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Characteristics of the volatile composition of Cachaca

Hisashi Fukupa and Jinshun Han

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

To classify the compounds of rum and imported cachaga, we analyzed 78 volatile compounds by solid

phase micro extraction (SPME) and 6 volatile compounds by direct head space analysis. There was a
significant difference for 10 volatile compounds between cachaca and rum made in Caribbean and Indian
Ocean regions. In a stepwise discriminant analysis procedure using 3 volatile compounds (f -phenethyl
alcohol, diethyl succinate and S-methyl thioacetate) , 31 of 33 samples were rightly classified. Estimating
the accuracy of the discriminant analysis by cross validation, the ratios of appropriate classification were
90.9 %. For cachaca and Japanese rum, there was a significant difference in 18 of 84 volatile compounds.
All of 16 samples were rightly classified by 2 volatile compounds (citronellol and furfural) . When esti-
mating the accuracy of the discriminant analysis, the ratios of appropriate classification were 100 %.
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Table1 Reagents used and compound analysis conditions in cachaca

Compound Manufacturer Compounr} an; alysis Compound Manufacturer Comp oungi an: alysis

condition condition

Acetaldehyde WPC. HS. Ethyl caprate TC.

Diacetyl WPC. Propyl caprate WPC.

Isobutylaldehyde TC. SPME (P/D:40) Isobutyl caprate WPC.

Isovaleraldehyde TC. Isoamyl caprate W.PC.

2-Methylbutylaldehyde W.EC. Ethy! nonanoate TC.

Nonanal TC. Ethyl undecanoate AA.

2-Nonanone TC. § Ethyl pentadecanoate T.C.

Decanal TC. SPME (P/D80) |0l Jaurate WPC.

Benzaldehyde N.T. Ethyl myristate WPC.

Phenylacetaldehyde W.PC. Ethyl palmitate WPC.

n-Propyl alcohol TC. Ethyl linoleate WPC. '

Isobuty] alcohol TC. HS. Ethyl oleate NT. SPME (P/D50)

Ispamyl alcohol T.C. Ethyl stearate WPC.

1-Hexanol WPC. B -Phenethyl acetate WPC.

1-Octanol WPC. Ethyl phenylacetate WPC.

1-Octen-3-ol WPC. Ethyl cinnamate WPC.

1-Decanol W.PC. Ethyl benzoate W.PC.

Dodecanol TC. Methyl salicylate WPC.

Tetradecanol TC. Ethyl crotonate T.C.

B -Phenethyl alcohol WPC. ' Ethyl enanthate WPC.

Citronellol WPC. SPME (P/DS0)  IEwh ol lactate WPC.

Farnesol KC. Diethyl succinate W.PC.

Geraniol WPC. Guaiacol WPC.

Linalool WPC. 4-Vinylguaiacol WPC.

Nerol TC. Eugenol WPC.

Nerolidol TC. Rose oxides WPC. SPME (P/D:60)

2 -Terpineol WPC. B - Ionone WPC.

Ethyl acetate WPC. HS Damascenones SA.

Isoamyl acetate T.C. " Whisky lactone SA.

Ethy! isobutyrate WPC. Vanillin WPC. SPME (P:30)

Ethyl 2-methylbutyrate AA. : 2-Pentylfuran T.C.

Ethyl valerate WEC. SPME (B/D40) |5\ tethin2 furaldehyde SA. SPME (P/D:60)

Ethyl isovalerate TC. Furfural TC.

2-Methylbutyl acetate TC. Methional T.C.

Hexyl acetate WPC. Ethyl 3-methylthiopropionate AA.

Ethyl butyrate WPC. S-Methyl thicacetate AA. .

Ethyl caproate TC. DMS NT. SPME  (P/D:40)

Isobutyl caproate WPC. SPME (P/D:60) DMDS N.T.

Isoamyl caproate W.PC. DMTS W.PC.

Ethyl caprylate SA. 2,5-Dimethylpyrazine TC.

Isobutyl caprylate WPC. 2-Ethyl-5 (6) -methylpyrazine SA. SPME (P/D:60)

Isoamyl caprylate W.PC. a_-Bisabolol SA.

