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Classification and threshold measurements of aroma compounds aimed for establishing the reference standards

of sensory analysis of Honkaku shochu and Awamori

Yukio Osarune”, Kenji Tosma, Jinshun Haw, Atsuko Isogar and Nobuhiko Mukal

(National Research Institute of Brewing, 3-7-1, Kagamiyama, Higashihiroshima, Hiroshima, 739-0046, Japan)

The relationship between aroma compounds and flavor terminology is an important step in establish-
ing a sensory evaluation system. The detection and recognition thresholds of 16 compounds were deter-
"mined to identify the compounds contributing to the aroma characteristics of Honkaku shochu and
Awamori, both traditional Japanese spirits. The odor activity values calculated using detection thresholds
suggested that 13 compounds affect the quality of Honkaku shochu and Awamori. Further, the sensory at-
tribute terms of these compounds are summarized. Thirty-two compounds were selected as candidates
for reference standards from among 55 compounds (threshold determined) based on their contribution to
the quality and characteristics in Honkaku shochu and Awamori. The result of classifications of the candi-
dates of the reference standard suggested that these compounds were divided into 8 groups according to
their aroma characteristics. These findings help to establish reference standards, terminology, and a flavor
wheel for the evaluation of Honkaku shochu and Awamori.

Key words : BifE (threshold), 748 (classification), &FX M4 (aroma compound), AH&HEE (Honkaku sho-

chu), #E (Awamori)
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Table1 Reagents used in the measurement of sensory thresholds

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  Maitol Tokyo Chemical Industry Co, Ltd. > 99.0%
9  f-Ionone Tokyo Chemical Industry Co., Ltd. > 95.0%
10 25-Dimethylpyrazine Tokyo Chemical Industry Co., Ltd. > 98.0%
11 23-Diethylpyrazine Tokyo Chemical Industry Co., Ltd. > 98.0%
12 2-Ethyl-35- dlmethylpyrazme * BLD Pharmatech 98%
13 Acetic acid Nacalai Tesque, Inc. = 99.7%
14 Butyric acid Merck KGaA (SHIGMA-ALDRICH INC.) = 995%
15 23-Pentanedione Tokyo Chemical Industry Co., Ltd. > 97.0%
16 24,6-Trichloroanisole Merck KGaA (SHIGMA-ALDRICH INC.) 99%

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

** mixture of structural isomer
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BIEFALTICER L7285 % Table 1 1I27d, BIEH
EOBEIZIZ, 7/ = (EL7 4V AFAHER
B g 995%LLE) FHWTCHRRBLA 25% (v/v)
DIy 7 — VKB EER L7
2. EfEREE

ZBERBS OWRMBRMER CRABEICoOWTIE, B
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Table2 GC and GC-MS operating conditions (pyrazine group)

Condition

Carrier gas
Oven

He, 50 kPa
50 T to 230 T at 10 C/min (hold 5 min)

to 150 T at -20 T/min

- Injection
Ton source temperature
Detection
Collision energy

1 min, splitless, 230 C
200 C
Multiple Reaction Monitoring

2-Ethyl-3,5-dimethylpyrazine 18.00 V

2,3-Diethylpyrazine
Precursor ion

2100V

2-Ethyl-3,5~dimethylpyrazine .z 135.10

2,3-Diethylpyrazine
Product ion

m/z 136.10

2-Ethyl-3,5-dimethylpyrazine m.z 66.10

2,3-Diethylpyrazine

m/2z 107.10

4. EFEMA

BESESOBREIZOWTIE, UTOHFEICE ik
E L7
V) FIVFNVBEXAFN, S0 VBIFL, ~NFFY

B Ay VB vARF—F I, f-AF
VROV AFNES Y (No. 1, 2, 3, 4,
6, 9 &UF10)

Et~ 41 7 o (SPME)-GC-MS iz h#fllEL
7o BEFAE, BESTRUERELEIZOWTE, B
# Y1282 8 = 172 [Compounds with a high boiling
point] ERUFEICL D ER L.

