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Abstract In this study, volatile compounds in nine commercial Japanese distilled liquors (Shochu) were isolated by
headspace solid-phase microexrraction (SPME) and analyzed by gas chromatography (GC) and GC-mass spectrometry
(MS). A total of 76 volatile components, including 48 esters, 13 alcohols, and 15 miscellaneous components, were
identified. Esters and alcohols constituted the largest groups of quantified volatiles. Differences in volatile components
among the distilled liquors and possible sample grouping were examined by applying principal component analyses to the
GC-MS data sets. The first and second principal components explained 77.92% of the total variation across the samples.
The samples using barley koji showed higher overall concentrations of total volatile components. Additionally, the principal
component analysis did not reveal any sample grouping based on the raw material used.
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Table 1. Materials and their ingredients of nine different commercial Japanese distilled shochu samples

Code Ingredients Process method Packaging Alcohol (%)  Volume (mL)
RVBI1 rice, rice koji vacuum distillation glass bottle 25 720
RVB2 rice, rice koji vacuum distillation glass bottle 25 720
RVB3 rice, rice koji vacuum distillation glass bottle 25 900

RVC rice, rice koji vacuum distillation carton 25 1,800
RKVB rice koji 100% vacuum distillation glass bottle 28 720
BKAB barley koji 100% atmospheric distillation glass bottle 44 200
BKVB barley koji 100% vacuum distillation glass bottle 44 200
BVBI1 Barley, barley koji vacuum distillation glass bottle 25 720
BVB2 Barley, barley koji vacuum distillation glass bottle 25 900
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Table 2. Volatile compounds (mg/L, w/v)" of Japanese shochu samples (n=2)
Japanese Shochu Samples?
Code KI? Volatile Compound” IdY
RVB1 RVB2 RVB3 RVC RKVB BKAB BKVB BVB1 BVB2
Esters

