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Research Progress of the Detection, Source, Aroma and Functional
Activity of Pyrazine Compounds in High Temperature Daqu Baijiu

ZHU Yanmei, CHEN Hengye, DENG Gaoqiong, FU Haiyan’
(School of Pharmacy, South-Central Minzu University, Wuhan 430074, China)

Abstract: Microcompounds, the key factors for the difference of flavor and quality in Baijiu, are one of the hot topics in the
research field of Baijiu. Pyrazine compounds are a kind of microcompounds which contribute to the formation of the flavor
in Baijiu, and are also important functional components in Bajiu. In this review, the types and contents of pyrazine
compounds known in high temperature Daqu Baijiu and their common detection methods are reviewed in detail. And the
source (microbial synthesis and Maillard reaction), aroma and functional activities of pyrazines are also discussed.
Pyrazines, which have both flavor and functional activities in high temperature Daqu Baijiu and are closely related to the
microbial fermentation and brewing process of Baijiu, will be widely used in the production, quality control and

adulteration identification for Baijiu. This review can provide theoretical reference for the study of pyrazines in Baijiu.

Key words: Baijiu; pyrazine; high temperature Daqu; detection; functional component

FB SPRBETE, s . oK /N SERR YIRRERY 225, T2 AT AN [RIMR I T 2000 0, Ak T
Bk, i e | il SRR SHAT AR | 2 ST DRUBR A S5 (1 —ORAR A, Horh A | e L 2R
—FRINIZ L TP PR TR Y R, P s & F v A Y P TR M el A AR e iR A T 2R
A R, TR E M A FRK BT E T T, SX PRI T 20 O B s A

RS EHEE: 2022-04-22

EHEWB: BXAAMFALTHRA (32001789,32122068,31972164 ) ;i1 25 4 1 3% W BF 2 AHAH XA B (KJ2023077 ) ; B RE AL %T A
(2020YFC1712700) .

TEETIT: RBE (1998-) &, MEARA, FFRH 6 5 AHEFHARAER DL 4N P69 2R, E-mail: 2604324715@qq.com.,

*EEES: A% (1983-) 4, 4, #d4%, B @ ymi%?ﬂriﬁfh 25 Ao 64 52 R, E-mail: fuhaiyan@mail.scuec.edu.cn.


https://doi.org/10.13386/j.issn1002-0306.2022040256
mailto:2604324715@qq.com

544 5 S )

AHSE 45 B RIS A MRS, SRAR , T DI RERG PRI fe - 421 -

WROCHEANI . Mot e AR AP A F 0 e U2 v
St il i AR R SRR 60 ¢ pygRh, TR
AR 4 s, s T SERTAEs N, [tk 24 P Y ARtk
AL PRI S s TR P, JCLA
DU R RER A oA B3 TR P A O Y R i R
FR Bl A= 0 A Qs R & B ot R v ) SE PR S N PR AR Y o
£ AL R E 2 TS B M S by es
52 E LA DO B SN g Al R SEIE B B PR
B AL i MRS R FN e R SV E R, HAE R
250y H [a) Al B 25 S el R A TFIE YT SRt i A5
YN | JEENE | PSR 2E U BRAE SR, R, ke b
PIAART P 1 XURAT AR BTk, Rl 2 dm e
AR TNRE R T ITAFSIAE IR IE ad R v, kg
AP SZ BN TSI 22 1) 0
MR G IEFEREIRRI 1, 4 EF P RRE T
M2 IS, FE R SR G B3 & 1At A v 3 i A7
W, HOTHERAE . S Rb PRI, ks aER—i
ATl R | SRR, BSR BT AR, (2
R RIBREHEHC 7 b, IR B ] LA B
AR IR . S 4 MATT FHVERS 255 [a) {4, Flanntt
WEBR BNk g -2-¥2 1R i T HOA S A T AE S
4 DNA s s AR buss 2 i rh e 1
2o = ARAR, A AR ARG I H R RNk | 2,5-
TR IERER AN 2,6- H BEAERES S5, 2 H AT R, A
B IVFZ IR T sl A PR A v A )
T EREIY . RS SST, HRTEW P S
M T Z AP s sy, Forb g2 b S o ks 2030 =1
Fh, B SRS LR E I R T 2SR i A e ¥
| HeF RN R g vh s 2, IE IR, W
BRI /b, AT 3R F SE AR R N R A A G

