mEDOHE (15) LIFERIC TTERE] &V o RIELPREKRTH - 72,
E. t7y/3@%i FNENRR DR Z R T Z LR SN, 2,3-
VHEUTF U OFELFHEIL T MR ERBLEND Z L WEEDA
LLTWB YT EF L &R CERmN RSV (8), BElE ., B&lE, TCA (22O T,
THIE COFHMIHGEE & RERBEWVIZR LN o7 (5, 6),

VL EDFER DG | 32 BT DWW T, FHMHFEDORIN 21T 72 o 1o 3. A LA,
Bk, RIEE. ABER, BAR, A - JERR, SOZR, xR VE IUMR A
AR, N—TRR IR, Ty U ER B e - B 2 BB, I — 2L M
D17 HFEEZMET 52 N TEX T, £72, 232 OFK[FHEOKRFCHMH S
72 27 oy OREV R EREAMIAHFE LR L, BEU L6 ONn5I1XXE Y OAV ©
ERE D T2y MR A E L L CRE LT, TR, 4 VXL LT
LT R, AT F—b, A VEERTF L, 2-AFNER=F IV, T T AT a—
. 1-A 7T o3-F—n, B-E~k /v, Vra—L, a—X4FFHV A K, T
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YTV F B, ke UL ARAXR=T T N B AT S, 2-
TFIN3S5- AT TV HiEE, BSEE. TCA O 18 B4y & fm e RORGEA M E

ELTHRHTLIZENRYETH D Ll LT,

Table 2-12. Attribute terms of 16 compounds (1%).

Concentration Terminology Terminology
No. Compounds
(no/L) (English) (Japanese)
1  Isovaleraldehyde 35 Stuffy smell NARVES
2 Hexanal 280 Grassy TR
3 Ethyl butyrate 220 Fruity, Sweet RER, HW
4 Ethyl isobutyrate 74 Fruity, Citrus, Sweet SRR, MERL. HW
5  Ethyl isovalerate 24 Fruity, Sweet BERE, Hu
6  Ethyl 2-methylbutyrate 60 Fruity (pineapple, apple) 54 (N fFy7 b, Jva™)
7 Guaiacol 330 Medicinal, Smoky inkk, Mk
8  1-Octen-3-ol 110 Mushroom X gk
9  Citronellol 4400 Flowery (rose), Citrus R (V7). MR
10 pB-Damascenone 0.29 Fruity, Flowery, Minty RERR, fBRE. I MR
11  Farnesol 60000 Flowery ek
12 Geraniol 640 Flowery, Citrus P N R
13 Linalool 500 Flowery, Citrus fERR. HARR
14  Nerol 5500 Flowery, Citrus, Fruity TEER, MRk, SL94kk
15 Rose oxide 4.8 Flowery 16k
16  a-Terpineol 34000 Minty, Medicinal TR, FEAER
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Table 2-13. Attribute terms of 16 compounds (2%).

Concentration Terminology Terminology
No. Compounds
(ug/L) (English) (Japanese)
1 Methyl salicylate 1,400 Medicinal (patch) kg (RATER)
2 Ethyl laurate 1,900 Soapy A RAS
3 Hexanoic acid 7,400 Herbal IN—THE
4 Octanoic acid 25,000 Resin (rubber), Oily iEER (27h) | R
5  Sotolon 39 Caramel, Sweet, Curry T ANER, BV, T —Ek
6  Whisky lactone 520 Sweet, Coconut Huv a3,y
7 Methionol 4,100 Pickles 1ERE
8  Maltol 40,000 Cotton candy, Sweet, Sugar ~ HRBAEE, HU >, ADFERR
9  p-lonone 53 Floral fEA%
10  2,5-Dimethylpyrazine 160,000 Nuts, Grassy T kR BAR
11 2,3-Diethylpyrazine 740 Moldy, Earthy Rk TR
2-Ethyl-3,5-
12 28 Coffee, Burnt, Oily a—b—gE BT, e
dimethylpyrazine
13 Acetic acid 120,000 Vinegar Ml
14  Butyric acid 4,900 Cheese, Rotten T — kR, EHR
15  2,3-Pentanedione 810 Yogurt 3—7 v Mk
16 2,4,6-Trichloroanisole 0.084 Moldy kg

2.4 /NG

ARKGHERT « JARICE ENDEFEZRD DTN WE~DELGEN S 5 5y 2R
T 57D, 32 I OWTRIEFREZIT > 72, 15O mamBIE & AR -
EFOEAENLERFGEOEIECTH S OAV ZHH L, FY HWE~DEFE
IZOWTHRETEIT -T2, TORER. 27 BRTIZ OV TAKEEER! - O D g
I EDHFRGNDH D L&A LT, £io, K0 ORED 2 EREFHN HGE %
AL, HRILEZHGEZ R TERRD TiE. L0 OAV OEN E D> 72 il & e
RARGHE & U CEE LTc, TORE, 18 o AR ERARGMME & LT
T 52 ENRRYTHD LW LT,
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FIE  ARREEE - WEROFIT L SITHF 5T DS OMREH

3.1 =

AKEBERT - VARG I I3k & 72 JFRRCEYE N H 0 | T HIT k- T IHRERR < THE
Rl THWED ) 2 EOWEIRNE D FrENPFEL TS, 2O T IFIXL
IARRBER O EER2FE D FEO—D2TH Y | HIEAE TRIE S Db ZBER O R
BEE L THOILTWD (25), LARTOWFZETIX, 7V 7 7 — A RAREBERT O 15
XL S JICHGTHEER D E LTHESN TV @3), L., RTOMET
I KA BN TIVT T —)LDBEREREN 25% (viv) =& ) —)LKEEIEH C T &
MR LIS L ARG L (44), ZNHORMIT IHFIZLE) L
DTNCRR D EBEZ N5, £, 5F 40 BIAKBEE - JREEFES O
fnil 236 D5 H S AL DN Y A RD FHRIT LW EFHIE L7 16 ROE
IZBWT TNV T T =V OREPBRMBEEZ EEl>TWebDld 3 RThoT,
I HIT 5 KROREHEL, 77 7=V OIRENEIRNYEEZ TRl TWe (23), 2
D DFERNG | AREBERT - 1BEO [FIXL I ICZ2DOMOBFER LB %5 LT
VNS RIREMEDS R S 7,

Z 2T, RETIE, AR - RO FIXLSICFGT R0 HETH &
ZHBE Ule, BARANCIIAREBER - TEEERRTS (45) IZB W THIT LV &5
Stz 2 mOREHE GC-O iricfit L, FIXL IICHFET D LB LD
RGr % 8 R L & DSy D BIE DR E K ORI BERT - 1R OEa &ICHESFHF
KA GEOMER ATV, BRAAHINTITE RIS T 2 &/ I L & OF N & AR E
Bt - JAETOEHEEL OBREHIRT 52 & THIXL IIZHGT D0 DIFE
BT,

32  MEHETIIE

3.21 A

2-Furanmethanethiol (2-FM) K& % p-b R % 2 k% E & (p-HMB) 1%
Merck KGaA 72> BIEA U7z, —E#8DKE 2 BH/AKRIZEHL L 72 d2-2-FM (X Santa Cruz
Biotechnology 775, MU A (B RKax T AF /) 7 I AKX R (Tris-HCI)
IL Nacalai Tesque Inc, = L C7' v B4 /LEg=F /L (ETP) |X Tokyo Chemical
Industry Co., Ltd 2 HFiE L 70, &I, T by ~FH | 2-tert-7 F/b-4- A
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h¥o 7o /=L (BHA), =4/ —/L, Wil Wi, FRlis) kU v A, AT
TV, BB, SRR T R UL vranu A2 kTN ULL
A F U RZHRE (Dowex®1x2) (% FUJIFILM Wako Pure Chemical Corporation 40
bOEEH LT,

322 HBWEE(GC-0) 53T

55 39 [EIAKHERT « KRS 45) BV THEIE LW RSz 2 ok
Bb (Fig. 3-2 D No. 1 XL WV2) # 7o, No. 1 X2 (XZ N Z Ui EAE Tl
EINT-H R CTH - 7=, #EHE GL Sciences #10> MonoTrap® DCC18 & FEE
NV BE ) AFEAZ IV CHE LT,

MonoTrap® % 10 mL OFEHIHEM L, 160 rpm THRE 5 L7236, 60°CT 3
REfEIW A& 21T - 72, £ LT, WAE% D MonoTrap®% 1 mL O 7T & k Lr-~F
RAW (1:1) Ik - T, BEET TS5 oM, Sk Tt 217072, £ D%,
Monotrap® #FrEL, E2FRKIE F CTRERETH S 200 uL F THREEE E LT,

GC-O 77H711% GC-2010 (Shimadzu Corporation ) {233 T, InertCap Pure-Wax
(60 m x 0.32 mm i.d., 0.50 pm film thickness; GL Sciences %) % T hE L 7=,
717 LH A % Sniffer 9100 Series & GCMS-TQ8040 (Shimadzu Corporation %) (247
I S, WA 1:0.12 DFETHEI LIz, 4 NOFFHS L7z r Y X MZ & o T
BV E 21TV, FRHRRR] & A D FRtE A2 Fiek L 72, GC-MS OHIESAF:1T Table 3-
LZ5R,

Table 3-1. GC-O operational conditions.

