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Tables

Supplementary Table 1. Overview of the OPLS-DA models (exclusions, predictions) and statistical parameters (R2Y, Q?, VC-

ANOVA)
model no.samples  exclusion Prediction (of model sample R2Y Q? ANOVA (p-value)
set)
beertype 78 geuze Triticum dicoccum and Triticum  0.96 0.63 1.13E-23

aestivium spelta used for
wheat beers; wit beer (raw
wheat); sample 85 (typical
wheat beer)

grain 81 - Triticum dicoccum, Triticum 0.98 0.73 2.55E-19
aestivium spelta and merely
wheat starch




Supplementary Table 2. Overview (beer type, grain used, scores and set type) of the measured samples’ characteristics.

beer . model 1 model 2
sample no. type grain sample set country
score (x)  score(x) score(y) score(y)
01 Wheat Wheat 17.93 1.33 -16.17 2.24 model GER
02 Lager Barley -10.95 13.23 7.94 16.76 model GER
03 Lager Barley -10.82 13.55 9.17 13.05 model GER
04 Abbey Barley -1.00 121 9.48 -13.03 model BEL
05 Wheat Wheat 20.29 -2.80 -17.59 -22.83 model GER
06 Wheat Wheat 22.54 -0.60 -16.98 -17.74 model GER
07 Wheat Wheat 19.49 -0.07 -17.30 -3.92 model GER
08 Lager Barley -10.09 13.34 11.10 -8.80 model GER
09 Lager Barley -10.62 12.38 9.49 11.52 model GER
10 Lager Barley -10.15 8.21 7.57 20.13 model GER
11 Wheat Wheat 17.59 494 -12.08 16.53 model GER
12 Wheat Wheat 19.04 -2.03 -14.82 -1.58 model GER
13 Lager Barley -10.11 8.49 7.31 13.35 model GER
14 Lager Barley -7.39 10.04 6.67 6.94 model CZE
15 Lager Barley -9.69 13.77 10.08 9.40 model GER
16 Lager Barley -9.54 11.57 10.25 10.47 model GER
17 Abbey Barley -1.82 1.36 10.83 -6.38 model BEL
18 Wheat Wheat 20.99 -0.55 -17.32 -10.85 model USA
19 Wheat Wheat 19.47 -0.66 -14.74 4.4 model GER
20 Wheat Wheat 14.76 0.15 -12.2 6.57 model GER
21 Lager Barley -8.25 6.99 9.61 -3.43 model GER
22 Lager Barley -8.36 10.13 10.1 -0.20 model GER
23 Lager Barley -9.36 6.32 10.34 -3.63 model GER
24 Wheat Wheat 16.68 -0.82 -14.7 0.10 model IRL
25 Lager Barley -12.5 11.96 10.24 -19.22 model GER
26 Lager Barley -7.42 12.61 9.65 9.30 model GER
27 Wheat Wheat 20.85 0.39 -16.41 -14.00 model GER
28 Lager Barley -9.42 14.09 10.43 6.71 model GER
29 Wheat Wheat 18.52 2.04 -16.74 -6.81 model GER
30 Wheat Wheat 20.01 -0.63 -15.85 -17.76 model GER
31 Wheat Wheat 20.90 -0.99 -17.21 -7.81 model GER
32 Lager Barley -9.32 11.58 8.04 7.88 model BEL
33 Lager Barley -7.76 11.80 8.70 4.00 model GER
34 Lager Barley -14.35 11.45 11.43 -18.68 model GER
35 Wheat Wheat 20.17 1.93 -17.17 -7.20 model GER
36 Lager Barley -7.23 13.64 9.46 -1.9 model GER
37 Abbey Barley -0.01 0.54 8.33 -19.71 model GER
38 Lager Barley -9.38 12.08 11.13 0.91 model GER
39 Abbey Barley -0.16 1.90 8.18 -1.21 model GER
40 Lager Barley -8.36 13.84 10.46 10.75 model BEL
41 Wheat Wheat 21.64 1.50 -17.67 -4.25 model GER
42 Lager Barley -10.08 12.75 11.87 7.49 model GER
43 Lager Barley -10.81 7.98 9.22 11.81 model BEL
44 Lager Barley -12.85 8.46 10.08 -28.41 model GER
45 Craft Barley -9.02 -23.15 8.98 30.98 model GER
46 Lager Barley -10.2 8.54 10.04 0.94 model GER
47 Wheat Wheat 20.14 -3.26 -16.69 -5.28 model GER
48 Craft Barley -7.91 -21.61 10.10 12.25 model GER
49 Wheat Wheat 20.19 1.04 -17.10 -12.99 model GER
50 Craft Barley -7.59 -19.19 9.03 3.44 model GER
51 Wheat Wheat 21.67 1.40 -16.46 -1.82 model GER
52 Craft Barley -8.70 -21.01 9.32 21.08 model GER
53 Craft Wheat -7.84 -19.04 -12.98 30.57 model BEL
54 Craft Wheat -7.44 -23.61 -16.42 30.32 model LTU