In this table the following abbreviations for manufacturers are used:

Alfa Aesar Co, Ltd. (A.A.) ; Kanto Chemical Co. Ltd. (K.C) ; Nacalai Tesque Co., Ltd. (N.T.) ; Sigma-Aldrich Co., Ltd. (S.A.) ;
Tokyo Chemical Industries Co., Ltd. (T.C.) ; and Wako Pure Chemical Industries, Ltd. (WP.C.) .

GC/hea<§ )space method (HS) ; GCMS/Polydimethylsiloxane / Divinylbenzene SPME fiber/ Preincubate temperature 40C . (SPME
(P/D40)) ;

GCMS/Polyacrylate SPME fiber/Preincubate temperature 30 T . (SPME (P:30)) ; and GCMS/Polydimethylsiloxane / Divinylben-
zene SPME fiber/Preincubate temperature 60C . (SPME (P/D:60)) .

Table 2 GC-MS analysis conditions for high or middle boiling point volatile compounds.

Analysis equipment SHIMADZU GCMS QP2010
Column DB-5 30m X 0.25mm id, 1.00 4 m film
Carrier gas Helium, 150 kPa
Oven
High boiling point volatile compounds 50C (2 min) to 200C at 10T /min to 250C at 3T /min
(hold 2 min) to 320TC at 10C /min
Middle boiling point volatile compounds and vanillin 40T (2 min) to 200C at 10T /min to 250C at 3T /min
(hold 2 min)
Injection 2min, splitless, 250C
Ton source temperature 200C
Detection Total ion monitor
Scan range m/z 35-200

ENMIH F 235 107
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Table 3 The average and standard deviation of concentrations of volatile compounds of Cachaca, agricol rum,

and industrial rum.