Condition

Carrier gas He, 150 kPa
Oven 40°C (2 min) to 230°C at 10°C/min (hold 40 min)
Injection splitless, 230°C

Injection volume 1uL
lon source temperature 200°C
Detection Total ion monitoring
Scan range m/z 29-350
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323 EMSH

TEVESHTILER 41 BIARKBERT - VAT S ICB W THIZ LW & FHl S N F T
FREGFZRERS 1 A N TITo 72 (24), 2-FM OfhH K OVEFFERRIEIC W TIE, U
A 2 (46) RVEWT (47) OFRMETF A — Lo FlEESE L Lz, 3B 300 mL
(ZER(EBGIEA] & LT 20 mM BHA /K¥&WE 200 pL 23N L., 1 ofEE L7z,
. 2 mM p-HMB KIEEZ 15 mL Iz, & 510 oFHE#ELET 5 2 & T2-FM
& p-HMB O$EEREER S -, BOoNTIREWME T T AH 7 MTHA LT 25
mL @ Dowex®1x2 {27 L 21—k (75~100 43 [)) L. Be{kBphiE#AIE LT 0.02mM
® BHA Z & A7201M OFERET N U U ARREHE (pH 6.0) 25 mL THEF L7z, £
D%, BT L% ETFTREESHE, 75mL OV AT 7 I URIK (Ve Cf 1 L 7= File
TR U T AEERIC 10 gL DIERE TV AT T IV EMNZATEH D) 2@iKT 52
& T30 T T 2-FM Z 851K bR S W7o, 15 D72 ieffER I 100 mL @
7 7 AalZB L=, #HghRE EO 7 DICHBE=F L 0.5mL 1%, SmL
OYruaa AR TSR, 2B EIT o7, FURESN-AEIZ 5g DK
ifEF U U LAz 30 Sy EEE LTz, SEICHIEER 2 ER8 K0 T CREE
B 200 pL F THEE L LT,

55 7= EHT GCMS-TQ8040 (Shimadzu Corporation ) Z FV 725041 L 7=,
708, 7 LIZiE InertCap5 column (30 m x 0.25 mm i.d., 1.00 um film thickness; GL
Sciences ) Z W E &M MRM 24 L 72, GC-MS ORI ESA1X Table
32177, B L7ALA I ORIEIZIITHR S VTV A3 E v,
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Table 3-2. Qualitative analysis operational conditions.

Condition
Carrier gas He, 150 kPa
Oven 40°C (1 min) to 100°C at 3°C/min
to 240°C at 10°C/min (hold 10 min)
Injection split (1:2), 250°C
Injection volume 1 pL
Ion source temperature 200°C
Detection Multiple reaction monitoring
CE 6.0V
Precursor ion m/z 114.00
Product ion m/z 81.10

324 [HEHRE

BEFHA O FVEICIE. ASTM E679-04 (2011) QD ZHH L=, ¥ 7L Ftiss
1% 222 EFEERE Lo, SRUTBEERGMIIEATIE O b &ITh 7= B 18
&, A4 DF 224 CEYER 417 ) Tholz, FRBRIZITZ NS 16
UL ED RV BBIN LT,

325 EEST

FER AT ISR 42 [RIAKS BERT - JaBiimt 2 O il 2 W TIT - 72 (25), &
KR Lo THEE SN 21 RA2& 07 3 — (RBEE. HiEhent, Kb
Bt e ONaBK) 22 B IE(ESICHIN L7, S BIT, 4 DOWIEZAE BER 2 ZHelt 0 6
VR4 T3 IN LT,

2-FM DE&IZIE, ETP % F 7= Solvent-Assisted Stir Bar Sorptive Extraction with
in situ derivatization (der-SA-SBSE) {54 M L7-, UL FEZTE—A0K v 7
EHHOTFT A —NVEHEZEE LR ER)ZSH & L, REXFHEMRLOBRET
2-FM % ETP (2L > T Fig. 3-1 D& BV A IHELHZ & T2-FM & L W ZEXRL
BYNCEBL ST ZIT twister IZRAESEDL Z LI K> TREMT 2 HIETH S,
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&/SH ' /\o)Jv%

2-FM ETP 0

2-FM-ETP

Fig. 3-1. Derivatization of 2-FM using ETP.

B D EAEIC 1L GERSTELK K. D 2 % — X—TdH % twister (63 uL PDMS) %
7o, fERRTC twister 2~V 7 A50% FC 250°C, 2 IRFERTALER L 72, AiflEt
# o twister 1L 100 puL DY 7 A 2 R TIRE Lz, 20mL 23 7 /WIS AR BE
Bt U370 % 5% (viv) ETHIR LB O 10 mL & NERERE L LT 5 ppb d2-2FM
10 uL 238 A L7=, = Z~1 M Tris-HCl &% (pH 9.0) 100 pL t¥#fkF F VU ¥
L3.0g EMzTz, D%, 50% (v/V)ETP =% /) — Ligik % S0mL Mz, ik
R U T LINTERITIERET D E TR Uiz, H&BIT twister 2734 7L A, 800
pm C 1 BT 5 Z & T 21T o 72, = D%, twister ZHL Y H L., #li/KT
Vel LTtk Wi, MBWAEROT 7 A7 A4 F—ITHBA LT,

ETP (T & » THEMIL L7z 2-FM 2 INE A 251 (TDU) 4 MPS roboticpro
F— Y 7T — LRERIEEREN (PTV) HEAH TH S CIS4 (GERSTEL K K.
) A 272 8890GC, 7000D Mass Selective Detector (Agilent technologies ) %
FHWTHOHT LTz, 7 A121% DB-HeavyWax column (15 m x 0.25 mmi.d., 0.25 um
film thickness; Agilent technologies ) Z M\, B &/5HTIZIX MRM Z{EH L7,
INEIEAE K 8 GC-MS ORTESAEIE Table 3-3 (28T, B SNALEMORIE
(ZiE, HRGRHETH 5 2-FM & ETP TRk L7cfb&z iz, £72. &
BEFEICIEINEEEEZRH Lo, &BIC/ONTRERE 25% (viv) (TR L,
BRI & LTz,
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Table 3-3. Quantitative analysis operational conditions.

Condition
Thermal desorption condition
Desorption temperature 30°C (0.5 min) —10°C/min —60°C (5 min)
—35°C/min —250°C (5 min)
Desorption flow 100 mL/min
Desorption mode splitless
CIS 4 temperature 10°C (0.5 min) —12°C/s —250°C (hold)
CIS liner Quartz wool packed quartz liner
GC-MS condition
Carrier gas He, 90.1kPa
Oven 100°C (3 min) —10°C/min —240°C (0 min)
lon source temperature 230°C
Detection Multiple reaction monitoring
CE 25V
Precursor ion
ETP derivatives (2FM) m/z 211.9
ETP derivatives (d-2FM)  m/z 214.2
Product ion
ETP derivatives (2FM) m/z 179.1

ETP derivatives (d2-2FM)  m/z 180.1

3.3 FER R OB R

331 HWIRE(GC-O)/mtr

5 39 [AIAKKGBERT « VARSE TS (45) ICB W THEIZ LW &l Sz 2 Aok
Bl (Fig. 3-2 D No. 1 L12) & GC-OfTT 252 LT, FIELZLBEEDH D
R & BT 2 2 & il iz, 23 BHIRTT % GC-O DFES, Table 3-4 |27
TEBV, 4 AT 2 AU EORRY X G TFFELW, [BFR) a—t—
BRI RN T AR R EFITLSICET2EZ20NLF 0 FERMN 4 SR =
Nz, TNENDOERD R S T2 RFFRFH# (retention time) & —IRA T T A

39



ﬁ%@(@)’ioT%mLkU?VVaV4V?yﬁx%ﬁTo40@§@%
fiD 5 HELRFFRER] 16.40 57 KON 18.43 43135 No. 2 TO A, {RFFIFIH] 24.47 4
OF D FEFITEE No. 1 IZOBMH S, B L Tniedo 7o, £z, 1640 57

& 2447 OFVRFBAMALTCTIE =2 NAF 70~ b7 T LBV TR
B — 7 BHERTE 2o 7= (Fig.3-2(A). (C)) . ikl No.2 @ 18.43 /3 fHir
IR — 7 DR S, 777%/%4%/@%5)%’73%7&&5’/@% T IV

IZHKT 28— LHEER SN2 (Fig3-2(B)), 47 X VA V7T I NVOEFXEE
T, REHOEFELZATAHIENOHFIT LI EIEEER O LB L7z, L
2o T, 1640 438 L1V 18.43 4y, 2447 5y DFITL SICHET 5 EF 0 HERIL. 1%
BETHY, NN AF o r7ua~v 7T LATHRIETE TWRWNWI LAVRIEBIN
2o 2B 3 OOFV I, 3 No. 1 & No.2 Tl L TR S Tun 2z
ZE b EX T, NS LT,

— 7. PREFIREFE] 15.33 %) @ﬁwﬁﬁiﬁﬁﬂf3kui@ﬂx)z%ﬂﬁﬁb
Teo ZORERIND, BB ARFELERT - JAEOFIT L SIZFHFHT D54 T
LT ENHERESNTZ, L L, MEEHS %wflxnﬁmm%%@8~ﬁﬁﬁ%
TX 7o 72 (Fig.3-2 (D)), it No.1 I W i, fHTIc & — 27 BMFFE L7203,
TI3T A MAVORENOHFRBICH KT 28— LHEIN, HIEXLID
FOEMEIEEENDRL, b=t r7a~ 7T ATHRHATE TV
WIZ ENIRIB S Tz,

WEORESLT L—N"—F —F —_X— 2% | KRR ORI 15.33 471
FIE T2V T vavArT v 7 A4S HETEIELWE D FE2 6T 21h
MAEBIRTR LTz, ZORER, kS E L T2 FM EONT VXL E T 8D 5
RO M S 7o, TIRGREE 2 O TR ZMGE L 7= & 2 A, 2-FM O
DNE VMO ST RFFRR & — BT 2 2 E I L. (5T —ZIIma 7
W), WEORERCT —F N—ZANDMMES T LEHWTZEED 2-FM O U 7 v
AT w7 AT 1460 fFETHY (50, 51), SEIOFER & —H Lz, 2-FM 1%
FONIEFICRNMERET AL E L THLRTEY, VA rHor—2R k=
—bE—HROFEVIZHFEGTDHI L 45, 52) . BRE—LoFILICHEELTY
HZEHHEESNTND (53), RBIEOSEHICBNT L, IH4E, TEO I~ Ebk
DEBEORERREFY & LT2-FM BFEL TND Z ERHMEINTND (54),
FERFEEOET VT V23— VERIEF O 2-FM ORIEIL 0.4ng/L & e TR Z
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ERHMEEIINTWND (52), L7zA3-> T, 2-FM BAKEERT - {0EFOFILIL E O
A MRy & & 2 T2,

Table 3-4. Aroma descriptions from more than two panelists describing the roast aroma

from GC-O analyzed samples.