55 Wheat Wheat 18.79 1.47 -15.61 -12.02 model GER
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Supplementary Table 3. Tentative annotations of markers for rich hopped beers on basis of exact masses.

m/Zmeasured ~ M/Z [M-H]theor.  error [ppm] sum for- annotation literature
263.12890 263.12888 0.05 Ci5H2004 phenylphlorisobutyrophenone, hulupinic acid 1,2
265.14453 265.14453 0.01 C15H2204 humulinic acid, adhumulinic acid 1
277.14455 277.14453 0.06 C16H2204 phenylphlorisoalerophenone 2
281.13946 281.13945 0.02 C15H2205 oxyhumulinic acid 3
317.17582 317.17583 0.05 Ci9H2604 cohulupone 1
331.19146 331.19148 0.08 C20H2804 deoxycohumulone, hulupone, adhulupone 1
345.20711 345.20713 0.06 C21H3004 deoxyhumulone, deoxyadhumulone 1
347 18649 347.18640 0.25 Ca20H280s (allo)cohumulone, (allo)iso-cohumulone, (iso)-tricycloco- 1
humene
349.20203 349.20205 0.05 C20H300s dihydrocohumulone 3
361.20214 361.20204 027 C21H300s5 humulone, (allo)(iso)-(ad)humulone, (iso)-(ad)tricyclohu- 1
mene
363.18134 363.18131 0.08 C20H2806 (iso)cohumulinone, hydroxyl-alloisocohumulone, scorpi- 1
ocohumol
363.21771 363.21770 0.03 C21H320s dihydrohumulone 3
365.19700 365.19696 010 C20H3006 cohumf)l, tricyclocohumol, (epi)tetracyclocohumol, hy- 1,4,5
droxyl(iso)cohumulon
37719701 37719696 014 C21H300s6 (iso)humulinor?e, adhumulinone, hydroxyl-alloiso(ad)hu- 1
mulone, scorpiohumol
379.21264 379.21261 0.08 C21H3206 humol, tricyclohumol, tetracyclohumol 1
381.19187 381.19188 0.01 C20H3007 hydroxyl-alloisocohumulonhydroxid 4
393.19196 393.19188 0.22 C21H3007 allosiohumulonhydroperxid 4
431.24395 431.24391 0.08 C25H3606 colupdox, hydroxyperoxytricyclocolupon 6,7
433.25958 433.25956 0.05 C25H3306 hydroperoxitricyclolupone 1
445.25960 445.25956 0.09 Ca6H3306 lupdox 6




Supplementary Table 4. Structural identification of hops rich beer type marker masses by means of UHPLC-ToF-MS?2. Level of
identification 2.

