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Abstract: The impact of cooking temperatures on the flavor of Sarcodon imbricatus soup was investigated using an electronic
nose and gas chromatography-ion mobility spectrometry (GC-IMS), complemented by relative odor activity values (ROAVs) and
multivariate statistical analyses. In total, 35 effective volatile compounds were identified in S. imbricatus soup, comprising 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 compounds. ROAVs were used to determine the conductivity of releasing mushroom
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flavors in S. imbricatus soup at a cooking temperature of 90 “C. An orthogonal partial least squares discriminant analysis (OPLS-DA) model

with good stability and predictability was established. 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. These results

provide practical reference data and a theoretical basis for the flavor optimization of S. imbricatus soup products.

Key words: Sarcodon imbricatus; electronic nose; gas chromatography-ion mobility spectrometry (GC-IMS); relative odor

activity value (ROAV); multivariate statistical analysis
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Fig.1 Electronic nose radar and PCA of S. imbricatus soup

at different cooking temperatures
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Fig.2 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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Table 2 GC-IMS quantitative analysis of S. imbricatus soup with different cooking temperatures

Ry E 4 PO e
TR K F G H I ]

F-2-FWB-D  (E)-2-octenal-D CH,O 14323 226+024°  2.61£0.07° 227025 1.46+0.09° 1.41£0.07°
R.-2-FMBs-M  (E)-2-octenal-M CH,O 14326 5.00+£0.53° 553+0.02° 547+048  444+0.14° 4.46+0.39
IECE-D 1-Hexanal-D CH,O 10815 1.89+0.81° 1.18+0.04" 1.18%0.08" 0.90+0.19" 1.15+0.34®
IESEE-M 1-Hexanal-M CH,O 10823 1.15+0.04 128+0.04° 1.18%0.02° 1.15+0.00° 1.23+0.01"
FEE-D 1-Nonanal-D CHO 13958 287+1.79" 239+1.6° 155080 0.68+0.48  5.03+3.10"
FBE-M 1-Nonanal-M CHO 13961 513+074° 500+1.04° 453+£090° 3.01+094° 6.51+1.38"
EFEE-M 1-Octanal-D CH,O 12923 1.78+0.78"  1.50+0.37° 137%045" 0.67+020° 1.21+0.29®
EFEE-D 1-Octana-M CH,O 12923 249+024° 250+020° 246%030" 1.81+022° 243+0.15"
2- Tl 2-Hexenal CH, O 12168 0.17+0.04° 0.17£0.01" 021+0.02° 021+0.00" 0.22+0.02°
2-WHTH&#-D 2-Methylbutanal-D  CsH, O  917.8  1.48+0.04°  1.48+037° 1.07+£039°  1.94+0.05 1.19%041°
2-F 3 MBS 2-Methyl-2-propenal  C,HO  885.6  0.07+0.01°  0.08+0.00° 0.09+0.01° 0.12+0.00° 0.14 £0.02°
2-¥HTE-M  2-Methylbutanal-M  CH,,0  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 CH©O 8378 0.15+0.01°  0.12+0.02° 0.09+0.01* 0.11£0.00° 0.08 +0.02°
ETE-M Butanal-M CHO 8481 150%0.13"  2.08+0.10° 284%027" 3.09+0.07° 3.42+027"
)33 Heptaldehyde CH,O 11838 156+0.02° 143+0.07° 130+0.19* 1.12+0.44° 1.46%0.03
EREE-D n-Pentanal-D CH,O 9862 121+045° 1.11£0.06° 1.51£0.05" 1.56=0.03" 1.17+0.41"
I REE-M n-Pentanal-M CH, O 9835 098+0.00°  1.11+0.02° 1.12%0.05 1.02+0.02° 1.13+0.04"
IR -4- B M B (Z)-4-heptenal CH,0 12709 1.55+033"  1.63£0.06° 1.10£027° 0.51+0.04° 0.49 +0.04°
BE (11 #F) 31.42+3.89" 31.35+3.42° 2946+2.98° 23.94+195" 32.84+3.83"
1-3F ¥4 -3-8R-D 1-Octen-3-one-D CH.,O0 131 13 14804188 16494003 1577267 11.07£205° 16.09% 1.10°
1-¥F45-3-8-M  1-Octen-3-one-M  CgH,,O 1313.6 4.66%0.44™ 498+0.04° 505+0.54° 425+021° 5.08+037
2-TBA-D 2-Butanone-D CHO 9024  0.08+0.01° 0.14+0.07° 0.14£0.09" 0.52+0.05° 022+0.10"
2-TBR-M 2-Butanone-M CHO 9005 0.10£0.01° 0.12£0.05" 0.09%0.05 021=0.01" 0.12%0.04"
2- & B-D 2-Heptanone-D CH,O 11799 034+0.07°  048+0.05° 0.72£0.08  1.09+0.09° 1.26+0.04"
2- B BA-M 2-Heptanone-M CH,O 11788 0.80+0.08°  1.05+0.05* 134+0.13" 156+024" 1.65+0.28"
2- & 2-Hexanone CH,O 10989 0.89+0.15°  1.10£0.02° 120+0.11" 1.28+0.03" 1.29+0.10"
2- %A 2-Pentanone CH, O 9331  0.81+0.08  0.80+0.08" 0.76+0.13 0.61+0.04° 0.89+0.13"
3-¥8R-D 3-Octanone-D CH,O 12594 741+528  384+228° 623+755" 1658=2.11" 1.88+031"
3-8 -M 3-Octanone-M CH, O 1259.1 525094 4.81+132"° 454+139° 6.04+0.06° 3.83+0.16"
BE (67) 35.13+£4.31" 33.81+3.58° 3585+528" 4321+1.40" 32.32+1.87"
ETE |-Butanol CH,,O 1 1405 0.15£001° 01940000 024002 0244001 025%001°
St REE 1-Butanol, 3-methyl ~ CsH,0 12062 042+0.02° 040+0.01°  038=0.03" 043+0.01" 0.42+0.02°
1-F 45-3-B3-D 1-Octen-3-0l-D CH, O 14866 8.18+090° 7.73%£0.07° 624%059" 579+0.15° 540+0.38"
1-#-3-82-M  1-Octen-3-ol-M CH, O 14869 10.70+0.09 1122+0.07° 11.21+0.04" 10.42%0.19° 11.16+0.02°
2-TB 2-Hexanol CH,O 13002 093+0.12° 1.00+0.03* 1.11+0.04° 127+0.13" 1.21+0.10"
3-FBE-D 3-Octanol-D CH,O 14067 049+0.05°  043£0.03° 026%0.02° 026+0.01° 0.28+0.03°
3-FB-M 3-Octanol-M CHO 14076 079+0.14°  0.80%0.03° 0.67+0.06° 0.73+0.01° 0.67 +0.06"
BEE (574) 21.66+2.18"  21.77+0.12° 20.11£1.52° 19.14+£04" 19.38 +1.24"
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gk
o % 2k 1w AR EF %

