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Effect of Cooking Time on Volatile Compounds of Pixian Bean Paste Determined by Gas Chromatography-lon
Mobility Spectrometry Combined with Chemometrics

CHEN Lilan, CHEN Zuming, YUAN Can™
(Sichuan Tourism University, Chengdu 610100, China)

Abstract: Sensory evaluation, gas chromatography-ion mobility spectrometry (GC-IMS) and chemometrics were applied
to analyze the change of volatile flavor compounds in Pixian bean paste during cooking. The results indicated that Pixian
bean paste showed the strongest fruity aroma after four minutes of stir frying, and strongest woody, nutty and burnt aromas
after five minutes. As the stir-frying time increased, the spicy aroma of Pixian bean paste was weakened. The volatile
components of Pixian bean paste with different stir-frying times were well separated by GC-IMS and a total of 97 volatile
components were detected at five stir-frying times, aldehydes, ketones and esters being the major ones. The relative contents
of aldehydes and esters increased as the stir-frying time prolonged, including butanal, isobutenal, 2-methylpropanal, valental,
3-methylbutanal, isobutyl butyrate, ethyl butyrate and methyl acetate. Totally 34 signature volatile components were
identified by orthogonal partial least squares-discriminant analysis (OPLS-DA). Pearson correlation analysis showed that the
woody, nutty and burnt aromas were strongly negatively correlated with the concentrations of most aroma compounds. The
spicy aroma was strongly positively correlated with the concentrations of most aroma components.
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Table1  Sensory description and definition of Pixian bean paste samples
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Table 2  Scale for sensory evaluation
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Fig.1  Radar map of sensory evaluation of Pixian bean paste samples
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Fig.2  GC-IMS 3D (a) and 2D (b) topographic spectra of flavor

compounds in Pixian bean paste at different stir-frying times
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Table 3  Identification of aroma substances in Pixian bean paste samples
CE RN S SR EC O B R G U
XQ-1 4R CHO 16299 1513.04 116538 R
XQ2 frize CoHO 16424 1536324 1.0549 friEEk
XQ3 (B)2-Ji#E CHL0 13541 998.746 125383 HE, RE
XQ-4 (B)-2-JRE CHO 11401 599.569 135857 R
XQ5 2RO CHO 11502 618456 149666 R
XQ-6 (E)-2-THE CH,O 1147.1 612.661 141554 HE AE

XQ-7 S-FE R CHO, 9945 330106 113291 %%, #E. EEE
XQ-8 5-FE R CHO, 971 309885 113563 %%, #E. EEE

XQ9 Sk CHO 9642 304002 119533 FRER
XQ-10 Sk CHO 9107 257876 140243 FRER
XQ-11 ET# CHO 900 24867 111221
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XQ-12 2-FHERE CHO 849 217104 127926 R RBER XQ-68 22466-HTENLE  CoHy 10206 376748 104376
XQ-13 il CHO, 8291 205634 108583 Bk XQ-69 22466-THAERHE  CHy, 10234 382078 1.37074
XQ-14 (B2 CHO 11176 557718 110423 RE XQ-70 LR T CHBr 9592 299.671 100155
XQ-15 7 CHO 9315 275785 118476 TR R XQ-71 =4 CyHy 10842 495408 1.04086