Compound Cachaca ___| . Ref2 : Ref2 Compound Cachaca : Ref2 : Ref2
(unit) T;XRE Agricol rum™* | Industrial rum™* (unit) Type Agricol rum Industrial rum
Acetaldehyde (mg/1) 60 * 20 1 1209 * 90.8 63.2 + 44.6 Ethyl caprate (mg/1) 427 + 301 I 130 = 113 28242
Diacetyl (ug/) 4600 + 4390 | A 1940 % 3660 533 = 1190 Propyl caprate (ug/l) 159 + 122 A 87 = 9.0 37 £ 67
Isobutylaldehyde (ug/1) 158 + 75 A 147 + 164 230 = 299 Isobutyl caprate (ug/1) 78.7 + 888 A 500 * 852 57174
Isovaleraldehyde (ug/1) 226 * 106 A 219 * 274 324 * 341 Isoamyl caprate (ug/1) 778 = 921 A 193 * 188 401 * 837
2-Methylbutylaldehyde (ug/1) 81 + 38 A 114 * 165 161 = 209 Ethyl nonanoate (ug/1) 228 + 115 I 406 * 547 28.1 * 1237
Nonanal (ug/1) 217 £ 158 A 7+ 118 25227 Ethyl undecanoate (ug/1) 303 + 372 A 240 > 444 3242
2-Nonanone (ug/1) 360 * 2.16 A 38 £ 41 13 £ 16 Ethyl pentadecanoate (ug/1) 165 = 209 1 618 * 617 71> 128
Decanal (ug/1) 4.89 + 2.83 A 35 +33 14 =27 Ethyl laurate (mg/1) 167 = 1.13 1 497 = 370 143 = 268
Benzaldehyde (ug/1) 51 = 24 A 383 % 424 200 £ 789 Ethyl myristate (ug/1) 200 181 1 599 + 500 116 * 184
Phenylacetaldehyde (ug/1) 21 *37 I 171 * 595 116 * 51.0 Ethyl palmitate (ug/1) 830 + 664 1 2870 % 3300 270 % 462
n-Propanol (mg/1) 199 * 46 1 225 + 135 185 * 189 Ethyl linoleate (ug/1) 394 + 401 1 1450 = 2390 161 = 248
Isobutyl alcohol (mg/1) 190 * 61 A 262 * 145 92 £ 80 Ethyl oleate (ug/l) 104 * 177 I 472 * 803 89.0 = 1460
Isoamyl alcohol (mg/1) 617 = 190 A 762 * 325 258 * 247 Ethyl stearate (ug/1) 339 * 322 1 108 = 202 121 % 305
1-Hexanol (ug/1) 393 + 405 1 867 £ 700 386 = 461 B -Phenethyl acetate (ug/1) 161 * 112 A 251 * 544 87 % 168
1-Octanol (ug/1) 986 * 96.9 A 820 * 77.6 393 + 630 Ethyl phenylacetate (ug/1) 331 * 270 1 7.84 * 1344 534 * 7.39
1-Octen-3-ol (ug/1) 704 = 741 A 635 * 58.0 682 + 150.2 Ethyl cinnamate (ug/1) 160 = 164 A 1.58 * 216 164 = 548
1-Decanol (ug/1) 455 * 46.9 A 264 * 15.2 10.2 = 135 Ethyl benzoate (ug/l) 162 + 124 A 17.0 + 150 182 * 265
Dodecanol (ug/1) 286 + 296 A 233 = 150 5163 Methyl salicylate (ug/I) 34.1 + 404 1 1640 = 6730 536 * 1920
Tetradecanol (ug/1) 549 * 56.0 A 547 £ B8T 128 % 203 Ethyl crotonate (ug/1) 419 * 6.20 A 299 * 4.46 143 * 268
B -Phenethyl alcohol (mg/1) 123 = 84 A 102 £ 134 1.38 + 500 Ethyl enanthate (ug/1) 9.98 * 536 A 117 = 82 136 = 293
Citronellol (ug/l) 348 * 121 A 168 * 90 48 £ 74 Ethyl lactate (mg/1) 743 * 12.33 A 6.72 * 13.59 344 * 918
Farnesol (ug/1) 740 * 517 A 357 £ 341 380 * 831 Diethyl succinate (ug/l) 423 *+ 429 A 511 = 1340 590 + 1480
Geraniol (ug/1) 33.1 = 16.0 A 146 = 106 46+ 83 Guaiacol (ug/1) 304 * 189 5 136 = 396 136 + 415
Linalool (ug/1) 243 * 159 A 204 = 210 123 + 223 4-Vinylgaiacol (ug/l) 36.2 * 63.8 A 55 % 116 18 = 104
Nerol (ug/l) 375 + 1.96 I 7.1 * 87 44 = 86 Eugenol (ug/1) 90.7 * 55.1 1 32.7 + 487 969 * 2704
Nerolidol (ug/1) 442 = 434 A 3263 = 3034 516 * 884 Vanillin_(mg/1) 0.07 * 0.04 1 188 = 375 112 =182
a -Terpineol (ug/1) 90 = 84 1 210 * 344 151 * 368 2-Pentylfuran (ug/l) 0.85 * 0.39 1 132 = 144 0.71 + 189
Ethyl acetate (mg/1) 116 = 25 I 248 + 175 143 = 106 5-Methyl-2-furaldehyde (ug/1) ND A 145 + 380 204 = 374
Isoamyl acetate (mg/1) 2.75 % 0.66 A 33 %24 18 = 1.7 Furfural (mg/1) 0.06 + 0.09 A 0.77 = 1.05 081 = 112
Ethyl isobutyrate (ug/1) 161 * 204 1 438 = 650 92 % 126 Methional (ug/) ND A ND 38 * 127
Ethyl 2-methylbutyrate (ug/l)| 165 * 154 I 534 % 900 181 * 224 Ethyl 3-methylthiopropionate (ug/1) 191 * 2.05 A 2.84 = 6.30 096 = 2.71
Ethyl valerate (ug/l) 138 * 6.7 1 195 * 16.7 174 = 250 S-Methyl thioacetate (ug/1) 714 * 584 A 121 £125 3 £ 18
Ethyl isovalerate (ug/1) 243 * 241 I 8956 * 1202 26.1 * 284 DMS (ug/l) 781 = 706 A 965 £ 1410 b4 = 187
2-Methylbutyl acetate (ug/1) 69.1 * 328 I 121 + 88 68 + 114 DMDS (ug/1) 772 = 292 A 135 + 182 147 = 256
Hexyl acetate (ug/1) 1.77 £ 081 A 13+27 47T £ 221 DMTS (ug/l) 038 + 033 A 11 =31 23 =97
Ethyl butyrate (ug/1) 296 = 172 A 393 = 427 469 = 798 2,5-Dimethylpyrazine (ug/1) 482+ 1277 | A 48 % 105 154 * 283
Ethyl caproate (mg/1) 0.56 = 0.52 1 0.94 = 0.66 039 * 0.55 2Ethyl5 (6) -methylpyrazine (ug/l)| 0.84 = 2.21 A 6.0 * 197 136 = 245
Isobutyl caproate (ug/1) 244 = 393 A 353 £ 818 132 * 084 a_-Bisabolol (ug/1) 203 = 2988 | A 183 + 234 36 =786
Isoamyl caproate (ug/1) 752+ 1117 | A 513 * 567 43 £ 445
Ethyl caprylate (mg/1) 272 + 2.38 1 757 % 606 0 = 282
Isobutyl caprylate (ug/1) 117 + 145 A 81 %98 17+ 28
Isoamyl caprylate (ug/1) 248 * 467 A 887 % 1303 155+ 210

