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ABSTRACT: Objective To identify flavor compounds in Douzhir and Ma Tofu and analyze their characteristic
components based on purge and trap-gas chromatography/mass spectrometry (PT-GC/MS) combined with the national
institute of standards and technology (NIST) database. Methods Weigh 2.0 g of sample into a 40 mL brown spiral
sample bottle, add 10 mL of experimental water and a tetrafluoroethylene magnetic stirrer, heat the sample at 40 °C, and
analyze it by PT-GC/MS. Results A total of 260 kinds of flavor compounds were identified across 34 batches,
including sulfur-containing compounds, alcohols, aldehydes, ketones, esters, efc. Raw and cooked Douzhir exhibited
significantly higher relative abundances of sulfur-containing compounds compared to Ma Tofu, which showed greater
diversity but lower similarity in flavor profiles. These identification data could to some extent reflect sensory evaluation
results, but there was a possibility that some flavor compounds might be more prominent or interfered with by other
odors. In addition, this study used principal component analysis (PCA) method to identify the overall distribution of
samples and deviations from samples, and attempted to analyze the reasons for deviations. Further, using orthogonal
partial least squares discriminant analysis (OPLS-DA), based on the screening conditions [P<0.05, variable importance
in the projection (VIP)>1], 31 kinds of characteristic flavor compounds of raw and cooked Douzhir were selected, which
could be used for the differentiation and identification of raw and cooked Douzhir. Conclusion The study confirms
that PT-GC/MS combined with multivariate statistical method can effectively analyze the flavor compounds of Douzhir
and Ma Tofu, screen the characteristic compounds, and provide a basis for the subsequent optimization and improvement
of product flavor.
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Fig.1

Flowchart of Douzhir and Ma Tofu production
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AWFsEE T PT-GC/MS AR5 Z gt I k22,
MG . RSB R T A A BT HE SRR, A3 57 1 28 i fix
/N % H B 4 Mt (orthogonal partial least squares
discriminant analysis, OPLS-DA)[“H‘F'ZEF!&*%?E%}ﬁﬁ?E
B, DA S B AR 7 o B o A 5 A R o O s
HRHE

1 MR5ERE

1.1 MRS

AR R B, JEa T ST . R S AR RN T B
SEPFEARIR . PEIRI A DX, TR DX 2 N HL A
HR R VIR DL TS T, AR X L E B R
PGP B LA AT (=4.0 )BT 5 AKX 20 Z i
TN B . GBI R AR AU HEA TR, 43
BIAAIIX 7%, PERIX 6 &K . MWFEX 5 K #IFHX 1 %K,
FHEKX 1K, LWL 34 Hok G BRSNS, W5 12
HRAET I 13 KA O HOR K G . T ITHER
SRUERBR 1029007 £ A BRALI H i 4h, HAahy A 74
v A7 SEHRE I TERR 1029008 #F 5 SR AL B il
Gb, HARE S R A Al A L BARML RN L RR
JEE R S SR VR SRy A A 2B 5 o B S G R SR TR (2
A BEF ARSI 1 i,

SEE KON T B LRI /K (FRBHZE = 18.2MQ + cm) ., 40 mL
FEEIEHERE fO (S R A D, PR R U5 206
2 55 (3 E CDS A #)).

12 UFE5EF

BSA 224S KF-(KE N 0.1 mg, TEEFELFIEA R,
7000E/7400 WedH4i4E A sh#FAEde(AL 5 mL s X%,
CDS7000E #i£EF, 22[H CDS A #); GCMS-QP2010 Ultra
S TE/ TR (H A S HEA F]); DB-624 B (G54
(60 mx0.25 mm, 1.40 pm)(GE EH ZHEEAF)o
1.3 5 &%
1.3.1 AT

FREL 2.0 gCR5 51 2 0.0001 )T 31 RS JEFE AT 40 mL
FEEEVERE SRS, A 10 mL ZEEK, A TEHEE
FEF, TR, B ANERE T .
132 MELH

WA A RS (B EEAS), WE 40 mL/min,
WRAETE] 11 min; 10 # FSERE, fATHIVEEE 245 °C, f#H7
HEE 250 °C, MERILRE 265 °Co f#HTITIE] 3.0 min, A
&) 12 min, FEAITHGREE 40 °C; R 180 °C, f&Hidkin
180 °C,,

SAHETE 5514 DB-624 E 409 (A 1541 (60 m»0.25 mm,
1.40 um); JRALZIREE 200 °C, AU, 4 10:1 (7:0);
AR : W) 35 °C, 14455 min, LA 10 °C/min F+2 120 °C,
M4, FLL 15 °C/min FFZ 240 °C, {543 3.5 min, FH{E
161.0 kPa.