(2) XAFF ) —WRU23-~V & IF > (No7 RUF15)

SPME-GC-MS (2 & hifllsE L7c. SREIFES, B85
MR U RMEIZOWTIE, B VIS n/z[Com-
pounds with a middle boiling point] & @& UHFEIZ &
U VAN
(3) ¥V b= (No.8)

SPME-GC-MS I X Y fllsE L7zo HEFRE, #Hi0
WRORERELEICOVWTIE, BESPoFEIIBY
TNZY RS LD LR UL L Y ER LI,
@) 23-VXFNET VYRV 2-ZF)I-35-V AT

VES VY (Noll RUT12)

SPME-GC-MS{Z X Dl L7ze TV I— VEE 20%
(v/v) KHFERLZ2E 10 mL % 20 mL /54 7Iviz
4B L, AOC-6000 (Shimadzu Corporation ) %
WCHI 1T o7z BB % 60T, 5AMBRELLDD,
SPME 7 7 4 78— (50/30 um DVB/CAR/PDMS 2

Bl H F 4 5

cm) T60T, 304 Mt %47 - 720 FH7iTid GC-
2010Plus (Shimadzu Corporation #) %8 L 72,
F¥ I H S5 A, InertCap Pure-WAX (60 m X
0.32 mm id. 0.50 um, GL Science $¢) ZMH L7,
MS A R 7 } JV 4 # i GCMS-TQ8040 (Shimadzu
Corporation ) # AL, €@ TEF M 4+ VfLEIC X
NIT o7z WIESLMEE Table 2 1I2RT, 4B, EEIC
DWTHIHBENREBRIKICE VERE L, T/, 2-1F
W-35-VAFNES YV ITIIREWE LCHEERM
KTHB2-TFN3-FAFNESTUHFEEEN
Tz ehs, BEICGC-FIDILL VAT 52
ECHIELZHR L.
(5) BERRR UEEER (Nol3 RUF14)

4-(46-TY A P F V135~V U TV -2-1 V)-4-2
FNENFY =y Az F (DMT-MM) %#E4&H]
LT, EIeEiMEY T X CHREBEILTAFEY
R ELAMEER L. 7V VES 20%
(v/v) AL 72308 100 uL % 035 ml /S 7 Vi
AEL, PIERIEH#E & L T 550 mg/L FeBE-d, 2 10 pL,
E 512200 mM n-F 7 F VT I VER% 25 pl, 200
mM DMT-MM #&¥# % 25 pL @ L, ZERT9RH
DERB&EE0L, FHFICH L, 547 GC-
2010Plus (Shimadzu Corporation ) % M L 7z,
Fy 5 h 5, InertCap 5 (30 m X 025 mm
id. 1.00 um, GL Science #) %M L7zc MS ARZ
bV 4 #F iX GCMS-TQ8040 (Shimadzu Corporation
) 2EHAL, @TEFAF MLETITo7. WES
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Table3 GC and GC-MS operating conditions (short chain fatty acids)

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

Collision energy

N-Octylacetamide (Acetic acid) 6.00 V

N-Octylacetamide-d; (Acetic acid-d,) 1200 V

N-Octylbutanamide (Butyric acid) 600V
Precursor ion

N-Octylacetamide (Acetic ac1d) m/z 114.00

N-Octylacetamide-d; (Acetic acid-d,) =z 117.00

- N-Octylbutanamide (Butyric acid) m/z 199.00

Product ion

N-Octylacetamide (Acetic acid) m/z 71210

N-Octylacetamide-d; (Acetic acid-d,) .z 56.10

N-Octylbutanamide (Butyric acid) m/z 156.20

13 Table 31XRT. 2B, ERICOVWTIHNEERE 7. FERHSOIE

T X DEBEL 720

(6) v ho¥ (No5)
BELOFEPD - T, SMEER L

(7) 246-bVY oo 7=v—j (Nolb)

B PO REEFIF L
5 ERHESEOEH

AAEHEE - LD RENDOFE LT 5720
EREEEDOEETSH B OAVEZEH L7z, OAVIZ
(4. BESW] THBON-EEEL 2. BERZE]
THRELLBMMETKLIETH S,
6. BEREFHMEREORE

10 mANDAZ ) 2 —BICEEFERRSEHEML
25% L% J — VKEHE 50 mIEA L/ZDD%E/IRY
A M LTze BESNSDRE Table 70 BY
T, FERIE LT 0% EMBMEDELRA L2, 7

T VEBRIFN, AFH VB YV UARR
—S 7 P RU25-VAFNVESGS U IZOWTIE, F
HRBEOERY»S, FEVEEBLRTVEECLS X
3 0%FEMBED 2HEDREICHABE LAz AU R
MR LT, &) ONEE TEB 25T EENLEEE
TERTHIE, T2 [BW--Bn] Loz E8K
RERCYEZIZIFEHLEVWIIKE L, 28, /¥
ANAMIDWTIE, 2. BERE] oZmE» 55
21 %, K6 ZDE 2T BB L7
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B (V=T EEI1>EHE2I>D] )20
DOEREIZLIVERETS L) RDz. /SRR MIDOW
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8 ZDE 26 BVBML 720 DT N—TFIOHKRED
LEBMHEOEVE (Res 7 Vv—TI5ES N
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Table 4 Detection and recognition threshold

