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# E: BB A SsURAH G (high performance liquid chromatography, HPLC)[R] B & A i 440y ¥ 7
R 12 Rk b S0 &R k. & FEREALE I CRZER, WA ISP REE S . R Cs
HEATE (250 mmx4.6 mm, 5.0 pm) WEMLREIAEYI S 5, B5E 208, X AR R AR 03 7 AL g otk
RS WA T R0, SR 12 PRIk S W2t R R A7, 7ENTEREE 0.1~10.0 pg/mL JE[EIN, AHC
FHEHBKTF 0.99, K HBRAE 0.06~0.29 pg/mL, & MEAH X FRHE i 2 (relative standard deviations, RSDs) iz [Fl
¥ITE 1.3%~2.8%, £ 1, 2. 5 pg/mL 3 DHREZKET AR ENLER 80.8%~108.3%, 1% RSDs v I3 7E
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Simultaneous determination of 12 Kinds of pyrazine compounds in different
vintages of Maotai-flavor Baijiu by high performance liquid chromatography
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ABSTRACT: Objective To establish an analysis method for the simultaneous determination of 12 kinds of
pyrazine compounds in different vintages of Maotai-flavor Baijiu samples by high performance liquid
chromatography (HPLC). Methods The Baijiu samples were extracted with ether after alkalization, concentrated
and then fixed with methanol. The content of pyrazine compounds was determined by Cs phenyl column (250 mmx
4.6 mm, 5.0 um), and the differences of pyrazine compounds in Maotai-flavor Baijiu samples of different vintages

was analyzed by multivariate statistical analysis. Results The linear relationship of the 12 kinds of pyrazine
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compounds was good in the concentration range of 0.1-10.0 pg/mL, and the correlation coefficients (r*) were all

greater than 0.99, and the detection limits were 0.06-0.29 pg/mL, with the relative standard deviations (RSDs) of

reproducibility were 1.3%-2.8%. At different concentrations of 1, 2 and 5 pg/mL, the standard recoveries were
80.8%—108.3%, and the RSDs of precision were all in the range of 0.27%~4.80%. The content of the 11 kinds of

pyrazine compounds showed an increasing trend with the increase of the storage year of Maotai-flavor Baijiu

samples. Conclusion In this study, a high sensitivity and good reproducibility for the quantitative analysis of 12

kinds of pyrazine compounds in Maotai-flavor Baijiu samples of different vintages is established. This study showed

that there is a correlation between the content of pyrazine compounds and the storage year of Maotai-flavor Baijiu

samples.

KEY WORDS: Maotai-Flavor Baijiu; pyrazine compounds; vintage; high performance liquid chromatography
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Table 1 Sample information on different vintages of
Maotai-flavor Baijiu

GRS

1 NFJ5-1 5 4F L3-0023 (i M)
2 NFJ5-2 5 4 L3-0024 (854 )
3 NFJ5-3 5 4F L3-0025 (AR )
4 NFJ5-4 5 4F L3-0026(fAhTE)
5 NFJ5-5 5 4F L3-0028(JLAhTHE)
6 NFJ10-1 10 4F A04-236(i%HTE)
7 NFJ10-2 10 4F 13 355 (5 TE)
8 NFJ10-3 10 4F 14 355 ()
9 NFJ10-4 10 4F 15 55 ()
10 NFJ10-5 10 4 16 175 (B0 H)
11 NFJ15-1 15 4 B04-73 (AR TE)
12 NFJ15-2 15 4 B04-74 17 (I AHE)
13 NFJ15-3 15 4 B04-75 32 TE)
14 NFJ15-4 15 4E B04-76 3z (i A7)
15  NFJI5-5 15 4E B04-77 I5(ML5LTHE)
16  NFJ15-6 15 4 B04138(i Ak iH)
1.1.2 &

O (3 2, 1 E B S Al ) 2- BT R g
(2-methylpyrazine, 2M), 2,5-— FHBLAlEER(2,5-dimethylpyrazine,
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FH15E

25DM) . 2,6- i JEALIZR (2,6-dimethylpyrazine, 26DM) . 2,3-
—HAFEN R (2,5-dimethylpyrazine, 23DM) . 2- £, 3&-6- F JE N %
(2-ethyl-6-methyl-pyrazine, 2E6M) . 2,3,5- = I %t nif 1%
(2,3,5-trimethylpyrazine, 235TM) . 2,3,5,6- U F 3 nik i
(2,3,5,6-tetramethylpyrazine, 2356 TTM), 2,3- ./ FE-5-H 3%
Mt B (2,3-diethyl-5-methylpyrazine, 23DMSE) ., 2- Z, 3
-3,56- = H OH ik B (2-ethyl-3,5,6-trimethylpyrazine,
2E356TM). 2-Z K:itBE(2-ethylpyrazine, 2E), 3-Z.3£-2,5-
T H Ll % (3-ethyl-2,5-dimethylpyrazine, 3E25DM)., 2,3-
L FE-5-H LN R (2,3-dimethylpyrazine-5-ethyl, 23DE5SM)
PRUEYI BT (LEEE>99%, dbatIRMIRHE A PR A\, R . &
TR, ZBECRHETT R RO A BRA Al); ffLugsk (FLAE
0.22 um, IGZEREE A,
12 UFE5EE

