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Abstract: To investigate the impact of different drying methods on the volatile organic compounds (VOCs) of Dictyophora
rubrovolvata, HS-SPME-GC-MS and HS-GC-IMS technologies were employed to analyze the aroma changes of the
mushroom dried by four methods, which included hot air drying (HAD), air-impingement drying (AID), spray drying (SD)
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and freeze drying (FD). Orthogonal partial least squares discriminant analysis (OPLS-DA) was used to explore the

differences in volatile organic components, and sensory evaluation was conducted to analyze the overall aroma differences
among different dried samples. The result showed that 87 volatile flavor compounds were detected by HS-SPME-GC-MS,

with 17 identified differential aroma compounds. Among identified volatile organic components, aldehydes, alcohols and

ketones mainly contributed to the flavor formation. Ninety-seven VOCs were identified by HS-GC-IMS, with 32

differential flavor compounds screened, and it was found that the types and contents of VOCs in Dictyophora rubrovolvata

were better preserved by FD. Significant differences in the types and contents of flavor compounds in different dried

samples were indicated by OPLS-DA results. Sensory evaluation results showed that AID treatment group imparted a

strong grassy and nutty aroma to the Dictyophora rubrovolvata, while FD group retained the volatile organic compounds

with a distinct mushroom odor. Both SD and HAD samples exhibited strong fatty and roasted aromas. In this study, the

different dired Dictyophora rubrovolvata were analyzed from the perspective of VOCs and aroma characteristics, which

could provide a reference for selecting a suitable drying method for Dictyophora rubrovolvata.

Key words: Dictyophora rubrovalvata; drying method; gas chromatography-mass spectrometry (GC-MS); gas