JRiE S BT i (electron impact, EI)&FIRIRE
230 °C, $EEJE 260 °C; HLFFHESE T 1.2 kv, FH##H
FE 1111 amu/s, $A4G70H 35~350 amu/s, $34iBTE] 3~25 min,

®1 HERER
Table 1 Information of samples
At A JR LI
F 5

R dh i T it SR R G EANP ST FEdh i R R
1 1028016 GLSW 1028014 HSYSP 1028015 GLSW
2 1028017 HSYSP 1028019 LMHH 1028018 HSYSP
3 1028020 ZHSP 1028021 ZHSP 1028025 LMHH
4 1028022 HSYSP 1028024 LMHH 1028030 HSYSP
5 1028023 LMHH 1028027 HSYSP 1029003 HJLCQK
6 1028026 HSYSP 1028029 HSYSP 1029006 XDYY
7 1028028 HSYSP 1028031 XDYY 1029009 ZGHWJ
8 1029001 HIJLCQK 1029002 HIJLCQK 1030002 LHSP
9 1029005 ZHSP 1029004 ZHSP 1104003 XDYY
10 1029008 ZGHWJ 1029007 ZGHWJ - -
11 1030001 BYSM 1029010 YSDZ - -
12 1104001 XDYY 1029011 NJBJ - -
13 - - 1104002 XDYY

TE: R, 3£ 3 6.
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1.4 HIEAIE

) A 26 [ [ S v 5 B R WFFE ¢ (national institute of
standards and technology, NIST)EUH#E 72, X 48 d 45 & 1Ak
BT B, R U e T AR — et
AEAEYRIAEX . T SIMCA 141 BAFHEAT T
4343 Bt (principal component analysis, PCA)#1 OPLS-DA, i
AR A% 5% B B P (variable importance in the projection,
VIP); LA P<0.05, VIP>1 Sy 4k 22 S KU 571250,

2 GERESH

2.1 MKRHIREELERSNKITEN 27

] PT-GC/MS Al NIST #disJE, % i . #E It
FURRE B h AL 260 AR R, W13 2 s,

2.1.1 A g Rkt R E &R 5H

12 bk A G L% 5 134 FlUXUR I R, S HRfb &9
Ft 18 Ff, HR AR R AR AR, 91.7%K 1
S 1B 787 SN 730 S Sl O S B - S 7Y S B St 71
Tk (AT 3 0, R KA AT A AT IR B 43.70% . 41.88%.

AT ER B MR, WAy
27 Fh, ARAEFY T AAR XS SIS, A AR A A A
KEERYIFAN LA T WE . IESEmE, 3-FAE-1- I {5 31
H18.81%., 14.75%. 10.19%, FRISHINTE&HE RN 10%.,
A BB AT TR, 1- IR Z BR TN TS 3 Flrs

RS | 2 Ml el AR A R 2,
B9 1L R, 10 A, 8 A, 16 FhAN 15 A, AR A
HIES ke, B b, 1L.2-Z8/ ke, HEMN. 2R3S)-2-H
T3 RBEEA A KT IEFERE . T EELEACH YRR T Y
AHXT R KA, 43318 20.11%. 19.92%., 19.15%.,
16.99%. 15.11%. 13.00%, HAHHTEHEH/NT 10%;

TR A A /D, A 2 Filr, p-H SR ZBEI R | H R
K 300 5 25.0% . 8.3%, AR ik e KA 4 K
15.73%. 19.87%.

