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Abstract: The volatile organic compounds (VOCs) of three kinds of fruit beer, namely pineapple, apple and cranberry beers
were investigated, and the VOCs data was discriminated and classified by using principal component analysis (PCA)
method. The results showed that a total of 35 effective characteristic ionic peaks of the VOCs mainly ethanol, isoamyl
acetate, ethyl hexanoate, isoamyl alcohol, ethyl butyrate, benzaldehyde, and ethyl octanoate were selected by the two-
dimensional mode of data visualization based on the SH-GC-IMS fingerprint, which could be used to characterize the flavor
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differences among the selected fruit beers. Discrimination and classification of the three kinds of fruit beer was effectively

performed by using PCA method with good dispersion, and all groups had corresponding attribution areas in the PCA map

and the cumulative contribution rate of the first two PCs was 98%, which could be used to distinguish the aroma

characteristics of different fruit beer products. Anyway, the results offer a new method for process control, product

traceability, brand identification and protection in fruit beer industry.

Key words: static headspace-gas chromatography-ion mobility spectroscopy (SH-GC-IMS); fruit beers; volatile organic

compounds (VOCs); principal component analysis (PCA); flavor identification
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Table 1 Identification of volatile compounds in different fruit beers by GC-IMS

PR MRS b= i RI® Rt(s)° Dt [RIPrel]®

1 SR H i (Methyl octanoate) C,H 0, 158.2 1119.8 508.622 1.4607 M
2 SR H I (Methyl octanoae) CoH 50, 158.2 1117.0 504.495 2.0183 D*
3 LFERBET (Heptyl acetate) C,H 0, 158.2 1111.0 495.555 1.937 D
4 LR BT (Heptyl acetate) CyH 50, 158.2 1112.4 497.618 1.4092 M
5 CLFR A i (Propyl hexanoate) CoH 50, 158.2 1091.1 465.982 1.3827 M
6 CLFRTA i (Propyl hexanoate) CoH 0, 158.2 1090.6 465.294 1.859 D
7 PR 2,18 (Ethyl heptanoate) CoH 0, 158.2 1063.5 425.405 1.4092 M
8 B% 2,18 (Ethyl heptanoate) CoH (O, 158.2 1066.4 429.531 1.9353 D
9 CL2 Z T (Ethyl hexanoate) CgH 40, 144.2 1007.5 350.44 1.3428 M
10 CLfR Z. 15 (Ethyl hexanoate ) CeH 0, 144.2 1007.5 350.44 1.7959 D
11 7 A (Benzaldehyde) C.HO 106.1 965.1 305.737 1.1486

12 LR 5B (Isopentyl acetate) C,H,,0, 130.2 883.5 246.59 1.3046 M
13 L% 5% B (Isopentyl acetate) C,H,,0, 130.2 884.7 247278 1.7494 D
14 T2 Z.Tg (Ethyl butanoate) C¢H,,0, 116.2 799.6 205.325 1.2067 M
15 T2 Z.Tig (Ethyl butanoate) CeH,,0, 116.2 801.2 206.013 1.5569 D
16 B (3-Methyl-1-butanol ) CH,,0 88.1 740.2 180.919 1.5109

17 MR Z 1 (Ethyl acetate) C,H,0, 88.1 616.0 146.42 1.3359

18 2% (Ethanol ) C,H,O 46.1 4732 118.598 1.1402

19 5 THE(2-Methylpropanol ) C,H,,0 74.1 636.5 150.649 1.3736
20 M1} i (Ethyl octanoate) C,Hy0, 172.3 1265.1 724.544 1.4826
21 FAEZ 27193 (Maltol) C4HO4 126.1 1107.5 490.345 1.2104
22 J2-2-3F Wil ((E)-2-Octenal ) C¢H,,0 126.2 1048.2 403.534 1.3291 M
23 J-2-F15 1% ((E)-2-Octenal ) C¢H,,0 126.2 1049.4 405.292 1.8171 D
24 Z IR HIiE (Methyl hexanoate) C,H,0, 130.2 932.8 278.933 1.6752 D
25 Z IR HIiE(Methyl hexanoate) C,H,,0, 130.2 932.8 278.933 1.2882 M
26 %% Z.Tig (Ethyl pentanoate ) C;H,,0, 130.2 909.0 262.288 1.275 M
27 %% Z.Tig (Ethyl pentanoate ) C;H,,0, 130.2 907.3 261.154 1.6752 D
28 2-F3% TR 6 (Ethyl 2-methylbutanoate) C,H,0, 130.2 853.7 230.512 1.6449

29 2-FH 2 T2 H i (Methyl 2-methylbutanoate) CeH,,0, 116.2 773.8 194.371 1.53

30 R 2.1 (Ethyl propanoate) CsH,40, 102.1 712.0 170.749 1.4516

31 TN (Propionic acid) C;H,0, 74.1 687.6 163.164 1.3504

32 3-F 2E-1-JX ¥ (3-Methylpentanol) C¢H,,0 102.2 851.9 229.612 1.6008

33 2-H FEPI R 2,158 (Ethyl 2-methylpropanoate ) CeH,,0, 116.2 752.3 185.618 1.5575 D
34 521 (3-Methylbutanal ) CsH,,0 86.1 652.8 154.265 1.4036 D
35 52 (3-Methylbutanal ) CH,,0 86.1 653.9 154.518 1.1881 M
36 2-H FEI R .18 (Ethyl 2-methylpropanoate ) C¢H )50, 116.2 754.9 186.629 1.2006 M
37 T (Butanal) C,H,0 72.1 656.1 155.024 1.2896

38 Fr1EEJfi (Limonene ) CoHyg 136.2 1022.5 369.053 1.2134

39 B (Heptanal ) C,H,,0 114.2 901.1 257.174 1.6984
40 Z2 TR (Butyl acetate) C¢H,,0, 116.2 811.9 210.745 1.618 D
41 22 TR (Butyl acetate) C¢H,,0, 116.2 807.5 208.801 1.2387 M
42 L5 T T (Isobutyl acetate) C¢H},0, 116.2 763.5 190.125 1.6108
43 PIRZ2-F A TG (2-Methylbutyl propionate) CgH <0, 144.2 976.0 316.091 1.3544 M
44 PIRR2-F A TG (2-Methylbutyl propionate) CgH <0, 144.2 976.7 316.812 1.8392 D
45 TS T (Isobutyl butyrate) CgH (0, 144.2 943.5 287.276 1.7523 D
46 "% 5% 1 i (Isobutyl butyrate) CgH,(0, 144.2 942.2 286.226 1.3093 M
47 5 TR i (Methyl isobutyrate) CsH,,0, 102.1 680.7 161.252 1.4405
48 T ik (Methyl butanoate ) CH,40, 102.1 720.5 173.677 1.4292
49 T/ (Nonanal) C,H,s0 142.2 1099.8 478.93 1.9368

TE: a0 PR B R HG bR BANE SO G AL rh (¥ £ B Il cFORIEASE P LRSI ) d F7Rdimer, —2R1A; eF7Rmonome B4,

RIS P A S AR SR 3 AR e g SR PR S AT A HH P80 IR 53 ) S22 50, G0 SR 28 S ) SO s ST AP
Y% GC-IMS HYFELL IR AT $& 21 = Fp SR rp 22 4 4 BRI, BV SERA [ df A SR I i 1 42551
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Fig.2 Volatile fingerprints of different fruit beer samples
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Fig.3 The score and loading map of PCA analysis of different
fruit beer samples
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