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Establishment of Detection Method for Sulfur-Containing Compounds in Light-Flavor Baijiu and
Its Application in Analysis of Key Flavor Components of Baijiu
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(1. College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin ~ 300457, China;
2. China National Research Institute of Food and Fermentation Industries Co. Ltd., Beijing 100015, China;
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Abstract: A method for the simultaneous determination of 23 sulfur-containing compounds in light-flavor Baijiu
was established by direct injection coupled with gas chromatography-mass spectrometry (GC-MS), and this method
was further adopted for the analysis of key sulfur-containing compounds in sauce-, light-, strong-, and sesame-
flavor Baijiu. The results demonstrated that satisfactory linear relationships for all 23 sulfur-containing compounds
were achieved within the concentration range of 0.05-10 mg/L, with all determination coefficients higher than 0.990.
The limits of detection (LODs) ranged from 0.004 to 0.021 mg/L, and the limits of quantification (LOQs) were in
the range of 0.013-0.070 mg/L, while all relative standard deviations were no more than 5.97%. A total of 17 sulfur-
containing compounds were detected in the four types of Baijiu, among which 14, 13, 11, and 11 compounds were
separately identified in light-, strong-, sauce-, and sesame-flavor Baijiu, and seven sulfur-containing compounds
were commonly present in all tested Baijiu samples. Methyl methylthioacetate and furfuryl mercaptan were only

detected in light-flavor Baijiu, and allyl methyl disulfide was exclusively found in sesame-flavor Baijiu. Relatively
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high contents of 2-methoxythiazole and ethyl 2-thiophenecarboxylate were determined in sauce-flavor Baijiu;
methyl thiobutanoate and ethyl 2-mercaptopropionate were abundant in strong-flavor Baijiu; furfuryl mercaptan
and difurfuryl disulfide showed high levels in light-flavor Baijiu; allyl methyl disulfide and diethyl disulfide were
predominant in sesame-flavor Baijiu. 2-Pentylthiophene, methyl(2-methyl-3-furyl)disulfide, and methyl furfuryl
disulfide were confirmed as the key common sulfur-containing compounds in the four flavor types of Baijiu, and
methyl(2-methyl-3-furyl)disulfide exhibited the highest aroma contribution. This study clarified the content profiles
of sulfur-containing compounds in different flavor types of Baijiu and provided guidance for quality improvement
and the development of characteristic aroma types.

Keywords: Baijiu; sulfur-containing compound; direct injection method; gas chromatography-mass spectrometry; internal
standard method; odor activity value
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Table1 Information of Baijiu samples with different flavor types

Fugit G5 21 LB B %
JX-LJ-1 53
] JX-17-9 . 53
LGRS JX-42-4 s 53
IX-XJ-1 53
NX-LZLJ-1 52
NX-GJG-1 52
WA NX-BTQ-1 R 34
NX-JSY-1 42
NX-JLF-1 38
QX-HX-1 56
QX-FYW-1 42
THER QX-HX-2 gk 5
QX-BE-1 42
ZMX-XZ-1 53
i} ZMX-BTQ-2 54

ZIRER g

ZMX-BDJ-1 34
ZMX-JZ-1 46

2-FAECEIE I BT BRI E . AR R F R
BRBEE . — 2 k. 2-SiEE AR 4G, 4,5- - H &
WEME . THIEE AR, 3-SR AE-3-H 1T RE L 3-HIA A
EE, 2-FE DU SIEmy -3l . WEWy-2- S . S TN
ff. RHBREE . 3-HMENKR O, 3-3HE-1-CF . &
P R L 2- Ry . R R (- -3 )
i 2-MEWRIR SR WHOMREE ok, 3-ZiE R R
B RJFmEME . OB T RREEARAE S (AEFEYY =95%)
il E R AR AR AR BKOEE (AR
R T AR A A IR A F
12 5%

7700MSD GC-MS{X. AS-27CiEF:%%. TR-5MSt
WA (30 mX0.25 mm, 0.25 um)  FEER KiREHL
CHED HRAT; AB204-NH T RKF (0.000 1 g)
MERF-FER 240088 (Bl BIRAH .