m/z [M-H]

error

sum for-

Rt

MS2 fragments

m/Zmessured theor. [ppm] mula [min] compound [m/z (rel. intensity)] lit.
251.1289  251.12888 -0.08 C14H2004 4.8  cohumulinic acid 71(23), 113(34), 141(100), 165(72), 5
263.1290  263.12880 -0.76 C15H2004 4.6 hulupinic acid 126(21), 151(96), 165(19), 179(37), 7
317.1760 317.17583 0.54 C19H2604 53 cohulupone 180(28), 184(23), 205(100), 220(35), 8
233(69), 248(25)
347.1863 347.18640 0.29 C20H2805 6.0  iso-cohumulone 181(100), 207(11), 209(35), 233(35), 9
235(10), 251(62), 278(8), 329(4)
347.1858  347.18640 1.73 C20H280s 6.5 cohumulone 207(35), 235(100), 278(84) 9
3492024  349.20205 1.00 C20H3005 6.6  dihydrocohumu-  207(11),209(7), 235(30), 237(24), 278(21),  *
lone 280(100)
361.2032 361.20204 3.21 C21H300s 6.1 iso-(ad)humu- 195(100), 221(20), 223(54), 247(59), 9
lone 265(23), 343(6)
361.2033 361.20204 3.49 C21H300s 6.6 (ad)humulone 221(36), 249(90), 292(100) 9
365.1977  365.19696 2.03 C0H00s 3.8 tricyclocohumol  165(89), 183(100), 245(8), 277(7), 289(6),  1°
303(9), 347(86)
365.1976  365.19696 175 Ca0H3006 42  hydroxyl(iso)co- 181(38), 193(64), 251(100), 269(71), 4
humulon 296(21)
365.1972 365.19696 0.66 C20H3006 4.8 tetracyclohumol 165(55), 193(100), 289(21), 307(82), 10
347(3)
379.2131  379.21261 1.29 C21H3206 42 tricyclohumol 179(73), 197(100), 277(6), 303(8), 317(6),  1°
361(80)

2 retention time

b literature

¢ The literature data refers to the dedicated non-hydrated compound. Level of identification 3.



Supplementary Table 5. UHPLC-ToF-MS?-data of ambiguous marker substances for rich hopped beer. The compound class is
putatively characterized as hops terpeno-phenolics (hops bitter acids and their derivatives) (level of identification 3%). The five
highest fragments are shown.

