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Abstract: Electronic nose and gas chromatography-ion mobility spectrometry (GC-IMS) combined with relative odor activity value
(ROAYV) and multivariate statistical analysis were used to investigate the effects of cooking temperatures on the flavor of Sarcodon imbricatus
soup. A total of 35 effective volatile compounds were identified in S. imbricatus soup, including 11 aldehydes, 6 ketones, 4 esters, 5 alcohols, 1
ether, 4 heterocyclic compounds, and 4 olefins, among which aldehydes, ketones, and alcohols were identified as the main flavor substances of S.
imbricatus soup. By combining with ROAV, it was determined that it is more conducive to releasing the mushroom flavors in S. imbricatus
soup at a cooking temperature of 90 ‘C. An OPLS-DA model with good stability and predictability was established using orthogonal partial
least squares discriminant analysis (OPLS-DA). After variable importance in projection (VIP) screening, five key differential flavor substances
were identified: 1-octen-3-one-D, 1-nonanal-D, 1-octen-3-ol-D, 1-nonanal-M, butanal-M and (Z)-4-heptenal. Practical references and a
theoretical basis for the flavor optimization of S. imbricatus soup products are provided by this study.
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Table 1 Response characteristics of electronic nose sensors
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Fig.1 Electronic nose radar (a) and PCA (b) of S. imbricatus soup at different cooking temperatures
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Fig.2 (a) two-dimensional chromatograms and (b) three-dimensional chromatograms of volatile flavor compounds in S. imbricatus
soup at different cooking temperatures
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Fig.3 Variation of volatile flavor substance relative content in S. imbricatus soup at different cooking temperatures
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G B0 1AL SR 5 BRI 2 S 3 Cs (LB PRk

B AW 45 BE PR B T 1 R /K SRR 5 TR IR 24, TG A% I 5 L PR 386 AR T B B IR K, 30 2 IR
FEXF B A P AR L (R EH
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Table 2 GC-IMS quantitative analysis of S. imbricatus soup with different cooking temperatures

g AAREZ/%
oty ES &40 .
TR FEHE F G H I J

R-2-F Hlt-D (E)-2-octenal-D CsHuO 14323 2.26£024°  2.61x0.07*  227+025°  1.4630.09°  1.41+0.07°
B2 Wlb-M (E)-2-octenal-M CsHuO 14326 5.00£0.53°  553+0.02°  547+0.48  4.44+0.14°  4.46+0.39°
I TE-D 1-Hexanal-D CHi,O 10815 1.89£0.81°  1.18£0.04®  1.18£0.08®  0.90£0.19>  1.15+0.34%
IETE-M 1-Hexanal-M CeHO 10823  1.15£0.04¢  1.28+0.04*  1.18+0.02°  1.15£0.00°  1.23£0.01°
E8-D 1-Nonanal-D CoHisO 13958  2.87+1.79%  2309+1.6®°  1.55:0.80° 0.68+0.48  5.03+3.10°
FB-M 1-Nonanal-M CoHisO 13961  5.13£0.74°  5.00+1.04*  4.53£0.90 3.01£0.94°  6.51x1.38°
EFE-M 1-Octanal-D CsHigO 12923 1.78£0.78  1.50£0.37%  1.37+045%  0.67+0.20°  1.21+0.29%
EFE-D 1-Octana-M CsHisO 12923 249+024*  2.50£0.20° 24630300  1.81+0.22°  2.43+0.15°
2- T 2-Hexenal CHigO 12168  0.17£0.04°  0.17+0.01*®  0.21£0.02°  0.21£0.00®  0.22:0.02°
2-F R TE-D 2-Methylbutanal-D CsHigO  917.8  1.48£0.04% 148037  1.07+039  1.94£0.05  1.19£0.41°
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g A 22/ %
ot FX L AR .

AFX HHE& F G H I J
2-FA RSB 2-Methyl-2-propenal  CiH:O  885.6 0.07£0.01°  0.08£0.00°  0.09£0.01°  0.12+0.00*  0.14+0.02°
2-FATE-M  2-Methylbutanal-M  CsHicO  909.9 0.18£0.00°  0.16£0.05®  0.10£0.04>  0.14£0.00®°  0.11£0.04