1.3 ik
1.3.1  brAEVE e )

AETRRI 23 M & B AL A VAR HE L %0.1 g 7100 mL#A&
s, DK RS, BRI T 000 mg/L
(IARAERE 2700 HERAFZEN] mL & BR Ak &b fif 45
FHR—FEMFT, ULKLEEEREL0 mL, FH] KR
IR N100 mg/LIIR & brdEfg 7 BUE RS MAA
VIR G AR ERE &I, FHTCK CIEE G bR 58 2%, el i
JREIKE N 20 5 mg/LITR & ArE T/E

132 EEWIH
1.3.2.1  FUACE O IEERR

B WEHBIUE AN L mL, Al
20 pL 1 mg/LE &R A bl TAEW, B mA
10 pL P bR S A 28 R BE AR (100 mg/L) , IRIIRS)E
HATGC-MSHHT o [RI ill 84X & AR AR ZH (1.0 mL
WFE+H10 pLFR) , TR IR,

W YRR ENS.0 mLiE & A (e, N
10 pL P bR 5 T 3 BRI (100 mg/L) , iREIRA] .
MANEALE A, i E250 mLa i+, A=
SRR (B30 mL) , #E%1 min, &IFH N
Fo IINTEKBRERANE B30 minfiiK. BUA LA T Z0%
X ERGEZ0.5 mL (VIZ)WRT) , R g7
GC-MS/r#. WEARA (5.0 mLiFH:+200 pLZ4AFR
B FAKH10 phLWARE D Fnbrd (5.0 mLiF#E +
200 puL 1 mg/LE A VIIRAFRUE TAER +10 pL bR
O . FERICR.
1322  GC-MS/r#r

GC%ff: TR-SMSEIifFE (30 mX0.25 mm,
0.25 pm) ; FHEFEF NVIHIEE40 CIRFE min, DA
3 C/minFF£60 C, {##F3 min, RJ5LLS C/minft &
160 C, f&#F3 min, /5120 C/minf} %280 C,
RFF1 min; BEFE IR E250 C, #BEFERED pL, W%
1.0 mL/min, At

MSZ% M TR, BTREET eV, LR
[E280 °C, BTURIEE230 C, P TR, Bk
S E WK,

#2 23R AEAE N PIMS S5

Table2  MS parameters of 23 sulfur-containing compounds

[=2] o2 By 22 kB

et ﬁ%/iin E(i/ﬁjf E(Ti/&j)%

2- F A R e 9.786 115 100 114
TART % H 10.598 71 43108
FREETR A 2 R T 11.558 120 61 104
b 30 11.635 81 53 114
I TR Ok PR O 11.960 120 4179
THEE TR 12.246 122 66 94
2-FFEIER L1 12.393 134 61 88
4,5- 7 I S g e 12.664 113 71 86
B S i 14.444 126 79 111
3-FiAE-3-F AL 1T 14.784 69 71102
3- T B L A 14.923 106 6173
2- PP Y S 93 - 3- 15.388 116 60 88
WEWy -2 - F i 15.829 111 83 112
ST S 16.695 150 66 108
IR 19.078 91 65 124
3-FBHE L 2 19.767 148 61101
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Bi3k2

e %%_ EEHTF  ENET

5} 18] /min (mlz) (mlz)

2- IR B ey 21.833 154 97 111

PR (- FROE-3-WRmi ) — Wik 22.165 160 112113
2-WEW R TR LI 22.568 111 128 156

PP B ik 23.465 81 53 160

IR WEM: 23.906 135 82 108

3-FidE O ORI 24.572 116 83102

TR 36.078 81 53128

SEEE BT G NIS TR v 1% e o Bdls #E17 &
kR, AN TR AT 58 e M B DA JEE DTG
FEA/INT-80% A o5 K M AR W) 7T 45 78 ik 45, 48 46 2R
WG, R AFRIEEAT € &, T 5 &5 KRR ) i
.