chromatography-ion migration chromatography (GC-IMS); volatile substances (VOCs)
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Table 1 Sensory evaluation criteria for the flavor
of Dictyophora rubrovolvata
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Table 2 Results of HS-SPME-GC-MS analysis of VOCs in Dictyophora rubrovolvata using different drying methods
S% B (RERRHA (min) cas s fritke)
AID FD SD HAD
1 1.93 108-05-4 LR G ND ND 4.0+0.8 ND
2 2.06 141-78-6 LR T ND 210.0+50.0 ND ND
3 461 110-19-0 LIRS THR ND 31.0+4.0 ND ND
4 7.39 123-92-2 LRSI ND 31.0£7.0 ND ND
5 7.46 624-41-9 2-MEE TR 2 MR ND 21.0+2.0 ND ND
6 7.56 57-06-7 SO ERR G IR ND 15.0+2.0 ND ND
7 12.45 1129-41-5  3-FAHLIRSLF L0 L 7 e ND ND ND 1.9+0.4
8 16.00 119-36-8 IKA% R T g 16.0+3.0 ND ND ND
9 17.49 103-45-7 LR LT 15.0£4.0 35.0£9.0 ND ND
fifdk 10 20.89 112-17-4 LR ND 68.0+6.0 ND ND
11 21.90 131-11-3 kiR — i ND 11.0£0.9 ND ND
12 28.15 2983-05-3 3R 2- e B 2 R TR ND 29.0+4.0 ND 10.0+1.0
13 28.30 124-06-1 Va2 Z Mg ND 9.5+1.0 ND ND
14 29.63 84-69-5 PR R 5 T e 61.0£10.0 66.0£10.0 17.0£2.0 ND
15 30.00 41114-00-5 T IR 13.0+2.0 66.0+4.0 5.6+0.5 ND
16 31.18 84-74-2 AR W TR 47.0£10.0 110.0+20.0 57.0+6.0 20.0+£0.5
17 31.45 54546-22-4 [ WA/ ND 26.0+4.0 7.840.5 ND
18 31.63 628-97-7 FRAEER L Tg 13.0+2.0 85.0+3.0 ND ND
19 37.68 103-23-1 C MR _=FiR 79.0+£7.0 99.0+0.5 34.0+1.0 43.0£3.0
1 1.73 78-84-2 S TE 11.043.0 55.0+4.0 ND ND
2 247 590-86-3 S 100.0+30.0 150.0+£10.0 ND 12.0+2.0
3 2.59 96-17-3 2-HIBL T 50.0+10.0 180.0£10.0 6.7+0.7 ND
4 4.02 123-15-9 2-F LR ND ND 2.9+0.1 ND
5 521 66-25-1 L 670.0+100.0 250.0+70.0 90.0+10.0 63.0£7.0
6 8.07 111-71-7 B 150.0+50.0 100.0+10.0 72.0£10.0 33.043.0
7 9.66 18829-55-5 (B)-2-Bfli 38.0£10.0 36.0£0.2 8.1£0.5 ND
8 9.74 100-52-7 AR 100.0+30.0 75.0+10.0 13.0+1.0 66.0£6.0
- 9 10.95 124-13-0 TEERE 110.0+10.0 ND 27.0+3.0 85.0+3.0
10 11.74 36431-60-4 5- LI -1-05-1-H g 29.0+£10.0 130.0£20.0 29.0+4.0 5.1+1.0
11 12.08 122-78-1 R 210.0+70.0 89.0+20.0 37.0+10.0 15.0+1.0
12 12.46 2548-87-0 J2-2- MR 83.0+10.0 94.0+20.0 66.0+10.0 9.0+0.1
13 13.69 124-19-6 T-mE 290.0+20.0 150.0+20.0 86.0+10.0 510.0+30.0
14 15.10 18829-56-6 R -2- T I ND ND 190.0£20.0 ND
15 15.25 4748-78-1 4-2 SRR ND ND 15.0£2.0 ND
16 16.51 5973-71-7 3,4- RN A ND ND ND 12.0+0.3
17 20.88 112-54-9 R 19.0+1.0 ND 20.0+2.0 30.0+3.0
18 26.89 629-80-1 RIVAYLE3 ND 56.0+10.0 16.0+1.0 35.0+6.0
1 1.91 431-03-8 2,3-T 160.0+£50.0 380.0£20.0 ND ND
2 3.27 513-86-0 3-F25E-2- T 42.0+10.0 1100.0£100.0 ND 4.0+0.3
3 3.90 625-33-2 3-8 H-2- T ND ND 5.240.1 ND