The concentrations of volatile compounds are corrected depending on a 40% alcohol concentration.

Value means Average * standard deviation
ND : not detected

Shaded areas mean average concentration of compounds is more than 3 times the difference between that of agricol rum and industrial rum.
Refl: Type A means concentration of compounds in Japanese rum is closer to that of agricol rum than that of industrial rum.
Type I means concentration of compounds in Japanese rum is closer to that of industrial rum than that of Agricol rum.

Ref2: Reference (6) fHH g%, @ SHNE : EEfE, 110, 261275 (2015)
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Table4 The average and standard deviation of concentrations of volatile compounds of Japanese rum and
rum made in Caribbean contries and Indian Ocean countries, and the presence or absence of a signifi-

cant difference in the average

Cachaca White rum
Rurrlxnxél_ade in Caribbean and Japanese rum® White rum®™®
ian Ocean regions
Number of samples 7 26 9 24
Acetaldehyde {mg/) 60 = 20 482 + 31.0 114 = 59.7 75 = 81
Diacetyl (ug/l) 4600 = 4390 2310 = 2120 12200 = 14600 1710 = 3470
Isobutylaldehyde (ug/D 158 = 75 173 + 308 403 = 241 230 + 238
Tsovaleraldehyde (ug/1) 226 + 106 208 = 326 502 * 371 307 + 321
2-Methylbutylaldehyde (ug/1) 8l =38 121 = 204 230 * 204 175 = 196
Nonanal (ug/) 21.7 * 158 256 * 21.7 7.12 =526 6.86 = 10.42
2-Nonanone (ug/l) 360 * 2.16 2.78 = 200 195 * 0.89 1.72 + 1.66
Decanal (ug/1) 489 = 2.83 443 = 324 234 =224 211 = 301
Benzaldehyde (ug/1) 51 = 24 371 = 230 113 + 134 36.0 * 848
Phenylacetaldehyde (ug/1) 21 *37 627 + 147 107 + 120 326 = 1095
n-Propyl alcohol (mg/1) 199 + 46 169 = 74 287 = 293 233 £ 205
Isobutyl alcohol (mg/1) 190 * 61 193 + 96 239 + 112 164 + 127
Isoamyl alcohol (mg/l) 617 £ 190 539 + 324 809 * 273 421 = 332
1-Hexanol (ug/D) 393 + 405 396 + 257 325 = 412 497 £ 564
1-Octanol (ug/1) 98.6 + 96.9 737 £ 68.3 878 = 434 50.8 = 794
1-Octen-3-0l {ug/D 704 * 741 69.7 £ 46.6 125 = 193 700 = 161.8
1-Decanol (ug/1) 455 = 469 26.7 £ 190 27.0 = 162 165 * 176
Dodecanol (ug/1) 286 * 296 270 % 369 169 * 9.7 11.0 * 167
Tetradecanol (ug/1) 549 % 56.0 249 *+ 225 521 = 253 268 * 39.5
B -Phenethyl alcohol (mg/1) 123 = 84 336 + 369 183 = 97 538 + 109
Citronellol (ug/l) 348 = 121 162 £ 116 175 £ 94 10.3 = 106
Farnesol (ug/1) 740 % 517 330 + 362 320 * 243 167 + 282
Geraniol (ug/1) 331 + 160 21.2 = 204 124 £ 148 9.7 = 125
Linalool (ug/D 243 = 159 31.2 + 286 318 = 587 16.7 £ 226
Nerol (ug/1) 3.75 * 1.96 320 = 414 070 = 1.71 6.08 * 945
Nerolidol (ug/D 442 * 434 648 + 796 300 = 141 127 + 185
a -Terpineol (ug/l) 90 * 84 160 * 16.8 135 * 280 155 £ 408
Ethyl acetate (mg/]) 116 = 25 131 = 57 223 + 104 139 = 121
Isoamyl acetate (mg/) 2.75 £ 0.66 269 * 1.05 487 + 399 279 = 2,53
Ethyl isobutyrate (ug/ 161 + 204 191 * 400 342 + 360 143 * 157
Ethyl 2-methylbutyrate (ug/1) 165 = 154 242 = 620 788 *+ 106.6 235 = 26.6
Ethyl valerate (ug/1) 138 £ 6.7 120 = 112 230 * 333 180 £ 248
Ethyl isovalerate (ug/1) 243 = 241 401 * 1047 85.8 = 1074 28.7 = 30.7
2-Methylbutyl acetate (ug/D) 69.1 = 328 610 = 50.7 162 = 185 82.8 + 94.7
Hexyl acetate (ug/l) 1.77 = 081 246 = 215 148 * 1.97 6.10 = 24.7
Ethyl butyrate (ug/) 296 * 172 222 * 124 1830 £ 3130 351 = 577
Ethyl caproate (mg/D 056 = 052 049 * 045 1.28 £ 097 057 £ 0.63
Isobutyl caproate (ug/D 244 = 393 0.78 = 0.80 197 * 316 059 * 1.16
Isoamyl caproate (ug/D) 752 1117 463 + 366 96 * 134 258 *+ 395
Ethyl caprylate (mg/D) 272 *+ 2.38 362 + 385 7.26 = 5.95 325 = 414
Isobutyl caprylate (ug/1) 11.7 £ 145 100 = 7.8 176 + 332 40 £+ 74
Isoamyl caprylate (ug/) 248 + 467 143 = 126 290 = 445 472 = 997
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Cachaga White rum