133 JiEFEE
1.3.3.1  brdEdiZE. B HPR (limit of detection, LOD)
EHPR (limit of quantitation, LOQ)

TE ARt 2 oA E0.5. 1. 5.
10, 30, 50, 100 pL& Witk &R & hn i TAER, %N
A10 puL 100 mg/LINARIE, LATC/K CBEESS, Bl
JR B EE 43 99 90.05. 0.104 0.50. 1.00. 3.00. 5.00.
10.00 mg/LISksE 28 TR PUREIRE (v, mg/L) N
PALKR, DLUETIAR o) DAL R 2 il b o i 28 k47 42
PERENEALA o LA3A5 {5 M X B 9k FE N LOD,  LL10f%
15 M EOX .5 9 P A LOQ.
1.3.3.2  JnkbsEWER LR

S AR AEREM (1 mL) PR INME. . &
3K B AL G IR G bR e TAEM, AR /KSF 43 3R
1. 2. 5mg/L, #F1.3.22%MGC-MS% 347 %E,
THE AR RN .

1333  FEEESLL

HERAB UGS A A FEL mL, JIA10 uL 100 mg/L
WAREEAI10 pL 10 mg/LiB & AR, KA1.3.2.27
MIGC-MS&MREAT R . fEF — RIESLHFEADT
3K (n=3) DAVPAE H RS %R, HE4E3 dRF RIERE3IK
(n=3) VAVPAl H RS2, BORAAXbR#ERZ (relative
standard deviation, RSD) <10%.

134 OAVitH

OAVIEFEA S ALA W I 0T ik B 5 JH M i o) £ 1) L
B, W EAA YA T S TTERFEE, OAV<<0.1%
HIAL A P AR KR TETTRR, 0.1 <XOAV<I KA
XA IR A IS VE T, OAV = 138 B AL & 15t $ 44 XUk
BoTHR, & NIRRT, OAV=10R W1k &Pt
AR KR EEAEH] . OAVHE it &,

OAV:é%

L CHEFEINEDIREIRE/ (ng/L) 5 OTH
MGV RME, (pg/L) .
1.4 HiEabrs

K4 K F Excel 2019807 A0 FE, BN BE P4 T DU
TE3R, iRV +s £ox. I Origin 20244 14 .

2 HRSSH

2.1 iR
2,11 FTAREETTEARAL

Z I GB/T 27404—2026 {525 =5 o & 42 ] B S
B mER AR ARG I Y Y, BB EE AR 0 0 bR [ i 2R T
N80% ~110% . HIF3IT A, W HBUINAR Bl #
73%~120%, HE MR BRI ZHN82%~109%,
b o N P P o2 =R <71 = S i ) =R
S

A3 AT LSRR PE F23 R S GRAL A B0 bR LR

Table3  Spiked recovery rates for 23 sulfur-containing compounds under
liquid-liquid extraction and direct injection

EEkEI
wE N
TR LR
2-F A B g 116 106
mACT TR IR 74 87
FH L 2% i 77 101
e B 119 109
75 PR ik PR R 114 90
2-SR LR £ 77 89
4,5- FA Bk 73 92
R = T 118 97
3-Fidk-3- I E-1- T hE 78 82
3-Ffm AL T 120 102
2- P56 Y S Wy - 3- i 115 96
WBEITY -2- FH i 76 102
R EE 119 98
3- MR R 77 96
3-Hidk-1-C g 92 108
2-JRFEME) 78 94
FF L (2- F k-3 IHR I 8 ) — T7 Ti 118 93
2-WEWY FRTR I 116 93
T TR 114 88
3-%iidk O LR 77 91
IR I 106 92
TR i 86 103
e — ik 119 94