AT RIS G YN SRR, BRI
BRSO £ B (RS & s AR R . G
B EEE. HImRE . FTRE. 1R, SRR .
IERHE . IEC %t
2,12 #E TRkt R 4R

13 HER AT T L% 121 FlOXUsR S R, Hoh ik
Gdt 14 Fh, R TR R A R = A A XUk
YIRG. ST, W ERmE . W R R R A X
T, KMEN A E] 59.21%. 41.23%, AT
T EREEORS R R 23.1%, R TA T 41.7%,

AR R R 2, 3t 23 B, (HAFYR

FRRFDOE 7 B A, BARIE O A ARDO 35 B OB 12.07%5h,

HAX/NT 10%. AW IEC B HEEA 1-00E 3

FRZE . W2, MR, k. el AR A i Fh
A 14 F . 1480, 16 Fl, 4 P, 21 FPF0 15 Fh, 4
ERAL 2- THE, TAEH ., IECBE. CRROHR. IEC ki HIZERE.
SEN KB AE R & B 3R 41.04% . 21.30%,
HAHI SR/ INT 10%, BT RA HRR Y T

BT SRS YRS A S, LA T
AT, o U—ERE LB SHiik &Y, ERpRR
FOVEFRT. —HIGLRiEE, HR SRR 1k, ECRE, 0
B, R, 2-THd, ZERZME. IECRE. ECkIbaEYHR.
2,13 REJE Rkl F S8 4E R oA

9 HEYRB S S 185 MU R, S miAk
St 13 Fh, B AR IE L R AR X S R A,
B RAEST FIEF) 40.10% ., 22.47%., BEEERH T 34 Fplg
K, BEEAHARY L, Ak 33 FiR 31
Ffro Horpb sy A W5 B SR AR R R
N 56.64%, ZWE, fFTEE, 2-ZMR LT, 2-H 3E-1,3-
WFE, IECEE, 3-FF5E-1- e, AB2R —H R L BR A4
KR ER AR E B R K0k 35.55% .
17.60% . 13.85%. 16.49%. 11.23%. 22.87%. 10.57%%l
12.62%, HAMXT /N 10%,

B2k . WE2S . IR . Lekeds MR A 13 Rl 17
flr. 20 A, 23 b, FREERMIEEYIRT. 2-EOE) O, IE
Pt B AR 25 R fe K AB 24 20.90%  13.11%, HAYHIXT
BN 10% o A — ARS8 PRI, 3-T 4k
FARXT 5 5 0.18%

BEEE R R R 2 T R RS, A& S
WIAEXT & R FIRY R B . RSB IE e EY
Fpd >, A MEE . SEOCRERIRP . 08I 45 5 A e Ak R
R A AR, Tl T RE ) s T
HoAth At
2.1.4 Rk s A & S BB Rk iR g o4

St RGE R Bk A T
il . HEREESE S ARG, BRI, B M. EER
G2 DRIEE & . R B B SEEE K
RO Seap ik 6 KUk W) i Bs 45 AT H , S PR A
B A X P2, gk 3 B

TR A YIS S R TR A BB 5 B BEA AR
TEAFSG, A2 SR BE g S WL PR 25 SR . T AR
MR e, BERETEMIETRE S 17 A EFRZIE g
RIFEAS, L R AT B K E = T70%0
AL 16 B, AN 4 PR o HEN X LE AL & T RE TR E]
PG ARG o o — 2 b R B, 50 A i o EUAR
KB 53 % &L A REAE W] BEAE AR R RN o i, FEAR
1028030 H 2 & ik 35.54%, Hi Sl Xk g T
Yo A B, UL IR IE A SR AT 25 B ik
BE T BE B R A FAEH
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Table 2 Analysis results of flavor compounds and relative content in raw and cooked Douzhir and Ma Tofu