Number of panelists that

Retention Retention
detected the roast aroma

time (min)  Index

Aroma descriptions

No. 1 No. 2
15.33 1475 3 4 Roast, Burned, Coffee-like
16.40 1547 - 2 Burned
18.43 1693 - 2 Burned
24.47 2151 2 - Roast, Burned, Caramel-like

41



(A)

—l L_N LL”\_N-L\J No.1

1|

1 \ |"|
‘—.—J| "-._,-,____.l "-._|||_d___.\__d"._

150 160 170

Retention Time

(B)

isoamyl octanoate

180 190 200

Retention Time
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(©)

I & J No.2
L] I " L] L] I L]
Retention Time
(D)
6.0/ |
50 B
> 40 | [\
= |
&
< 30 | \ acetic acid
no clear peaks
2.0 )| 15
JAR /N [\ No.1
1.0 I N N B R —
50 151 152 153 154 155 156 157 158 159 160

Retention time (min)

Fig. 3-2. Total ion chromatograph of two samples around the time zone detecting roasted
flavor by GC-O.

43



(A) Total ion chromatogram (the retention time of 15.0 to 17.0 min)
The black dotted line indicates the retention time of 16.40 min for the roast aroma was
described by some panelists. The gray dashed line indicates the scale line of the retention

time.

(B) Total ion chromatogram (the retention time of 18.0 to 20.0 min)
The black dotted line indicates the retention time of 18.43 min for the roast aroma was
described by some panelists. The gray dashed line indicates the scale line of the retention

time.

(C) Total ion chromatogram (the retention time of 24.0 to 25.0 min)
The black dotted line indicates the retention time of 24.47 min for the roast aroma was
described by some panelists. The gray dashed line indicates the scale line of the retention

time.

(D) Total ion chromatogram (the retention time of 15.0 to 16.0 min)
The black dotted line indicates the retention time of 15.33 min for the roast aroma was
described by three panelists in No.l and four panelists in No.2. The gray dashed line

indicates the scale line of the retention time.

332  EMESHT

AKGBERT « JRET O 2-FM B GC-MS ORHBHRLL T TH D Z & M HE &
=729 2-FM OSHTICIE. FA— LV OBIRAHHIHNMLE TH H Z L DR X
Nz, 22T, MEORE 46,47) #5512, KELAEWTH S p-HMB & H
T RTALBR A AT o Ty ARSBEEHZ X L CRILEL 21T - 7o 1% OIRMEIR & 2-FM O TR
RIE A GC-MS THOHr LIS, 5472 MRM 7 v~ 77 A% Fig. 3-3 IR
T, WA Lo o —2 EHBGREEDO B — 7 ORFFRFM A —H L2 Z &)
5. 2-FM DBARKBER AR T 5 2 & MffEsd S 47z,
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251
2,01
2
z 1.51
9] extracted sample
c
= 10
051
authentic standard compound
s e [ s s
165 170 17.5 180 185 190 195

Retention time (min)

Fig. 3-3. Comparison of extracted sample and standard compound (MRM chromatogram).

The dotted line indicates the retention time of the authentic standard compound of 2-FM.

333 [FRMEFHA K OVE RedEAh HEE

2-FM OBMEIZ DWW T, BRIEEOETT ATV a— WSRO EITHE ST
WA (52). FDEHED BAR 2T L a— L33l S TR ORI 5 2
EIETEROD, REHEOETT MR TH D Z LMD 25% (viv) =F / —/LKEE
WRED b= ) — VRENMENZ ER PRI, £Z T, 25%((vv) =4 ) —
JVIKERIE O BIME 2 A L7 /S5, 2-FM ORI 1.6 ng/L. 90% FRJNEIfE
13 9.4 ng/L TH o7z, 90% FRRIBIER IV NT 2-FM O'F REAAT FH 75 2 fesd
L7eRER BV S LTI IFII LW Ta—e —kR) e EORBINE LT,
IHNHOF D FEIX GC-O ST AL FVHIEE L —H LT,

334 TEESHT

ARFEBERT « JAREH O 2-FM O E &5 HT 21T 5 (SIXBIRAY 2 fhi - IRAEAS L3 C
Hb, LL, 3.23 THEfi L7z p-HMB & FH\ 72 0811E 1 iR H 72 0 O RijLEL R
FRIEFIZRNZ 0D, ZREEZ ST 2 IIEGRE R -7, 22T, B—b
KRBy 7 BtPoOFA—NVEEEEFEE LTHESNLTWD ETP 2 HW iz
HER(LIEIZ L D der-SA-SBSE {E & A 72 (48), MEBALEES O U 7L
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FEMERESPIEED MRM HRICK > THREREZIER LIZE 2 A, BIFR2ER
P (> =0.9892-0.9978) & LOD (0.4 ng/L) %R T HZ LN TE =,

VU EDOFEZAWT, 5 42 EIAMSBER < R o H il 25 Rzotr L

7%:0 L XTI D i RIS ONEIREE 2 U CRanBfE 2 VTR L

BTG E DO TH 5 OAV % Table 3-5 [Z/RT, HERE CRLG S - 25
Bit, HEEBERT, SKBERT L OVAREIZIIT D 2-FM Ofc K OAV 1% 2.4 15 124 TH
0. P OAV L 1.9 775 29 Th o7z, FHJOAV 3T T 1.0 LY REhoTc
ZEDD, 2-FM T AR TG S Ve AR BERS - WO EREICT H LT
52 EWRBENT, 51T, FK OAV, T 0AV & b ITHEAYE Tt
TeRBERHCB N TEOMO T T T — (FIEAER) S H# LT 2.6~153 f5&
VMEZ R L7722 &0 6 2-FM ITHEZARR TRIE SN IR ORHEE I E L
TWA Z ERHEE ST,

— 7 C, TR CRLE SN R BER ORI OAV &) OAV 1ZF 274 3.0
FON 1.0 &R ClLE S BERT & i LT B K 30 fF IRV METH o
oo BT, WIEAEELEE O 3 SO MBI, 2-FM BE SR BEIEZ T -
Teo LAEDOFERNG | 2-FM IFBE 7 B CHbE S 4170 ZBEET O & KRN B3
EAEFELTWRWZ EAURR ST, Z OFERIT, ﬁzfﬁ%mf%_éhtﬂi
FEIEEFCTAEN B IX L VED ZIZ LA EF IR0 E WV o 7o — A 725l &
mN—E LTz,

3.2.2 THHT L7z 2 iBHZ DWW T 2-FM D E B4 & Eliti L 7=, & OfE % Fig.3-
2 OFE No. 1 & No. 2 D 2-FM IBEEIZZENEI 47 LV 71 ng/L THY . WA
EZH) 30~40 15 ERI D BE CER ST\, LEOFERNS . RO F 4
—/LTh % 2-FM D3 RS Tl S VI ARRBERT - 1@ O 2 DFIXT L SI2H
BI85 70 FE R ThH D 2 ERER I,

DO BEMTEIZIBNT 2-FM BRI TR TERTHZ b TIN5
(54), AKEBERT « VAREORE TRIZBWTYH, HEAEOLEITIIAE IETYH
AFHIN100°C FEEETMEASND Z LD 28 TR T 2-FM 23K L TV A FJ

BEMENHESR SN, EBEl T, BELRE TSN LT 7 —L e L3 AT
A HEAIRIRE LT2-FM 24T 25 Z EDBHRESIN TS (55), Lo T, Ak
BEBTOIEIZ B O T B 3B TR CRERHC L D 2-FM &Rk 2 alREME & AHE &
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N5, AREBERT « VaHLE TRICEBIT 5 2-FM OARRRIR 2 52T 57912
IR DMBNNEEEZ 5N D,

3.4 /N

GC-0 % AW TAKBERT « 1O FIL L SICHS T 0 &R L=, GC-MS
TR S AV AT I DN T, AAEBERT - TP oS HE2HE L. BEIfE &
952 LT, RO TF A —ILTHD 2-FM HVFERE TRIE S 7= A BE
Bt - VOB OFIXL SICHFGT LI RBEIN T THLZ LEWLNIT LT,
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Table 3-5. Concentrations and OAVs of 2-FM in Honkaku shochu and Awamori.

Concentration

o Maximum Mean
No. Distillation type Category of 2-FM OAV
OAV OAV
(ng/L)
1 Atmospheric Barley 198 124
2 Atmospheric Barley 2.3 1.4
3 Atmospheric Barley 19 12
) 124 29
4 Atmospheric Barley 23 14
5 Atmospheric Barley 8.1 5.0
6 Atmospheric Barley 26 16
7 Atmospheric Sweet potato 8.7 54
8 Atmospheric Sweet potato 6.8 4.3
9 Atmospheric Sweet potato 8.1 5.1
10 Atmospheric Sweet potato 21 13 16 8.5
11 Atmospheric Sweet potato 26 16
12 Atmospheric Sweet potato 19 12
13 Atmospheric Sweet potato 6.0 3.7
14 Atmospheric Awamori 45 28
15 Atmospheric Awamori 22 14
16 Atmospheric Awamori 6.3 3.9
28 11
17 Atmospheric Awamori 10 6.1
18 Atmospheric Awamori 13 8.0
19 Atmospheric Awamori 6.8 4.3
20 Atmospheric Rice 2.4 15
2.4 1.9
21 Atmospheric Rice 3.8 2.4
22 Vacuum Barley 4.8 3.0
23 Vacuum Barley n.d. 0.0
3.0 11
24 Vacuum Barley 1.4 0.8
25 Vacuum Barley 0.87 0.5
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AT ARPER - WEOWEIIFETIRTOBIRFEICL DR