M/ Zmeasur m/z [M-H] error sum formula R'Fa MS2 fragmen'ﬁs

ed theor. [ppm] [min] [m/z (rel. intensity)]
251.1286  251.12888 111 C1aH2004 4.4 69(100), 81(6), 98(11), 189(6), 251(6)
251.1289  251.12888 -0.08 C1aH2004 48 71(23), 113(34), 141(100), 165(72), 233(40)
251.1289 251.12888 -0.08 C14H2004 5.8 65(85),111(28). 152(100), 180(11), 184(62)
263.1288  263.12880 0.00 C15H2004 5.8 97(40), 163(33), 177(35), 192(100), 205(90)
263.1291  263.12880 -1.14 C15H2004 6.0 82(14), 124(18), 166(100), 179(22), 198(46)
265.1444  265.14453 0.49 C15H2204 5.1 69(13), 127(9), 155(100), 179(18), 247(9)
265.1448  265.14453 0.33 Ci5H2204 5.7 79(11), 97(100), 177(2), 205(3), 265(20),
277.1451  277.14453 -2.06 C16H2204 4.4 137(13), 165(100), 175(27), 190(20), 208(29)
279.1239  279.12380  -0.36 Ci5H200s 35 139(9), 167(100), 181(13), 195(9), 210(18)
279.1237  279.12380 0.36 C15H2005 3.8 165(100), 167(18), 181(13),183(9), 210(9)
279.1237  279.12380 0.36 C15H200s 5.1 139(13), 165(9), 167(100), 210(18), 249(9)
279.1238  279.12380 0.00 C15H2005s 5.3 65(18), 133(9), 151(9), 207(13), 235(100)
279.1236  279.12380 0.72 C15H2005 5.9 65(18), 151(13), 235(100), 261(9), 279(9)
281.1382 281.13945 4.45 Ci5H2205 3.9 73(9), 139(9), 155(18), 165(9), 195(100)
281.1397  281.13945 -0.89 C15H2205s 4.0 66(9), 101(9), 155(9), 177(9), 195(100)
293.1393  293.13945 0.51 C16H2205 4.1 153(18), 179(100), 195(9), 197(13), 224(9)
295.1552  295.15510 -0.34 C16H2405 36 153(71), 167(33), 181(25), 226(100), 277(30)
305.1395  305.13945 -0.16 C17H2205 43 165(12), 193(14), 231(11), 243(27), 305(100)
305.1394  305.13945 0.16 C17H220s 5.2 149(14), 193(100), 248(11), 288(7), 303(14)
317.1395  317.13945 -0.16 C18H2205 4.2 147(90), 161(89), 179(57), 192(71), 233(100)
317.1395  317.13945  -0.16 CigH220s 43 180(100), 192(97), 220(71), 261(43), 289(66)
317.1395  317.13945  -0.16 Ci8H220s 5.4 205(43), 262(58), 274(30),302(30), 317(100)
319.1551  319.15510 0.00 C18H2405 46 193(10), 217(8), 235(8), 257(12), 319(100)
319.1551  319.15510 0.00 C18H2405 4.8 165(9), 193(13), 245(6), 257(14), 319(100)
319.1551  319.15510 0.00 Ci8H2405 5.6 165(17), 179(50), 195(17), 207(100), 250(55)
329.1758  329.17583 0.09 Ca0H2604 5.2 167(100), 195(41), 201(23), 219(43), 242(29)
331.1917  331.19148 -0.66 C20H2804 5.5 166(92), 191(44), 194(49), 219(100), 247(68)
331.1915  331.19148 -0.06 C20H2804 5.6 166(78), 205(100), 219(77), 234(40), 247(76)
333.1710  333.17075  -0.75 Ci9H2605 3.8 205(25), 221(100), 236(27), 247(42), 249(90)
333.1710  333.17075 -0.75 C19H2605 3.9 152(58), 181(80), 205(69), 233(70), 247(100)
333.1712  333.17075 -1.35 C1sH2605 4.9 169(22), 181(10), 221(11), 237(100), 335(9)
333.1708  333.17075 -0.15 C1sH2605 5.1 151(8), 167(100), 193(13), 195(35), 219(34)
333.1709  333.17075 -0.45 C1sH2605 5.2 163(19), 167(100), 193(9), 195(39), 219(34)
333.1710 333.17075 -0.75 C19H2605 6.0 179(23), 193(59), 209(24), 221(100), 264(81)
335.1497  335.15001 0.92 Ci8H2406 33 165(10), 245(7), 251(6), 317(6), 335(100)
335.1499 335.15001 0.33 C18H2406 3.5 209(4), 245(5), 251(4), 273(7), 335(100)
335.1496  335.15001 1.22 C18H2406 4.0 181(62), 205(79), 233(80), 247(100), 291(67)
3351496  335.15001 1.22 Ci8H2406 45 196(28), 221(32), 247(100), 265(26), 335(29)
335.1496  335.15001 1.22 C18H2406 6.8 182(17), 195(100), 238(22), 247(29), 263(23)
335.1858  335.18640 1.79 Ci9H2805 4.8 59(34), 85(46), 203(87), 219(39), 263(100)
335.1863  335.18640 0.30 Ci9H2805 5.0 169(22), 204(21), 237(100), 247(14), 335(67)
335.1864  335.18640 0.00 Ci9H280s 5.1 181(100), 231(47), 249(59), 259(51), 265(84)
335.1862 335.18640 0.60 C19H2805 5.2 85(44),203(69), 235(34), 263(100), 273(41)
335.1863  335.18640 0.30 Ci9H2805 5.3 115(44), 153(23), 167(100), 195(39), 219(35)
3351858  335.18640 1.79 Ci9H280s 5.4 166(44), 187(43), 191(54), 231(100), 235(31)
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343.19148
345.20713
347.15001
347.18640
347.18640
349.16566
349.20205
351.18131
351.18131
351.18131
359.18640
359.18640
359.18640
359.18640
359.18640
359.18640
359.18640
363.18131
363.18131
363.18131
363.18131
363.18131
363.18131
365.19696
375.18131
377.19696
377.19696
377.19696
377.19696
377.19696
379.21261
379.21261
381.19188
381.19188
381.19188
381.19188
381.19188
383.20753
389.19696
389.19696
389.19696
389.19696
391.21261
391.21261
391.21261
391.21261