R T gyt R
3% AN BUMEY%  BRMEY% KSR BMEY%  BOKIE% K% BuME% BORE% RHERY%
R i 1.01 6.51 100.0 0.45 6.92 76.9 0.09 1.07 55.6
B S 13.75 43.70 41.7 22.00 59.21 23.1 17.74 40.10 333
IR T ik 20.86 41.88 100.0 11.01 41.23 100.0 3.64 2247 88.9
. :EIJEE@%;M 0.46 1122 75.0 0.23 473 100.0 0.54 1.04 222
o Sk 0.11 0.96 91.7 0.11 0.64 76.9 0.16 0.66 778
W G 0.29 2.07 41.7 0.70 234 84.6 0.87 1.00 222
PR ik 0.05 0.39 91.7 0.06 0.63 53.8 0.16 0.65 333
2-F - 1- R - 2-
TH 0.08 0.36 83.3 0.07 0.33 30.8 0.11 0.36 44.4
B - - - - - - 35.55 35.55 11.1
S 0.05 0.18 100.0 0.07 0.22 923 0.08 0.27 66.7
T mE 3.65 7.55 16.7 8.50 8.50 7.7 3.44 17.60 333
L-J5 T 8.39 18.81 50.0 - - - - . }
2-LIFRIE T - - - - - - 13.85 13.85 11.1
2-FA3E-1 35 - - - - - - 16.49 16.49 11.1
3% EE 0.08 0.64 91.7 0.07 0.50 923 0.07 0.55 778
g 2-FOE T 0.08 0.43 333 0.06 0.28 615 0.14 0.43 778
1% 0.06 0.17 100.0 0.10 0.36 100.0 0.08 1.75 77.8
113 75-3- 0.24 0.36 333 0.46 0.46 7.7 0.16 0.80 778
IECU 1.66 10.15 75.0 2.65 12.07 100.0 1.49 1123 88.9
pi 0.08 0.68 417 0.08 1.14 100.0 0.09 0.78 100.0
3-FR 318 8.89 10.19 16.7 - - - 22.87 22.87 11.1
2-ZFECE 0.05 0.09 66.7 0.06 0.18 92.3 0.08 0.28 66.7
1-2F475-3-1 - - - 0.05 0.13 46.2 0.06 0.70 88.9
IEERE 0.06 14.75 41.7 0.06 0.16 385 - - -
- iz 19.87 19.87 83 - - - - - -
B-HIELBRNER 7.56 15.73 25.0 - - - - - -
. PN i) 0.05 0.23 75.0 0.11 1.08 100.0 0.13 230 88.9
[iEES —

2-1 il 0.18 3.30 75.0 0.16 6.86 100.0 0.10 1.86 66.7
R 0.05 2.65 91.7 0.06 0.09 23.1 0.09 3.68 88.9
IR B 1.28 7.12 25.0 1.10 430 100.0 0.43 7.10 88.9
F RN R 0.19 0.92 83.3 0.29 7.12 53.8 0.85 345 444
firs NIR 2.k 0.14 0.78 75.0 0.11 0.78 30.8 0.17 0.55 55.6
IR 0.06 0.93 100.0 0.06 0.89 84.6 0.09 1.00 88.9
AR HREZ TR 8.15 8.15 8.3 - - - 3.28 10.57 222
LR _HR B 0.75 7.09 583 0.79 457 76.9 1.58 12.62 333
Vi 0.22 0.86 417 0.59 532 84.6 0.34 3.09 55.6
5 - - - 0.08 0.87 84.6 0.06 1.71 77.8
T 13.00 13.00 8.3 0.06 0.16 38.5 0.06 0.11 22
2-HEE TR - - - 0.04 0.29 76.9 0.05 2.82 77.8
K SR 0.08 0.08 8.3 0.07 0.68 69.2 0.12 6.62 100.0
I - - - 0.14 0.72 76.9 0.19 153 333
IEC 0.10 9.46 83.3 0.22 5.45 100.0 0.25 5.14 778
IE=FEE 0.05 16.99 333 0.06 0.09 38.5 0.12 0.12 11.1

T 0.05 0.24 66.7 0.13 0.44 923 0.14 0.49 77.8




55 11 3 Wk, S5 FET WSO ERs/ R E S T T BRI Hh XU 73

=28
R AR Byt RS
ViES B wMEY%  BR(E%  RREY% EME% RKRE% B sMEY%  BKIE% W%
ke Lt 0.06 0.06 25.0 0.06 0.11 46.2 0.06 021 88.9
1,2- k¢ 12.95 20.11 25.0 - - - - - }
- TEkE 0.08 471 100.0 0.12 0.98 76.9 0.20 13.11 88.9
ek 0.17 0.69 100.0 0.23 0.85 100.0 0.20 2.06 88.9
2-F(IE) ke - - - - - - 20.90 20.90 11.1
Jukz 3-Tohe - - - - - - 0.18 0.18 11.1
FR LA 14.46 19.92 25.0 23.45 41.04 76.9 15.69 56.64 55.6
SN H T 9.00 15.11 333 13.23 21.30 53.8 - - -
2-ZFEmG 0.06 0.20 66.7 0.07 0.68 84.6 0.22 2.08 88.9
2-1E SR BERA R 0.06 0.30 75.0 0.07 1.08 923 0.19 391 88.9
b (By2-2-retdiymkig - - - 0.07 0.10 23.1 0.05 0.47 77.8
ES 0.06 0.13 417 0.05 0.39 76.9 0.13 0.34 222
(2R 38)-2-F3E-3-1%,
SRR 19.15 19.15 8.3 - - - - - -
1,3- AU TR 0.07 2.11 58.3 0.38 442 76.9 0.11 1.10 44.4