4.1 =

T L= N—=RA =V TIE B/ -ROFEDIEDNHFELZ LIS ITHEIEDL 2 &
THY - BROFFEDOEUMELZ R ENCRT LN TE L, DD T L—r3—7R
A—E, LU 2 BU hoEfgEr Hnwckahsd, F—8H (F.O0ok
WE) 13, BESRRHEETE Lo b, B R GMUNCELE L2/E) 1Tk Bk
H 72 HEEIC 72 > TS (56) FZTT L—_—ihAf — L ZHKETH LTl 1=
YERAK L R AL EMOEL A IV —T{b L, F—@ & LTHRA— FICE
BT HUEND D,

AR TIEZNETIZ, F2 BETHRF LEEFERTGEEND 18 linE, 63
BECTHEIZLEICHET D 1D Q-FM) & R L, &5k 19 By 2 Y B
WL L CEK LTz, ZHICKRA BIC L » TRIES NG SN2 4 (13) o
MNOELISOZFE LM T, AR 19 oy & IXERFFEN R D 13 iy 2
L. BAEEIIT 32 oy OIFEME R ARG E 23 E LT, AR TIX Y 32 iy
ZRWT, @MU EREZRETT 2 & T EFREMEIC X2 05 & 50 L
776

4.2 Mk & 7k

421 K
RIITFAIE LTE2EMOEIEZLRLCLOEEH L,

422 SRR

KA HDOHE (13) ROGFEE - #HOHE (57) 2BBITHEREEIC L 5058
Zi1o7c, N0 mL FD A2 Y o2 —fIZEFRART Z WM LT 25% (viv) =%
— VKA % 30mL A L7c b D& /SR Y R MOk L7, /LR DI,
90% FRABMEZEICE 2R LT WVIREICR S Lo ICREL, AR LE
(Table 4-1), /3% U A MZIEL, Y OBHOMED 2 WIIHPIZ L > T332 iy a ¥
BOITN—TMET 5 XK LT (Fig. 4-1), 7B, DEICH=-> L, [
1 7—708IBHMET D), [HKE2: TEHETF I V—TD8%ED72<
T5H (IN—T78 HEISHEAE2>)] &) 2 DORMEIC LY FEhd 5 LD
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KT, NRMIE, 222 OF 2 HBEREOSZINE NG B 204, k6 4D
26 MBI ULTZ, DT N—FbOFERNSFEHR L OIEPE (B b/
=TI SN B R 2R U IR 2 BhEfE & L C Ward 15
Z&D 7 TR =& I LTz, 7k, FMEHLEIZH 72 > T, IMP® 13 (SAS
Institute Inc., Cary, NC, USA) %= L7-,

ELNEICET HHER

Hik

HLoo b 32 FEHORENIIZ, TRENC 1 EEHOFE YV WE 2RI TOET,
FY OEOMESD D WITFALUC L > TEEO 7V —7 1008 L Tl RHKICRTEA
LTLEEN, B, DHEHIZHZ> TUILLTD 2 >OFEAETE L T 70,

DEREL) IAr—70TaHE T 5,
SEREYE2] TELETFIN—TORE LR T D,
(T—"% : pRadHE 1 > EHENE2 > 1)

(
(

BB, FYOBENRPAER CThH - TBHIRIFEBMANLETOT, FFETEDH LD
ICZEMNCRER L T 280,

FCABI
| IN—T%E
1 2 3
1 737 521 651
2 174 222 871
3 866 633
4 953

« Z—7178 1737, 174, 866. 953)
s T—7 278 1521, 222, 633) DY

- JN—7 30 1651, 871

[
g
L
Nt

CRTDIT T ADFREPRICHEAIN TND Z L& THERLTEE,
1REED 7T RL1 SOOI N—TDIRITALTLEE N,
TN—THR 1T L& 256 12F, EmafALT7EEn,
AFHRIEFEEHT 2 b0 TTO T, BHlTRE T,

Fig. 4-1. Questionnaire.
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4.3 i SR M VB 45

WMEAEME 2 VT, BRI L 20 ERBRE I L7z, 26 4D /3x% Y
AR 2 DOFEEIC L - THEZINE LIRER, 2o 52 Bl e o7,
FO%, KADS (13) MOGEHE - o (57) &R, FEELLE % Pk &
LT, HEED RN T ALY —FALZHE L TN 2 ETIRAICRERY T
AL =% L TV FYETH D Ward IEIC K0 #HT 247 - 7o 4 R % Fig. 4-2 12
T, T L= Nk — )L ETO I N—TFEN LT XL & W O BEMEN R
AR D72 OGS R 2 BACHFKRFEN BB L2 10 7 v — T REIC %
TOMERD D, 2T, PO TIN—T%2 08T 5L, 32 DEFX
AL 8 DD I N—T T D Z E N TE T,

E % DT N—=TIZTONTEDRMEEBLRT 5, 8 1 77— 12i%, B Y
TINRAFH BTV (AT e BTV, A VBT L EZII LD L L
TEREOFY ZHB I L ATANRGENTEY, [REE] O LV—T0 5
BTz, 2 I N—TIZF, B-T =R T AT La— AR Fa— b nsiz RS
RTRNH—HD ek OF Y 223 2{bEMIC X0k Sz, 3 71—
FINR=V ., Vhay UL A= 7 fhrbWoEI THOVED | 1%
T O E VR ST, A= IEATESCTa O (58) &, UA AF
—Z 7 FATEIRO LB VAT S . Y b a2 I O B (Q2T7)S07E R O Bk
(40) LEABBNIEWVRSD E ENTWD, ZOZ ENDHE 3 7 — 71Tk
B2 W& B2 6hb, S5 7 A—713, T4 S- A F /L & DMTS
Lo To ThiiEER) OF Y A7 5 2 FEOMELEMIZ L > TR S Lz, 6
6 ZI—T7IZIE, HEle. BSEE L Wo o AR L . THLELGER) OFMEE R T LY
TREFANGEHEINC, ZORRITAGEO T L—_—R A —)L O E H |
A= L (7). BT IZN—TIE, A YNV AT AT E RRA YT INT IV
a— LWl EERE) ERBLENDFV ETENT AT E ROo~T T —1
Lo To THER OFVREEZ AT 2R EEN. ALEMHEE L TIET v
T b FEOILAEMREN SN, 5 8 /L —T12iF, TV VBT A4
ZUfRE Vo T TR 2 ) LWVt EWEY 2B S 50EY
Mz T, ThER] OFEKNMETHD TCA, T LT DO OFVIZEHS
T5 1-A 7T 3-F— ARG EN, ZO7V—T72KE L TUIFFEDEY
BEMEICIRET 2 Z EITEE L WS, B 1~7 Z A —7 LHEPEORNE Y BNEH L
e RSN,
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RB.E2 IN—FITHEENTZ B-F~T ) E, 233 1BV T 90% FR%ENE
EIZ IR EE TIE THERR) . TRFERR] . TH W &R & R3S STV S 23,
HEEBERHC B EN D R CIX THW) NFEXEREE LTE LTV D &l L
7o AFRBRTIL, 90% FBHBMED 4 (5 ORECHFEEZFEM L2 b, H 1,
F2ROE 3 T —TOHEFIAFEL TS AREELEZ NS, — T, B-
H=X ) UNGEINTE 2 JV—T1%, 7 I7AX—OFEUEL L UL, F1
IN—T L, EITN—TITFE 4 T NV—T LN ENbn5d, H4 70
— L, IT XY a— AR 4-VG o7z TR < TEREE) oF Y 26T
57 x )= LEMIINZ T, 707 T7—NAR2-FM LW ol TR | 2 [FiT
L&) ICHGT ISR DEENTZ, ZOBEIIg- A~/ o bii ks
KEBRHEDOTHD, LIcho T, KRB THWE 32 iy O TR S L2
HWOE3I T NV—TIZB-F~t /) URGHISNRNT ENRYTHD &ML
72

DX ) THEME BRGERWE 32 I, BREFEIC IS < FERBR O R,
8 ODIN—TIZKBNSNDZ EMHBMNERY KGO 7 N —7 123 @S
LFVREDNRBO N, ZOREMEELIEIC, B 5 ETHERT L7 L—1—
KA =V EOF—JFICELE LT,

4.4 /Mg

B2 REEOE 3 TR L7 33 iz, 2 E CICBMEENHE SN T
W2 22 i BTG OTE 55 b WEA~OFE DA T, HERAERELR D
32 Ay AR U, MU RE A2 e L CEE AR ERE 2% E L, BFREE
(2 & BB A FEh LT, = OSSR, 32 Ay OIEE R AREME 1L, 8 DDFE
KRITN—TIZKBENDZERHALNEZRY . RGO T A—F BN T T v
—7NITEL T2 F 0 EER RSN 2 & AR Sz,
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Table 4-1. Concentration of reference standards (32 compounds).