B XQ-l6 TR CHO 8947 244003 122343 PZS XQ-712 14-ZEk CHO, 10338 40144 134696
XQ-17 ETE CHO 8905 24092 128039 XQ-73 i3 CoHy 11165 555592 122008 HEE AF
XQ-18 2R CHO 8800 234961 128222 RE. BEE XQ74 114 CHO 9899 326136 107901
XQ-19 2-HENENMA-E CHO, 12843 868493 10705 HFE. BEE. Bl XQ-75 el CHy 9302 274676 129441 HE
XQ-20 RITI CHO, 13348 962674 104208 IR S XQ-76 KAl CoHs 1111 545601 122748 R
XQ-21 FIETI CHO, 12739 849.065 104148 il XQ-77 RNt CoHy 12621 827201 121127 FEER
XQ-22 AT CHO, 13165 928537 122826 ERE 3 XQ-18 i CHN, 13183 932017 107113 BRE
XQ-23 L3 CHO 12835 867.053 13254 e XQ79  2LZHESFEME  CHN, 10035 344871 11977 &
XQ-24 FOm CHO 13165 928506 116235 AR XQ-80  245-ZHHEMM  CHNS 9983 335253 155445 BRAER
XQ-25 A CHO 8578 222121 111821 FHAE XQ-81 2-ZHIE CHO 9642 304002 131383 EERR
XQ-26 3-Fli-2- M CH,0 9523 293708 12288 EHE XQ-82 25 THHENE  CHO 9523 293708 133996
XQ-27 2 CHO 9993 337091 138258 RE XQ-83  25-THANKE  CHO 9131 259964 135735
XQ-28 23-T 7 CHO, 09197 265631 117972 b ESHE XQ-84  2-ZHES-HEME  CHN, 10308 395872 117223 Lot
XQ-29 2LTH CHO 905 252955 124364 XQ85  2-ZBEMMM  CHNO 1063 455898 110527 REE
XQ-30 1- -3 CHO 9883 324768 131498 ok XQ-86 IS CHN, 12412 788.102 1.09101 L
XQ-31 1-R-3- CHO 10595 449236 107569 FHk XQ-87 i CHN 11566 630313 124611
XQ32  HEMZEAE  CHO, 8806 235277 11982 XQ-88 TR CHGS, 9203 266159 113127
XQ33  2HOH-IE CHO %31 285814 140645 XQ-89  LTETWEE  CHO, 9545 295622 13005
XQ34 2R CHO 9284 2730 141147 XQ-90 CHECHR CHS, 10559 442552 113279
XQ35  MUEfL2-BmE  CHO, 16139 1483206 108735 RAE XQ91  -AEZHZE  CHO, 8652 226407 11555
XQ-36 T CHO, 1583.6 1426.616 1.09145 FHME i XQ-92 * CH, 9009 249397 1.01517
XQ-37 SIRRCE  CHy0, 13917 1068.784 152621 ik XQ-93 A CHO 11026 52974 113303
XQ-38 PERET C,Hy0, 16167 1488.341 1.33499 RE TE XQ9%4 il CHN 10349 403531 1.0913
XQ39  3FETMTE  CHO, 12608 824.624 139082 FEER XQ-95 et CHS, 1111 545437 163637
XQ-40 This N CH,0, 12708 843282 127677 5. PilE XQ-96 A% CoHy 10747 477581 126331
XQ-41 LR CH,0, 11579 632735 131979 s XQ97 831 CH,0, 9077 2553 167557
XQ-42 Pl T CH,0, 11172 556.829 127846 EEER
XQ4 CHARE  CH0, 10747 477581 139177 BEEA FPE— B TR B R F S SR AL, R
XQ-44 FINRR CHO, 10232 381683 113367 FHk oy Ve e 2 1K R A by M 4o sl e L
XQ-45 SRR CH,0, 10286 391752 125542 RE fﬁﬂﬂ AR ”nj'j ®E Hj 0 ﬁ%%ﬂ% - %lﬁﬁ$mi§
XQ-46 TR CH 0, 9463 288.561 1.14015 BEER Sr e BR3P, ERE R RS E A A A
XQ47 WHMLE  CHO, 931 277164 114558 2E MR A BEAE65.0%~T70.0%2 1], FHAEE. Fi2 s
XQ-48 ﬁ%m@%lﬁﬁ CH,0, 9415 284388 155908 FH KRGS B, RES R ZE SRS . BE N
wn SR cuo w memioe  ESAR B SRS AL & AU HIA & ) 317610.9% ~ 15.20% A
XQ-51 Z@ng CHO, 896 245201 133716 %ﬁ\@ 146%“’205%2[‘5‘[ ’ #Egﬁ%%}%” Hﬂ‘ I‘Eﬂ E"Jﬂﬁaﬂgiﬂﬂ
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XQ-61 RTE CHO 10312 396563 138088 A0 G PR 35 . B SR TR — A ) T B 2 AR 0 D T AR
XQ-62 LB CHO 980 317606 113472 B, HRk S A YA G RAE I, — %3 AR
XQ-63 Z-q]%-}%rrl%]ﬁ? CHOS 8434 213871 114157 eSS, %U\‘FE/‘] @?%%Eﬁﬁ%ﬁﬁ‘lﬁm E"]é%’ 4~6 /I\ﬁi}uiﬁ
XQ-64 17 CHO 999 33816 111063 [, . N e o e 1 200
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Fig.3  Relative contents of aroma substances in Pixian bean paste samples
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Fig.5  Clustering analysis of Pixian bean paste samples