FE: -FORAR AL G5 R IUB SR SR s S R A
*3 it REBRERNKIENFRKYRLEE S
Table 3 Douzhir and Ma Tofu flavor evaluation and comprehensive proportion of flavor compounds
1028016 1028017 1028020 1028022 1028023 1028026 1028028 1029001 1029005 1029008 1030001 1104001 -
RIK IR w® & R R i w® 5 & R i G -
ey
HE LR H%
‘E AR ¥ " w® & R w® R w® & ¥ ¥ ¥ -
e .
(TSNS
evss
i %

80.85 30.38 59.07  36.42 42.08 38.49 28.51 63.05 50.93 66.47 41.78 48.89 -

8.91 27.38 2339 4342 24.81 24.23 5345 35.25 36.97 28.98 20.00 22.33 -

1028014 1028019 1028021 1028024 1028027 1028029 1028031 1029002 1029004 1029007 1029010 1029011 1104002
Bk i % mh R 58 " @ aEp 58 i ® % I

30.99 13.71 4327  35.09 50.90 18.16 44.89 69.86 67.58 70.67 26.87 34.17 46.75

‘E TEGUS % UL J R J S UL mHh T S % J &

[ EE e S
k& set
Hi /%

20.99 26.64 11.80 2436 16.37 37.31 29.55 28.47 11.25 22.11 31.25 1542 19.37

1028015 1028018 1028025 1028030 1029003 1029006 1029009 1030002 1104003 - - - -
Bk wR g & Jo Jo R wR T i - - - -
GHAEY
IR 2585 15 /%
EEOUS il & o i el R il i - - - -
s, AR
EWEE
Hi /%
D BE RRTES R 5 AT BUT B RS 45 R .

24.84 11.37 60.01 3.97 0.00 25.83 15.03 13.12 59.74 - - - -

kol

=

42.63 40.41 3457 9247 55.28 45.82 21.51 47.23 32.18 - - - -
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Table 4 Odor characteristics of high-frequency detected flavor compounds in bean-like aroma

ha= CAS Y4 R Sk ha=2 CAS Y4 R S
- e 2N
1 78-83-1 ST HAE. ﬁ%‘ ﬁ%u@ 9 78-93-3 2- 11l AHEREL, 255 | MBI Rk
Y D}
2 584-02-1 3B WA, 2 R 10 3777-69-3  2-IE L0kl HRE
B ES M
3 137-32-6  2-HIE TR mm%ét ROk 11 79-20-9 LR W R HISTFHIRA . SIREA
BT RE
4 71-41-0 1-I RRAIE T 2 BEA U 12 141-78-6 LERCTR  AERRER. 3555 B . =Rk
AR ER R & L ATRORIRRE | BURER L S AL
5 111-27-3 ECEE @ B e 13 109-60-4  LERNER Sk
. a g g e . AR L SRk, AnsEdi | BEIIR .
6 928-96-1 i 5 F 1 AR SR 14 590-86-3 5 SGHE SR . ATk
SO 7 AN 7 NN 76 S -4 S, KRBT, Y. EAL. HE. MG
7 104-76-7  2-ZHEC . 15 66-25-1 ECm ST s
8 67-64-1 TR ﬁﬁﬁﬁg%ﬁ; B, K 16 124-19-6 T WA BREEAR . Rk

T RAEAYII AR R T PubChem ¥ & 3410 B &0 EHE D

22 NKRYIRERSW

Wi SIMCA 14.1 bt A: . UG i s 55 A XU
Wy SR A TR R AL AL B HETT PCA, Zr b4t R
WoR, AL BAETHE AU AR RREE X 4, W LI SR B
FEALTA] (0 22 SEARAE 3EA 24 YRR S B AL T 845 X 1a] Y
(95%LA b)), BAFXEIME R 1028019 45 H 68 iUk
YR, BEET AN 12 P T % i 39~57 Fh. 2
WA 2 fioR .