No. Compounds Concentration (ug/L)
1 Isoamyl acetate 31,000
2 Ethyl hexanoate 2,100
3 Ethyl 2-methylbutyrate 60
4 Ethyl isobutyrate 74
5 Ethyl acetate 360,000
6 B-Phenetyl acetate 19,000
7 B-Phenetyl alcohol 300,000
8 Rose oxide 4.8
9 Linalool 500
10 B-lonone 210
11 -Damascenone 1.2
12 Vanillin 4,000
13 Sotolon 39
14 Whisky lactone 510
15 2-Furanmethanethiol 0.076
16 2-Ethyl-3,5-dimethylpyrazine 28
17 Furfural 130,000
18 4-Vinylguaiacol 870
19 Guaiacol 330
20 S-Methyl thioacetate 330
21 Dimethyl trisulfide 0.34
22 Acetic acid 240,000
23 Butyric acid 4,900
24 Diacetyl 400
25 Acetaldehyde 83,000
26 Hexanal 280
27 Isovaleraldehyde 35
28 Isoamyl alcohol 690,000
29 Ethyl laurate 1,900
30 Octanoic acid 25,000
31 1-Octen-3-ol 120
32 2,4,6-Trichloroanisole 0.084
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Ethyl 2-methylbutyrate
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2,4,6-Trichloroanisole
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Fig. 4-2. Hierarchical cluster analysis of 32 reference standards.
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EOE  AKREEE - WWBROBMAFRIC L 5B ARBREZ B U EERADOREL 7 L
—N—R A —VDIERL

5.1 =

ARETIX, 54 B THEM U7ARE RARBAE 32 i iZ oV T, AREEBERT -
VAR DB REFHIOEMFE 89 Al L ABMRERZ ML, 7 L — —K A —/LiZ
W 2 5% E R oxt i 5 il FHEE D 2 Y PEIZ DUV TIRGE L 7=, 7eds, SRR AL
[ZOWTIE, TS O R A E 2 3ET 5 L CFEE b2 EhE L 72 FiE
(59) 5B Lz, £ LT, BONTERE RIS, BERE QTR K OFRAL7 1k
DIETF LTV, 5 4 BOBRIR & O T B AR BERT - a7 L—
—RA = EER LTz,

52  MEE Ik

521 FHizEHE

R BT > T, REBRTIEFICET 2 Fam 21T > 72 T, Fig. 5-1 O'F
M2 VTR 2 K38 U7z, Z B OFEYE FURRAT Y E & RN L 7= 3R
DWT, BRAFEIL QI DX TH 5 25% (viv) =X / —/L/KIEIR & ik L Tauv
WZENSHDNEWVIERITHIE LTz, F&8EIT, FVPBETEIZ AR R
MIXF L, Q2 TAKBER - WK THHMEOEFY LK LIl b 0nE VD
R OAECTHIE L, Q3 DEMTCHMRBUZ L 2FHMEHEZIUE LT, &%IC
Q4 DERITH LU OHHEAR LIz Table 5-1 @O TAKBERT « TS OEYE A —E
(B 22U, HbEWEEDNDOIRIALBIRSED Z & THRIRKIBUT L HFE
AHFEZINEE LT,
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A (3 HIREE)

01 ARELBLTEWVZELSHY FIH H5b A

ML) EBZR AN TRTTY,
UTOEMIFAN T ($H5) EBEAADHSFEVLET,

02 AIEBEE - ARICCDBAVERLEIEAHYFETL HD Ay A

@B COFYVEHLEF BEEDEL ST EESERE] FTRELTLAMNMISEEALTL S
Lo BHBREHAAHDOMLREMEEIEL, BICOZEDFTILESLY,
A4 TEEERE #F ( )
A SFELRBETELGL

04 TARREGE - ARORERF—R ()] 2880, RLEVEEDNLI—FOESE 1 DL

ALTLESY, WTAZRAEZETE, RVEVEROINLIESZ 1 DBRL TS,
BS ( )

BEEHOEY EBL DD, LUMNLGE (\FF. UrT%) ETRHFITELUMEEICE, 110 EBAES

W FHRIZ, BEHOEY £RELHD, 7T FFLTE ROIAFTYF— ORI TELIMEEICE, 710 ZFIRL T
él"o

Fig. 5-1. Questionnaire.
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Table 5-1. Suggested aroma terms list.

DS I—R ERNE] $E2/E
. —RYEVRFAREETIFR | KD DHIRAE Iz (IEERA
—RREY R FAEE . _ -
ERRDHDMERL |DHdMER
1.BEHR 110 |R=E#%
111 I\FF
112 DA
113 N1y IIL
120 | X)L
121 BEES V7 =)L
122 H7O>EBTFIL
123 2-AFIVEEEETFI)L
124 VBB TFI)L
2964k 210 |{Etk
211 G
212 SRA—
213 A=l
214 HWED (TEkR)
3HWED 310 |HWLWED
311 N=>
312 AL
313 Ja+wwy
4.EFEULN, ER 410 |&BIFXLWL, EITF
411 ElELW
412 =13
413 d—kb—
420 |fERR
430 |lERR
440 |ZmEk
5. 5bimaR 510 |Bibimax
511 JEIRER
512 =t/
6.M88, FLEEK 610 |BR
620 |FLEmEH
621 F—-X
622 I—JiLk
7.58R, BRI 710 &tk
720 |ZIL7ER
721 T hT7ILTER
722 ~NFHoF—)L
730 |iAwgiR
731 LLE (VYILILTILTER)
732 ZILd-)L
733 A0
8. AR, ik 810 |imkx
811 Gt
812 1EiRE
820 |F./ 1%
830 |HEER
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522 XY AR

AV A N IARBER UV O B AR A 3 UL D 89 44 (B
75 % M 14 44 SEXER 42.7 1%) IR L 72, SR U A R OFTEIIIEIAVE
PEOFHIE Z xR & LImiBRa1T 5 Bl b, AskiBRIF e, Ry, bemtid
EHEKOEBR (7 O F 19 8L Lz, 2k, BBROFEMIZH - > T,
FRNIFRRO By, FIEFIZOWTHAZE/R L, AENEG LN/ SR A ~D
BN LTz,

523 @k

FAEORFHIIB T U 7oA RAGAE & LT 32 55y OilEl % Table
5-2 DPRLET 25% (vIv) =& ) —/VIKESHRIZEIN L, 500 mL 20 A 7 A ) Tl
Uiz, 7285, A, 90% RABEZ BICED 28 Lo WIREIC D X9
FAHRBR AT VIRE Uz, YaZalkl ) O FRRENCH D 25% (viv) =4/ — LK
WL, 7330 U A MR Uiz, IREEEHLT, FH £ CORITFTEEZRRR Y MR
EL, Ml REHREZ=RIBE TR LT LMHEHA L,
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Table 5-2. Compounds and concentrations used in recognition test.

No. Compound Conc (ug/L) Set Manufacturer Purity
1 Isoamyl acetate 31,000 1 Tokyo Chemical Industry Co., Ltd. >98.0%
2  Ethyl hexanoate 2,100 2 Tokyo Chemical Industry Co., Ltd. >99.0%
3 Ethyl 2-methylbutyrate 60 3 Alfa Aesar Co., Ltd. 98%
4 Ethyl isobutyrate 74 4 Tokyo Chemical Industry Co., Ltd. >99.0%
5 Ethyl acetate 360,000 2 FUJIFILM Wako Pure Chemical Corporation 99.5+%
6 p-Phenetyl acetate 19,000 1 FUJIFILM Wako Pure Chemical Corporation 98.0+%
7  B-Phenetyl alcohol 300,000 3 FUJIFILM Wako Pure Chemical Corporation 98.0+%
8 Rose oxide 4.8 4 Merck KGaA (Sigma-Aldrich Inc.) >99.0%
9 Linalool 500 4 FUJIFILM Wako Pure Chemical Corporation 98.0+%
10 pB-lonone 210 3 Tokyo Chemical Industry Co., Ltd. >95.0%
11 p-Damascenone 1.2 2 Merck KGaA (Sigma-Aldrich Inc.) >98.0%
12 Vanillin 4,000 1 FUJIFILM Wako Pure Chemical Corporation 98.0+%
13 Sotolon 39 3 Tokyo Chemical Industry Co., Ltd. 13-15%
14 Whisky lactone* 510 4 Tokyo Chemical Industry Co., Ltd. >08.0%
15 2-Furanmethanethiol 1.2 1 Merck KGaA (Sigma-Aldrich Inc.) 98%
16 2-Ethyl-3,5-dimethylpyrazine** 28 2 Alfa Aesar 99%

* 5-Butyl-4-methyldihydro-2(3H)-furanone, mixture of isomers, ** mixture of structural isomers
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No. Compound Conc (ug/L) Set Manufacturer Purity
17  Furfural 130,000 3 Nacalai Tesque, Inc. =98.0%
i i FUJIFILM Wako Pure Chemical Corporation
18 4-Vinylguaiacol 870 4 ) <100
(Combi-Blocks)

19 Guaiacol 330 2 FUJIFILM Wako Pure Chemical Corporation 99.0+%
20 S-Methyl thioacetate 330 4 FUJIFILM Wako Pure Chemical Corporation 98.0+%
21 Dimethyl trisulfide 0.34 1 FUJIFILM Wako Pure Chemical Corporation 97+%
22  Acetic acid 240,000 1 Nacalai Tesque, Inc. =99.7%
23 Butyric acid 78,000 2 Merck KGaA (Sigma-Aldrich Inc.) =99.5%

) FUJIFILM Wako Pure Chemical Corporation
24 Diacetyl 400 . ) 98+%
(MP Biomedicals, Inc.)

25 Acetaldehyde 83,000 1 Merck KGaA (Sigma-Aldrich Inc.) >99.5%
26 Hexanal 280 3 FUJIFILM Wako Pure Chemical Corporation 95.0+%
27 Isovaleraldehyde 35 2 Tokyo Chemical Industry Co., Ltd. >98.0%
28 Isoamyl alcohol 690,000 4 Tokyo Chemical Industry Co., Ltd. >99.0%
29 Ethyl laurate 1,900 1 Tokyo Chemical Industry Co., Ltd. >99.0%
30 Octanoic acid 25,000 2 Tokyo Chemical Industry Co., Ltd. >98.0%
31 1-Octen-3-ol 110 3 Tokyo Chemical Industry Co., Ltd. >98.0%
32 2,4,6-Trichloroanisole 0.084 4 Merck KGaA (Sigma-Aldrich Inc.) 99%

- Ethanol - - FUJIFILM Wako Pure Chemical Corporation 99.5+%
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524  FHARs. AERGT K OBRER

P AR 1L, RBRER B — D721, PR TIEMT L72EWETo 210mL 7
Ty 7 (AR Sy 7 28 BEMA L, &7 70y 72X 3 HroRERE S
(ELE) 2L, 2ngistisd 252 R CRlERE 503 M Stz » 7z
72, e, REHRII T I v S LIERAIO EfgETE L, #45mL & L7z,
Z DOBREENT OV, BB Tl . BRERHMA1T > TW 25T L OBREL T
M L7,

525  fER TR K ORER M

32 B DEEHT Table 5-2 IZRT 1~4 D 4ty MIHTTERMML-, BHEE
M DFE S5 A M2 D72, sHBFEEIZ 1 =y hH7=0 302 AL EL, 1 HT
K2y FETOMEE Lz, Z2dk, fHIIIT EXZF/OAR L L, HIZETZ &2
RWESICHER LT, o, ARABRITSM 2446 A0S 9 A £ TOMHIM TEli
L7z,

