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ABSTRACT: Objective To establish a fast and accurate method for the detection of the flavor of craft beer based
on headspace-gas chromatography-ion mobility spectrometry (HS-GC-IMS). Methods HS-GC-IMS was used to
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analyze the volatile components in different sources and types of craft beers. Fingerprint was constructed to
characterize the differences of volatile components for the beer samples. Combined with principal component
analysis (PCA), the craft beer types were differentiated. Results A total of 54 volatile aroma components were
identified in the samples. The fingerprint showed that there were significant differences in the content of volatile
components in craft beers from different sources and types, and the flavor substances in the 4 homemade beers havd
their own characteristic flavor substances, such as citronellal, 2-heptanone, ethyl decanoate in homemade white beer,
hexanal in homemade yellow beer, isobutyl isobutyrate, 2-methylbutyl isobutyrate, nonanal, o-phellandrene in
homemade IPA beer, hexyl acetate, ethyl nonanoate, ethyl 2-methylbutyrate, and ethyl 3-methylbutyrate in homemade
rose beer. The PCA results indicated that the beers from different sources and types could be differentiated correctly.
Conclusion HS-GC-IMS method can be used to quickly detect the volatile aroma components in beer, and the results

are intuitive and accurate, which provides method and technical support for beer type analysis and quality control.
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Fig.l GC-IMS pseudo-chromatic graph of 8 craft beer samples
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Table 1 Identification results of volatile compounds of craft beer samples by GC-IMS
75 Ew 43 F CAS 5 PREEls  DREGTEEL AHXTE AL ] SRR
1 LR LTE(M) C1oH340, 110-38-3 1480.2 1632 1.6184
R WE
2 SR L E(D) C1oH34,0, 110-38-3 1480.2 1632 2.2413
3 4-Fi i e C1oH 50 562-74-3 1444 .4 1620 1.2226 REG kR . F R
4 T C1Hx0;, 123-29-5 1324.7 1541 1.5507 . BURREESI A
5 R C5H0, 79-09-4 1150.8 1535 1.0950 N/A
6 T CyoH 50 106-23-0 1101.3 1496 1.3478 . EFHBIER
7 N C,H,0, 64-19-7 1074.6 1457 1.1512 N/A
8 FR TR M) C1oH300; 106-32-1 963.1 1440 1.4834
W FEREFER
9 FR L IER(D) C1oH300; 106-32-1 963.1 1440 2.0274
10 (2)-3-CHmE C6H},0 928-96-1 851.1 1402 1.5738 LA IR
11 T CoHy50 124-19-6 842.1 1397 1.4795 W WSS
12 LR BRI CyH 50, 112-06-1 812.5 1380 1.4652 WIREH R
13 PR 2R CoH 50, 106-30-9 779.7 1362 1.4034 WEHR
14 1-CL CeH,40 111-27-3 779.0 1361 1.3279 B, MEES
15 6-HH 3-5- B g -2 -1 CgH1,0 110-93-0 737.7 1338 1.1789 KA FERER
16 TR CyH 50, 540-18-1 730.5 1334 1.4130 0k
17 (B)-2-C M2 L Tg CgH, 0,  27829-72-7 729.4 1333 1.3351 W, BIBES
18 1-FR5E-2- P i C3H0, 116-09-6 685.8 1309 1.2365 N/A
19 3-FR%E-2- T C,H;50, 513-86-0 653.3 1289 1.0659 FRAR YIRS
20 ERUNTIE CioHs 586-62-9 651.0 1288 12117 AR HHEES
21 1- R CsH,,0 71-41-0 636.5 1276 1.4917 PN ESTHERNU
22 LIRCBRM) CsHi60, 142-92-7 634.2 1275 1.3868 " i .
23 LR BR(D) CsH,60, 142-92-7 634.2 1275 1.8393 TR AR
24 O IR Z TR (M) CsH 160, 123-66-0 585.2 1236 1.3442 o
25 C R Z1R(D) CsH, 60, 123-66-0 585.2 1236 1.8016 AR B
26 3-H 3E-1-TEE(M) CsH,,0 123-51-3 551.4 1209 1.2475
27 3-F 3-1-TFE(D) CsH;,0 123-51-3 551.4 1209 1.4901 TR R
28 5T R-2-F 3L T CyH,50, 2445-69-4 536.9 1197 1.9227 N/A
29 TR T le CgH 60, 539-90-2 532.5 1194 1.8016 SR W AR
30 Pl CioHs 138-86-3 530.7 1192 1.2130 RS
31 2- B C;H,,0 110-43-0 508.0 1166 1.6475 BER
32 o /KT ¥ CioHi 99-83-2 507.7 1165 1.2185 BEAML B R
33 1- TP C4H,,0 71-36-3 491.8 1147 1.1830 PN ESTHERNU
34 LR Z i CHi,0,  539-82-2 482.8 1136 1.7010 SRR
35 CLE C6H},0 66-25-1 479.4 1132 1.5453 HHE, FRER
36 LIRS IR BR(M) C;H,,0, 123-92-2 476.4 1128 1.3049 KRER
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b &Y Vi =¥ CAS 5 TREAETIls  DREGAEEL MW IERHTIR] QU3
37 LR 5% R (D) C;H,,0, 123-92-2 476.4 1128 1.7491
38 2-H - 1- N (M) C,H,00 78-83-1 450.7 1098 1.1737 ) »
39 2-H 3E-1- N EE(D) C,H,00 78-83-1 450.7 1098 1.3704 A AR
40 TR T CsH,60, 97-85-8 448.2 1094 1.8050 N/A
41 3-HETRC C7H,,0, 108-64-5 4333 1069 1.6515 FR FEER
42 2-WIE TR TR C;H,,0, 7452-79-1 425.2 1056 1.6549 KREFER
43 2,3-% il CsH;0, 600-14-6 424.3 1055 1.2180 Whih . FEREER
44 1- N C;Hs0 71-23-8 422.3 1051 1.1163 SRR
45 TR CeH},0, 105-54-4 417.8 1044 1.5606 i i
46 LIRS TR CeH,,0, 110-19-0 405.6 1024 1.6180 TR
47 T CsH,00 110-62-3 390.2 999 1.4229 N/A
48 LR R CsH,00, 109-60-4 388.2 993 1.4819 FEHUK AT
49 5 TR O CeH,,0, 97-62-1 383.7 980 1.5655 KR YHhESR
50 N LB CsH,60, 105-37-3 379.9 968 1.4524 WEES
51 Vi C,HsO 64-17-5 368.3 934 1.1426 N/A
52 3-HIE T CsH,0 590-86-3 361.2 913 1.4081 FRER
53 T C,H0 123-72-8 358.1 904 1.2901 TR AR
54 LR T C,H;0, 141-78-6 351.5 885 1.3393 KREFER
55 LW R C;H0, 79-20-9 327.2 812 1.1887 R
56 R ZER (M) C;Hq0, 109-94-4 326.1 810 1.0704 i o
57 2 Z. (D) C;H,0, 109-94-4 326.1 810 1.2259 BB I ek
58 P Fifl C;H:O 67-64-1 319.4 790 1.1159 N/A
59 2-H LT C,H0 78-84-2 313.7 773 1.2826 TR AR
60 (M) C;HO 123-38-6 304.3 745 1.0688 .
61 (D) C;Hs0 123-38-6 304.3 745 1.1459 R AR
62 LA Tk C,HeS 75-18-3 284.5 686 0.9602 N/A
63 7 C,H,0 75-07-0 262.7 621 0.9859 N/A
64 K 1 - - 324.4 804 1.1704
65 RAY 2 - - 492.6 1147 1.2645