278 2026, Vol.45, No.06 China Brewing b -

212 JnbrEYeE B34
R E R R VIO T T e —
. . m, mg mg
84.03%~110.43%2 1], Ab-TEEEFE N, Bl ER 00 o8 0500
N N A =N == A 1.
5, AR RS R SR E B TR R 3 ’l"jﬁ%ﬁ = 000 2.00 217 108.50 106.43
7
) ) 5.00 5.14 102.80
*4 23FPEHALS bR DR 100 . 04,00
Table 4  Spiked recoveries of 23 sulfur-containing compounds 2k o . ’ :
RE bR ey %L 0.38 2.00 227 94.50 94.57
i N RAEL gy EMH 223 A R
BV (o) (mel)  (mgny VRO PRI 5.00 s14 9520
1.00 1.33 106.00 Q- 1.00 133 93.00
Z'E;E% 0.27 2.00 2.55 114.00 104.87 ii{-';f;ufﬁ 0.40 2.00 2.70 115.00 105.00
N 5.00 5.00 94.60 )Gk 5.00 5.75 107.00
1.00 1.20 87.00 - 1.00 1.32 93.48
AR TR MDY 2
R 033 2.00 1.91 79.00 86.20 W i 0.39 2.00 2.8 94.50 98.86
5.00 4.96 92.60 5.00 5.82 108.60
1.00 1.33 101.00 B 1.00 1.16 88.00
FHREBRAR - -
7 B 0.32 2.00 2.39 103.50 100.83 il 0.28 2.00 2.07 89.50 89.70
5.00 5.22 98.00 5.00 4.86 91.60
1.00 1.44 109.00 1.00 1.34 91.00
) 3-FiC
TR 0.35 2.00 2.66 115.50 110.43 somne 0 2.00 2.68 112.50 102.57
5.00 5.69 106.80 5.00 5.64 104.20
1.00 0.90 90.00 1.00 127 92.00
h‘ﬁ@%tﬁ 0.00 2.00 1.84 92.00 91.47 FIFmEE 035 2.00 243 104.00 100.87
%4@&%
5.00 4.62 92.40 5.00 5.68 106.60
1.00 0.89 89.00 . 1.00 1.55 103.00
2-FRHETN B 2 2 2.62 1 103.1
K 0.00 2.00 1.58 79.00 87.67 il 0.5 .00 6 05.00 03.13
5.00 4.75 95.00 5.00 5.59 101.40
1.00 1.22 92.00 — 1.00 1.37 94.00
4,5-" “H ZENR 2
g 0.30 2.00 2.09 89,50 91.03 ik 0.43 2.00 2.54 105.50 105.83
5.00 4.88 91.60 5.00 6.33 118.00
1.00 0.97 97.00
THE= N P
ik 0.00 2.00 1.91 95.50 96.17 213  4&MEXZ. LOD. LOQLHE S
5.00 4.80 96.00 bl <
HEST 1, 760.05~10 mg/LL&PEVEE A, 23F0 &
303 LOOT o 8200 WA 20 B 2 P [ 9 07 R v i R B9 K T0.990, Zh
F3E-1-T 0.00 2.00 1.69 84.50 84.03 LT E = JTREARE R A JIUs 2
B 5.00 428 85.60 KAERYE, LODIEH A~0.004~0.021 mg/L, LOQyuH
1.00 1.02 102.00 40.013~0.070 mg/L, A #t47E &5 Hr. RSDIE/NT
3t . N
e 0.00 2.00 2.21 110.50 107.03 10%, Hr', HHNRSDIE }N0.02%~5.97%, HITIRSD
. 4 108. . SO . s
00 a3 10860 {f40.25%~4.96%. ik, %I7ikLNEF R B %
2 3L 1.00 0.96 96.00 B
SEEVS-3- 0.00 2.00 1.95 97.50 95.83
4]
200 470 9400 %5 BHARILAMKRIELA. LOD. LOQYSKHE
1.00 1.02 102.00 Table 5  Linear relationship, LOD, LOQ and precision of
g DJ/J%—;—EP 0.00 2,00 208 104.00 103.00 23 sulfur-containing compounds
5.00 5.15 103.00 s Wi LoD/ LOQ/ RSD/%
Em L ¥ _
1.00 129 98.00 A (gL (mgl) [ AR
AR 031 2.00 231 100.00 100.53 2-FEELEM:  p=1.929 7x+03633 09942  0.012 0040 323 443
5.00 5.49 103.60 FARTRREE p=144300+03901 09940 0013  0.043 277 530
1.00 0.96 96.00 s
3 RH%WF%‘ y=151320+03548 09941 0012 0041 451 536
wms s 000 2.00 2.03 101.50 98.63 il