526 fEHEOEET
PR IOV TR, BB T W T2 T W 2 T OFEME OFMAL T I
% CIER AT TEATss ClEW =72 & E#H21T-o 7,

52.7 2-FM O{R{FELE MR ER

2-FM OZEMERERIZ, S 1 & U TERERER & [FARIZ, 1 ug/L DR, 25%
(V/v) =& —)LKEERH T 4°C BR{F% . 2 & LT 500 pg/L ORE, 7o
L7y a—n (LR, PG &9%) HT 20°C IZBITDRFEITo T2, 705,
S 210V, IBERIEIE RIS 25% (viv) =&/ —V/KIETR %2 FV T 500 fi%
IR, 1pgl E7eb X 91C Uiz, EHE 2 S L, BRIERBREIGE S
13 HIA &N 27 HIREZICIREZRIET 5 2 & THRIAFEZET L,

2-FM DRLEIX, SPME-GC-MS (Z X D HlE L7z, 8} 10 mL % 20 mL D73 A
T T EL L, AOC-6000 (Shimadzu Corporation ) % W CHiHZ1T -7z, &
Bt& 50°C, 10 ZrffRIE L7=t%. SPME 7 7 A /3— (DVB/CAR/PDMS 2 cm) C
50°C, 30 ZyfEhH 247 - 7=, 43#HTiCi% GC-2010Plus (Shimadzu Corporation ) %
AL, ¥v¥EZ VU H 7 A%, DB-WAX (30 m x 0.25 mm i.d., 0.25 um film
thickness; Agilent technologies ) ZfE/H L7, MS A~7 hL2pHrid GCMS-
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TQ8040 (Shimadzu Corporation ) ZfEH L & TE A A ALIEIC L VITo T2,
HTESRAEIT Table 5-3 12" 9, 7236, EEIZOWTIINERMEELIZ LY F2fE L,
1-~F P o FA— L ANEEERE S LT LT,

Table 5-3. GC-MS operating conditions.

Condition

Carrier gas He, 100 kPa

Oven 40°C (hold 5 min) to 150°C at 3°C/min
to 250°C at 10°C/min (hold 10 min)
to 150°C at -20°C/min

Injection 1 min, splitless, 230°C
lon source temperature 200°C
Detection Multiple Reaction Monitoring

Collision energy

1-Hexanethiol (1S) 6.00 V

2-Furanmethanethiol 6.00 V
Precursor ion

1-Hexanethiol (1S) m/z 118.00

2-Furanmethanethiol m/z 114.00
Product ion

1-Hexanethiol (1S) m/z 84.10

2-Furanmethanethiol m/z 81.10

5.3 T AT

531 fRE1IE

BERAREZRET HICIE, < OFHIE NEF Y OBRANATETH 2 LERNH
%o & ZTCRIE LTCIRE DY) & 253 2 72 O I Aa =R 2 178 L7 (Fig. 5-2).
Fo, B2 EOBMEFREORK KNS, B-A 4/ DX IITHF OEFIZEEGT 5
BB TORSNZ L > T 3 FIRED/ SR A NORESZMENRKE B 5o 03 7
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FELTWDZ EBHBALTWD (30), 2 TRAISE 70% LI EE 3 ERE D %Y
PEDIEL LTz, ORI, K DBAFWEIZ OV TITREEDR 70% % RE
STEY EERRREOREL LTORZYTH D Z L PHERI N, REEHR
70% A DORITIEL, 2-FM (61%), A7 X U (56%) Th o1z,

2-FM %, FEfl A 23 < 72 DIF EREEIMET LTV AR SN (7

ITIRE W), U E 2 AT H5F 4 — LB TH D 2-AFN-3-7 T L F
F— I = F N —T VR TR IZ K Y “g@ﬁﬁftﬂ‘%i"&:bﬁiuﬁaiLﬁfu\
% (60), & ZT. 2-FM D 25% (v/v) =4 J —)L/KIEHR I % L ENE & e
LtoA%JXF#%Tka#T%51%m®E§\%%@Nyr&/—wm
Wi, 4°C ICBT DIRAFMEDORE R % Fig. 5-3 1ORT, BHMERING 27 At D%
RN 10% LTS5 2 L MR S AL, ARAFHIC 2-FM OREME T LTz,
L7y o T AN Z OO & g U TR - 72 2 L 13 2-FM IR &
LD L > TR T L Z MR EHERE SN D, £ 2 T 2-FM OLER
RIEFIEIZOWTHF L, 7Ly 27U a— (PG) FITHW T &
(500 pg/L) THRAFL7=H DI, 27 HEBK 80% 235%fF L Tz, Lo T,
2-FM IZ2WTIE, RAFIEEEC PG Z WA Z & T, EHERA L LTl H ATEE
oD LR INT,

Z DITIRENRD 70% K TH o247 Z U BRIZOWT HRREE 1T > 7273,
2-FM O & 5 ICFHI B &= & OFEBIIER S o7, LR -T, 472
Z R OBNRPMRNRERIT, RFRFOSRR EICKDREDETIZL D D
TIXRWZ ERHER I, 47 Z U BEOBRIEMRD KNI OV TIE B-A A
J DD IEE 30) IFBED L AR INT ., R TH o0, fEAERAR

DX EREIT, WISV SN DMEERNH L, T T, A7 X UM, &6
IZHRENER D 70%LL E 80%ARIli CTH o 7= 1-4 7 T 2 -3-4—L (10%). 77V ik
T (70%). B-A A/ 2 (70%). B-T7 =T /LT /ha—v (718%) LT A A
X—T 7 b2 (19%) OREREZIZHOVWTHES L, RBARBR THW-EBEDR 2
EOWRELFEERARORERE L LTERHA L, —F T, B-A4/ UiE, FVIC
X9 DR MEDITE Z ARERFORSINIZ LD 100 (FRRERLE S Z &N b
TEH (30), F 2 BIBITIEEFHEICS N THRBEOBEMBRD b,
;f‘ﬁﬁﬁﬁ@ REWREICONWTIIEEET U X R TERWIGE

3K 100 (FFOREDHERZ o> CTIFET HZ L Z2I_ET L L L Lz,
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No. (in Table 5-2)

Fig. 5-2. Perception by experts of potential reference compounds (Detection).
The dashed line shows 70% detection.

Residual rate (%)
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Fig. 5-3. Stability test of 2-FM.
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532  RER=

EHERAK L R D72 DITIE, T OFRXPAMEBEE VAR B W TR SN b D
ThHVENRD D, &2 TE LTLREIZB W TEERAREMME O/ XD A
FEBERT - TR IV TR LI EBR DA HEIZ DN TR U X P ORERFR L LT
AT, EIE N OIFEHE RARGARE 2 N L 723BHZ DWW T 1§ B V7o R
Z Fig. 5-4 1T, 32 oy OIRERAGRDED 9 B, 31 fRIT DV TIEARK
BER XAXTRRRIZ 3 1T DRRBRED 60% A2 TRV, HBERBRAGE LTS L
MW Uiz, FRCRBREBENE ST/ V X7 B FT7T 8 K (93%), 7 7o UfigT
FIv (91%). = LCHEEEA V7 2L 91%) ThoT=, —5 T, BERED 60% LA
T ORSTIIEEEE (57%) Tholo, BRERIL. FIZHABDBMEMIZ L > THRE
NIEGEBEIZERTHZ ENMOLNTEY , @ ORESRMICB W T ARKE
DRRD T 720, & DI HRMEDNEEE & i3 2 LW BE TREZR T,
AFEBERS - TREIZE EN TV O IR ITREME A2 B 2 DIRE TIIRvy, Ll
2 BLZOGHEENBEL LESRETHRIEHS TV DREIGH D Z L2
POhoTWD, LTEER- T, BRI, 47 7 L—_"— K H OBLE ) HERE R A &
LTHEMATRETHD LWL,

0 - - -
[ N ..
® e, L Py
80 | I * g — @ —
.. * X ® [ J [ ]
[ ]
—_ o [ ® o
$ [ [ ] ° ®
=~ 60
i} [ ]
(8]
c
L
—
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L
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0

12345067 8 91011121314151617181920212223242526272829303132
No. (in Table 5-2)

Fig. 5-4. Perception by experts of potential reference compounds (Experience).

The dashed line shows 60% experience.
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533 ERKXBKOHHEH

ﬁ@%@ﬂ?%kﬂ*UxFK%zﬁf%MLtE%#ﬁ% BNV 4 T
Fh U 7= TR X DK B & BT HERL L 72 Table 5-1 @ [AASBERT - Tk

%EE$*%(%M%%ﬁb\%%ﬁw&%bhé%ﬁ%%ﬁbt%%é:
ETCEBREBLONEET T2, HHEL O/XFKY A RPN LIZRBL (1) KO
2H/ENCE L DO/RF U R MBI L7ZFKEL (2") % Table 5-4 (2R3, £ 4
HE TOMPIEBERBRAMATTRE DA THRERZEMK L TV, My
RERFAM A FEIZ AT L b AASBERT - TR OFMZEMEM L T\ 2 KRB ZM85E L T
WRWABER L H D, T2 T'MM&1@@%%K—?Ti%®5 ENTE
2N, OFHIE I L CRBET O HEAED L O, WEMEHL TV
[& X EHE ZORBEB &S = &Tﬁm%ﬁ%ﬂﬁtﬁ@w&m§<@A
U A M EE L TRl L RBL A L, [FIERIZ Table 5-4 127”7,

BIREFBLTIL, KED ORI W T 2 E THEbE L T = 725855k Tk
ENTHENSIFE XTI 2EE CRBEINTEY, DELAORBHENZY T
bH T ENER SN, B Bl o AR LIcl oL 2-mF L-3,5-2 A F
NETV U Tholz, ZOME, FELW JFRED 7 V—F BT 55 L AR
ELTEN, HbE<ONRRY X M@K LRI 1830 R (16%) Th -
2o LML, 2FBLBEOBRRET T, 1410 FIZ LV - £IF] (10%). 412 £
1 (9%) O 1413 22—t —] (8%) THY., Aitd 5L 1830 &R % kA
STz, ARBRICBWTHIZLWAROFY RAZEEIETR LI &b, 7Sx T R
MZE o TERRTLERIAD DN EEZIOND, LTen> T, o RIEFITL