esl <945  ethyl acetate 3.23 - 2.17 - 092 889 343 - 2.29 A

es2 1006  isobutyl acetate 0.19 017 020 0.16 0.05 036 015 0.12 034 A

es3 1033  ethyl butanoate 029 089 059 0.6 0.10 072 082 044 042 A

esd 1047  ethyl 2-methylbutanoate - - 732 - 0.13 040 0.39 - - A

es5 1063  ethyl 3-methylbutanoate 003 0.02 7.83 0.03 - 031 023 - 0.35 A

es6 1111 isoamyl acetate 9.66 9.73 1555 11.03 541 4101 2141 1130 1430 A

es7 1123 ethyl pentanoate 0.16 0.10 022 0.15 - 0.31 - 0.09 0.28 A

es8§ 1174 pentyl propionate 022 0.10 0.06 0.02 - - 0.17 0.09 0.12 A

es9 1175 3-methylbutyl-2-methylpropionate - - - - - - 0.21 - - A
esl0 1210  isoamyl fornate 28.60 - - 3240 36.09 - 3520 32.85 - A
esll 1219  ethyl hexanoate 4073 597 748 479 160 1996 16.11 500 4.16 A
esl2 1251 pentyl butanoate - - - - 0.05 - 0.23 - - A
esl3 1261 3-methylbutyl-2-methylbutanoate - - - - - - 0.19 - - A
esl4 1269  2-methylbutyl-2-methylbutanoate - - - - - - 0.08 - - A
esl5 1308  ethyl 2-methyl-2-proenoate 0.39 - - - 043 1.62 - - - B
esl6 1318  ethyl heptanoate 046 016 020 0.15 0.03 098 049 0.09 0.09 A
esl7 1337  2-methylpropyl hexanoate 0.18 - - - - - - - - A
esl8 1370  2-ethylhexyl acetate 0.11  0.15 - 0.04 0.21 - - 0.02 0.18 A
esl9 1429  ethyl octanoate 20.89 625 451 190 6.02 259.17 14890 537 2.01 A
es20 1438  ethyl (2E)-2-heptenoate - 0.07 - 0.08 - 037 022 - - B
es21 1444  3-methylbutyl octanoate 0.21 - - - - 3.60 222 - - A
es22 1471 ethyl 7-octenoate - - - - - 0.53 0.19 - - A
es23 1501 propyl octanoate - - - - - 0.64 0.30 - - A
es24 1502  ethyl 3-hydroxybutanoate 0.23 - - - - - - - - A
es25 1520  ethyl nonanoate 0.20 - - - - 422 073 - - A
es26 1528  ethyl dl-2-hydroxycaproate 006 0.07 0.04 0.07 0.11 - 0.10 - 0.19 B
es27 1535  2-methylpropyl octanoate - - - - - - 0.36 - - A
es28 1535  butyl octanoate - - - - - 2.72 - - - A
es29 1538  ethyl (E)-2-octenoate - - - - - - 0.47 - - A
es30 1540  octyl formate - - - - - - - 0.11 - A
es31 1554  ethyl 3-(methylsulfanyl)propanoate - - - - - 029 0.16 - - A
es32 1569  ethyl (3E)-3-nonenoate - - - - - 0.57 0.21 - - A
es33 1614  3-(methylthio)-propyl acetate - - - - - 234 0.11 - - A
es34 1625  ethyl decanoate 294 1.03 047 053 030 42928 14494 444 220 A
es35 1653  2-methylbutyl octanoate - - - - - 9.58 290 - - A
es36 1655  ethyl benzoate 0.12 0.09 004 0.06 0.07 - 0.25 - 0.33 A
es37 1657  ethyl trans-4-decenoate - - - - - 3.00 1.26 - - A
es38 1662  diethyl succinate - - - - - 3.14 - - - A
es39 1664  diethyl butanedioate 027 016 027 0.19 042 332 257 0.16 034 A
es40 1675  ethyl 9-decanoate - - - - - - 0.26 - - A
es4l 1725  ethyl undecanoate - - - - - 0.53 0.26 - - A
esd42 1764 methyl 2-hydroxy-benzoate 121 120 142 091 1.18 236 261 123 146 B
es43 1771 ethyl benzeneacetate - - - - 0.19 1.04 0.66 - 0.19 B
es44 1784  ethyl 4-hydroxy butanoate - - 0.06 - - 0.51  0.09 - - B
es45 1799  2-phenylethyl acetate 696 575 392 575 520 2373 1648 131 5383 A
es46 1833  ethyl dodecanoate 0.88 038 032 028 026 4749 19.09 095 0.70 A
es47 1862  phenylethyl butyrate - - - - - - 0.07 - - A
es48 2031 ethyl tetradecanoate 0.09 - - - - 217 1.11 - 0.06 A

Total esters 118.30 3230 52.68 58.69 58.79 875.14 425.63 63.58 35.82




570 =2 Z 388 X] A 47 WA 5 E (2015)

Table 2. Continued

Japanese Shochu Samples?