T F—ALEWES M, D 5 RAR TIZW BRI TR N/A AR A B T R SRR T

23 fEERPRIEME P IELA A S TEUE G R

KT R EHXT 8 AN MENERE i R R M A3 1 22
5, EBGEE R RE LS, AERECE R VOCal #4
H i) Gallery Plot 4fiPFHIVE 8 MEERLAUTESCETE, WA 2,
FARESD PRSI LRI SR WL 2. 4R SURIE S
HbJER T AW RE S R R R R 25 5. B iAok
F, 4 FhEE O b i A 2R AR, B R,
1M A I 4 Fhigaps o i KR B 22 53 0 2, B 45 A 1
TE RV 5 B4

GEAF 2 AT 3-F -1 T 2-FR3E- 1N . O R
LR LTRSS e T A RS o ) & AR B, HUA TPA M
TRYIE 2L Pl b 2 . 2RSS T RS RS
T BN R 2 R B SR A e A

IR Y 4-AMEE . FoPEE . 2-BRER . 2,3-00 . %
. RIROHE. ZRFEE. CRNHE. NIRRT . TRC
fifi \SE B2 SRS B & BRE (A X0, 3 2L 5] ok
PR Rt 2 B AR R hh . b B, BE. &
FAERER, AR AR OB -3-CERESE
YR & R (B X)), Wi iR AL 2 R e
SEIRF XM AT TPA MOP A AN . 6-F 3E-5-BE i -2-
i, . 1-COBE. 2-FJEmE ., 3-HIE TR, T/, #7
B, oK. THIRIKER . S TRRCHE . IR, =
TS TE. R TR2-WETE. K-2-CHIROEE. 1%
TR 2B S5E W B S B R (C X)), i 3R LA AR 7
Wit BUER . BREHR. BT RR B B Y 1-
PORE ., 1-JmE, 1-TEE, 3-3K-2-TM ., 1-B¥-2-



