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WANG Songtao"**’, SHEN Caihong'*?

(1.Luzhou Pinchuang Technology Co., Ltd., Luzhou 646000, China;
2.Luzhou Laojiao Co., Ltd., Luzhou 646000, China;
3.National Engineering Research Center of Solid-state Brewing, Luzhou 646000, China)

Abstract: Pyrazines are the flavor component basis of the baking aroma of sauce-flavor baijiu and are also an important
index for evaluating differences in quality. To explore differences in pyrazine content in sauce-flavor baijiu from different
regions, liquid chromatography-tandem mass spectrometry (LC-MS/MS), sensory evaluation and orthogonal partial least
squares discriminant analysis (OPLS-DA) were used to identify 16 pyrazines in 69 sauce-flavor baijiu products from
Sichuan, Guizhou, and other regions. No significant differences were found in pyrazines identified in sauce-flavor baijiu
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from different regions, but significant quantitative differences in content were found. Average pyrazine content in sauce-
flavor baijiu in Guizhou (26472.53 pg/L) was higher than that in Sichuan (18544.17 pg/L) and other regions
(16495.45 pg/L), and tetramethyl pyrazine was found in the highest proportion of the 69 sauce-flavor baijiu products, and

the content ranged from 64.81 to 50399.56 ng/L. The key aroma substances in sauce-flavor baijiu, 2-ethyl-3,5-

dimethylpyrazine, 2-ethyl-3,6-dimethylpyrazine, 2,6-dimethylpyrazine, and trimethylpyrazine had odor activity values

(OAV) >1 in the 69 sauce-flavor baijiu products. Tetramethylpyrazine, trimethylpyrazine, 2-ethyl-6-methylpyrazine, 2,3-

dimethylpyrazine and 2-ethyl-3,5-dimethylpyrazine were selected by OPLS-DA as the main difference of pyrazine

compounds in different places to distinguish sauce-flavor baijiu (VIP>1). The sensory quantitative results showed that there

were differences in the sensory properties of burnt aroma, baked aroma, paste aroma, grass aroma, earth aroma, green leaf

or vegetable aroma and nutty aroma. The results of this study provide an important reference for regional differentiation and

brewing process regulation of sauce-flavor baijiu.

Key words: sauce-flavor baijiu; pyrazine compounds; liquid chromatography-tandem mass spectrometry (LC-MS/MS);

regions; quantitative sensory analysis
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(14%): # 4 (HB-1), RH-1 & RH-25, XS-1 &=
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Mg 2,3- 2 AE-5-FH RN igE | 2- 5 T -3 HH ALk
W, (= FREnbng-2-50) e 2- 2,353, 5- - Stk
(& 2-2.3E-3,6- — F LM R AR, & 45%) Fr
HESh . =W (ESgR) iR ke eREA
B2 T ToK SBE(Eigg) . R (igg) . B
TS0 . AR ERHE LS A BRATE] .
LCMS-8045 — H PUM AT R AH €0 3135 5T 135 158 FH A
SRk 48 21 (rh D A FR 2> 715 Milli-Q Synergy
Ak RG BEERFIA A 52— R
MR -FER 2 A (V) A RR S 7l 2 mL SRR
M AR N ] Bl H M (565 GB/T 10345-
2007 BRif)FAE T PR G TAHBRAH .
1.2 LWHE
1.2.1 #rAEsmmIECH]  FREX 16 Atk &b
HE S, {5 IC/K £ BB H e B S BE 2 1000 mg/L
B BARR WK, T B 0.2 mL 4% B bR s W 50%
Vol ZBEEZEZE 10 mL b, 25 0R vl Sk 5
20 mg/L, /75T 4 C vKFH . XFAruEdn i IR G M
B BE, 45 2 [ 2 v B VR A bn v TR, 15 LC-
MS/MS 434 -
1.2.2 LC-MS/MS ¥ 25 1 WAH 25 4 R 32
Gemini C6-Phenyl 110A% AH {4 i#% 4 ( 4.6 mmx
250 mm, 5 um); AR 40 °C; WshAE A FH25 0.1% =
FMRKIBR (ST 0.1% WER), WishAH B AHy FEE;
A6 BE YRR AR F . 0~22 min, 93%~80%A; 22~33 min,
80%~93%A; 33~40 min, 93%~30%A; 40~47 min,
30%~93%A; 47~50 min, 93%A; %y 0.6 mL/min,
PERERE SN 20 pL. RS SA4: Fmiss E & T (EST),

22 2 W W i A% 2 ( Multi-reaction monotoring, MRM)
M52 B R 4.0 kV; 5400 40X 3.0 L/min;
TR AU 10 L/ming ANFEVE: 25 10 L/min;
Al A8 A G BRI R AETIRLEE 250 °C5 InFRABEHL IR e
400 °C; E:MRE 300 C,