fee RXAA P : G " ; ]
o (Z)-3-hexen-1-o0l d c b a a
IR -3- T 2 T B butanoate CHs0, 14573  0.32£0.05 0.45£0.01 0.60 £0.06°  0.79£0.03*  0.79£0.07
LBR LB Acetic acid ethyl ester C,H;O, 891.5  0.09%0.02°  0.09£0.01°  0.09+0.02° 0.06=0.01° 0.10%0.02"
W B 7,65 Ethyl formate C,HO, 832 030+0.01"  021+0.02° 023£0.03° 031£0.02° 024+0.10°
B 5B 9 s IS"Va]er‘Zsigd’methy] CH,L0, 10161 023%001°  025+0.03" 028+0.04° 026+0.02° 0.32+0.03"
Bk (44F) 0.94+0.02° 1.00+0.04° 120%0.16° 1.43%0.04" 1.45+£0.13"
Ve AP AR O '(Mgﬁgggﬁé")'l' CHS 9356  0.69+0.06° 070+0.04" 069+0.08  0.63+000° 081 +0.08
Bk (14) 0.69£0.06°  0.70+0.04°  0.69+0.08° 0.63+0.00° 0.81=0.08°
a- alpha-Pinene CoH 999  0.27£0.04  0.31£0.00° 035+0.03 030+0.01" 0.25+0.01°
7 ki beta-Ocimene CoH,e 12285 0270.01° 0.19+0.00° 0.27=0.02° 030+0.01" 0.32%0.02°
1-3F M 1-Octene CH,, 8349  0.10£0.04° 0.17£0.09° 0.24%0.06® 0.12+0.03" 0.26+0.12°
K Camphen CoH,, 10437 0.07£0.01° 0.08+0.00° 0.09=£0.01° 0.09%0.00° 0.09+0.01°
Wk (44F) 0.70£0.11°  0.75£0.09°  0.96+0.07° 0.81 £0.04™ 0.92+0.10"
2- 9 Hhoiboa 2-Methylpyrazine ~ CH(N, 12703 026+0.06° 027+0.01° 0.18+0.03" 0.12+0.01° 0.11+0.01°
w9 Stk Pyrrolidine CHN 1013.6 0.39£0.05 0.46£0.00° 046+0.04™ 037£0.01° 0.51%0.06"
™ £k v -D THF-D CHO 7812 0.14%0.02° 0.15£0.01" 0.15£0.02° 0.10£0.01° 0.18+0.01°
™ Sk -M THF-M CHO 7812 040=0.04b° 042%0.01" 0.44+0.048° 035£0.01° 0.49+0.03"
v - Thiophene CH,S 10443 1.17+0.01° 127+0.04° 125+0.01" 121+0.04* 1.17+0.02°
RIRE (47F) 2374027  257+0.03" 248+023" 2.15+0.06" 247027
RAMACS M 7.10+0.42°  8.05+026° 9.25%0.73® 870=0.16b° 9.81 +£0.42°