0.60
0.23
-0.06
-0.93
-0.49
1.47
0.29
0.86
-0.11
0.14
0.03
0.88
0.03
-1.11
-0.56
-0.56
-0.84
-0.84
-0.84
-0.28
-0.52
-0.52
-1.07
-1.35
-0.25
-0.80
-3.12
-1.70
-1.70
-1.96
-1.17
-1.17
-1.7
-1.56
-5.51
1.52
-0.58
-0.31
1.52
-0.84
0.86
0.15
1.44
0.41
0.41
-1.00
0.79
0.03
1.81

C19H280s5
C21H2804
C21H2804
C21H2804
C21H3004
C19H2406
C20H2805
C20H2805
C19H2606
C20H300s5
C19H2806
C19H2806
Ci19H2806
C21H280s5
C21H2805
C21H2805
C21H280s5
C21H280s5
C21H2805
C21H280s5
C20H2806
C20H2806
C20H2806
C20H2806
C20H2806
C20H2806
C20H3006
C21H2806
C21H3006
C21H3006
C21H3006
C21H3006
C21H3006
C21H3206
C21H3206
C20H3007
C20H3007
C20H3007
C20H3007
C20H3007
C20H3207
C22H3006
C22H3006
C22H3006
C22H3006
C22H3206
C22H3206
C22H3206
C22H3206

5.6
5.0
5.5
6.0
5.6
4.9
4.1
53
4.0
4.8
4.6
4.9
5.0
53
5.5
5.6
5.8
5.9
6.1
6.2
3.8
3.9
4.3
4.4
4.5
4.7
5.2
4.3
4.0
4.1
4.2
4.5
4.7
4.1
5.5
2.9
3.1
33
35
3.7
3.7
5.6
5.8
6.1
6.6
4.9
5.1
5.3
6.7

166(83), 191(47), 194(47), 219(100), 247(76)
190(71), 205(65), 231(100), 259(73), 343(50)
181(100), 187(56), 191(99), 235(64), 242(52)
163(100), 180(99), 247(34), 249(73), 259(36)
167(73), 179(65), 191(80), 235(100), 249(40)
164(81), 191(53), 207(100), 234(48), 305(44)
219(29), 221(25), 235(26), 261(37), 263(100)
165(40), 167(49), 181(38), 223(39), 251(100)
167(20), 201(32), 235(51), 263(100), 347(24)
164(34), 207(77), 221(100), 253(92), 305(75)
166(17), 193(100), 239(11), 263(32), 351(14)
181(7), 195(9), 209(26), 223(58), 292(100)
177(63), 191(100), 207(76), 303(65), 349(79)
194(20), 222(17), 233(9), 292(11), 359(100)
205(94), 221(32), 249(49), 263(100), 359(28)
183(71), 189(75), 195(61), 295(60), 359(100)
167(63), 179(42), 191(81), 195(75), 235(100)
179(30), 191(28), 195(35), 235(38), 263(100)
99(23), 195(100), 223(49), 247(52), 265(23)
195(100), 223(35), 247(35), 263(25), 265(15)
231(5), 251(3), 345(4), 363(100)
165(5), 183(6), 301(3), 347(6), 363(100)
164(39), 181(100), 195(39), 233(34), 235(25)
167(7), 206(7), 209(15), 225(7), 249(100)
181(100), 195(48), 233(34), 249(44), 253(32)
85(27), 139(18), 167(41), 209(88), 249(100)
195(6), 209(9), 223(28), 237(55). 296(100)
64(65), 80(100), 191(86), 277(22), 295(21)
245(4), 251(3), 293(2), 359(4), 377(100)
245(2). 251(3), 293(3), 315(2), 377(100)
80(2), 245(2), 251(2), 315(2), 377(100)
152(18), 195(100), 207(24), 265(21), 283(17)
195(8), 220(8), 223(14), 239(8), 263(100)
179(2), 245(3), 293(4), 315(3), 377(100)
223(7), 237(25), 251(52), 254(11), 310(100)
245(3), 273(3), 275(3), 337(100), 381(63)
181(100), 193(24), 361(28), 363(20), 379(18)
181(100), 193(18), 233(9), 363(13), 281(70)
181(85), 193(100), 249(73), 305(6)), 379(84)
181(84), 193(40), 265(30), 305(59), 379(100)
165(60), 183(34), 267(30), 325(100), 381(49)
249(19), 263(26), 265(11), 277(60), 320(100)
250(50), 261(44), 263(39), 306(100), 389(41)
235(17), 278(100), 285(13), 301(42), 329(72)
247(56), 263(100), 277(24), 290(28), 302(40)
153(73), 205(82), 225(100), 253(48), 263(40)
209(47), 224(34), 238(100), 277(64), 324(86)
165(21), 237(52), 248(27), 277(100), 317(31)
179(15), 195(18), 237(36), 253(13), 277(100)