(C

310 1% A T R A 14 %

©)1994-202

B P e e o S S i s e
&%&%MM&MFQ%Eh%ﬂﬁ%%&@&ﬂﬁﬁﬂﬁiMMﬁNFFMME
;&1 &1 | gm I SRR gzl \%%%é_é mk~%&v§ﬂtm%é
B ® N« e \JWEVQ\]—v N B R
~% Dy w N RN « B
s~ B =3 IR e
E-MEH:W b et
AEAE DRIX

| g
N

i B ATRE AR PR (S

W, FF—F 2[R P BITEA FIRE G P AT L, B IR,

R IR R R
e e RN
TS % Eodg g g g g B ad
E} EI— qgﬂ];r\]m:—uﬂ M‘M—HNE%Q”E}_'}_'H" w\,‘
R SNETENEX g b
H—f&ﬂ%ﬁ@%ﬂ}" EEE oh
# NE  Eod

fRFRPEMK

P2 R ML A i v R P 2L B 4 B

Fig.2 Fingerprint of volatile compounds of craft beer samples

N, 3-FEET I, Shnihdds . FIRCHR . CRClE. 2
RO SRR . TIRCHER . TR Tl WIROME.
3-HETRROME. 2-HIETRAK . TIROBREY &
R X)), A% AR AEER | B AR ACR
AR . BORENE . BT ERRE, [F—Y A
WL T R B A PR, 284S XU S5 B8 £ ]
A RESL Al AA B T M R A ) A R

24 ERSSH

PCA A LATRIALSEI0 45, I8 2 5 JLAS F 4 I
FRACKRIFUAREA P 28 2% AU B AR B, ARG AR
Pt ASTRVRE A b 32 B3 R 14 BT R 3 SR PPN R AR 22 1] ) B
AN 22 S 7280 ) BRI 4 BT AT 2 1 4 v g 5 FE 3
1T PCA, DA EEAN R 28T MR 5 B B 2RACR, s 21
DL 3.

& 3 ATLAE H, PC_1 F1 PC_ 2 7 Z BTk %4051
50%7F0 20%, R 2 TTHRAN 70%, FH] PCA 45 R AEME
BRI 70%, HARM RN, MR E Y., 7
] P A | R 3 MR ARG, BEBH 3 Aoy
Z5REYN, FEPC_1 Jym L, FEE B H R, A
FEE MY B E N 2 B AT ARG IX 4y, A PC_2
75 1) ADEE 7 TPA WU X R [ 7™ OB Mg 23 JT 5k

3 WiRE55ER

IR L RURHRATR | 1 e 5 | Ut i ol
ZIH P E S, WY B LA R S N R 2 —

3 China Academic Journal Electronic Publishing House. All rights reserved.

AR HS-GC-IMS HE3E 1 A ] S Y WAL v () 422 2
FRAS, Wi 54 iR RS, RATRSEIGH
WURE R AR R R R A i 22 57, SR RN [A]E
TR P ch P R MR U S A EAR R 22 . A 4
TR rp XU I B % B R U BT A 43, 40 o
PR ) A e | 2 . SR TR, A R R Y O,
A EDBEVR R s i S T RS TR . 57 T R-2-H 3%
THe. TR, oK), BRIBORRETHZRCE. T
MR Fe. 2-HIL TR, 3-HE TR .

NS & W B b, W BE TR 23 77 Ak — RGP RS & I8 i)
F%,E$%£%ﬁﬁ%m@@m%%£%ﬁﬁz—,ﬁ
TMTAEFELKRENES, WERE. FEEF. BEE.
FE . MY B 4IIESE, Eﬁﬁ%ﬂ%ﬁﬁ%%é&m
PR B TR 22 3k % TR I (RS TR ALV v 4 26 T 45 15 i 218 B i
W SRR BIEAN, 7 AE RR BAE T AR R A ST
T & B RS ERE h 2E R R . SFRR R . R TR .
PIR TG . TR T S5 R T 15 ik 359 S 25 3ol A ]
T, 2B RS R 0 SR A 5 A R AR, X AT e SR
P T A R R - A T S ) 5 TR
FEREAL R VR, 2530 A R B A 0TS J5 A (14 g
Wy 5 % A A R AR AR RS, | ¥ b R 5 A 6B

25 I, HS-GC-IMS 454 £ttt 2¢ )y vl A s 5L 8
AT AR U R AT R X 53 o AR T 25 5 B BT . BRAL AR
By HLF T SRR — 2D A T S 1 B BRI, T —
R TR JXUA AN A e, LA SRl T LGyt o £ Ak B At
R R IE s

http://www.cnki.net



311

T3 M AN [R) 218 TROHS TR MLTRS 1) 42 5 P A AU

DI
=]