ETE-D Butanal-D CHsO 83738 0.15£0.01°  0.12£0.02°  0.09£0.01*  0.11£0.00°  0.08+0.02°
ETE-M Butanal-M CiH:O  848.1 1.50£0.13¢  2.08+0.10°  2.84+0.27°  3.09+0.07%  3.42+0.27°
)3 Heptaldehyde CHuO 11838  1.56£0.02*  143£0.07°  130£0.19¢  1.1240.44¢  1.46£0.03"
IERER-D n-Pentanal-D CsHioO 9862 1.2140.45 1.11£0.06°  1.51£0.05°  1.56£0.03*  1.17+0.41%
I REE-M n-Pentanal-M CsHioO 9835 0.98+0.00 1.11£0.022  1.1240.05  1.02£0.02®°  1.13+0.04°
JIR-4- B e (Z)-4-heptenal CH,O 12709  1.55£0.33° 1.630.06*  1.10£027°  0.51+0.04°  0.49+0.04°
Bk (114) 31.4243.89°  31.3543.42° 294642980 2394195  32.84+3.83
- 4#-3-B7-D 1-Octen-3-one-D CsHisO 13113 14.80£1.88°  16.49+0.03*  15.7742.67* 11.07+2.05>  16.09+1.10°
13 H-3-BR-M 1-Octen-3-one-M  CsHiuO  1313.6  4.66+0.44%  4.98+0.04%  505£0.54°  4.25£021°  5.08+£0.37°
2-THA-D 2-Butanone-D CHsO 9024 0.08+0.01¢  0.14£0.07°  0.14£0.09*  0.52+0.05  0.22+0.10°
2-T BR-M 2-Butanone-M CHsO 9005 0.10£0.01°  0.12+0.05>  0.09+0.05%>  0.21£0.01*  0.12+0.04°
2- B BR-D 2-Heptanone-D CHi,O 11799  034£0.07°  048£0.05¢  0.72£0.08  1.09£0.09° 1.26+0.04°
2- B BR-M 2-Heptanone-M CH4O 11788  0.80£0.08°  1.05£0.05*  1.34+0.13®  1.56+0.24° 1.65+0.28°
2-TBR 2-Hexanone CeHi O 10989  0.89+0.15° 1.10£0.02°  1.20£0.11®  1.28+0.03 1.29+0.10°
2- 75, BF 2-Pentanone CsHi O 933.1 0.81£0.08°  0.80£0.08®  0.76£0.13®  0.61+0.04>  0.89+0.13°
3-¥8A-D 3-Octanone-D CsHiO 12594 741528 384228  623+7.55°  16.58+2.11°  1.88+0.31
3-FBA-M 3-Octanone-M CsHigO 12591  525£0.94® 481132  454£139%  6.04:0.06°  3.83%0.16"
Bk (64F) 35.13+4.31%  33.8143.58°  35.85+5.28>  4321+1.40°  32.32+1.87°
ETHE 1-Butanol CH; O 11405  0.15£0.01°  0.19£0.00°  0.24+0.02*  0.24+0.01*  0.25+0.01°
5B 1-Butanol, 3-methyl ~ CsHi,0 12062 0.42+0.02*  0.40£0.01®  038+0.03>  043£0.01*  0.42+0.02°
1-¥ Hi-3-B5-D 1-Octen-3-o0l-D CsHiO 14866  8.18£0.90°  7.73:0.07°  6.24+0.5%°  579+0.15>  5.40+0.38"
|- 4-3-85-M 1-Octen-3-ol-M CsHigO 14869  10.70£0.09  11.22+0.07*  11.21£0.04*  10.42+0.19°  11.16£0.02°
2-TB 2-Hexanol CeHisO 13002  0.93£0.12°  1.00£0.03*  1.11£0.04®  1.27+0.13° 1.2140.10°
3-FE-D 3-Octanol-D CsHisO 14067  0.49£0.05*  043£0.03°  026£0.02°  026+0.01°  0.28+0.03°
3-FEE-M 3-Octanol-M CsHisO  1407.6  0.79£0.14*  0.80£0.03*  0.67£0.06*  0.73:0.01*  0.67+0.06"
BEK (54F) 21.66+2.18°  21.77+0.12*  20.11+1.52¢  19.14+0.4*  19.38+1.24

IR-3-TH AT (Z)-3-hexen-1-o0l CioHis
5 ufanoatc o 14573 0.32+0.05¢  045£0.01c  0.60£0.06>  0.79+0.03*  0.79£0.07°
L8 LB Acetic acid ethyl ester ~ C;HsO,  891.5 0.09£0.02°  0.09£0.01*°  0.09£0.02*  0.06£0.01*  0.10£0.02*
B8 LB Ethyl formate CGH O, 832 0.30£0.01°  0.21£0.02°  0.23+0.03*  0.31+0.02*  0.24+0.10°
FREFE  Isovalericacidmethyl CeHpO 10161 0.23+0.01°  0.25£0.03°  0.28£0.04®  026+0.02°  0.32+0.03°
Bek (44F) 0.94+0.02¢ 1.000.04¢ 1.20£0.16°  1.43£0.04° 1.45+0.13°