AN [ i s i) 30 7 % (1) S4B ) OPLS-DA
OPLS-DA R — M A & A5 ot giitk J7ik, fe
8 0 HOHE EAT e 4, SIS A S0 KA T A K R 4y
BT 5 02T, Syl — B R TS R () 5 B
TERMEY), DLERHE9T FESMA S NN AR, L
AN [E B B R S B AR &, #E4TOPLS-DA. Wi 3a
i, KHR: (cum) FIR; Ccum) 43 Al 2 7m £ X Al
Yl EX AR B RERRE S, 07 Ccum) ZRIRAEAL B T

2.6

fe AU, HohRy (cum) =0.849, Ry (cum) =0.995,
R (cum) —R; (cum) <0.3, FHZHRBNE, [FH
a
777777 -0 -----------@---------------¢ e R?
0.8 -
0.4+ I
& |
S|
_08 T T T T T
—0.2 0.0 0.2 0.4 0.6 0.8 1.0
BHREE

i, Q% (cum) =0.548>0.5, FHZHAEAG —Z T
g

OPLS-DA F#ff W & m & S AE W 5 A R I | i
T iy S L 3 R A S, RO AN YA RS S,  EAH
Ktk hE6ebR 1, (E)-2-BEMflE. 5-H O
IETEE. 2-FREDUERIG-3-B. - T WlE. ZERFFE. 5
THERFTG. 3-FFE-2-THE. 2,4,5-= HIFEMEM A O 4% —
i 5 BT FE S DGR T, R IZ A AW eI i B
S PR AR R AR

BERFEEM (variable importance for the
projection, VIP) A HJJ-#iiik t xS s RORAE 5
J3 A B et AR e . EechT A, 34 B
SHEMHFIVIP>1, VIPEBK, Z5FBEE. 34 &
SAEY EEGRESS iy BIZE8 By BRI Fh. R
1Rl R8Py EBERL Ah. Z<3MME A2 Fh. BESSL B
A2 B, WATEERE. (E)-2- TR, IE TR, 2-FERE
WE. ATSEER. 2-PHE-2-FH . 2-5KER . 2-T . 3-FIE TR
THhe. AR, RTRRTH. 2ROl CBRP
Be. ZIREARE. TRRZEE. EWEE. JRE. KA.
FHEEMEIBR . 2,4,5- = FIJEMEME | 2- 2, 3-5- FF JLE R4
2.7 BRE G IR VPN A A A B S S i

NI B S &S S KR, K
FPearson il 5& 28 H AN [5] b i) B[R] 8 L o 9 3 1) J8% By
JE S VIP> 1 & SAGE P AT A M 0 B 7
iR, &, AEMREEE R E[NENERE
ke, M5, CRAB. FAIRROEE. 7R
LTg. LR 2,4,5- = W HEMEM: . 2. 7 -5 F SRk

0.999 939 X M2pg[1]

a B IREE R b HTEAE; ¢ VIP; Eb. cPXQEEMEY, XQEMMFREMNEMST. BTF.

1%l 6
Fig. 6

A D AT ] 5 AL o B 75 AL Ay 1 I OPLS-DA

OPLS-DA analysis of aroma substances in Pixian bean paste at different stir-frying time



XK 53D

E6mill=

2023, Vol.44, No.14 289

2R E AL (P<0.05) , H53-Bil-2-0. 2-7%
Pl 3-FHEE TR DM, R DN R A ORI A R 3 O
XK (P<0.01) , ME5IETE. 2-FEARK. 4
ZBEHEE . R TRR:TE. CKBRFEEZE LM
K (P<0.05) . ¥HFHRMEOrE[NMEMELEEIE
M, S ER. 3-FM-2-f. ZRAlE. HERC
Bt ZFROHBE. —PiFENEEAI2,4,5- = ALmEm: 2 i
FIEFR (P<0.05) , 52-KFR. 3-FHETER T .
TR GETIEE . YR RI2- £ -5 I e A R 3 IE A
K (P<0.01) , HIETEEA2-H L W 2 2 67 A 0%
(P<0.05) . XELSEREERZE ML (P<0.05, 5
SHETRTERZEE MM (P<0.05) .

i Lo
l0~6

-0.2

tE vE RE E WA AS
ZL AR 5 53 ) R IEAIGRORH OG5 = 2 35 R R
(P<0.05) ; s B ZEAMK (P<0.01) .
7 VR AR S {Pearsonfil Jo Pk
Fig.7 Pearson correlation heatmap of sensory evaluation and

characteristic aroma components

3 & #

K FH 41 3 4 B B PP AN A G C-IMS Xof A [ e il s i) 545
EEESE & LS AT . SRR HE Sk
EAELD 4 minf5 R I RGRITR A, ELH]S min/5E
Pl R . ORERIIRIRA, 4 E S ) A B
DI R SE A TS o H BRI T J, 9B S
FIAr A3 AN, Hp b R 9 1 minff 485 Sy
12, IBHI R N2 ~4 minf 50 E SR N 226, 1
I 18] 95 min 90 EL SO N ER 358, FEER B G 3L