I

-

AU

PR, S FETT

557

Y0'STFIS ISY €CTIFOT EEY 61°€1F00°0CT 1T°8FEC 10V 9 IFCY 16€ €V LIFEY6LE 20°6FSTTIE T8 TFH0€6C HH A1 €
I8 T1FS8 LIT TS8FCYSII 08'8FCSS0T SO LFSE VI 8L8FCI HP1 T6'LF80°S0T ITIFI0EL LTYF69°€8 T €€
11°CFOV Tl S6'1F1¥'98 6% €FF1°089 61 FFIE 0T L9°SF95°86 IL'7F08°S6 £€°9F06'98 ILEFLTYS L0 43
LTLIF08'8TI 10°TF€0°S8 86"V 1FLY LOT LYFTI'6S 8¢TFLIT9 10°6FSYL6 $1'8F08°101 [€'6FL1°06 [E3-T 1€
1161785 €61 €0'FS8 EEl 6€'TF669S 1 61 LFFY LTI 1L LFPLTET LT'9F0T6€1 86 CIFYL IEL 65°SF88'6 WLy 0€¢
TI'6¥86°€01 €L 1F6S°0€1 L8'8IFSTTSI 9L'LFIL'T9 76'6798' 79 P EFEY L 9I'TFHO 1L 69°TF8IIL i [ 6 [ 6T
SO'TIF8LIVI SHOFITSLI 1+ 0¥F90°6L6 99'GFEE 091 CI'8FH9611 1L 9TFhP LST 90" ¥F¥6'6C1 T0'9F81°96 W IFhT@ LY 8T
9L TSFrI T0LET Y9 STIFHT €06CT €1°601F6T €861 b T9F09'8€80C SS06F88°01+1C 1$°S9F6T 0v9TT 00 T01F+6'6607T 61'C6¥20°6LS€C (M [-1-§ g€ LT
01°L9FIY 110€ 96'LETF8Y'S68T TETIFIOSI6T 10°0¥F9L SYI€E IL'LFIT 19vE 80°6FSESEEE €0°LSFTS STSE vosEvlobye N [-1-F € 92
€6'€TIFFS TSSET 98°€9F59°CL90T 69°SLFI8'STI01 LTTOTFIE 000L STU'LYFF9°5€9S I8 SHFISTTIIY 80 ISIFH1 650 8€°S6FSS PLIE (@23 P ST
Y6'9€F0T 0bEY 9S TEFSH'STLY 8T ¥8F08'120% 09'99F€L"€09¢€ ¥6'8€F90°LYTE ¥ 1TF61'859C 9€'0TF6L SSLT 1L'8SFLOTTST WE 2% 2 ¥T
09'SFEL YT 11°L1F0TTTT 0€'7F99'801 PI'E1F0ETS 0L TTF20°801 ELGIFICYII 06'9FE1"€TT LY'8FIE €T (@822 (%4
€5 9FPE'991 61°9TF9T'SLI O TIFHO9TT 69 P1F6£'9C1 SObFS8'TTI 0T°0ZF01°'6ST 00'FCI'TPI SHEF88°6S1 W22 44
Y8 SFH6911 1L'LF88°9T1 86 IF0L €8 TT8FS8901 1€ €1F99°LTI TL8FT6€91 SEOIFIOEET [TEIFIT 091 AT 1T
09'8F9€ 491 9 LYF60'TIL 65 8FHE16€ 9€TIF61 611 06'9F I+ v1 1$'8FPTLST YT SIFSEOPT €9 11F56'8T1 YA S 0T
8¢ 8FOV 6Y1 9'vF0S 8EY 91'9FTTILT 66'6FCS'1ST LL'6F0E €ET LETIFISSET 10°TIF9L EET 18°9FEL6C1 [ [ -T-FFf-€ 61
LT9FE0'09 L9°0F0S'TS TL'SF10°0S €S IFST LY I€YFIT Y 91 ¥ F8Y"9¥ W EFHT 9 16'vF00° T il B -T-FF -1 81