Code KI? Volatile Compound” IdY
RVB1 RVB2 RVB3 RVC RKVB BKAB BKVB BVB1 BVB2
alcohols
all 1043 1-propanol 0.52 - - 045 0.19 - - - - A
al2 1099  isobutyl alcohol 055 043 088 063 058 148 0.69 053 047 A
al3 1146 1-butanol 0.13 031 0.15 024 042 0.14 0.17 0.11 042 A
al4 1202 1-pentanol 28.41 - 28.70 - - - - - 3797 A
al5 1204 isoamyl alcohol - 30.05 - - 33.79 61.71 - - - A
alo 1341 1-hexanol 0.12 - 023 0.11 - - - 0.18 0.13 A
al7 1436 1-octen-3-ol - - - - 0.10 - - 0.09 - A
al8 1474  2-ethyl-1-hexanol 048 058 020 042 0.73 - - 028 041 A
al9 1531 3,7-dimethyl-1,6-octadien-3-ol - - 0.07 - - - - 0.13  0.08 B
all0 1540 1-octanol - - - - - - - - 0.12 A
alll 1641 1-nonanol 023 016 0.17 0.18 027 - - - 0.11 A
all2 1745 3,7-dimethyl-6-Octenol 0.17 0.10 0.11 0.08 0.10 0.25 - 0.09 0.21 A
all3 1887  2-phenylethanol 768 973 1534 1096 1222 47.53 2159 1550 17.57 A
Total alcohols 3830 41.36 45.85 13.07 4841 111.12 2245 1690 57.50
miscellaneous
msl <945  2-deoxypentose - 222 - - - - - - - A
ms2 1222 2-pentyl-furan - - - - - 1.48 - - 0.19 A
ms3 1270  benzoyl bromide - - - 0.17 - - - - - A
ms4 1281 2-Butyl furan - - - - - 0.64 - - - A
ms5 1307  2,2-diethyl-3-methyl-3-Butenoic acid 042 047 - - - - - - - B
ms6 1376  2-nonanone 006 0.02 0.04 002 003 017 0.11 004 0.08 A
ms7 1456  2-furancarboxaldehyde - - - - - 18.57 - - - A
ms8 1486 decanal - - - - - - 0.31 - - A
ms9 1514  benzaldehyde - - 0.06 - - 0.50 0.13 - - A
ms10 1582 2-undecanone - - - - - 044 0.16 - - A
msll 1694 tridecanal - - - - - 1.52 098 - - A
msl2 1792 2-tridecanone - - - - - 026 0.12 - - A
msl13 1855 unknownl - - - - - 028 0.17 - - B
msl4 2034 octanoic acid - - - - - 044  0.67 - - A
msl5 2245 decanoic acid - - - - - 039 0.57 - - A
Total miscllaneous 049 272 0.10 0.19 003 2470 321 000 0.27
Total volatile compounds 157.09 76.39 98.63 71.95 107.22 1010.96 451.30 80.48 93.58

YAverage of the volatile compound (mg/L, n=2)=(area of each compoundxamount of internal standard)

(area of internal standardxamount of sample/10°)

PKovats indices of unknown compound on DA-WAX column

Compounds by order of Kovats indices in a chemical class

YSee code name in Table 1

Volatiles were identified based on the following criteria: A, mass spectrum and retention index consistent with those of an authentic standard:
B, mass spectrum consistent with that of the Wiley 275 mass spectrum database
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(al12), 2-AF o E-E(all3), 2-=H=(ms6), WZAH|3}to] = (benzal-
dehyde) (ms9)9] o] X3t PCIYE LEZE olfZ=
ababollE esl1), olE 2-HE2Z 23 2Hethyl 2-methyl-2-proenoate)
(es15), 3Jetatoll e (ethyl heptanoate) (es16), =EH:Fol|E (es19), o
9 (2E)-2-3) el Ak (ethyl (2E)-2-heptenoate) (es20), 3-HBHES-ekak
(3-methylbutyl octanoate) (es21), ='Hitoll € (ethyl nonanoate) (es25),
7 bl e (ethyl decanoate) (es34), ThololEHER T4 (diethyl
butanedioate) (es39), W2 2-3l°] =F A M 24 Hmethyl 2-hydroxy-
benzoate) (es42), ethyl benzeneacetate (es43), 2-¥I'doEolH|EAL
(es45), =EZH o€ (esd6), BlEZFEZ o E (ethyl tetradecanoate)
(es48), olo|old AT L (al5)E FE H)F BFo] F ARS

el BKAB AlE9] 739 PCIgellA 2% fA|sk= A
S UEoH, dSERE el BALTE ] FF Al
FHF )R] Fo ARoE Urpdtie At =93% 4
= HIATR0). PCIEeR e ofg 2-gRHeikethyl 2-
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Fig. 1. Principal component analysis loadings for 40 volatile compounds (A) and scores for nine different commercial Japanese Shochu

(B). The samples and volatile compound codes are defined in Tables 2.
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