PCA rS
® SH
ol |
6 L 028028
4k \ w:sa:o:sor
S\; 2 r “ 29001 [ 1030001
=3 ] . - .1I’I.iﬂ"ﬂ
= 0 “8027 N 029005
g 2t 2
[=W
_4 L 8016
1028020
6+
8+ -+
10 : ; : '
-15  -10 -5 0 5 10

PC1 (21.2%)

T S BT, SH WE, K3, 4 1.
2 Al Adm g A . BT KURYI B PCA
Fig.2 PCA of flavor compounds in raw and cooked Douzhir
produced by the same enterprise

22.1 RERRZTReAY R EF2H
M 20 FERHMIEIELT 12 ke Tt 13 #Hkek
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Fig.3 OPLS-DA and permutation retention of flavor compounds in raw and cooked Douzhir
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[ L PR 2 B8 A it 1 XU 4 ot 2 A7 AE R S e . 9 it
DO S FER L RE 185 FELVEA NS, HP (X
MmN BT RS A A . 2 IR AR
FAEB(SXMP, Hrb 1029006 FE 5L 86 iKUK T,
A5 43 FBAT LAY, 3 e T LA URRE A 1 44~62 FiKS:
HEE . 1030002 FE & JHA RUIRA) BT 3-F J- 1- I B A X 5 1
K 22.87%, X —FHIEE LAY P AE S S B KU AR 1
BRI, FRZERERY, BRI  T A e R
AP 9, E TR 4R & B T 20 B 22 5%, XK
RN R ) 1B P A T W R IS R = N i LK S0
JRUE

3 4 ®

g MoE, THILTmEE. FREE . 1B, TR
CPRTITR I OB I be N AR SRR S KUk ;. —
FHOE il . —H LSRR, ECRE. MPEE. 1R, 2-
THA . NER . ECEE . ZRIEE. IECkENRE IR
B XBRYIT; L SR A PR AR S A KU
W B 2T PCA, MR XA A . B ST XU 4 5
FRAE, 5T P Y5 VIP, ikt 31 P EE R AL &, T
FFA . AEHX 55% . BEBEFEAN PCA H/RH
AR B B RN, FEE TN T T A2 5 5 800 Kk
YIRS 22 o RIS A A R e A DG IR AR,
S IR G IR AR Ak, B — 5 — <[] 44 Sk
AT B A

AHFE R PT-GC/MS TERESINREE 40 °C T RE
RRBEOR B T AR R, ARom&E . BESIT. RS
PR 2RI, RS A Y. BE2E . B2E . k
FIEEEAE , K25 S 5 R X LA, mT B o XUk 4
iS5 BB RR A, ERIBRIE T I a b H 2



76 B dn 2 4 R R I A 4R

%16 &

PRILIC, RORT8fE HARKRRHE, dEmde 54 1.2 5
TR T

Tt R GRS IR E A SRR, 2 3
AT 22 14 ST o A R 7 4 R AN B3 14 G XU 11
Jerf b, Ak IT & T DR PR A, LR 2 Y
Z, BCRATIL M EZL R & )5 M . PT-GC/MS 1E by —Fl gl 4%
Bk . BRAERIE . AT RHLRAG I Y )7k, 454 NIST £
PEREMEIRAILIE R PEALS Y CAS AUHRS, B BURE S,
IR % HARE Y, A TWERE . 2K,
i A0k e o ) ARG T R, X T 2R o A XU e 2 A
HAMREE .

SE Bk

(1] EIRF. WD hERS, 1991(12): 38.

WANG ZY. Let’s talk about Douzhir [J]. China Food, 1991(12): 38.

[2] ZG91 IRIAERUNZ[]. KIS, 2022(12): 70-71.

CHONG ZM. A casual chat on Beijing snacks [J]. Culinary World,
2022(12): 70-71.

[B] FVRL Bt L: AL AMEHYE S, S AR R RS [].
[E g Tolk, 2022(11): 41-43.

SUN SS. Douzhir: A taste of nostalgia for Beijing locals, a sip of regional
culture for outsiders [J]. China Food Industry, 2022(11): 41-43.

[4] XUSCE, IMERS, mibes, . Jbst iR E R T D] aRE,
2020, 41(20): 211-221.

LIU WY, SUN JQ, CHENG XY, et al. Sensory characteristics of Beijing
Douzhi (fermented mung bean juice) [J]. Food Science, 2020, 41(20):
211-221.