Ve BREO T N—T LT E NI TH D LT LT,

— )7 BHEH THEATRERAL LTA Y RLATATE RO IFFELV
DETOND, A YNV ATITE NXGHEOAEZEEFED ETERKMETHY
61), FEEDO 7 L— =ik A — LTI [ALFE] LWV oERHAEIAWSLNT
WD (8) AMFEIZENTHHIREI TIIHR B L OXRY X MZ 731 ALVF
(A NVAT AT E R BERSA, L, BERELEE O SR Y X F &
DI M1 FFX LW bBBIRSNZIE, BRHERTE IHFEXLW] Enolt®k
BN b Z0noTo, A YNV T VT B Rid, BRI A GO ERITB VA &
LTHHBENTEY, Faalb— MrAROREWIBWEERIINLIZEbHD
(62), ¥z, Fazal—rLa—tb—DT7 L —N"—=L LTHWL®DIZ, AL T
— FEURZ ST LTS EDR R ST AET D (63), T4E, BEFfOFITL
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SZHONWT, FHED LRRAEBR & BRI TRBRZITo72HTH, [HFIXLW
B TETE] bR A YR L AT AT ROBENGE . A5 772
BAZRT ZENERINTEBY, HENRRBINDIHTE LTHELTND
(64), LTeRoT, A YNLAT AT e RIIEERAROFMMHGEE LT3k b S
KONRRYAMPREE LT TAVE] T 2508, ABEE - @0 IFiXL )
IZH—EDHFG N DH Z LRI,

B-1 A4 NIHHBEERHAE LT IF o1 ERESNEZN, 62 ZORM
AR CIE, BT THERE) LW o RBLRE o T, B-A A4/ %, FUET A
ICEEND EHERFEZ T E LTHERESNTND (65), HEHERAL L THEHH
T 5 LTI LY AR KRR OGN IERERE G VWD & L THEMRIC
LHOHHRLRBRRELE LTHELNTERBRTHLZ LD, 70— =R A —/b~
X Ixre7®v1) ZBRALE,

32 AT DEAE D 5 B, 2-A FIOVESER = F )V & A Y Bl = F )L S OFERR p-
Tz X FNE BT 2R TF AT — W TEIREF R O H AERNEE LT,
2-AFNVERER TV & A VT T IREE PN L= AT A TH Y | liE &
BB Z L DO/SR Y A SRR LE-FKEBNT13 SAF v v 2FENI110
RFERE Tholo, Flo, BHERBUIBWTS TRHE] KO A4 F o7 R
FLR SN TR, FEFICHEL LEEFRREEZ A L TWD 2 &R S Ve, Bilg
B-7 =R F L B-T =X FNAT I a— UL, HEL LT T 2= R —FK LT
B, WHELBICHLE O/NRY A MRRE LERED 1211 ~F ), 2FH
25 1210 HEkk] ThHoTo, £7o, BREIBFERIZ 37 ) KO THE] 2350k &
. EFLRREEDRD THERIL T e, Lo T, BefaO 7B UE AT Sk oy &
LT, ZNENDOMAEDEND 1T OEBIR LT, #BRICHTZ > TE, K
RBR CUVEE L 72 /RBRR (Fig. 5-4) @A YR F LV E N B-7 = 1 F /LT )V
a—Lk Lz,

L7y o T, FefErIIZ 30 By AR ME AR & U CIREE & RITRRIE LT,
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Table 5-4. Select and free description of individual compounds.

Select description

No. Compound = ond Free description

1 Isoamyl acetate 111 " (31%) 121 EelisA ¥ 7 2L (25%) ST R VT IV

2 Ethyl hexanoate 122 B 7 a BT IL (45%) 112 Y A Z - 113 XA+ v 7N (13%)*  Ah 7o iv, B

3 Ethyl 2-methylbutyrate 113 A F v 7L (32%) 110 Ik (22%) RE Vra, NAMFyTn
4  Ethyl isobutyrate 113 /A F v 7L (21%) 110 SIEHE (20%) Huo, £ XA Fv T
5  Ethyl acetate 120 =27/ (31%) 730 TALEER (25%) BEA, Bfle—T L

6  p-Phenetyl acetate 211 /XT (24%) 210 fEkE (17%) 1t N7

7 P-Phenetyl alcohol 211 XF (30%) 210 fEkR (22%) AV N5

8  Rose oxide 210 1Ekk (13%) 110 RERE (11%) 16, Al

9  Linalool 210 {4k (30%) 212 T — (16%) 16, HHH

10  B-lonone 214 HWEF D (fEEE) (23%) 210 fEkk (21%) . FrxrtA

11  p-Damascenone 214 HWFE D (JEEE) (20%) 310 H\W&EY (16%) o JE. BRE R, BE
12 Vanillin 311 R=7 (69%) 312 77 A (11%) N=F . Hwn

13 Sotolon 312 717 AL (54%) 410 FIX LV, BT (10%) AT AN, HW

14 Whisky lactone 313 =) v (41%) 810 A% (7%) oty Hn

15  2-Furanmethanethiol 413 2—t — (41%) 411 FIT LW (11%) a—b—, EIF, FFLW

2-Ethyl-3,5-
16 830 BB (16%) 410 FIE LW, £ (10%) B, oy

dimethylpyrazine
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Select description

No. Compound . ond Free description
17  Furfural 410 FHIX LW, & - 412 B (13%)* B, FiXLw, &

18  4-Vinylguaiacol 430 JERER (45%) 420 JEER (16%) 4VG, JEH

19  Guaiacol 440 FEAAR (21%) 430 JEHREE (19%) S R

20  S-Methyl thioacetate 512 &) (34%) 511 JEONE (21%) B, ik, =< bi
21 Dimethyl trisulfide 512 (&Y (41%) 510 itk (17%) Y. Bk

22 Acetic acid 610 A5 (52%) 710 gk (5%) iz 5.

23 Butyric acid 621 F— X (49%) 610 F2 R (11%) Fele, F—X

24 Diacetyl 622 I —2 L b (61%) 610 fE& - 620 FLALMLER (6%)* CTEFNA, A—F b
25  Acetaldehyde 721 7R FT AT E R (23%) 720 7T E R (17%) TEMTATER, FR
26 Hexanal 710 Rk (43%) 810 Ik (9%) H,OHR

27  lIsovaleraldehyde 731 AL FEMUINVUMTIMTELRT) (13%) 411 FIXLV (7%) HFiELw, oL

28 Isoamyl alcohol 731 AV FEMUINVITIF EN) (25%) 733 A 27 (16%) VAP - N 4

29  Ethyl laurate 811 Al (15%) 810 JHHE (11%) G, W, AER. Tra—L
30 Octanoic acid 810 JHEkE (14%) 812 i (10%) L AE, Hw,

31  1-Octen-3-ol 820 ¥ / =kk (34%) 710 FAE (11%) ¥/ =

32 2,4,6-Trichloroanisole 830 1 E R (59%) 812 HifE (9%) hE

* Description has the same percentage
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5.3.4  AKEBEE! - YA T L — 3R A — /L DAERL

KAEUE LRI TR T DRI HGEIL, -1 4/ V&2 IF LD E LT, XKUY A LD
BRINEFHL N VH BRIORFERZ RICRE L,

INETONERBORE RN DS DN RFERR, Bk, HOED, HE L -
SRR, Bbaokk, MR R - FLERLSAR, FER - IR R ONIER. & akRD 8 DD FE
DI N—T%F—EEMEND 7 L— =R A —/LONMNT, 30 Aoy DIEYE
RIS 23l GEZ S 8 LI D R A — )V OAMANCERE L=, £z,
AIEREFCTIE DO FEE CHA SN D~ —7 1 — REESEZITNE LIZROEB
(25) ZHAT, EEARBRE D720 KORED 3 DOBRO 7 )V—T % FH—fEIz, |
MR, ERmE, EBR, R, IR, ERRAONRIRD T OORBZH BITZ., K
FEBERT « JaRE 7 L — N—7R A — /L EAERR LTz (Fig. 5-5), 7¢d5, 1B L7=7 L —
IN—=TRA = UZHDW T, EER AT HP IZB W TARINTEY | T
By DHREIZOWTED £ L OEHEEFIHHAEEHZ W THLE#H L TWD

W LT AKSBERT « 1S 7 L —/ R —7K A — /L% Fig. 1-2 DI 7 L — 3—7K A
—)b (10) ST L, JAEICITIZEAEEENTWARWY Fa— LK
5F7A/&~J%Bﬂvt//_mxﬁéfﬁﬁjkwotz_ﬁ%ﬁ%@
R L SNARBDEENTND Z ERERTE 5, Fo, Fig 1-3 OARKEFE
it 7 L— "—ik A —)L (11) LT 5 &, }M4’m%¢éFn— — X 2-
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Table 5-5. Reference standards of sensory analysis of Honkaku Shochu and Awamori.