Detection Recognition 90% Recognition

No. Compounds threshold threshold threshold
(ug/L) {ug/L) (ug/L)
1 Methyl salicylate 320 560 1,400
2 Ethyl laurate 99 260 950
3 Hexanoic acid 800 1,700 3,700
4 Octanoic acid 1,500 2,200 12,000
5 Sotolon 94 15 39
6 Whisky lactone 40 86 260
7 Methionol 910 2,100 4,100
8 Maltol 4,800 11,000 40,000
9 B -Ionone 17 3.0 53
10 2,5-Dimethylpyrazine 8,400 14,000 79,000
11 23-Diethylpyrazine 160 310 740
12 2-Ethyl-3,5-dimethylpyrazine 5.0 11 28
13 Acetic acid 39,000 79,000 120,000
14 Butyric acid 1,300 2,000 4,900
15 2,3-Pentanedione 110 270 810
16 24,6-Trichloroanisole 0.0018 0.0056 0.084

TR B L7z 90% FRHMBIMEIL Table 4 DL B Y
Lol

ANFF UBOBRME (800 ug/L) 1ZiEE R TOBR
BME ™ (2300 pg/L) 0 40% (v/v) ¥ 2 = VKE
WP T ORMBIME™ (7563 ug/L) EHBILT, HEn»
Loz, 72, 0% VEEOBME (1,500 pg/L)
b, HBERCORMBME™ 1800 ug/L) &i2iZIZE
EThHLHY, C— VI TOBRMBME®(5-10 mg/L)
) RRBEWERE SN2, LzdtoT, 2hb
DEFRIZOVWTIE LY 7 — ViBERLXF LA E W
ol BEBORETZITTWADDLEEEINS,

VihoroRMBETDH S 94 pg/L ZiEETOR
HBE P THhD 23 ng/L DR AETH o, Thid
BHOIY ) — VIBEIL X ARBLEEINS,

TAAF—5 7 b OBHMBEICOWTIE, YER
BEICLVERLZZEFMONTEY, 30% (v/v)
IF J — VKB PIZB T cis 6T 790 pg/L
trans f°C 67 pg/L &V ) ERHE S TWE Y, &
HOREBRICBWTITSHE, BERRL LCHEETS L
Vo BRSNS, BRHICAFURLERFESYER
e UCTHHALAD, X DEMEIME trans FI2EW
BEEo,

AFF ) — VOBRHBIETSH 5 910 pg/L i, HMHE
MORE P THBH 1,650 pg/L LD bk EE R oT
[RYA

Ble & 5 4 5

<NV b= VOMRMBMEIL 4800 png/L &R D, k%
WY L7-BEED L LTHRESN TS 35 mg/
LEYdEholdy, CNIIBEOBEVPEELS 2
TWAIHRENEZ 5D,

B-AF 7 v OBMBMETH S 1.7 pg/L ik, FLL
25% (v/v) T8 ) — VIKBHE BEEICH-HES
DHE?P (1 ug/l) &, BEOREFEIRLES D
DEZEDOREEPB LN T2, -4 5 Y ORE
FEICBVWTIE, SRV A MCERLERBEICS
WTLED ZHANTEXRVISRY A 253 ~ 4 EIfEE
L7ze B-A4 4/ vOFVICHTIEZHE, Fho
BRECHSTLHEETFORINICLD 100 ERERLS
ERHBNTEY P, NAYVAMIEYEY 2R
HTEDEENRKELERoTWE I EDEESNS,

ESTUVEODEDTHD 2-TFV-35-TJ X F I
¥V ICRERFBEICRROLBY, FEWE LT
BEREBEKTHA 2-LF V-3V AFNESF I U
EHENT W, 22T, GC-FID 2L Y47 L7o#E
B - FNV-35-URXAFNES T OMER, 545%
THLIEDPRERENTe TN 2D DOKREBEE
LeBEIZ - FN-35-Y XA FNVE T T rH004
pg/L, 2-TFN-36-TAFNVEFTUH86 ug/L &
EWFTH B 35 EOFFKBIENEIRE S LT
B P BEREFLSEICOVTIX IS EOBEIKEL
LEZLND, RAMEOEIKEEELE LIGEE
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Table 5 Maximum concentrations and maximum odor activity values