18°STFIS96€ 65 TTFOT ESE LOTIFEO9€8 LS SFOV' 16T 20°01F99°18C 1T 6FL09€€ LS TIFEOTEE 99V IF46'8LE W2RH-T-@ L]
00 1ZFEY'L8T EI'8FH1°€8C 16'LF91°88¢€ 95' 6749671 9€TTFIYIST 9S°TIFIS9ST £€°9F05°891 SOHFOY Y1 ST [ 91
18'6FSTIII 1S°€FC9°011 09 TTF8 ¥I1 €8° 11700021 89°LF0T'96 SETIFEYITI 6L'LFTIY'L6 T6'vFCT T [H-C- Y-S Fr -9 ST
1€°€TFS0°61C ¥9'L1F79'€81 SO'YTFOL'8ST 90'$F19°50T 89'SFSY'6LI £6'91F98°661 ¥ 9FEOLI 80'LF61'LTT k=g vl
Y€ 01F99'8LI 89'LFIT'T91 €V'91F95981 S8 EIF06TLY 6€ 11FL9°6T1 Y ITFIS IP] Y6 TIF19°SET €Y' LFIE 991 H 2 % €1
11 1FCS €01 SH'8FLY 0TI 08'8¥89°16 8TSFYI'LII STYFSH61T 9¢ LIFITTEL 81'LFEOHTI 8T SFRI'6C1 S 2 !
0EPFILT6] 88'8F81°061 €8°LIFSI 601 €6'STFHE8ST 80°0TFET0TT TL'E€1F00°80T 86 11F+S°80T ¥9'9F16'881 Eoles I
T1'8F0T'€0T 98'8F68°991 Y9'€TFS6'LIT 00'¥1F29°19T S0'TEF69°0ST YO'OIFIT°LET 68 1176 TET YT 6IFO8EIT Wy a-c-@) 01
0T ELIFILT6£0T T99FLL 9S9ET TS 68FCL 0691 9% €9TFSH EE0TT 79°S8FETT8IT 1L°T8F8L 665T Y8 0EIFHETIIT YELIFOETTVT ((OE 2/ ES 6
20 THIF01'985CT 1S'LITFEY' SOLET €9 ILIFIS8SHIT 6T'S9FOL'SSILI €9°16F0S65L9 9T EEFIIE80L $6'6S1FC8°0069 LY'09F9T €149 WE 2 %% 8
8¢ 8IFSS6S€ L6'9FHE 68C 61 vIFETTOE SH'9FOETHE 69°€€F99°€8Y T6'SYFLYTES LELIF6T 81Y 9¢" 11FS6'9SH @7 L
96 ¥TFF0'TIT LS TIFTYSLI ¥8'TIF08'€81 €9°CIFS0T91 ¥8'TTFIS 181 0T 6FSL €91 LUETFLLST LO'TFSEELT Bl 9
67 1TFIY' 84T TS'LTFIS S80T 61 VEFIOPELT ¥6 TSFLY' 0S9C 8$ 1$FS0°S9ST 89'VHFIT1LST YT LEFLE YOYT 81"TSF68660T ik S
€E9F61°18€ Tr'8TFLET6Y 0SYYFSL LYY 96'9F90°S€€ $6'0TF09°CIE TTTEFIOSTE 6C9IFLOOTE $6'0TFOV 1€ W WTE 4
68°T9FLL 00V L6'VIFILTIT LO'YEF6T'9TS 01°ZEF0F ¥0E ¥S SFOY €T 66'TTF61°8TT 9 IFITIVT v0'SFIL 1HT N €
0T 19FFS SHET 91°'L9F9E°ST8 66 1SFFL +06 0S'TH+86'956 Y9 TEFSY 66L TH'LF8E 0S8 79°9€¥91°808 LTY1F89°08L (@52 % 3% 4
18°SSFri 188L L8'99F8H 0T ¥9'69F8€ 88T 9F"8EFT0'S66€ 1€0TFLT 1291 LT08F49'961¢ 10°SEFCTSIET T8'8EFEY 8HYI (N4 2 33 I
ki 1 i E kel T I i B kit VdI [ H ks BEE 1 E bl i e b 8 (] 5 b B A kit 1 e 5 <72 &