2695 WAHETE RGE(FCA D ERTINE, 8EIRAEH 2 H]);
3-30K S B3 B O HL(EE [ Sigma A H); AB265-S B4y 22—
B 7P -1 METTLER TOLEDO /A ]); Milli-Q B 4fizk %
(EEZRNE/A F]); N-EVAP 112 #4035 E Organomation
/A H]); LGN-D130 Z SR A A FI s RHE A ).,
1.3 R r5E
1.3.1 &#5ns

Phenomenex Gemini Cg A< 3E41(250 mmx4.6 mm , 5.0 pm),
FEL: 40°C, WEIAH A: ZJE; WA B: 0.1% /KIS, i
B 20 pL, BREEDRBIRRT AR 2. ORI 280 nm, K5I
K 348 nm,

+x2 BEERER

Table 2 Gradient elution procedure

it 8] /min I8 /(mL/min) A% B/%
0 0.6 3 97
20 0.6 3 97
50 0.6 18 82
60 0.6 18 82
62 0.6 3 97
65 0.6 3 97

1.3.2  AR/BIER OB S

00 R TR A5 WLk 8 s o 3 A, A P RO S o T
WWREN 1.0 mg/mL FIFRUHESGE AW, 43 B E ik
SR LT 4598 1.0 mL T 10 mL &8, FEBKERR
Z1B, PHIRAPRIES IR
1.3.3 #enara#

RS2 pULT AP P A el sh, HEE 10 mL
FHEARG T 50 mL 2.0, Y6 12 mol/L NaOH ¥ pH %
12, FH 1 mol/L NaOH i pH &y 14, il A& & NaCl ffi 3
MR, 1S mL ZEFEE AR 2 1k, .08 LI, 70°C
KIRFERBEFRRL 0.5 mL, HAFELHEERE 1.0 mL,
i 0.22 pm YEBS AL

1.4 BB

{1 SPSS 26.0 X ¥idla itk A7 483124434, KT SIMCA
14.1 X7 4343 M1 (principal component analysis,
PCA) 5 1 & /N — 7 H| 5l 43 Hr (partial least squares
discrimination analysis, PLS-DA), #A%%F Excel 2019 %
#l, R Origin 2021 B AFH R iE 54

2 HRED

2.1 HPLC &4k
2.1.1 ARshAReHKAL

TN EARE AP0 53 B | 2 R I T 52 45
Ko AWFFES AR SIAH RS, ALFEK-CHE . 0.09%
BERK-Z 0 . 0.1%BE R /K -2 G BEAT B 2%, SR 1 Br
R, K-CIEVEBCR AR, W 22, F2m R B gl e I,
WEER LB 0.09%F1 0. 1%, X438 B R A K LE 1),
R L 0.1 % B 7K - 1A R AE A s A

50 [ K-ZJiE 7
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6 | 0.09%BER/K- 2N 11
5,
-
E2 0
S
0
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6; 1
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0
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E: 1: 2356 TTM; 2: 2M; 3: 235TM; 4: 23DM; 5: 26DM; 6: 25DM,;
7: 2E356TM; 8: 2E; 9: 23DMSE; 10: 3E25DM,; 11: 2E6M;
12: 23DESM,
K1 12k ERE A S UIEA RN SR T B89 @i ]
Fig.1 Chromatograms of 12 kinds of pyrazine compounds on
different mobile phases
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Fig.2 Chromatograms of 12 kinds of pyrazine compounds at different
flow rates
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Fig.3 Chromatograms of 12 kinds of pyrazine compounds at different
column temperatures

22 FEFER
221 ZAMX R BRER

BRI 1.3.2 RSN, HlRFRA X
TR TAEVATR, 208 1.3.1 P a s &Rt adr, LIS ST iR
Al PR TR AR (Y) 55 JEAH A9 BT f v B (X, pg/mL) 2 il s 4
28, DIfEME H(signal-noise ratio, IN)A 3 B 4355 BR 5 o ik
Y& K H FR (limits of detections, LODs), £5 5 5% 3, 45%
71 12 itk G A i BT fe e R LA RATF IR M R,
MRBEECHH AT 0.99, LODs ££ 0.06~0.29 pg/mL.