FLHL 2 mL IBAR¥E Wt 0.22 pm A HLIERR S &
FhRE AR A, 15 LC-MS/MS ERESMHT, B EES
HFE 3~4 K. 16 PSRBT SEOER 1.
1.2.3  BEOT)ME MFIEEE(OAV)ITA i
HH GB/T 33406-2016< 1775 XU [ 6 0 2 8 7 ) v i)
+ ##7% (Ten Sample Test, TST ¥ ) A2 ASTM #r #E
E1432 iy At EI{E: (Best Estimate Threshold,
BET ) M5E 16 Fhulb 251k G4 i) & < SMH (Odor
Threshold, OT) . PP A5t B 24~32 Z 1 LIEA R
R AE B g AR Ll R, it 9 44, St R BE e
SR, MBRATUE T A PERR I 25 PR R 25 14l
ek 5B RS B A 53% Vol AYTERS IR SR -
SLEGAE S ECHISR 3 ARk EERR RS, AR 0 20 B
Hr, PEHBEAE W] S JBSZ R Sl O AR Sy e 7 B R
W o P REMRIR R AE N 2 LERE IR 3 4540 BEF B
W BEETHMr AR, PEHT A SO RIS Sl e i e B
TCyE IE A FIWT I, P88 = T R B 3 A%
TR IR ity s X AR I AR ot B AR 3 e T A A T, P
B MR TR RN 3 A5 . IR ILATA
(Curve Fitting, CF )= ASTM E1432-2004, %=1 LA
MRV B 1Y) 10 A TS A AT B S R A AR (X0, PP ek
A B B TERR IR A U S PR SR B LB
FYNAEFR(Y ), SN, —HEARBR R, TR HY TST i Y=
50% JITXF I RISk XU BT i I 2 AR =X
TR RIS I TE 53% Vol Tk i) OAV fH.

#1 WELEVFIESE
Table 1 Mass spectrum parameters of pyrazine compounds

G5 G W4 Fx YA H U 7] (min) ATAES T (m/z) YT (m/z)
1 LIS Pyrazine 10.740 81.05 5420, 28.15
2 2-HJERE v 2-Methylpyrazine 15.172 95.10 68.15", 54.05
3 2,3- P Jknig g 2,3-Dimethylpyrazine 17.039 109.15 68.10", 42.05
4 2,5- HI Rz 2,5-Dimethylpyrazine 17.879 109.10 41.10°, 82.05
5 2,6- HI Ll g 2,6-Dimethylpyrazine 19.326 109.10 41.15", 68.05
6 2- LN 2-Ethylpyrazine 25.556 109.15 94.05", 82.05
7 BB Sl Trimethylpyrazine 15.995 123.10 82.10", 55.10
8 2-ZHk-3-H ALk g 2-Ethyl-3-methylpyrazine 29.120 123.10 108.10", 82.00
9 2-Z Hk-6-HU N g 2-Ethyl-6-methylpyrazine 30.387 123.10 108.10", 82.00
10 Y FE ek g Tetramethylpyrazine 13.955 137.05 55.10", 96.10
11 2-Z.3-3,5- T H SRl 2-Ethyl-3,5-dimethylpyrazine 26.619 137.15 122.107, 80.10
12 2-Z. 53,6 F L g 2-Ethyl-3,6-dimethylpyrazine 27.552 137.15 122.10°, 80.10
13 2,3-Z LIkt 2,3-Diethylpyrazine 45.057 137.10 122.10, 108.10
14 2,3- T 2 K- 5- 1 Lt s 2,3-Diethyl-5-methylpyrazine 44.798 151.10 136.10°, 96.10
15 2-5 T -3 F e 2-Isobuty-3-Methylpyrazine 46.917 151.10 108.10, 122.10
16 (= HH Jnf s -3t ) F it (Trimethylpyrazin-2-yl) methanol 12.832 153.10 135.15", 93.95

HE: FRonE R T
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INFERPERS T TR BIME, pe/L o

OAV =1, NSRRI STERE R K, OAV<L,
DU RZEZ IR ST AEAE St X XU 1 BTHRAR /)N o
1.2.4 BEEWH 218 GB/T 10220-2012 JBRE 4
AT e Y 5 GB/T 10345-2022 9407 715 )
SEMASEARE, th 6 44 (2 BB 4 L) A 3 4RI EH
W S PS8 (B R /48 9 I PR ) B 220 B 4H
PN, SR R PP B R G . 38 AL, TCIARI FATE S P
=, FNIREN 25 °C, EIESE 3 K. 50K 20 mL
FEERY AR B FH T S22 b, BT S
B R HEREDEA FIECE P, S A TR B
JEE, Sad ZWRHe e, B CHUSE IR E
CERTT ORI CRRTE ot eSS A
A 69 FREE A IR PP Y IR A SRR E el . 0k
BB A SR E RIR IR E A E B AR E, VF
RESTECN 0~5 53 (0=TC Bk, 1=4EH 55, 2=55, 3=
S5, 4=n, S=AEHEY SR ), I 3E o TSV o e gk
HROU7
1.3 BRI