393.2278
401.2339
403.2120
403.2158
405.1923
407.2074
407.2074
407.2074
419.2072
419.2076
431.2431
431.2437
431.2439
433.2593
433.2598
445.2595
445.2595
447.2392
447.2392
447.2386
457.2236
457.2237

393.22826
401.23335
403.21261
403.21261
405.19188
407.20753
407.20753
407.20753
419.20753
419.20753
431.24391
431.24391
431.24391
433.25956
433.25956
445.25956
445.25956
447.23883
447.23883
447.23883
457.22318
457.22318

1.17
-1.37
1.51
-2.95
-1.04
0.32
0.32
0.32
0.79
-0.17
1.88
0.49
0.02
0.6
-0.55
0.13
0.13
-0.83
-0.83
0.51
-0.92
-1.14

C22H3406
C24H3405
C23H3206
C23H3206
C22H3007
C22H3207
C22H3207
C22H3207
C23H3207
C23H3207
C25H3606
C25H3606
Ca5H3606
Ca5H3806
C25H3806
C26H3806
C26H3806
Ca5H3607
C25H3607
Ca5H3607
C26H3407
C26H3407

6.2
5.7
5.2
5.9
8.3
4.1
4.2
4.3
5.4
5.5
5.1
5.2
6.6
53
5.6
5.5
6.8
4.1
4.9
5.3
5.0
5.3

181(22), 223(15), 233(11), 237(39), 324(100)
221(16), 259(87), 271(42), 289(100), 329(12)
64(100), 80(66), 167(18), 219(11), 237(21)
222(18), 235(11). 247(100), 250(928), 275(9)
62(12), 147(3), 157(2), 263(3), 337(100)
179(12), 183(13), 251(100), 263(26), 273(16)
183(18), 263(100), 263(24), 277(33), 409(24)
163(20), 181(54), 221(100), 251(21), 263(22)

191(7), 247(20), 278(7), 291(6), 291(100), 350(12)

192(22), 219(29), 235(18), 247(71), 306(100)
259(18), 317(23), 329(20), 387(100), 431(26)
287(98), 303(65), 314(33), 331(100), 431(34)
265(61), 278(75), 292(100), 329(62), 343(85)
277(80), 301(100), 321(47), 389(35), 431(32)
207(17), 280(22), 289(18), 305(100), 433(66)
271(36), 301(38), 310(36), 317(100), 445(60)
265(22), 292(92), 299(19), 315(64), 343(100)
267(5), 329(6), 361(9), 377(11), 447(100)
209(23), 239(12), 265(5), 429(7), 447(100)
235(31), 247(83), 265(26), 343(32), 351(100)
181(80), 209(65), 249(100), 277(39), 329(29)
233(100), 249(48), 251(46), 278(80), 329(92)

aretention time
bThe level of identification 3 is characterized by the putative assignment of the chemical class terpeno-phenolics. It is based on the same
behavior upon statistical evaluation of metabolome data, a chemical and biochemical connectivity to known compounds through de-
fined corresponding mass transitions, similar physiochemical properties with regard to retention on reversed-phase chromatography
and spectral similarity through matching tandem-mass spectrometric fragments.
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Supplementary Table 6. Structural identification of wheat grain biomarker masses by means of UPLC-ToF-MS?. Level of identifi-