E: M EAFER, DEAFTRIK, FRFEZNREARZFHEF, P<0.05.

2 8 TR &9, AT ATE 96 48 s B R 4
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Table 3 Odor description and ROAY value of flavor substances in S. imbricatus soup at different cooking temperatures

e Pt Sopdhit ROAY
(mg/kg) F G H I J
R -4- o M B 0.003 4 F Aok 12.86 13.43 9.18 5.83 4.14
JETEE-D 0.007 5 86 F Rk 7.09 442 4.47 4.66 4.40
ETER-M 0.007 5 ) FRA 4.32 4.79 4.46 5.90 4.73
F8-D 0.015 i JIg ok 5.39 4.46 2.94 1.75 9.67
FBE-M 0.015 h 57k 9.61 9.33 8.59 7.75 12.50
SEFEE-M 0.000 7 A AT 71.35 59.87 55.86 36.76 49.99
IEFE-D 0.000 7 TR 100.00 100.00 100.00 100.00 100.00
2-F AR TE-D 0.003 BAA . EFEH 13.84 13.80 10.15 25.05 11.41
2-FARTE-M 0.003 BA=E . EFE 1.64 1.47 0.97 1.74 1.09
JETE:-D 0.005 26 FHE Aok 0.78 0.61 0.51 0.80 0.43
ETE-M 0.005 26 FHHE Aok 8.00 11.07 15.37 22.73 18.74
Y313 0.01 B ek 439 4.00 3.71 433 421
AE R EE-D 0.008 B AT 4.26 3.88 5.36 7.55 421
i R EE-M 0.008 A AFE 3.45 3.88 4.00 4.94 4.07
JETEE 10 KA <0.01 <0.01 <0.01 <0.01 <0.01
5+ RBF 0.3 e Bag A ok 0.04 0.04 0.04 0.06 0.04
1-¥ M -3- B%-D 0.007 B3R 32.87 30.92 2538 31.96 22.23
1-F H5-3-88-M 0.007 Bk 42.98 44.90 45.56 57.57 45.92
2-TE 6.7 — <0.01 <0.01 <0.01 0.01 0.01
3-FB5-D 0.1 B3R 0.14 0.12 0.07 0.10 0.08
3-FBE-M 0.1 AR 0.22 0.22 0.19 0.28 0.19
1-¥ 4 -3-BA-D 0.03 B3R 13.87 15.39 14.96 14.28 15.45
1- 5 ¥ -3-BA-M 0.03 ek 437 4.65 479 5.47 4.88
2- THA-D 3 TARYKRAE <0.01 <0.01 <0.01 <0.01 <0.01
2-TBA-M 3 TAG R EA <0.01 <0.01 <0.01 <0.01 <0.01
2- & B7-D 0.2 W nBs . R Rk 0.05 0.07 0.10 0.21 0.18
2- BB -M 0.2 W LInEs . B Rk 0.11 0.15 0.19 0.30 0.24
2- T 0.09 R BAT A 0.28 0.34 0.38 0.55 0.41
2- /5. FR 0.09 8k 4 T A A 0.25 0.25 0.24 0.26 0.28
3-F#-D 1 A-Hok 0.21 0.11 0.18 0.64 0.05
3-8 -M 1 Aok 0.15 0.13 0.13 0.23 0.11
o~k M 1.013 8 AR 0.01 0.01 0.01 0.01 0.01
T B B 0.1 G LA 0.02 0.02 0.03 0.02 0.03
¥ 8 LB 6.6 PR <0.01 <0.01 <0.01 <0.01 <0.01
F % BT B 0.000 4 KR 16.12 17.71 20.22 25.36 23.18
2-F Aotk 0.25 HFek 0.03 0.03 0.02 0.02 0.01
vy 0.008 — 4.12 4.44 4.46 5.84 422

A BUAHRRT (bb4p2 it FIMEIC % /5 ).
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Table 4 VIP score table of volatile compounds in S. imbricatus soup
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