5.00 4.92 98.40 i 4l y=3.838 0x+04135 09906  0.008 0.027 496 326
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Hks ke
\ e / / RSD/% & A ER A LA
e I e
< mg mg HiEl AA TR — — 468.0£39.6 —
%@%Eﬁa% y=17669x+03306 09939 0012 0040 443 241 *ﬁ@%f% — — — 523.0£104.6
ik iRk
2-HHEAMZEE y=9.9944x+04732 09656  0.005 0017 391 555 LR - 363.0+353 36404304 560.0+112.0
45-THIFLHEM  p=14768x+0.3584 09944  0.013 0042 210 597 2HENR T 49501455 614011228 — 363.0£30.8
TR y=412550H02771 09986 0007 0023 401 252 4,5-Z FRHEIER: — 36804318 366.0+32.8 -
AEE 2 L S FH s e —
3»,L§J3ﬁ§£1 J=SESOINL13505 09972 0006 0020 378 020 HHHEE 3580£328  688.0£137.6  370.0£337
3-HIBEERRR _ _
3B y=3.005 1x+1.0241 09968 0009  0.030 414 298 L 721021442 43802394
- DU A e - 5
2?;}%3@;& J=L6020F03509 09948 0012 0040 327 257 2[R AR 37804338 40801382  4260+327  490.0£42.7
R (2 FR - 3R
WOFEE p=205920103493 09946 0011 0037 314 016 )R 39204362 4060336 437.0+372  323.0%283
FIHE  y=192100+03421 09904 0012 0040 339 0.6l 2EMHRIRCEE  865.0+173.0 36202292  4200+35.1  410.0£337
IR {4 —
% gﬁggg J=LA88H03660 09940 0013 0042 169 362 TUEBRIEZHIME  463.0£443 43804385 44501421  440.0£384
JE 38604326 350.0%30.01  361.0+287 3580302
3SHE1-CF y=56017v+05738 09981  0.004 0013 176 422 -
=il
LIAEEY  y=08104-103559 09944 0018 0060 044 045 7 491.0+45.1 41701357 4150£379  420.0%39.1
- 2340 g — 7R o
TRORESN 13400002996 09935 0009 0030 139 589 CREHE  SST0%1014 49804418 49804415
T 4) — Bk —
e — Rk

BRI ZE y=12210x+03556 09944 0015 0050 268 576
CTCECHRE y=14790xH03588 09939 0013 0.042 279 467

33k
LT

ESi
THIE TR y=14769x+04968 09955 0011 0037 025 006

LiE-3 2
— TRk

y=34075x+04118 09982  0.008 0.027 048 0.8

y=09875x+0.3567 09943  0.016 0.053 055 025

y=0.673 0x+0.4366 09919  0.021 0.070 026 0.02

22 FESCHE KR 73 O p
22,1 AFEFEMAW T ERAEDEE ST

IR A G VAR S R KUK T DG B A
MR AT AN TR A Y R USRI R . H
AT, AT B 5 b e 13 oA e 0 Y o e 420 £ s 7 A
B RLE . MRS AW P Smaam S =il
B, @RNK6. FEM, IREL., BEHUMZ AR
ER SR 1 7R B EY, 2 5 i & 414,
13, 11, 11Fh, s EIREEZ085 791, 59724 5905,
4741 pg/L.