WRAFTHEAA  3-(Methylthio)-1-prop

% e CHsS 9356 0.69£0.06°  0.70£0.04®  0.69+0.08°  0.63£0.00>  0.81:+0.08
BEE (141) 0.69£0.06°  0.70£0.04®  0.69+0.08°  0.63£0.00>  0.81+0.08"
oM alpha-Pinene CioHis 999 0.27+£0.04¢  0.31£0.00%  0.35£0.03*  0.30£0.01*  0.25£0.01¢
¥ i beta-Ocimene CiHis 12285  027+0.01°  0.19+0.00°  027+0.02>  0.30+0.01®  0.32+0.02
-4 1-Octene CsHis 8349 0.10£0.04>  0.17£0.09®  0.24+0.06®  0.12£0.03®  0.26:0.12°
K Camphen CioHis 10437  0.07£0.01°  0.08£0.00°  0.09£0.01*  0.09£0.00°  0.09+0.01
Wk (44) 0.70£0.11c  0.75£0.09*  0.96+0.07*  0.81£0.04  0.92+0.10%
2-F dottk 2-Methylpyrazine ~ CsHgN> 12703 0.26£0.06*  0.27+0.01*  0.18£0.03>  0.12+0.01°  0.110.01°
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RS Pyrrolidine CsHoN
v Sk vi-D THF-D C4HsO
v Sk vi-M THF-M C4HsO

R Thiophene CsHaS
LK (47F)
KA ML

1013.6 0.39:+0.05%
781.2 0.14+0.02°
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Fig.4 GC-IMS fingerprint of volatile flavor substances detected in S. imbricatus soup at different cooking temperatures

2.3 HEEK KA

NHE— B HT AN FIZE R EE T RRPE S B AV E IR SR ZE 5, X BRPR 112 P 46852 B A Va5 1)
XS & R BHHAT AR, B n] EDW IS 2 RR P 218 7 h % A R R (AR A . 204K
AR, ARG, WIS WA, ARG A ) F 8 5 R RS P B WLR KO, 5 MASER
JEERSH ) S 5% B B2 W] LAR S 35 R IR BN [RS8, FERRIREE O 80 °C 5 90 "CH RRPEEIE 7 I R B 5

BARAT BEE,



MR EmRE Modern Food Science and Technology 2025, Vol.41, No.12

; { 1 | 5 i
= | | I acid ethyl ester N
1 | | | | | 3-(Methylthio)-1-propene e

Octene
Isovaleric acid, methyl ester
2-Hexanone
Camphen

N B N —
| 1 | | - nol

. ]
- ) s - “Octen-3.0l

 — 4 it + . n-Pe M
== I = ] I 4@ (E)-2-octenal-D

L { = (E)-2-octenal-M

! | | | L alpha-Pinene

| e o o s [ i O
1 I | 3-Octanone-M

F3 G2 Gl G3 HX HIL H}» 13 I 12 13 11 I

B 5 TERHIREREERARERIENE

Fig.5 Heat map clustering analysis of S. imbricatus soup at different cooking temperatures

24 1B &M R R A Mk A R E B R
TR FE Xof L R T ¥ UK B ik AR R Y IEF 1#-D ) ROAV 1A 100, 15 H A XERPI 5 ) ROAV 1H. HiFE 3 1

0, TEAS [FHR AR R B SRR B T — I 17 B R YRR G4 ROAV>0.1, IS A5 — S & 1) — F 4k,
X 17 ML E Y BIRE R AR R AT ER, HA4-FaE. ECi-D. ECOE-M. TiE-D. TEE-M.
IEERE-M. IEERE-D. 2-H 3T RE-D. 2-FHE T ’E-M. IE T BE-M. Fifis. IE/REE-D. 1IEREE-M. 1-3F)5-3-FE-D.
1-FJ5-3-BE-M~ 1-"F0-3-Bd-D 1-3¢45-3-Fi-M. 570 G HEWy 1) ROAV>1, UiBIXEei &4 2 BIR E W%
W B R XRP R . 1E T 1E-D 3-3FBE-M. 2-Pif-M. 2-CFi. 2-%8i. 3-3F8i-M 11 0.1<ROAV<I1, Xf
MR IAH N RA B i 1-806-3-0E GEZER) 3-6M CHEEMO | IR G, TR |
3-SR (EEHEMRD o 1-F-3-H GEEREVR) S s ke R 1 BR824 i ROAV>1 L&), KR
FEHIURE N 90 C I 2 5 B B 17 0 4 AR B IR AR, MU B A = . BB 5 B RREIRAS, HEAAHE
TFRHIRE N 60 CHY KRR TS, FAHIEE N 100 CH 252 2 Bz s XUk okl . 25 Bk, & HIR
P2 90 CH B I TR TBUE PR 25 B 1 IR s A R o
3 TRFHIRENERZEEANEKY RS KIEAS ROAV (&

Table 3 Odor description and ROAYV value of flavor substances in S. imbricatus soup at different cooking temperatures
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Fig.6 Principal component analysis of volatile flavor substances of S. imbricatus soup at different cooking temperatures
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Table 4 VIP score table of volatile compounds in S. imbricatus soup
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