Compound (unit) RuIrnndri:idg ng a(['l,‘z;x'elb?f:)tjlasrilz egru:l Japanese rum™" White rum®™®

Number of samples 7 26 9 24
Ethyl caprate (mg/D) 427 = 301 648 = 567 135 £ 133 654 = 10.1
Propyl caprate (ug/1) 159 = 122 126 = 86 309 = 334 6.08 = 9.26
Isobutyl caprate (ug/1) 787 = 888 772 = 680 144 + 191 254 % 615
Isoamyl caprate (ug/l) 778 = 921 471 + 440 1340 * 1880 88.1 * 1359
Ethyl nonanoate (ug/1) 228 * 115 180 = 122 489 = 979 20.6 = 455

Ethyl undecanoate (ug/1} 303 = 372 190 = 171 42.8 = 82.6 119 * 360
Ethy! pentadecancate (ug/) 165 * 209 50.1 = 60.3 37.2 = 306 294 % 50.5
Ethyl laurate (mg/l) 167 £ 113 350 = 374 960 = 7.76 243 = 340
Ethyl myristate (ug/l) 200 = 181 547 = 837 547 344 347 = 662
Ethyl palmitate (ug/1) 830 + 664 3560 x 5370 5530 £ 7170 1900 + 4690
Ethyl finoleate (ug/D) 394 = 401 1680 + 1810 4300 = 6880 1180 + 3000
Ethyl oleate (ug/1) 104 £ 177 326 + 366 1400 + 2440 312 + 1050
Ethyl stearate (ug/1) 339 = 322 79.0 = 155 346 * 536 116 = 442

B -Phenethyl acetate (ug/) 161 % 112 468 = 1300 690 = 1210 118 * 415
Ethyl phenylacetate (ug/D) 331 =270 356 = 243 115+ 92 486 = 9.90
Ethyl cinnamate (ug/D 160 + 164 153 * 2.22 246 = 281 0.74 = 1.65
Ethyl benzoate (ug/1) 16.2 * 124 15.7 + 134 166 * 20.7 138 + 195
Methyl salicylate (ug/1) 341 + 404 62.1 = 995 655 + 1500 1660 = 6350
Ethyl crotonate (ug/1) 419 = 6.20 075 =115 570 £ 943 148 + 351
Ethyl enanthate (ug/1) 9.98 = 5.36 6.00 = 375 124 + 145 693 = 546
Ethyl lactate (tng/1) 743 + 1233 7.03 £ 158 623 * 822 462 = 130
Diethyl succinate (ug/1) 423 & 429 103 + 123 3100 % 5090 204 * 713