FRAET S A W T A AT 25 B DI E
FEPERICIA SR S TP AR Y S S SRR, TRt
AEMERAA A RIS A ST, S P gl
B PIRIITFERT I AR R 5T A A LS PR S 51
AEEE

ASSCRAGEVALN T H A = R R b kSl
EYENSMIFFEBIR, PRAAZEIAR T HAPE | S E A
RN 51, IR HOR YR (B AN SR8
B FANE 28 L AT PR A DI RETE MEEA T T
PRUT, f i R T MRS T B SR P AN e
BRI, DA R it 2 te 5 g
W EIIE S
1 SERAHBABEPEENHRELEY

FIRI, F P rgnt 2o G oAl 3 =+ Fh,
PR I R R T 2 A8 A ] 7 2R g 9 H S D )
ML SIS R FEEICGR D B
SEAFNON SR AU 6 A B AT R A 28 B P Y
RN AT T 5387, G5 R W & B A itk
YRR 22 T AR, IF HAE S Ll R
225, EE A AN TR I S W) S TR e A TR
FERY 46.95 A% 25 IE P AFN Y SRR i PO 22 AT 55
IR JF L i DA OB A 10 | A 1R | 2 RR A AU P
TP ARSI H 2-H g | 2,5 H R | H Ll
W 5 PRS- G 1, HA AP AY DU Enip s
EE AR T HE 4 PR e S Y
AU SR T [ AR AR B = UBTR HE A E A [A]
7 DX AR i IR I L P A PR R B 25 5
435 2R3 I Y R SR nH R g e P R e e 15 S A A
1z FHRZE B, & AU - R R - e P B8 13148 52
ARAGE I Z1] 0 FH SR itk W A 9 A R A v B e R

1 R T RS B [ A 2 R R A S AR A S R (ug/L)

Table 1 Types and contents of pyrazine compounds in Baijiu with different flavor types brewed by high temperature
Dagqu process® *}(ug/L)
. N AT WA el ZIRRTFEY

i ikl BRI RK2 MK ORI Rk RS ERSL R e

1 LA 37 10 23 23

2 2- R ALt 323 199 150 21 25 26 154 191 154

3 2-Z Kk 60.31 20.56

4 2,3- Lk 660 117 80 11 18 22 48 157 48

5 2,5- 3L 143 110 100 8 10 21 57 83 57

6 2,6-— F ik 992 873 460 376 75 96 341 792 341

7 2,3,5- = H BNk g 302 940 390 16

8 DY FE Sk g 53020 731 195 23 120 156 482 156

9 2- H-5- T RN 27 23 4 21

10 2,3- T JL-5- 2 ik g 820 330 140 39

11 2,6- . FEnkE 247 36 275 14 8 40 88 40

12 2-2.F-6-F Hnk 796 349 230 108 73 78 244 418 244

13 3-2.3-2,5- I Stk 83 23 8 4 12 31 27 31

14 2-2.5E-3,5- LI 1402 231 57 28 14 93 299 93

15 = BN 4965 712 294 53 69 217 729 217

16 2-HIHE-3,5-— 2 Rk 420 40 23 10 61 17
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Table 2 Preprocessing method of detection for high temperature Daqu Baijiu
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Table 3 Development of detection techniques for pyrazine compounds in high temperature Daqu Baijiu
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UPLC-MS/MS AR R SR, BR /N, TCT B, W R TSI R BB R, T R % [18]