[S] HUANG J, LIU YP, YANG WX, et al. Characterization of the potent
odorants contributing to the characteristic aroma of Beijing Douzhi by gas
chromatography—olfactometry, quantitative analysis, and odor activity
value [J]. Journal of Agricultural and Food Chemistry, 2018, 66(3):
689-694.

[6] DING YZ, ZHANG SY, LIU P, et al. Microbiological and biochemical
changes during processing of the traditional Chinese food Douzhi [J].
Food Control, 2009, 20(12): 1086-1091.

(7] sk&Fi7, MBS, R, U S REE YRR 0T T v 2B 4y

BISSET]. & TR, 2017, 38(16): 136-141.
ZHANG LL, LIU LY, XU YH. Analysis of Beijing Douzhir microbiota
and isolation and identification of advantage bacterium capable of
flocculating starch [J]. Science and Technology of Food Industry, 2017,
38(16): 136-141.

[8] AL, 25k, MRAME, % JETF 16S rDNA @il FH AR S Hrdt st
LA ZREE R RN A2 10]. B TR, 2020, 41(2):
95-100.

YUAN Y, LI J, LIN SH, et al. Analysis of microbial diversity and
functional prediction of Douzhir based on 16S rDNA high-throughput
sequencing technology [J]. Science and Technology of Food Industry,

2020, 41(2): 95-100.

[9] FFd2. ALGe e i Tt T D RE R Az T A0 1 o K HC R i S AL
BRI SHREWEFE[D]. YNl TRYIRAE, 2023.
FU SQ. Screening of functional probiotics from traditional fermented food
bean juice and study on the function of cell model to relieve oxidative
stress [D]. Shenzhen: Shenzhen University, 2023.

[10] BAI BQ, ZHANG LQ, ZHANG Y, et al. Comparative analysis of flavor
characteristics of two rounds of Qingxiangxing Baijiu by
GCxGC-TOFMS, HS-GC-IMS, GC-E-nose and E-tongue [J]. Food
Bioscience, 2025, 63: 105789.

[11] GUAN SH, LIU CX, RUAN MY, et al. Detection and comparative analysis
of VOCs between tomato and pepper based on GCxGC-TOFMS [J].
Scientific Reports, 2025, 15(1): 6140.

[12] ZHANG Q, WANG YD, MENG FY, et al. Comparative analysis of the
volatile flavor compounds of Monascus-fermented cheese with different
ripening periods by SPME-GC-MS, SPME-GCxGC-MS, and HS-GC-IMS [J].
Food Bioscience, 2024, 62: 105045.

[13] RAL, 25—, 48K, 6. DA AR REERY R A BoRZ5 & i 75

IR T MR FLAT A R T s ORI AR XURAFAE 9], o 5 R Tl
2023, 49(5): 253-262.
SONG H, LI YX, LI R, et al. SPME/GC-MS combined with
electronicnose to analyze the flavor characteristics of okara beverages
fermented by Lactobacillus casei [J]. Food and Fermentation Industries,
2023, 49(5): 253-260.

[14] AUE2, Fe3CH, EXMM, 5. WEE-SRRNLE &%t
TR T] 7 M R b R o Y S 5 (3], AR AE IR, 2021, 43(5):
576-583.

LI AIL, QIAO WJ, WANG XC, et al. Purge and trap-GC/MS combined
with chemometrics for identification of strong aroma Baijiu from different
origins and brands [J]. Chemical Reagents, 2021, 43(5): 576-583.

[15] CHEN K, CAO FH, CHEN XX, et al. Determination of four odorous
substances in water by purge and trap-gas chromatography-tandem mass
spectrometry [J]. Journal of Environmental and Occupational Medicine,
2024, 41(10): 1180-1185.

[16] EIk, FEiliel, B, 45, WRITHAR-SOM (- DUk s il i A 16 1k
FHK R 82 FERMEAHLI[I]. HBE A4, 2024, 14(6): 514-519.
WANG L, CAI DL, LIANG N, et al. Rapid determination of 82 kinds of
volatile organic compounds in drinking water by purge-trapping-GC-MS [J].
Journal of Environmental Hygiene, 2024, 14(6): 514-519.

[17] B&WE, By, XIOU, A BRI A - SO % - TSI 4 B 2
R I XU A [T, A=A N T, 2022(24): 58-62.

LEI T, GE ZH, LIU BY, et al. Analysis of volatile flavor compounds in
single-grain brewing Baijiu by PT-GC/MS [J]. Farm Products Processing,
2022(24): 58-62.