4 3.95 591-78-6 2-CL 1 ND ND ND 5.1£0.1
5 7.85 4906-24-5 3-Z M HE-2- T ND 500.0£10.0 ND ND
6 10.52 106-68-3 3-2F [ ND ND 6.840.1 ND
W% 7 10.53 110-93-0 FR B P s i 37.0+6.0 ND ND 4.4+0.2
8 12.68 98-86-2 AR ND 97.0+20.0 ND ND
9 12.79 60415-94-3 2-(2- AL ) FR I 20.0£6.0 ND ND ND
10 12.79 14765-30-1 2T B ND ND 10.0+0.2 ND
11 15.93 693-54-9 2-55 il 87.0+10.0 ND 29.0+3.0 33.0+£2.0
12 21.82 3796-70-1 B SR 46.0£10.0 22.0+5.0 10.0+0.7 9.4+1.0
13 25.40 119-61-9 TRHIE 7.5+1.0 12.0£2.0 1.6+0.1 ND
. 1 16.08 112-40-3 =k 15.0+0.6 ND 3.10.5 ND
SREES
20.66 629-59-4 R 43.0+6.0 67.0+7.0 96.0+9.0 36.0+3.0
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Frim(pgkg)
S s PREME (min) CAS R
AID FD SD HAD
3 21.26 3482-63-1 1-FRA B e 340.0+30.0 390.0+60.0 720.0£100.0 280.0+20.0
4 22.75 629-62-9 +H 40.0+1.0 ND 66.0£7.0 50.0£4.0
5 24.73 544-76-3 RIVAYS 57.0£10.0 140.0+9.0 49.0£10.0 25.0+£3.0
6 26.60 629-78-7 ke 30.0+4.0 48.0£9.0 16.0£3.0 15.0£1.0
7 28.38 593-45-3 RIS ND 34.0+6.0 16.0£3.0 11.0+0.5
8 28.56 104-66-5 12-ZRA S 11.0+2.0 ND ND ND
9 3221 1560-78-7 2-F LU A e ND ND 7.4+0.6 ND
1 2.16 78-83-1 S T ND 84.0+8.0 ND ND
2 3.79 137-32-6 2-H- - TR ND 150.0+10.0 ND ND
_— 3 9.40 108-82-7 T AR ND 41.0+6.0 ND ND
4 10.31 3391-86-4 1431 30.0+8.0 55.0£5.0 19.0+3.0 26.0£2.0
5 26.46 515-69-5 LI 2N 140.0+20.0 320.0+£60.0 ND 130.0£10.0
6 24.98 77-53-2 iER N 28.0+5.0 ND ND 260.0+20.0
o 1 11.64 5989-27-5 %‘#iﬁx ND 77.0+10.0 ND ND
2 23.35 483-76-1 A-FERNE 22.0+4.0 43.0+1.0 7.1£0.1 ND
1 8.63 5910-89-4 2,3- T H LR 6.0£2.0 17.0£3.0 ND ND
K 2 10.95 14667-55-1 2,3,5- = HILmL % 73.0£20.0 41.0£3.0 ND ND
3 13.21 1124-11-4 JIE 870.0+270.0 2100.0+85.0 ND 130.0+17.0
4 13.44 25773-40-4 2- S HE-3- TP AU Bk R ND 130.0+30.0 ND ND
1 1.41 115-10-6 I ND 37.0£5.0 ND ND
2 438 108-88-3 GiF S 8.3+1.0 5.842.0 3.10.1 3.240.2
3 6.68 20662-84-4 2,4,5-= FI 3wk 56.0+£10.0 72.0+20.0 ND ND
4 7.10 108-38-3 ] 2% ND 15.0£1.0 9.7+0.4 ND
5 7.12 106-42-3 X IR ND ND 10.0+0.6 ND
6 10.64 3777-69-3 2-1F AL 45.0+10.0 42.0+5.0 17.0+2.0 10.0+0.7
7 13.25 0.000 fil R ND ND 8.0+0.8 ND
i 8 17.76 112-05-0 TR ND ND ND 17.0£1.0
9 18.37 91-57-6 2-FALZE ND ND ND 35.0+3.0
10 20.28 92-52-4 IR ND ND ND 150.0+10.0
11 20.83 581-42-0 2,6- " HIHEZE ND ND ND 15.0£2.0
12 22.18 719-22-2 2,6- RUT BT 19.0+4.0 37.0£3.0 5.7£0.3 ND
13 23.04 96-76-4 2,4-ZRUT B 23.0£3.0 37.0£3.0 7.4+0.8 12.0£1.0
14 23.16 132-64-9 ORI ND ND ND 140.0+10.0
15 26.35 3075-84-1 2,2',5,5"-PU HI BRI 13.0£1.0 ND 4.9+0.7 ND
16 31.06 57-10-3 TR 21.0+4.0 140.0+40.0 15.0+1.0 37.042.0