£3 12FMRiREREERSIE. &MEE. LODs

Table 3 Regression equation, linear range, LODs of 12 kinds of pyrazine standards

b2 sl {5+ B3 i} [ /min Ry r’ LYV (ng/mL) K R /(pg/mL)
1 2356TTM 14.305 Y=164388X+1791.1 1.0000 0.1~10.0 0.09
2 2M 17.563 Y=227528X-16623 0.9991 0.1~10.0 0.11
3 235TM 20.739 Y=145103X+5274 1.0000 0.1~10.0 0.14
4 23DM 22.254 Y=155280X-194.46 0.9992 0.1~10.0 0.15
5 26DM 23.578 Y=254389X-14667 0.9989 0.1~10.0 0.11
6 25DM 26218 Y=243827X-9856.4 0.9999 0.1~10.0 0.13
7 2E356TM 30.359 Y=90023X+2845.8 0.9999 0.1~10.0 0.25
8 2E 36.102 Y=232090%X+12.521 0.9999 0.1~10.0 0.11
9 23DMSE 39.348 Y=162764X-6960.4 0.9985 0.1~10.0 0.12
10 3E25DM 40.333 Y=68038X-8037 0.9945 0.1~10.0 0.29
11 2E6M 42.606 Y=363361X-21468 0.9978 0.1~10.0 0.06
12 23DESM 56.795 Y=226082X+13729 0.9997 0.1~10.0 0.09
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222 FHMARE

RS AR AR 10 mL, % 1.3.3 5 saPtr
il 6 Brbilih i, HERESAT, IO IGEIRIAR, THEAAHRT AR
{75 (relative standard deviations, RSDs), £SR3 4, Hi# 4 7]
H1,2356TTM, 2M , 235TM ., 23DM , 26DM , 25DM , 2E356TM
2E. 23DMSE. 3E25DM. 2E6M & Ay e MHksess o5
H13%. 2.4%. 1.5%. 2.2%. 1.3%. 2.8%. 1.9%. 2.1%. 1.6%.
24%. 1.6%, RSD JLFEIITE 1.3%~2.8%, FWIZ LS IE
R, 3 Y T P S RO ik R

223 FeAREDK EAn T A E

BCil 53% M L BRI TR, AR as FHBERE, 4330 1.2,
5 pg/mL 3 AN [E] KOV B R BE AR U A i A T AR TR
R, BHEMACHR 6 A PATREM, Lh 6 M TATRERL Y
IGEARN RSDs 1ERZ A k% . 3k 5 alAl, 12
Ptk 2y 5 - 25 [RLBCRAE 80.8%~108.3%, RSDs it [l
BITE 0.27%~4.80%, LA R AF RS % 5 M EhioR, R
Dk MERS L RGP, REW R EAER LT 12 Rk s
YRR 3K

F4 RHHRECEYHESHRBRER
Table 4 Repeatability test results of 12 kinds of pyrazine compounds

e el VTR 1 VTR 2 TR 3 VTR 4 VTR 5 IETH L 6 RSDs/%
1 2356TTM 2409785 2343273 2382199 2363820 2332838 2332247 13
2 M 166139 173878 173122 164646 173434 167857 2.4
3 235TM 2289574 2247270 2252238 2248620 2244180 2326520 15
4 23DM 345317 353338 335845 340576 333922 335728 22
5 26DM 1462427 1517508 1508445 1486567 1487483 1486094 1.3
6 25DM 222001 235850 222155 235563 231513 226213 2.8
7 2E356TM 49280 50488 47833 48918 49872 48893 1.9
8 2E 30851 30709 29419 30830 30863 31325 2.1
9 23DMSE 1223243 1200074 1212398 1170518 1202078 1220021 1.6
10 3E25DM 18057 18141 17423 18764 18053 17822 2.4
11 2E6M 1000600 981173 980845 1011187 999477 969859 1.6
12 23DE5M - - - - . )

T RS T R R, ARA
F5 12 MR EMRMIRERERLER =58
Table 5 Results ;fytrl;e;is;:ll((i):;lol:lfg:ery of 12 kinds of e A/ (ng/mL) /% RSD/%

A MASE/(ng/mL)  FIECR/%  RSDs/% ! 90.3 2.89
1 101.2 2 44 2E356TM 2 104.7 1.99

2356TTM 2 102.0 2.33 5 99.0 1.18
5 98.3 1.31 1 972 1.63

! 2.0 3.81 2E 2 100.5 0.98

M 2 100.6 3.97

R 1003 23 5 96.3 1.07

1 100.3 225 ! 103.5 424

235TM ) 101.9 027 23DMSE 2 102.7 2.42
5 98.0 1.15 5 101.0 0.80

1 103.5 428 1 82.4 3.19

23DM 2 108.1 221 3E25DM 2 80.8 3.70
5 102.3 0.54 5 102.2 3.62

1 96.4 2.75 1 99.6 3.78

26DM 2 108.3 1.95 2E6M 2 105.8 3.44
5 102.5 0.97 5 103.9 3.39

1 96.0 2.46 1 99.3 4.80

25DM 2 103.6 0.95 23DESM 2 80.8 2.08
5 98.5 1.15 5 101.4 4.42
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Fig.4 Histogram of pyrazines compounds content in Maotai-flavor
Baijiu samples of different vintages
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