EHENMHYHRNFHE TR NS %

sojdures 193q 33e1d Jo spunoduiod I[E[0A Jo AJIsudjul jedd T d[qeL

http://www.cnki.net

All rights reserved.

t=

1994-2023 China Academic Journal Electronic Publishing House.

©)



F 14

M =7 4t

Al

A
W,

f

° e R

312

LY'STFP8'S81 TLYFLE 6] T 1T] YT LFSLILI TTOIFIL'T0T 61°L1F96'STI €9'PF01'SL 9'8FCh 16 T ¥ $9
STIPFIOIEL T6'€766'L901 TLYFITELG 0STEFSI'T8ST  THEEFI6SLIT STITFH6'056 9€'¥TF66'7101 68'TTFSS L8 1§72 ¥9
9S'L6FO8'8ITS  6€'8STINNO9  OL'LEFYEPSSY  O0'LIFOV'EISy  6TLYFHS106S 0L'601FS0°STES TS I9IFIFILSS €S ITIFFIP9SS W2 €9
€CT6FTH'S8LS  SSSIFLEG6IT  9I'SIFLYELOI 08'6LFSY'TO9L L9 6VF68 bLYE 89'S6IFL6 THTL SY8I1F81'L90L 16'99%50' 1516 WFE th = 29
LLT9F06'SSTT  SL'STFEL'S6YT 9T IHFI0'S891 LO'91F8E 8P 1€°S1F€0°€C1 ILEIFI0GI 01'SFIL'STI P9 TFEY 101 (@zEd 19
LY99FESEPET  O8'9IF6ITEIE  9E8SFITIEPE LY9EFIYTIY T9'EFST00€ P9 EIFIYL9E 9y 661 8S€ 0$'9FL9TEE (W3 09
0EVTFPTO6TI  6I'LFIL'STIT  SYRIFIETHOT LL'TFITO0T — SYTIFSTLSS 8€ TH¥L0908 90'91FL8 ShY 88'8F07'861 FMAFE T 68
0T88FOP'6E9E  6L'SFOESIFY 68 FIFSE60LI SSITFIOLEIS  LI'SSFOLOIEE 6L 18¥98'€€8T 20'69¥00° 1.8 00°ZOIFLL €T9Y i 8¢
60'8F6T TSY 89'LFISIIT  TLTIFINIFY 8L'TTFY IOl P8'GIFLLSTS $6°TTFEE9EL 0F0IFFS €IS EEITHLIIE (@4 2% LS
PS6EFLIEY  06'0EF60'SOL 66'€1FH6 1S WYTFETLLOL  TO'STFIV LI $9'8PFC9'S811 €TLTTRYTLG 00'99¥49296 (N8 2% i 98
9E LFLIT6Y 68'SFOT9SE 09'LFEY'€6T 00'€ZFTS 14T 15'S1768'85T STHFE6'68T 8T'SFIY YT 10°01F2T 791 i ey 32 $§
€0°96¥96° 109TT  66'6TF9YY0ET  LY'STFHSTSOIT  TI'SLFTI'1980T  ETTYFIYLELOT 0€'SSFEO 68TT LL'6YFTYSLLTT T8TOFLYTISIT L2 vS
69'SF8LTIE LY EFLT8YE 0€'€¥10°89S TRLFTIIE 0L TF90°SS€ 96'€F16'6€C 8T¥F€9'087 06'¥F0T 96T Bl €
LETFHE6TI TSPFIES0T 96’8 1F5$'99€ 8LIFTLYL SSEFIOHL T9TFH9€E $STFOE Y IS E¥1'69 LT e ts
PESKFLO'GITOE 06 16FE6'8LOLT  TSPEFLLOSSTE  THSTIFSTOSELE  18'SITFIS TSBYE Py 66759 TS1TE 9L'SOIF8S 68LTE $8°06¥69'LISHE 472 IS
I6'81F86'LF09  TI'9F8E¥8SS SILFPTSIST €S6FIS6061  T8'SEFRYTYST 9L'98¥01°0561 WYTFS67801 66'YTFLS SPLI B2 % 0s
LE6FOEYIE  OTEIFITLEL 67 LFS1'9691 €V ITF0V6ET  SLPIFHTSST p8'8SFTE 1501 9T 1TFE6 1L P8 99 B2 [ A 6F
STYTFLYGETY  TLGIFEQLIGL  STITFY OVII 0 TIFETHITI 09'vF8I'118 6L'LEFILPLIT €0°EEFHTE6LT L8'IFTO 0TS EUICE 8P
STSTFLSLSIT  SE'6FIENLG 0$'LF80'I€S 60°01F5t"S0€ 88 PFI6HEE 8 61FLE B0 LY 01F66°TSY ILPFST'LSE bl Ly
SL'E6T896IL9  TOTIFIEIL66  8I'6EFSY'8STE EYTSTOL'EYIy  OI'SPFITTISE 67 THIFPL TEITT TLLLFPLTSI0T ST'OSTFIT06L6 HLA%2 9F
8L'SSFSI066L  STIF6I'TE09 10°LFLIT169 16'SEFSHTI89 I8 THFSIT86Y TL'TLFS9 9805 €9'€9¥91 1 €bS $6'0€¥8€° 659 Erlvz: A st
TEVEFOL'ILS  THIIFTTO9 PITIFOE L6V 19’ 8FLYPES LY LFIT 6S 89'TIFIZT'S09 LY SIFTI 065 1TS¥9°019 H-T 144
S6'6SFISEOEl  OTSIFLIPSOL  69'8TFTS 69€1 8I'61FSE0ST1 LO'LFIS9STI 0I'9IFSLOLLT LUYTFES LTI $9'LTFOS 11T1 €T 37
8I'VFS6LY $€'9¥00°981 L6'PFSY'LE SITFEY0E 8ETFOL'ET €Y TFS 6T 98'€FL9'8T 6€TFLTLE S8 1 T w
99'€F9L Ly L8'91F8L'88€E WEFOTYII 6T TFHS LS 81°SF9S'65 6 vF8'T6 LUYFTI'L9 LS'EF8ELS B2 e € It
0 EFST6E 89 IFLY TI1 I+'61F€1°988 TI6T98 LY STOIFET IV OL'SFHL'LET 1€9767'8¢1 98 179 Y€ LA or
ETTOFPYTISIT  89'8SFIOSOITI  E€T8EF6Y SS68 TSTEFPSPPLOL  ST'8SF8LTOSE $9'SSFI0POPTI 67 0vF98 EFSTI TOSIIFLYLSEET  (HM-1-F T 6€
88'TTFIOILS  TTEIFIETLO 9P €FE0 6L POFIN6C01  THEIFhY LLOT ISTFIPLION LLYSFLOPIIL 70" THF50°8901 (WM-1-F -t 8€
€6'8LFLTISEEE  IHTLFBO0ESIE  SH86FSI'SIOET  €9°TFSI9TOIT  10°TLFO8'60SLT $S'L8FT6'69€9€ 68' 0V I1FH0"€L18E 8T0SIF6TTI0PE (@52 Lg
6S'08FLE 069y 68'EFLYELVY  P99TFLEOISY STYSFLTSTEY  OL'BLFIOSLIS €0'T01FL0'S96Y TL'EEFEITOSS 6€ TEF10°S86 (NI 3 2 9¢
LL'9TFIS 19€ TS9FITSHI 9I'SFIS 09T EFLIFPOILIT  SLTIFITIHI T8 SFIT601 08'€F01°TIY $8'6+85SSE @D s¢
Wi I Rk e Bk vdI 4 H bt B[ E ki 5 il B ] i il 11 ] 55 A ki 1 Bl G5 k)
(Frx