R 97 FESEY, HAhEEA18 Fh. BAZ17 F.
BE2522 Al BEIS10 Fiy Lekedss Al MR85 Fi. 2438
10 Py RS2 PRI AL A8 Fi. HHOPLS-DATf %
H34 Fibr EMEY, EEAEFEE. (B)-2-F#. &
TEE. 2-WIRENEE . Aol 2-PEE-2-B . 2- /K. 2-T
i, 3-FAEETER T HE. WMGIRCKE. R TR TR, 2R
LlE. W, CRFWBE. TR, IENEE. I
Wiy KFEMe. FISEMEIEE . 24,5- = FIBEMEM: | 2- 2 56-5-FidE
ME#E%%, FHPearsontf e MEmT 1, &, REMIZREEFSK
AT AMNEYEREEZE IR, FHESKMAEUED
SR IEA I AHFF R T G XU Tt 7L
PEAEFLR AR LA SONAH R TSR A T A 4

S R -

[1] 335, S2ERER, U=, S5 Q0B R P S I B AE R
AR I ARAG T ST D). o R, 2009, 34(3): 106-111.

[2] 2Rt EEMS, HER, 5 LSS SIS R R MR 1
P A BT[], AR AT SR, 2014, 30(4): 268-273. DOI:10.13982/
j-mfst.1673-9078.2014.04.041.

[3]  TREE, INEE, BE, SRR R 0 T R
SO, B EFE, 2010, 31(4): 166-170. DOI:10.7506/spkx 1002-
6300-201004037.

[4]  BEUEE, FUVLAL, 30HT, S BT AN [ S SR T R R ).
B iR, 2011, 32(12): 175-182. DOI:10.7506/spkx 1002-6630-
201112039.

[51 X, ET, Mn) 3, 45 SRE G ARG R EE L 2 A BT R AT ).
bR, 2020, 41(22): 166-176. DOI:10.7506/spkx 1002-6630-
20190906-086.

[6]  FRAEZE, By, FeWleE, 45 JE T GC-IMS. GC-MSHIOAV V73 #r
AEARCKY FURL B X A8 UM P R ME AT SR S (7). £ i bR,
2023, 44(8): 301-310. DOI:10.13386/j.issn1002-0306.2022050344.

[7] ZHANG X X, DAI Z, FAN X J, et al. A study on volatiles metabolites
screening by HS-SPME-GC-MS and HS-GC-IMS for discrimination
and characterization of white and yellowed rice[J]. Cereal Chemistry,
2020, 97(2): 496-504. DOI:10.1002/cche. 10264.

[8] CHEN Y, LIP, LIAO L Y, et al. Characteristic fingerprints and volatile
flavor compound variations in Liuyang Douchi during fermentation
via HS-GC-IMS and HS-SPME-GC-MS[J]. Food Chemistry, 2021,
361: 130055. DOI:10.1016/j.foodchem.2021.130055.

[9] CHEN Y P, CAI D D, LI W Q, et al. Application of gas
chromatography-ion mobility spectrometry (GC-IMS) and ultrafast gas
chromatography electronic-nose (uf-GC E-nose) to distinguish four
Chinese freshwater fishes at both raw and cooked status[J]. Journal of
Food Biochemistry, 2021, 46(6): 13840. DOI:10.1111/jfbc.13840.

[10] sy, Ad, Mt T GC-IMSE & 2 Jugiilh Jr ik ke dil i
[0 FERE R R D DT RS2 D). £ iR, 2022, 43(6): 279-
286. DOI:10.7506/spkx1002-6630-20210429-417.

[11] i, fod. I GRRHEHE R ME A F A R 7 (0.
o 5 2R, 2021, 21(4): 326-334. DOI:10.16429/1.1009-
7848.2021.04.039.

[12] FENG Y Z, CAI'Y, SUG W, et al. Evaluation of aroma differences
between high-salt liquid-state fer-mentation and low-salt solid -state
fermentation soysauces from China[J]. Food Chemistry, 2014, 145:
126-134. DOI:10.1016/j.foodchem.2013.07.072.