cation 2.
m/z [M-H]-  error Rt MS2 fragments Collision X
M/Zmeasured theor [ppm] sum formula [min] compound [m/z (rel. intensity)] energy it.
326.0880 326.0881 0.4 C14H17NOs 2.6 HBOA-Hexoside 108(12), 118(4), 136(10), 30eV 1112
164(100). 326(1)
342.0835 342.0830 1.3 C14H17NO9 1.7 DHBOA/DIBOA- 124(17),134(7), 152(49), 35eV 1213
Hex.c 162(15), 180(100),
342.0835 342.0835 0.0 C14H17NO9 2.6 DHBOA/DIBOA- 134(9), 162(31), 175 (20), 10 eV 1
Hex.c 180(30), 342(100)
356.0988 356.0987 0.2 Ci15H19NO9 2.8 HMBOA-Hexose 138(9), 148(7), 166(34), 30 eV 1213
179(9), 194(100), 356(1)
436.0558 436.0554 0.6 C15H19NO12S 2.5 HMBOA- 194(65), 356(96), 20 eV 12,13d
Hexosesulfate 436(100)
504.1357 504.1359 0.4 C20H27NO14 1.9 DHBOA/DIBOA- 162(19), 180(100), 35eV 13
Dihexoside¢ 342(15), 504(1)
504.1352 504.1359 1.4 C20H27NO14 2.6  DHBOA/DIBOA- 134(7), 162(9), 175(100),  35eV 13
Dihexoside¢ 504(1)
518.1514 518.1515 0.3 C21H29NO14 2.7 HMBOA- 166(11), 194(100) 35eV 13
Dihexoside

2 retention time

b literature

cdifferentiation between DHBOA and DIBOA can’t be accomplished with (LC)-MS2?-data only.
dthe literature data refers to the dedicated de-sulfated compound. Level of identification 3.
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Supplementary Table 7. Instrumental parameters and reagents used for FTICR- and UHPLC-ToF-MS measurements

reagent

source

methanol (MeOH)
acetonitrile (ACN)
acetic acid
ultrapure water

L-arginine

ESI-L Low Concentration Tuning Mix

FLUKA, Sigma-Aldrich (LC-MS grade, CHROMASOLYV, St Louis, MO, USA)
FLUKA, Sigma-Aldrich (LC-MS grade, CHROMASOLYV, St Louis, MO, USA)
Biosolve (Valkenswaard, NL)

Milli-Q Integral Water Purification System (Millipore, Billerica, MA, USA)
Sigma-Aldrich (reagent grade >98%, St Louis, MO, USA)

Agilent ( Santa Clara, CA, United States of America)

FTICR-MS

value

sample preparation

direct injection flowrate
ESI capillary voltage
time domain
accumulation time
mass range
accumulated scans
Measurement time
external calibration

internal calibration

degassing by ultrasonification (10 °C, 5min.); dilution 1:500 in methanol (v:v);
separation of precipitated proteins by centrifugation (10,000 rmp, 3min.)

120 pL.hL.

3600V

4 mega words

0.25 ms

m/z 120 to 1000

400

10 min.

clusters of arginine (5 mg.L'l in methanol)

in-house calibration list containing 2000 sum formulae, which are highly abun-
dant in beers

UHPLC-ToF-MS

value

sample preparation

column

flow rate

column temperature
injection volume

gradient profile

measurement mode
measurement time

internal calibration

external calibration

ESl ionization mode
nitrogen flowrate
dry heater
nebulizer pressure
capillary voltage

endplate offset

MS? fragmentation parameters

degassing by ultrasonification (10 °C, 5min.); dilution 1:4 in methanol (v:v);
separation of precipitated proteins by centrifugation (10,000 rmp, 3min.);
evaporation of the supernatant and dissolving in acetonitrile:water (20:80;
viv)

RP (C18: 1.7 um, 2.1 x 100 mm, Acquity™ UPLC BEH™)
400 pL min

40°C

5 uL (partial loop)

95 % A (0.1 % formic acid in water) and 5 % B (0.1 % formic acid in acetoni-
trile) for 1 min; decreasing to 0.5 % A in 5 min; held for 4 min.