(18] FRUE, VM, AR, 45 PRS0 I A S AT IR R mir i A
B[] AR AR AR, 2021, 39(2): 1-7.

CHEN J, WANG C, ZHU Q, et al. Research status and application
prospect of frontier technology of traditional fermented food in China [J].

Journal of Food Science and Technology, 2021, 39(2): 1-7.



F11

W, & FET AT - A%/ B R T ST L RS b KR 5 77

[19]

[20]

[21]

[22]

[23]

[24]

[25]

T RN ZWY, S FLIE R RS RR A A R S KUk

JAEALEIARSEAEMTI]. BB, 2023, 44(2): 204-211.

WANG H, WU XY, XIA YN, et al. Correlation analysis between bacterial

community succession and changes of flavor substances during whey wine

fermentation [J]. Food Science, 2023, 44(2): 204-211.

Mok, EI5, MR, & KA RMORIR AR K R BRERBT 2

[T AW ARVERE, 2024, 14(5): 745-760.

WEI L, WANG F, TAN JH, et al. Origins, detection and removal

technology of off-flavor compounds in aquatic products [J]. Current

Biotechnology, 2024, 14(5): 745-760.

WU Y, WANG MQ, GU Y, et al. Miniaturized thermal purge-and-trap

device combined with self-calibration colorimetric/SERS dual-model

optical sensors for highly rapid and selective detection of sulfur dioxide in

wine [J]. Food Chemistry: X, 2025, 25: 102091.

XIAO K, ZHAI HN, HU RS, et al. Effect of different primary processing

methods on flavor compounds and sensory characteristics of coffee beans [J].

Science and Technology of Food Industry, 2025, 46(1): 22-32.

XING JH, YANG C, ZHANG LF. Characterization of key flavor

compounds in cinnamon bark oil extracts using principal component

analysis [J]. Food Research International, 2025, 200: 115446.

WIUFR, TRAEAE, XU, 4. FURRIE K BEEAL RS AR T XUk Bl

ACHVEIFSE[T]. £ S e AT A I 241, 2023, 14(19): 124-132.

HU HW, ZHANG NN, LIU LX, ef al. Study on the variation of flavor

compounds during fermentation of honey peach jam by lactic acid bacteria [J].

Journal of Food Safety & Quality, 2023, 14(19): 124-132.

XUTE, AR, S, 5. M SRR = SR () 132N i P KU 5
2T, B A RGN 2441, 2024, 15(7): 20-27.

LIU X, DENG J, WU L, et al. Analysis on the difference of flavor

[26]

[27]

(28]

[29]

[30]

substances in Sichuan-style Xiaoqu Baijiu brewed by japonica sorghum
and glutinous sorghum [J]. Journal of Food Safety & Quality, 2024, 15(7):
20-27.

WG, KRV, EUIR, 5. SRkl R R M A
B[], AR, 2013, 13(2): 199-204.

MIAO ZW, LIU YP, HUANG MQ, et al. The change of volatile aroma
components of Douzhi in the heating process [J]. Journal of Chinese
Institute of Food Science and Technology, 2013, 13(2): 199-204.

FIEFY, SREL W, AR A AT S S B XK BORUE A
FLAL[T). ARk, 2015, 36(6): 103-108.

LU XD, ZHANG M, MIAO J. Analysis of volatile compounds and
sensory evaluation of different Douzhir (fermented mung bean juice)
products [J]. Food Science, 2015, 36(6): 103—108.

PRER, fEH, BFIE, &5 MR RS SREITND] B
HLBK, 2024, 40(4): 34-39.

CHEN J, REN T, ZHAO ZL, et al. Aroma components and sensory
evaluation of Pixian Douban sauce [J]. Food & Machinery, 2024, 40(4):
34-39.

MRAEE, DREME, B, 55, RRARUREIEMAREAR R AGENL[T]. B
[EHRh A, 2024(12): 180-187.

CHEN ZG, CHEN CM, YAOQ'Y, et al. Establishment of sensory evaluation
standard system for fermented rice cake [J]. Journal of the Chinese Cereals
and Oils Association, 2024(12): 180-187.

National center for biotechnology information. PubChem [EB/OL].
(2025-04-06) [2025-02-01]. https://pubchem.ncbi.nlm.nih.gov/

(TEHH: THH 5 %)