First tier No. Second tier Compound Conc.(ug/L)
1R R 1 Avara Isoamy! acetate 31,000
2 DA Ethyl hexanoate 2,100
3 AT T Ethyl isobutyrate 74
4 T AT )V Ethyl acetate 360,000
2.4EkR 5 1ERR Rose oxide 4.8
6 INT B-Phenetyl alcohol 600,000
7 TR A — Linalool 500
8 *ETEA B-lonone 210
9 e B-Damascenone 1.2
3HWED 10 INZ=T Vanillin 4,000
11 T AV Sotolon 39
12 S 4 Whisky lactone 1,000
AFIX LV, R 13 a—b— 2-Furanmethanethiol 1.2
14 T 2-Ethyl-3,5-dimethylpyrazine 28
15 JHAR Furfural 130,000
16 fr 4-Vinylguaiacol 870
17 b kR Guaiacol 330
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First tier No. Second tier Compound Conc.(ug/L)
5.4k 18 A ks S-Methyl thioacetate 330
19 =07 Dimethyl trisulfide 0.34
6./ R, FLELLER 20 fig 5 Acetic acid 240,000
21 F—X Butyric acid 78,000
22 93—/ K Diacetyl 400
7ERR, BRIEAR 23 Rk Hexanal 280
24 THTEe R Acetaldehyde 83,000
25 LU Isovaleraldehyde 35
26 A7 Isoamy! alcohol 690,000
8Kk, ¥/ =kk 27 TR Octanoic acid 50,000
28 A Rt Ethyl laurate 3,800
29 X/ akk 1-Octen-3-ol 220
30 R 2,4,6-Trichloroanisole 0.084
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Fig. 5-5. Flavor wheels of Honkaku shochu and Awamori.

(Upper wheel written in Japanese and lower wheel written in English).
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EREE, 7V T b R, 7—EBVili7e & ORS8N 2 EERO KRG8 & Lk - it
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Table 6-1. Compound analysis conditions.

Analysis Analysis
No. Compound No. Compound
condition condition

1  Ethyl acetate ?3) 31 Hexyl acetate (2)
2 Isoamyl acetate ?3) 32  Ethyl nonanoate (2)
3 Ethyl caproate ) 33  Ethyl heptanoate (2)
4 Ethyl butyrate 1) 34  Ethyl undecanoate (2)
5  Ethyl isobutyrate 1) 35  Ethyl crotonate (2)
6  Ethyl 2-methylbutyrate 1) 36  Ethyl laurate (2)
7  Ethyl isovalerate 1) 37  Ethyl pentadecanoate (2)
8  Ethyl pentanoate 1) 38 Isobutyl alcohol 3)
9  Amyl acetate 2) 39  Isoamyl alcohol (3)
10  Acetaldehyde ?3) 40  Nonanal (2)
11  Isovaleraldehyde 1) 41  Decanal (2)
12 Isobutyraldehyde 1) 42 2-Nonanone (2)
13 Hexanal Q) 43 1-Octen-3-ol (2)
14 Heptanal 1) 44 1-Butanol (1)
15 Octanal 1) 45 1-Hexanol (1)
16  2-Methylbutyraldehyde Q) 46  1-Octanol (2)
17  Acetal Q) 47  1-Decanol (2)
18 DMS Q) 48  2-Heptenal (2)
19 DMDS Q) 49  Benzaldehyde (2)
20 DMTS Q) 50 Ethyl benzoate (2)
21 S-Methyl thioacetate Q) 51  Furfural 1)
22 n-Propyl alcohol ?3) 52 4-Vinylguaiacol (2)
23 Diacetyl Q) 53  Methional 1)
24 Isobutyl caprylate 2) 54 Methionol 1)
25  Isoamyl caproate ) 55  B-Phenethyl alcohol 1)
26  Isobutyl caproate 2) 56  B-Phenethyl acetate (2)
27  Ethyl caprate 2) 57  Phenylacetaldehyde (2)
28  Propyl caprate 2) 58  Ethyl phenylacetate (2)
29  Isobutyl caprate 2) 59  Ethyl lactate (1)
30 Isoamyl caprate 2) 60 Diethyl succinate (2)
61 2,4-Nonadienal (2)
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Fig. 6-1. Distillation curve of Ethanol.
(Second and third distillations)
The vertical lines (Fraction No. 9 in second distillation and No. 3 in third distillation)

show the cut point of each distillation.
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Fig. 6-2. Distillation curve of Group 1 during second distillation.

The vertical line (Fraction No.9) shows the cut point of each distillation.

The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-3. Distillation curve of Group 1 during third distillation.
The vertical line (Fraction No.3) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-4. Distillation curve of Group 2 during second distillation.
The vertical line (Fraction No.9) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.
The dashed line shows the distillation curve of Ethanol.
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Fig. 6-5. Distillation curve of Group 2 during third distillation.
The vertical line (Fraction No.3) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-6. Distillation curve of Group 3 during second distillation.
The vertical line (Fraction No.9) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-7. Distillation curve of Group 3 during third distillation.
The vertical line (Fraction No.3) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-8. Distillation curve of Group 4 during second distillation.
The vertical line (Fraction No.9) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-9. Distillation curve of Group 4 during third distillation.
The vertical line (Fraction No.3) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-10. Distillation curve of Group 5 during second distillation.
The vertical line (Fraction No.9) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Fig. 6-11. Distillation curve of Group 5 during third distillation.
The vertical line (Fraction No.3) shows the cut point of each distillation.
The dot shows the concentration of compounds in each fraction.

The dashed line shows the distillation curve of Ethanol.
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Table 6-2. Concentration of aroma compounds in triple distillated samples and starting

materials (Awamorti).

No Triple Starting

Compound (unit) distillated material Ratio (%)

sample (Awamori)

1 Isovaleraldehyde (mg/L) 1,200 336 357
2 Ethyl acetate (mg/L) 355 117 303
3 Ethyl isobutyrate (ng/L) 394 138 286
4 Hexanal (ng/L) 744 261 285
5 Ethyl 2-methylbutyrate  (ug/L) 49.0 18.8 261
6 DMDS (ug/L) 49.9 19.3 259
7 Acetaldehyde (mg/L) 87.5 33.9 258
8 Ethyl butyrate (ng/L) 1130 440 257
9 Ethyl isovalerate (ng/L) 38.9 15.3 254
10  DMTS (Hg/L) 52.5 20.7 254
11  Isoamyl acetate (mg/L) 7.23 2.94 246
12 S-Methyl thioacetate (mg/L) 67.6 28.7 236
13  Diacetyl (ng/L) 798 379 211
14 Ethyl caproate (ng/L) 3570 1770 202
15  Ethyl laurate (ng/L) 4800 6130 78.3
16  1-Octen-3-ol (Mo/L) 627 814 77.0
17 Isoamyl alcohol (mg/L) 400 524 76.3
18 DMS (ng/L) 0.765 1.03 74.3
19  Furfural (ng/L) 794 4640 17.1
20  B-Phenethyl acetate (ng/L) 141 1440 9.79
21  B-Phenethyl alcohol (ng/L) 411 70600 0.582
22 4-Vinylguaiacol (ng/L) 0 46.0 0
23 Methionol (ng/L) 0 580 0

The concentrations are corrected depending on a 40% alcohol concentration.
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bW lfERNELNZ, 70V VBT LD 2 (6] HIRE TOREZE)
ZH2DE No.2-6 fHII CE—27 2R LTEY, TORABMITEENE LD LTnD
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DWEBRE SIVTWIZ AL 3 BIZRETEEIZ B W TRWIRE 27" 2 & 3R
ST, AR > T2 —ED AT DN TIE, % OB 2800 8% O
BIZL o THRERMOENVNEZZITROT WS E B b, FRERIZE T 55
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Table 6-3. Concentrations of aroma compounds in Triple distillated Awamori and Ippanshu.

Mean concentration + standard deviation Detecti Mean OAV
i . etection i
No. Compound di-srtﬂ a:'?ec_j Ippanshu W'Itggi(on threshold di-srtriIIFI)allt6eq Ippanshu
Awamori Awamori

1 Isoamyl acetate (mg/L) 9.99+6.07 3.64+1.45 ** 0.24 42 15

2 Ethyl caproate (Hg/L) 16104793 960+402 ** 15 110 64

3 Ethyl isobutyrate (Hg/L) 5681367 98.7+63.8 *x 39 150 25

4 Ethyl acetate (mg/L) 235+90.6 71+16.4 ** 29 8.1 24
5 Ethyl butyrate (ug/L) 10104422 186+69.1 x* 26 39 7.1
6 Ethyl isovalerate (mg/L) 111+72.7 12.6+7.19 ** 1.2 93 11

7 Ethyl 2-methylbutyrate (ug/L) 106£85.1 15.3+12.1 ** 0.76 140 20

8 B-Phenethyl alcohol (ug/L) 506+928 67800+£17100 fol 18000 0.028 3.8
9 B-Phenethyl acetate (ug/L) 74.1480.8 18904774 il 830 0.089 2.3
10 Furfural (ug/L) 896+491 2630+1390 fal 15000 0.060 0.18
11 4-Vinylguaiacol (ug/L) 2.17+6.84 4824913 il 57 0.038 8.5
12 S-Methyl thioacetate (ug/L) 234+208 109+88.3 50 4.7 2.2
13 DMTS (ug/L) 67.5+146 29.8424.2 0.037 1800 800
14 DMDS (ug/L) 1264270 14.4+8.65 il 17 7.4 0.85
15  DMS (Mg/L) 1.69+1.97 7.47+7.69 ok 55 0.31 1.4
16 Diacetyl (ug/L) 711+758 103110 i 5.6 130 18
17 Acetaldehyde (mg/L) 66.5+27.4 28.849.43 ** 9.0 7.4 3.2
18 Isovaleraldehyde (ua/L) 1360+1150 128+93.5 ** 3.6 380 36
19 Isoamy!l alcohol (mg/L) 303+122 508+72.9 ** 33 9.2 15
20  Ethyl laurate (Mg/L)  1510+1190 4414283 ok 99 15 4.4
21 1-Octen-3-ol (ug/L) 109+97.6 237176 i 5.0 22 47

The concentrations are corrected depending on a 25% alcohol concentration.

P<0.01

kok
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T L= =R A — VDR EIZE Y AL AT,

%1 BT H OB RERHM AR CAKBERT - YRI5 D B REREM OB
& OMBER AR L, RO BB DOV TS L7,

52 BTIEL, ARBER - JRICE EN O BFEXETOFNLE~DEFEER &
LSy B RFRT DT, 32 AN OWTCRIMERAE 21T - 72, 15 b= mBEE
& AREBERT - WP OG A ENOEFERTHGEORIETH D OAV ZH L, FY
ESDFHAZOWTHRFT 21T o 70, TOREER. 27 BRI OV TR BERT - 18
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