Data dependent analysis with pre-built preference list (based on FTICR data)
10 min.

ESI-L Low Concentration Tuning Mix

ESI-L Low Concentration Tuning Mix (1:4 diluted in 75% acetonitrile) in the
first 0.3 min of each LC-MS run; introduced by a switching valve.

negative

10 L min'

200°C

2.0 bar

4500V

500V

MRM and data dependent mode; collision energy10 eV to 35 eV

12
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Supplementary Figure 1. Van Krevelen diagram (H/C vs O/C) of the annotated sum formulae appearing in more than 95 % of all
beer samples. Areas specific for certain compound classes are marked with dotted lines. Color code of the van Krevelen diagrams:
CHO blue; CHNO orange; CHOS green; CHNOS red; P violet; Cl light violet. The bubble size indicate the mean relative intensities of

corresponding peaks in the spectra.
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Supplementary Figure 2. OPLS-DA loading plots for the beer type and grain observations. The loadings of the model differentiating the
beer types are shown in (A), the loadings for the differentiation of beer brewed with wheat or exclusively barley are shown in (B). The 95th
percentile of the different classes’ marker substances are marked by colored areas.
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Supplementary Figure 3. OPLS-DA model’s score plot for the wheat containing (green) and beers brewed with barley exclusively (blue)
observation. The model sample set is depicted as circles, the prediction set is depicted as triangles. Different grain types are indicated by
different colors. The score plots are surrounded by the observations’ van Krevelen diagrams. Color code and bubble size of the van Krevelen
diagrams see Figure S2. Samples included in the model calculation are depicted as circles, whereas predicted samples are represented as
triangles.
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Supplementary Figure 4. Intensity distribution for the wheat grain markers. C14H17NOs (HBOA-hex.), C1aH17NOs (DHBOA/DIBOA-hex.),
Ci1sH1sNOs (HMBOA-hex.), CisH19NO12S (HMBOA-hex.sulfate), CaH27NO14 (DHBOA/DIBOA-dihex.), C21H20NO14 (HMBOA-dihex.) are de-
picted. The maximum intensity for every peak is set to 100%. Beers brewed with wheat grain are marked. Trace amounts of the markers’
corresponding masses in exclusively barley containing beers might occur due to isomeric compounds.
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Supplementary Figure 5. continued.
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Supplementary Figure 5. Excerpts of the UHPLC-ToF-MS chromatograms of samples 52 and 41. Extracted ion chromatograms of markers
for rich hopped beers found by FTICR-MS (blue) found in sample 52 (A). Extracted ion chromatograms of cohulupone (dark blue; confirmed
by MS? data, compare Table S4) and humulinone isomeric compounds (light blue) (B). Mass traces of identified hops rich beer type markers
(compare Table S4) of sample 52 (hops rich craft beer, blue) and sample 41 (wheat beer, green) in comparison (C). Isomeric compounds
are shaded blue (for sample 52). UHPLC-ToF-MS extracted ion chromatograms (sample 41) of wheat grain marker masses and correspond-
ing structures substantiated by MS?2 data (compare Table S6)(D).
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Supplementary Figure 6. Annotation of the mass m/z 362.0572 in context of the underlying available mass error and isotopologue res-
olution. Eleven valid compositions for m/z 362.05072 in the error window of 3 ppm in a C1-50 H1-100, Oo-50 No-10, So-3, Po-1, Clo-1 chemical space
(A). Calculations are based on the FormCalc algorithm14 and restrictions are given by the ‘seven golden rules’?>. The single correct formula
inside a 0.1 ppm window is marked. [C10H13NsOsP]- is additionally validated by the isotopic fine structure of the >N, 13C and 180 isotopo-

logue (beer measurement in red, prediction in blue) (B).
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