#6  AWFHAPD SEA N SR

Table 6  Contents of sulfur-containing compounds in Baijiu of
different flavor types
pg/L
tam BAEL WA EEL LA

2-F 799.0£159.8  474.0+424 373.0+30.6 396.0+29.6
BT R B - 57701154 443.0£412 —

2 [ 7
m%@‘“@m‘ — — 405.0431.9 —

s

tH B 1an] 1, 4%0E& 8 A R LG 7R S B S
A0 FE2- H A BE e e | 2- I AR e Wy . R (2- F -3 THR g
BT 2-MEWMRIR OG . R RRIE COREE . ORORE
M, 3-ZEECEE R, BEM. ZHRER AN IA
B N3- IR EE R 406, R E 5 728721.04
458.0 pg/L, HZEMAHZECRE T RME; HER
ZHEMEREN AW T LA UG R2-FENK
Mg, HCBR B4 N495.00 363.0. 614.0 pg/L; ER
B, ZHREMESERENANETIEEMEY N L HE
ik, H ot B BE 43l 9364.0. 560.0. 363.0 pg/Ls;
RHRE ., SR CmBEEER., HER. RER
HHE MY : WA TRHE54,5- B2
FREREN AWILE MR . HEb A, EA
HEI 7R S AL &b, 2-WEWy B R 205 I B
W, 15362.0~865.0 pg/L; HkE2-FFEFEEEM, A
373.0~799.0 ng/L. fE#A&M L, 2-F A LM
2-EMRIR O & BEE: ERFEM AW, KPR
BE. 2-BRAENMR CER S B EEENAWS, B
B, MR WK ERGE: EZMEMAWG, mA
R B, R CmEMEERS. PERR LR
FF i RORR B B A TE 8 5 A T b A, T VR B 20 il
405.0 png/LFN468.0 pg/L; s P 4E H 5E ARk A AE 2 BRAF
RUEWH R, SRR R523.0 pg/L.
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Table 7 Sulfur-containing compounds with OAV > 1 in Baijiu of

different flavor types
B " OAV
EAS U AR
(ug/l) HEN  OREL EEL CHEN

2-LHEVEWY 287° i, KEE 1.32 142 1.48 171
FAR(2-FE-3- . - [

W) B 03 WUk, Bitk 1306.67 135333 145667 1076.67
A RRE 08 AL 57875 5475 55625 550.00
BT RS 16* T, BLFE 3606 27.69
B S 43 A, B 8442 8465 13023

bl 0.1° 2R 4680

VE: afES3% LW bAE46% LIEH .

L P Rk & BRAL B W (7 AR e AR T B 2 R
T2 ORI AE AR S A8 i B A Tl A 7
R S N EAARE S Y VS = K e 2 I K 7R
PR DR R S A R A R AL A
HEFTAY R, AR R R AR % T 5 I SR
KA SRR, NI B R MRS A & ™. R
i 2 11 2 o B LA R 5T, %W 0 e AR BROK e
AR EREIERR, 5 R LR L AR R A SRR
JREAE R BEAh, A A A A A I R SR b
B EREMED A RIS a5 R, Ja it — b
KAz Strecker B SNL, i 2 AL TE ORI ) 5 it XU
Py

AW IR FH B 455 GC-MSHAR # 57 5] I
Rl A& J W b 23 S A S Tk . 230 S R
HEWTE0.05~10 mg/LIGHE N L H R R R, hiE R
¥ KF0.990, LODAH0.004~0.021 mg/L, LOQA
0.013~0.070 mg/L, RSD<<5.97%. iE&M. WEH. %
FRANZ AR WS B 1 7R S A S, ke
14, 13, 11 10, Fodho-Fskmeme, 2-f fkmgmy .
F(-HIFE-3-DRIRIE) R 2-MEM IR 2B . HERERE
Tilik . SRIFMEME, 3-303E OB CIRER 7R S R AL &P NI
FEILH . HEGR LR B . BT R AR TS & 2L A
s TR R R AR AE 2R A R . 2- 10k
WEWy . FBE(2-FBE-3-WRMH D) o . HY B MR Bk
AR LA RS AL G, o, HIRR(2-H -
3-WRmEHE) — i N st R EGE S A S Y. AR N
FR b B AL S I e SR 1 — e It e R R T
%, A BT ER AR B RS 6 B AR S, A
RV A PPN SR AR AR S Hr
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