290 2023, Vol.44, No.14

E6miltl =

XRS5y 53

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

LI M Q, YANG R W, ZHANG H, et al. Development of a flavor
fingerprint by HS-GC-IMS with PCA for volatile compounds of
Tricholoma matsutake Singer[J]. Food Chemistry, 2019, 290: 32-39.
DOI:10.1016/j.foodchem.2019.03.124.

MICHAEL F, SEBASTIAN W, JANOS V, et al. Evolution of volatile
flavor compounds during roasting of nut seeds by thermogravimetry
coupled to fast-cycling optical heating gas chromatography-mass
spectrometry with electron and photoionization[J]. Food Analytical
Methods, 2017, 10: 49-62. DOI:10.1007/s12161-016-0549-8.

FAN X J, JJAO X, LIU J H, et al. Characterizing the volatile
compounds of different sorghum cultivars by both GC-MS and HS-
GC-IMS[J]. Food Research International, 2020, 140(4): 109-975.
DOI:10.1016/j.foodres.2020.109975.

LI X F, ZHU J C, LI C, et al. Evolution of volatile compounds and
spoilage bacteria in smoked bacon during refrigeration using an
E-nose and GC-MS combined with partial least squares regression[J].
Molecules, 2018, 23(12): 3286. DOI:10.3390/molecules23123286.
SO, SRS, M, A5 T GC-IMSEAR AT IR L R h R
5 S R PR AT (], i Tolk AR, 2021, 42(19): 307-313.
DOI:10.13386/j.issn1002- 0306 2021030328.

PRUEIK, AN, J7 DS, A Bl S R 0 AR A R
JRAEE S BUY ARALEL ], £ BEE, 2020, 41(2): 259-266.
DOI:10.7506/spkx1002-6630-20190104-050.

ETHE, IVCAE, PR, S5 ANIR) A R P L SR i 5T
ST AR, 2020, 41(10): 213-221. DOI:10.7506/spkx1002-
6630-20190610-102.

MRTE ==, BRAEWI, ZEhl. 888 S i) s 97 5 1 KUk W) S5
Sy AT, P E R, 2020, 45(4): 177-180. DOI:10.3969/
j.i8sn.1000-9973.2020.04.037.

D, RLLT, IRMN S PR GRS KRB R R B A
oI5t 5 Je T p oy M 101, B ARR, 2018, 39(18): 209-216.
DOI:10.7506/spkx 1 002—6630—201 818033.

[24]

[25]

[26]

[27]

[30]

TR, T, AR, S AN R RBR I ()R 4 L S R A KR AL
BB ENE R AEHTIT. P R, 2021, 46(10): 43-46.
DOI:10.3969/j.issn.1000-9973.2021.10.008.
GOCHI, XUREE, B, A5 HET TR UM (- £ LA S S M
B[] € PR K 28 R FE R R I 22 53 (D). i B2, 2022,
43(18): 258-264. DOI:10.7506/spkx1002-6630-20210927-324.
FHEL, M, XL, 45 T GC-IMS BEAR ST AN R K &
T AR B A 22 S (0], i TR, 2021, 42(17): 278-284.
DOI:10.13386/j.issn1002-0306.2020110117.
WANG S, CHEN H, SUN B. Recent progress in food flavor
analysis using gas chromatography-ion mobility spectrometry (GC-
IMS)[J]. Food Chemistry, 2020, 315: 126-158. DOI:10.1016/
j-foodchem.2019.126158.
R, M, AR ETE. T 9 0 B 5 T B VA N 5T 0% R )
te /N IR BT[] RO R AR 5AR, 2020, 43(5): 950-958.
DOI:1000-2030(2020)05-0950-09.
TR, BE—0 AR PR, A I Rk A [ 52 G EE A8 PR B A
BT 2 B KR B2 ] B BEY:, 2022, 43(20): 275-282.
DOI:10.7506/spkx1002-6630-20220513-165.
sk, RO, Kbk, 4. EETGC-MSH G B k%
SE USSR D], fr it 5 R Dolk, 2022, 48(13): 268-276.
DOI:10.13995/j.cnki. 1 1-1802/ts.029667.
LIU D, QI Y, ZHAO N, et al. Multivariate analysis reveals effect of
glutathione-enriched inactive dry yeast on amino acids and volatile
components of kiwi wine[J]. Food Chemistry, 2020, 329: 127086.
DOI:10.1016/j.foodchem.2020.127086.
EICT, R, EA o, . SPME-GC-MS&S & 4L R W1 R B
YYRE Ak AR5 R A DG PELT]. £ S HLBK, 2019, 35(2): 42-47.
DOI:10.13652/j.issn.1003-5788.2019.02.009.