Guaiacol (ug/D) 304 * 189 20.2 + 292 367 + 496 220 % 560
4-Vinylguaiacol (ug/l) 36.2 = 638 54 + 155 96 = 172 74 = 206

Eugenol (g_g/l) 90.7 = 55.1 488 + 96.7 481 * 650 117 * 297

Rose oxides (ug/D) 0.23 + 031 0.21 = 042 011 * 0.16 -

B - Tonone (gg/l) 3.78 * 3.96 347 = 396 0.53 * 1.04 -
Damascenones (ug/l) 187 £ 96 314 + 728 110 = 103 -
Whisky lactone (ug/D) ND 611 * 1254 ND -

Vanillin (mg/1) 007 = 0.04 013 = 0.11 0.31 £ 0.30 146 = 129
2-Pentylfuran (ug/1) 085 * 0.39 125 = 0.98 154 £ 181 1.09 * 2.33
5-Methyl-2-furaldehyde (ug/1) ND 39 £ 158 386 + 550 199 + 499
Furfural (mg/l) 0.06 = 0.09 0.1 = 014 2.00 = 140 057 = 1.08
Methional (ug/1) ND ND 202 = 374 38 132

Ethyl 3-methylthiopropionate (ug/1) 191 * 2.05 244 = 354 843 * 582 3.38 * 635
S-Methyl thioacetate (ug/1) 714 = 584 121 + 194 93 +98 6.0 £ 10.2
DMS (ug/l) 781 = 706 304 = 337 320 + 477 733 * 1220

DMDS (ug/l) 792 =292 146 * 129 319 = 296 21.3 = 236

DMTS (ug/D) 038 = 0.33 0.33 = 0.38 18.7 * 333 333 =109
25-Dimethylpyrazine (ug/1) 482 = 12.77 139 £ 357 334 + 367 131 = 307
2-Ethyl5 (6) -methylpyrazine (ug/1) 084 = 221 26 £ 82 50.8 = 796 121 * 281
a_-Bisabolol (ug/l) 20.3 = 2988 28.8 * 406 224 * 201 71 125

The concentrations of volatile compounds are corrected depending on a 40% alcohol concentration.

Value means Average * standard deviation

ND : not detected

Ref 1: Reference (7) fBH &, B SIE : BRif, 112 423431 (2017)
Ref 2: Reference (6) f8E &, #& &F : Milf, 110, 261275 (2015)
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Fig. 1 Discrimination of cachaca and rum made in Caribbean and Indian Ocean regions by discriminant analy-
sis with 4 limit variables.
O, cachaca; @, rum made in Caribbean and Indian Ocean regions. The dark symbols represent mis-
judged samples. Cross-shapes show centroides of variety.
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Fig. 2 Discrimination of cachaca and Japanese rum by discriminant analysis with 2 limit variables.
O, cachaca; 4, Japanese rum. Cross-shapes show centroides of variety.
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Table 6 Discriminant coefficients and standardized coefficients for discriminant analysis.

Canonical Function 1 Canonical Function 2

Variable Discriminant | Standardized | Discriminant | Standardized F Value
Coeffient Coeffient Coeffient Coeffient
Discriminant analysis between cachaca and rum made in |S-Methyl thioacetate 0.026 0816 0000 0.000 17.08
Caribbean and Indian Ocean regions Diethyl succinate 0.003 0.709 0.004 0.817 11.20
(Fig.l) B -Phenethyl alcohol 0.000 0404 — 0.000 — 0.669 341
Discriminant analysis between cachaga and Japanese rum |Furfural 0.001 0.950 0.001 0.558 16.08
(Fig2) Citronellol — 0.085 - 0905 0.059 0628 1311
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Distilled spirits P327-334 ISBN: 1-897676-39-5
Edited by Bryce J.H. and Stewart G.G. Not-
tingum University Press.
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