KA SIMCA At 14.1 947 534BT LA S A
UK gdE; K Origin 2021 BAEXHI 5E B oA AR
B ANER A 2l RISOTHIREER BN A =&
T4 https://www.omicstudio.cn.
2 HBRESH
2.1 LC-MS/MS J5iEF#ER

3 L RIS A Y AR B TR . AT ES S5 e
B A 00 B o R AT o e, IS 22 I N W

( Multiple Reaction Monitoring, MRM) J7 % i#47 %E
o SRIHIMREEXT 16 Rl b &M AT 2 0
B, BEAFES A 3 IRIBCEYE . LIEMR L 3 N
10 3 BWERREN B ARMb G012 07 2 ket BR 5 0 B
B, 16 PRI EZEIL S PRI TE SRR KRR . 2 &
B REBE AR EDRCR AN 2 Fras. 16 FhukbgEs
& W 7 D e 2 P Y Bl N R PEAR S R EU(R?) =
0.995, MR RIAF, fHiBRA 0.69~43.47 pg/L, xE
HBRA 2.10~95.21 pg/L, H PG E 0.23%~4.71%,
H 18] K 25 B 1.03%~4.11%, JNAR [\ IR 82.22%~
105.67%, A7 50T LA T k28 ib 54 & i
PRI
22 MRUEIESENESR

69 AT 16 Pk b5 & &0 4
B I 52 &5 5 UL CBfF ¢ 1, 3% WA T B ™ https://
www.spgykj.com/SCE LSRR . 11 Btk ib 54
TE 69 PP FRPAE T ERE KL, 69 3R 1A
T rp ol T ZY-1 RS S Y R S
73931.86 pg/L, 4xvb-E. JS-4 nEESib G4 B 8B i
IR 5020.36 pg/Lo R AN [R] 77 i 36 75 75U 1 7 45 Nk g
TGP EA T B i HERR AR E o0 (] 1a), 7T LLBH
i, DU LN 69 Fhie 7Y iy b i i
B, VR 64.81~50399.56 pg/L, LR — NN
B, S E Y 914.83~10405.18 pg/L, (= HI Lt -
2-38) s B i 5 LU, Sy EIy 0~245.42 pg/L.
SUINHB X 42 FAB AL RS G W 8 S E S
=k 26472.53 ng/L, PUJIHEEX 18 sXTERENL S &
W) B 18544.17 pg/L, Hoftdi X 9 5538
FENLEZAL G 2 B P E S 16495.45 ng/L, 5t
PG FE Y PRI S 28 B e, SOk

216 FLRALS YRR Z R T R | RVEIE R AR | s i PR RS B R [l R

Table 2 Standard curve regression equation, linear range, limits of detection, limits of quantification, precision and recoveries
of 16 pyrazine compounds

1 RS y=118.87x=53.157  0.997  101.40~2028.00  43.47 95.21 0.50 3.00 99.65
2 2-F ki e y=113.19x+5747.8  0.995  50.80~2032.00  20.98 38.24 2.36 1.61 85.46
3 2,3- N y=437.55x+19896  0.999 5.24~524.00 134 3.66 2.55 274 103.71
4 2,5- R kit y=558.45x+37952  0.999 4.84~967.00 0.97 2.54 0.23 1.93 98.37
5 2,6- . FLnit y=294.17x+24871  0.995 4.81~962.40 2.55 3.29 1.07 3.35 92.11
6 2-Z HEnkE y=403.64x+33276  0.999 5.10~510.00 2.02 4.63 1.81 2.83 105.67
7 =N y=532.09x+287829  0.997  4.88~9750.00 1.33 2.11 3.29 1.03 90.93
8 2-ZHE-3- kb g y=1103.3x+65796  0.999 4.86~487.50 0.69 2.10 1.02 3.62 102.50
9 2- L H-6-HIHEME g y=585.47x+259196  0.996  5.00~10000.00 1.03 3.76 0.94 3.28 88.84
10 PG R i g y=1515.9x+937018  0.997  50.50~20200.00  2.58 4.49 1.39 2.56 96.53
11 2-43k-3,5-TIAEIEEE  y=1779x+102243  0.998  5.50~5500.00 2.65 4.81 4.48 4.11 82.22
12 2-CHE-3,6-ZHVENLIE  y=1392.2x+41383  0.999 4.50~450.79 1.88 3.00 3.52 3.31 89.49
13 2,3-Z kg y=154.41x+11312  0.997 5.05~505.00 1.53 3.95 3.00 2.10 96.48
14 23-ZHE-5-HIEILIE  y=484.74x+15324  0.998 4.92~984.00 2.65 4.36 4.71 3.51 96.15
15 259 T HE-3- kg y=272.15x+14141  0.996 4.97~497.00 1.69 3.34 3.07 2.09 99.55
16 (ZHUJEMEER-2-HE) Y y=9432.2x+89491  0.998 5.00~500.00 2.47 4.09 3.85 3.13 84.47
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