Maximum concentration (ug/L) Maximum QAV
No. Compounds Rice Barley Sweet Awa. Sake Other Rice Barley Sweet Awa} Sake Other Sample*
potato mori cake potato mori cake
1 Methyl salicylate 09 15 190 05 13 75 0.0 0.0 06 00 00 00
2 Ethyl laurate 450 900 1400 2400 2600 1,100 46 91 15 24 27 1 D
3 Hexanoic acid 4700 3400 1,700 1900 11,000 210 59 43 21 24 14 03 @
4 Qctanoic acid 6,700 940 1,300 2600 6400 1,000 45 0.6 09 17 . 43 07 @
5 Sotolon Maximum concentration in all categories : 13 Maximum QAV in all categories : 14 4
6 Whisky lactone 180 440 690 130 120 300 44 11 17 31 29 76 Q)
7 Methionol 1,700 4000 2300 3,300 450 1,500 18 44 25 36 05 16 (O
8 Maltol 0.0 31 870 0.0 0.0 0.0 0.0 0.0 02 00 00 00 (3
9 f-Ionone 0.0 0.1 23 0.0 0.0 31 0.0 0.0 14 00 00 18 @
10 25-Dimethylpyrazine 0.0 400 - 0.0 0.0 0.0 220 0.0 0.0 00 00 00 00
11 2,3-Diethylpyrazine 0.2 55 200 04 45 32 0.0 0.0 13 00 00 00 (2)
12 2-Ethyl-3,5-dimethylpyrazine 0.1 27 0.7 0.0 0.0 10 0.0 54 01 00 00 21 (2
13 Acetic acid 100,000 170,000 440,000, 78,000 100,000 140,000 26 43 11 20 26 35 (@
14 Butyric acid 680 450 740 1,200 2400 800 05 03 06 09 18 06 (2
15 2,3-Pentanedione 62 100 960 0.0 0.0 79 0.6 09 87 00 00 07
16 24,6-Trichloroanisole Maximum concentration in all categories : 0.033 Maximum OAYV in all categories : 18 2)
* (1) All samples in 40" Contest, (2) in 41" Contest, (3) in 42™ Contest, (4) Selected 75 samples in 41™ Contest
Table 6 Mean concentrations and mean odor activity values
Mean concentration (ug/L) Mean OAV
No. Compounds Rice Barley Sweet Awa} Sake Other Rice Barley Sweet Awa} Sake Other Sample
potato mori cake potato mori cake

2 Ethyl laurate 110 120 280 560 640 230 11 1.2 29 57 64 23 (D
3 Hexanoic acid 350 140 220 490 2,100 85 04 0.2 03 06 26 01 @
4 Octanoic acid 290 87 480 1,100 2000 170 02 01 03 07 14 01 (V)
6 Whisky lactone 14 31 13 11 11 23 04 0.8 03 03 03 06 (1
7 Methionol 360 700 400 890 170 510 04 0.8 04 10 02 06 (L
9 f-Tonone 0.0 0.0 0.6 0.0 0.0 0.2 0.0 0.0 04 00 00 01 M
11 23-Diethylpyrazine 0.0 0.1 31 0.0 04 0.3 0.0 0.0 02 00 00 00 (2
12 2-Ethyl-35-dimethylpyrazine 0.0 04 0.0 0.0 0.0 1.0 0.0 0.1 00 00 00 02 (2
13 Acetic acid 46,000 52,000 69,000 50,000 54,000 74,000 12 13 18 13 14 19 @
14 Butyric acid 330 240 340 560 1,100 460 0.3 0.2 03 04 09 04 (2
15 23-Pentanedione 40 20 38 0.0 0.0 10 0.0 0.0 03 00 00 01 (1

* (1) All samples in 40 Contest, (2) in 41 Contest

HEBLTKREL ZoTWAI LI, =¥/ —VIBEIZ

LEBEEREINSD,

EHEE (EHEEMES) Tk, EFRRICEL T, BEiET
OBME (37000 pg/L) kiFAEBREER S WD
o272b0D, ¥— NV TOMMEY(60-120 mg/L) %
40% (v/v) L& 7 — VKRB TORMED (75521
png/L) L BT B EEWEE 2o T, BEERICE
LT, WElETORE ™ (4300 ug/L) RUE—
DOEME " (2-3 mg/L) 123 L THEMEWERE S
2o TNLDESICONVWTDH, HELEHE V1R
BORE Y —FREZITTCVWAbDLHEEINS,

BEOACROELFERYEE SNTW5S 246~
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Yruu7 oY= (TCA) ZD2WTIHFEEP OB
MEAE® T 5000075 ug/L & T A ¥ HOBREE
E2Tdh 5 4ng/L ORI REIELN TV,
2. ERS5E