http://www.cnki.net

ademic Journal Electronic Publishing House. All rights reserved.

China Ace

23

(C)1994-20



557

PR, S5 FET T

AR G- T RS S AT AN () S R R L P 4% A 1k A R

313

P 3 AN [R] 2K RN PR ML LTS A i ) PCA TR
Fig.3 PCA chart of craft beer samples of different types

SE R

(1]

[2]

[4]

[3]

(6]

(7]

[8]

MARONGIU A, ZARA G, LEGRAS JL, et al. Novel starters for old
processes: Use of Saccharomyces cerevisiae strains isolated from artisanal
sourdough for craft beer production at a brewery scale [J]. J Ind Microbiol
Biotechnol, 2015, 42(1): 85-92.

LR, A, IOTF RTIERIGE (% SR A A
333(3): 97-100.

] ERERE, 2022,
ZHUO YM, JIANG JQ, LAI KP. Overview of the development of craft
beer [J]. Liquor-Making Sci Technol, 2022, 333(3): 97-100.

BAIANO A. Craft beer: An overview [J]. Compr Rev Food Sci Food Saf,
2021, 20(2): 1829-1856.

SANTOS MADS, RIBEIRO PVL, ANDRADE CP, et al. Physicochemical
and sensory analysis of craft beer made with soursop (4nnona muricata L.) [J].
ACTA Scientiarum-Technol, 2021, 20(1): 103—-112.
O, B, TKOUR, & RTERME L T 2 AT
i, 2020, 39(2): 7-12.

JE[I]. R

HUANG L, GE XQ, ZHANG YF, et al. Research progress of special malts
for craft beers [J]. China Brew, 2020, 39(2): 7-12.

AR, W Ty B RE IR SR M A TSR],
48(4): 122-124.

JRPY, 2021,

CUI JM. Discussion on the production technology of India Pale beer in
beer workshop [J]. Liquor Mak, 2021, 48(4): 122—124.

A, T IPA MU T ZMFFED]. B 5 Tk, 2020.
ZHANG W. Study on brewing process of cloudy IPA beer [D]. Jinan: Qilu
University of Technology, 2020.

A5, drasfl, ey, & PFBEEE Pichia myanmarensis LX15 1943
Bl A T X RS TR T KUK ) SO RS2 R (). AP 27 208,
38(4): 34-40.

2018,

WANG W, YU ZM, HOU YM, et al. Solation and properties of
aroma-producing Pichia myanmarensis and the effects of the formation of
aromatic substances in craft-brewed beer [J]. J Mirobiol, 2018, 38(4):

34-40.

(9]

[12]

[13]

[14]

[15]

[16]

(18]

[20]

CRAINE EB, BRAMWELL S, ROSS CF, et al. Strategic malting barley
improvement for craft brewers through consumer sensory evaluation of
malt and beer [J]. J Food Sci, 2021, 86(8): 3628-3644.

SU X, YU M, WU 8, et al. Sensory lexicon and aroma volatiles analysis
of brewing malt [J]. NPJ Sci Food, 2022, 6(1): 20.

GRIECO F, SPANO G. Autochthonous biological resources for the
production of regional craft beers: Exploring possible contributions of
cereals, hops, microbes, and other ingredients [J]. Foods, 2021, 10(8):
1831.

KOIE K, TAKAZUMI K, HAMAGUCHI T, et al. Development of a
flavor hop (Humulus lupulus L.) cultivar, ‘Furano Magical’, with cones
rich in 4-methyl-4-sulfunylpentan-2-one [J]. J Sci Food Agric, 2022 ,
102(11): 4677-4684.

KAWA-RYGIELSKA J, ADAMENKO K, PIETRZAK W, et al. The
potential of traditional norwegian KVEIK yeast for brewing novel
beer on the example of foreign extra stout [J]. Biomolecules, 2021,
11(12): 1778.

WG, ALY AL X MTS RAE UK A2 IR [D]. 74742 BRPGIMVER%, 2020.
CHEN Y. Influence of hops on characteristic flavor of beer [D]. Xi’an:
Shaanxi Normal University, 2020.