& 251 37 F GCxGC-TOF/MS fll UPLC-Q-TOF/MS
AR A RIS ZH 2R 58 T R i B o EA g
Al pY e R, Kb i b &) 647 Fly, Hodhdg:
KA Y 401 Fh, LIDSF HGEALA P AL e 2515
Wk 3, AR R ARG Y 246 Fh, LA HLAIEFERRZE
TG F . X FilFH i O A - = 2 DA T
RS | W AR T DT B RS R, I1E]
AP ARSI FH S HH 2R LR TR - AR LR 57 T TR X PR A
FFAERIEA A, 5 R BOR, KATR L FEsES A
i e B 9.80 ng/mL, 7K 2 BR 5 T R 0 e B 2
1.15 pg/mL, F| FH &880 AR - — 55 PUAR AT BT % m] LA
A6 | Db AN HY PV PR LR LR AN £ PR 5+
T HEEX AT A& i, S T O A RS BT R
MFRAE T —FF a1 7 o SRR - = 5 PUB AT ot
TR T J LA R R BT i ds, T B e
e . R FNEPEE, FRIE S ARIIME P X AR 2
RZ PP . FEREIN SR P R XU & e, BA
— PRI T B B —E i R BRI, SRR B
Zh A B N AT R e A 25 SR A R PR . B E T
HR e G2 AL A Pk TR XUBR D sk e A 58 X0 VY %) B
EE A TS X, UrLAsE A G FEXT I P kg
A YDA TR S, — i BRI P AR IR T 25
RISk G W 4 A R A 2 P TR B LE AR P A iy 7%,
M TS AG I 2% S B O Rk R R e, SRt
FAA PR A G R A B AR D713 R
3 MRSV EIRRE
31 ERERMN

SEPIPE N SE RIS M A E S G = (8] 1)
SN SRR 2 s N, 1912 495 vk E b 22 KR L.C.
Maillard &, | {2 B4 FE AR A7 BT
AP PR e A v X SE R A 2 I AR v R e L
TR BEATSHARZIR A T2, SERfE R N A ™
Az RS I, [RIAT A T A sy | nHmg 43 0. &
FINZEIME A, X LY T BARAET b & B, B
ST P T A AR AT A XU 5 B AN T SE v A S N
PRI TTER . SERIAEI N I AR AR A 2R, 2 H R 1k
AT A 2t B I ( Amadori) 55 -HE AN ET 45 85 58 R
(Strecker) AKX PRI EEA T B0 BRI DR, T
ot SN H i R 4 A BN LERAT VAT T A B B R
RS, U R SRR S T P R T RE R T, Hok
TS T REYFETE . RizzP?! B HAE LR N
HFESeH 2,3-T HAAT -2 3EMRE i Strecker [Ef#

e 3-SR 2- TR, RIS S TIY 3-23E-2- T Hiim
T SEAZ NG SN I /K S A A g d FE JEntkige (& 1) 6
J& >k AMRANIHEMAIMI 4509 3@ o [ 32 ZR AR ic 19
A TR AN H E PRI IT T P8 i Ptz 59
A AR, 2 B2 SR T A SRy ot SEHge 5 L e
BURIER . B RTARXS T PUH 3Entkgesle i, Hepnhgess
W 5T ) B e ML v A B, AT i — 2429
% 30 JLAF Deng %5 P J 81 BT AR AH B /R FH AN 2 Fn
pH PGH T RERR 6 T i SR = R R ik
W FEL B, (B e S 7 s R AT LA et B i i A & ke
FEARAMHIVE . H AT LAAR ) 56 R7 45 57 3 B R i
P22 G IR L BFaE] L YRR L pH AR e A
JEAERS P A AT AR S M), ] A4 iaam e e il e
R SR IR S P = ) ) St T s A = 12,
T T

R
HC—C=0 /COOH
+R—C -H,0  H,C —C=N—C—COOH
H,C—C=0 AN T H
: H,C—C=0
]
H H
—-CO, HC—C—N=CH _=CO,  H,C—C—NH,
g ~RCHO
H,C—C=0 H,C—C=0

N

H o HC~ CH,
2 x HC —(lj—NH2 0, |

0,
H,C—C=0 He” SN CH,
P 1 SRR Y At s T AR Y A A
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Fig.2 Possibly biosynthetic pathway of tetramethylpyrazine
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Table 4 Aroma characteristics of pyrazine compounds in high-temperature Daqu Baijiu

371

A= LE AR I TEA6% Vol RS K IR TR P I LSE BI(E (ng/L) IR (ng/L) PRSI
1 2-FR Bl R, BN 121927.01 138 0.001132
2 2-Z KN S Ib I SR 21814.58 41 0.001879
3 2,3- Sk R, WA 10823.770 129 0.011918
4 2,5-HIFEmER KK+ T A 3201.90 66 0.020613
5 2,6- - H Stz HE 21814.58 283 0.012973
6 2,3,5-=HIEMEE . R BT 729.86 278 0.380895
7 DY FH kg - R PRI S 80073.16 6861 0.085684
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Table 5 Functional activity of tetramethylpyrazine
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