BEFAA 2 M L7z 16 AP AEBEE - 8RO
BUIFESLTWEPERFT A2, EEBFITIC
> THIE L &R R ERAMBEL BT OAV 25 H
L7 OAV iZ—f&E9IC 1 L EDME E %o 285412,
EHEIRAMMEL Y BBV L2 RE~DESH
HDHEEZLNTVD, HEFERBRSIIOWT, Kighk
B - MEETFAHAEON 7T I —NOoRKEEER
UFOAV D& KfE#% Table 512K T %3, TCAIZ
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Table 7 Attribute terms of 16 compounds

No. Compounds Concentration (ug/L) Terminology
1 Methyl salicylate 1,400  medicinal (patch)
2  Ethyl laurate 1900 soapy
3 Hexanoic acid 7400  herbal
4  Octanoic acid 25000 resin (rubber), oily
5 Sotolon 39 caramel, sweet, curry
6 Whisky lactone 520  sweet, coconut
7  Methionol 4,100  pickles
8 Maltol 40,000  cotton candy, sweet, sugar
9  f-Ionone 53  floral
10 25-Dimethylpyrazine 160,000 nuts, grassy
11 23-Diethylpyrazine 740  moldy, earthy
12 2-Ethyl-3,5-dimethylpyrazine 28  coffee, burnt, oily
13 Acetic acid 120,000  vinegar
14 Butyric acid 4900 cheese, rotten
15 2,3-Pentanedione 810  yogurt
16 24,6-Trichloroanisole 0.084 moldy

DWW S iz S i 248 i 7 ML IE%
Whhofzz s, ¥z, vharvizownTidl
BEEETE R TR LZDOOSTETHL I EH
5, FEHHTRZLETOIFT)— AL 2
THRAEEER T OAV ORKEEZRT. YU FIVER
AFN, <IWb=), 25-VAFNETT USD 13
BAICDWTiX, OAV ORKEVTIIrDAL T T
J—ZBWTLIPEERoTWBZ L0, RIEMHE
B - {BEOMEBICES VS L I EPIRBEINT, Y
FNVEEAFNR25-VAFNVES TV ZHNG %+
2 ECREBICEMBRRS EBES LTV,
BHABRENEBNZ L5 R LD EVFIZBVTIR
BEANDBEEPENZ LRI Nz, B, U4 A
FoF 7 b iowTi}, BLOBFITN—I2BNVT
OAV DEBERMEN1LULEE L >TWAES, 1% EHo
TV b DL THERICELSTIHRETHY, #
HFROBEEL LTHEELTWAZ LSRR S,
AAEEE - HEORE~DOFSIREB I N 13 5
FDIH B, Vo sk TCA 2Bz 11 BaleonT,
RIEBE - BEOI 7T T -HOFEEFAERDY
OAV DFIME#E Table 6 IZ7RT 7)) YBIF NV
IZDWTIE, REREMBEENIC BT OAV OFHE
DDA 7 1) — & AT HBHBEME S o Tz,
37, BEHMEEICBN TR, NFYUEE Ty VB
Lo 1 REFERIZ OV T BRIV OAV OEIGE
THolo BEEEIZDOWT, OAV OFHENZ DD

F116 &% F 4+ B

BEROATIT) =BV TRLE L RoTWAEY, Z
OBEHE L CIREMREROBENKNE , EHEEEE
HMTH OAV OFHEIZ 26 & 2o T THiZ

BRI BV CHERE L ki L CRBROBESH
{BEVIEROLOHED L L—KL TV 5,
1NEFDI B, 6 WOV TRETDHF T =i
BWTOAV OFHEF LU T Lo TWHI b,
OAV OEHEHN 1 % LH > T B FOMD 5 KA &
ELT, RE~NOFESFRENTHS LHEEIND,
3. EBEFMMERARE

% 4T o 72 6 MEOBFERBEFITOWT, Ml
NI REN 2 BRI ARE % Table 7127 F o ~F 4
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Table 8 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 438
9 Linalool 500
10 B -Ionone 210
11 B-Damascenone 1.2
12 Vanillin 4,000
13 Sotolon 39
14 Whisky lactone 510
15 2-Furanmethanthiol 0.076
16 2-Ethyl-35-dimethylpyrazine 28
17 Furfural 130,000
18 4-Vinylguaiacol 870
19 Guaiacol 330
20 S-Methyl thiocacetate 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 24,6-Trichloroanisole 0.084
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Fig.1 Hierarchical cluster analysis of 32 reference standards
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