GIANNAKOU K, VISINONI F, ZHANG P, et al. Biotechnological
exploitation of Saccharomyces jurei and its hybrids in craft beer
fermentation uncovers new aroma combinations [J]. Food Microbiol, 2021,
100: 103838.

YANG Y, WANG B, FU Y, et al. HS-GC-IMS with PCA to analyze
volatile flavor compounds across different production stages of fermented

soybean whey tofu [J]. Food Chem, 2021, 346(1): 128880.

WREEHR, DB, MR, 5. SOM @IS TR kB BoR A & T
A it SSOAS I P B P[], B i T A RGN 22412, 2018, 9(2):
396-401.

CHEN XY, HE JN, CHEN T, et al. Application of gas chromatography-ion
mobility spectrometry in quality determination of edible vegetable oil [J].
J Food Saf Qual, 2018, 9(2): 396-401.

FAN X, JIAO X, LIU J, et al. Characterizing the volatile compounds of
different sorghum cultivars by both GC-MS and HS-GC-IMS [J]. Food
Res Int, 2021, 140: 109975.

HU X, WANG R, GUO ]J, et al. Changes in the volatile components of
candied kumgquats in different processing methodologies with headspace-gas
chromatography-ion mobility spectrometry [J]. Molecules, 2019, 24(17):
3053.

X, B, RITE, S ST T RA SR @S- TR
MRS RROSAT W RERD]. B LB, 2023,
14(1): 236-243.

DENG J, LUO JJ, ZHU KX, et al. Analysis of the difference of volatile



314

B dn 2 4 R R I A 4R

F 14

(21]

[22]

(23]

[24]

[26]

compounds in different grades of E’se green tea based on electronic nose
and gas chromatography-ion mobility spectrometry [J]. J Food Saf Qual,
2023, 14(1): 236-243.

YANG YQ, CHEN JY, JIANG YW, et al. Aroma dynamic characteristics
during the drying process of green tea by gas phase electronic nose and
gas chromatography-ion mobility spectrometry [J]. LWT, 2022, 154:
112691.

WREAR, BKAL, SEPEMG, 4. BT HS-GC-IMS HYJOHE#E R SR & vk
RIRPITSIHTT]. At R4, 2022, 43(8): 1686-1695.

MENG XC, GENG X, HUANG ZP, et al. Analysis of volatile flavor
components in seedless wampee fruit at different maturity by headspace
gas chromatography-ion mobility spectrometry [J]. Chin J Trop Crops,
2022, 43(8): 1686-1695.

GE S, CHEN Y, DING S, et al. Changes in volatile flavor compounds of
peppers during hot air drying process based on headspace-gas chromatography-ion
mobility spectrometry (HS-GC-IMS) [J]. J Sci Food Agric, 2020, 100(7):
3087-3098.

LIN CL, PETERSEN MA, MAUCH A, et al. Towards lager beer aroma
improvement via selective amino acid release by proteases during mashing [J]. J
Inst Brew, 2022, 128(1) : 15-21.

LETTISHA H, LETTISHA H, MDUDUZI PM, et al. Flavour-active
volatile compounds in beer: Production, regulation and control [J]. J Inst
Brew, 2017, 123(1): 13-23.

YANG HE, DONG JJ, YIN H, ef al. Wort composition and its impact on

the flavour-active higher alcohol and ester formation of beer-A review [J].

[27]

[28]

[29]

[30]

T Inst Brew, 2014, 120(3): 157-163.

EeAe, TRElE, RN, % EET HS-GC-IMS x| 8 Al gtk
RJG A5 RZAEA B 07 9], B ETE S TT &, 2021, 42(23):
124-130.

WANG YH, WANG XT, GONG JS, et al. Analysis of volatile organic
compounds in 8 kinds of coffee beans before and after roasting based on
HS-GC-IMS [J]. Food Res Dev, 2021, 42(23): 124-130.

LIU B, YANG Y, REN L, ef al. HS-GC-IMS and PCA to characterize the
volatile flavor compounds in three sweet cherry cultivars and their wines
in China [J]. Molecules, 2022, 27(24): 9056.

HAN X, QIN Q, LI C, et al. Application of non-saccharomyces yeasts
with high f-glucosidase activity to enhance terpene-related floral flavor in
craft beer [J]. Food Chem, 2023, 04(Pt B): 134726.

TRME, R, TKEZEE. GC-MS TLIM T TSR b i UK 1]
th [, 2016, 35(10): 171-174.

WANG ST, YANG SY, ZHANG PP. Analysis of the flavor compounds in

watermelon craft beer by GC-MS [J]. China Brew, 2016, 35(10): 171-174.

(%4t # W KBLE)

& &N

TRk, BT, B, TERARFEA
RAEMEARREDEER S
E-mail: 568169115@qq.com