TH: NDFTRAKH

7o HAD HYBRZEY) TR 4 Fh TR LA 5 B h

AR AT BRIt TR TR, ) BTt
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2.2 HS-GC-IMS ##h

2.2.1 HS-GC-IMS ERMEYFETESHT FIFH GC-
IMS FARITASE TR ITIEATIR VOCs 4H B FIAERT
ErE T, RS R AN 3 s, RO
WAL S YL re e TR IR . IR, SR ELAA AR
(84 B B TR FIAR 6] () 3 A% Bs Ta] (U —fhAb 1) 25, PR

23 FTF GC-IMS KA [ T4 iR FEAT 354 VOCs 45

Table 3 VOCs results of different drying methods of Dictyophora rubrovolvata based on GC-IMS

4 Y44 s PREBIEEC  PREISI () AHXSITAZ I (RIP rel.)
3-HETHR-M 3-Methylbutanoic acid-M 503-74-2 102.1 1702.6 1538.66 1.22
(Z)-4-Z3 s (Z)-4-Decenal 21662-09-9 154.3 1546.2 1066.88 1.37
FH R eg Y I T Methyl 2-furoate 611-13-2 126.1 1544.4 1062.37 1.15
2-Z, P 3-5- F BL kg 2-Acetyl-5-methylfuran 1193-79-9 124.1 1610.4 1239.79 1.16
(2)-3-T-4-1-B (Z)-3-Nonen-1-ol 10340-23-5 142.2 1702.1 1536.71 1.42
3-HILTHR-D 3-Methylbutanoic acid-D 503-74-2 102.1 1703.6 1541.97 1.49
(E,E)-2,4-3¢ It (E,E)-2,4-Octadienal 30361-28-5 124.2 1633 1307.29 1.28
Al it P Terpinen-4-ol 562-74-3 1543 1623.3 1277.76 1.74
6-H15k-3,5- B —4#-2-fif] 6-Methyl-3,5-heptadien-2-one 1604-28-0 124.2 1599.4 1208.39 1.73
Wk R £ T Furfuryl acetate 623-17-6 140.1 1575.6 1142.97 1.62
2-Z BEFEnE 2-Acetyl pyridine 1122-62-9 121.1 1577.6 1148.26 1.50
Eyy Linalool 78-70-6 154.3 1543.1 1059.21 125
L3RI T TR Ethyl 3-hydroxybutyrate 5405-41-4 132.2 1514.3 990.17 1.66
1 - - 1579.5 1153.40 1.09
LHE2-RH-4- WL R  Ethyl 2-hydroxy-4-methylpentanoate  10348-47-7 160.2 1543.4 1059.88 1.29
ZiB-M Acetic acid-M 64-19-7 60.1 1469.3 891.24 1.06
ZIR-D Acetic acid-D 64-19-7 60.1 1469.5 891.65 1.16
2,3,5,6- P4 H FENEE-M Pyrazine, 2,3,5,6-tetramethyl-M 1124-11-4 136.2 1465.6 883.56 1.22
(E)-2-T-f%-M (E) -2-nonenal-M 18829-56-6 140.2 1519.9 1003.13 1.41
R IR Pentyl hexanoate 540-07-8 186.3 1519.8 1003.01 1.54
2 - - 1422.1 798.04 1.28
TR Nonanal 124-19-6 1422 1403.5 763.97 1.48
3-FEE T RO R 3-Methylbutyl hexanoate 2198-61-0 186.3 1421.4 796.58 1.52
2,4,5- = HIJLEEM: 2,4,5-Trimethyl-thiazole 13623-11-5 127.2 14243 802.14 1.14
AN Cyclohexanone 108-94-1 98.1 1300.6 600.42 1.16
1B 1-Hydroxypropan-2-one 116-09-6 74.1 1299.9 599.40 1.23
3-5%3-2-THR-D 3-Hydroxy-2-butanone-D 513-86-0 88.1 1298 596.76 1.33
I Octanal 124-13-0 128.2 1310.2 614.14 1.39
R AR Hexyl propionate 2445-76-3 158.2 1350.9 675.40 1.43
2- LA 1t 2-Acetyl-1-pyrroline 85213-22-5 111.1 1351.6 676.54 1.48
2,5- P ki 2,5-Dimethylpyrazine 123-32-0 108.1 1321.3 630.32 1.51
1-3F4-3-1i-D 1-Octen-3-one-D 4312-99-6 126.2 1321.5 630.57 1.68
FIRTR Octanoic acid ethyl ester 106-32-1 172.3 1462.4 876.85 1.47
2,3,5,6-PU H 3Lk E-D Pyrazine, 2,3,5,6-tetramethyl-D 1124-11-4 136.2 1463.7 879.50 1.70
2-Z H-3- ik 2-Ethyl-3-methylpyrazine 15707-23-0 122.2 1404.9 766.39 1.58
2,3- P Skt 2,3-Dimethylpyrazine 5910-89-4 108.1 1373.4 712.02 1.50
2- . 5k-4-F ke 2-Ethyl-4-methylthiazole 15679-12-6 127.2 1353 678.84 1.56
B AL Rose oxide 16409-43-1 154.3 1358.7 687.92 1.36
3 - 1364.2 696.80 1.38
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4 PS4 CAS s PREBIREC PREISE(s)  AARXSITEAZ IR (RIP rel.)
P T S T URR T Allyl isothiocyanate 57-06-7 99.2 1354.8 681.62 1.39
F& TR Pefis Heptyl acetate 112-06-1 158.2 1373.6 712.26 1.45
4 - - - 1396.4 751.42 1.69
5 - - - 1417.2 788.87 1.69
(2)-3-CH-1-BE-M (Z)-Hex-3-enol-M 928-96-1 100.2 1401.7 760.82 1.25
(B)-3-CL M- 1- (E)-3-Hexen-1-ol 928-97-2 100.2 1372.4 710.26 1.23
IS Pyrazine 290-37-9 80.1 1217.1 455.58 127
a7 Pyridine 110-86-1 79.1 1193.2 420.25 125
3-MEE-1-THE-M 3-Methyl-1-butanol-M 123-51-3 88.1 1205.8 438.51 1.11
6 - - - 1196.5 425.01 1.41
3-HJE-1-THE-D 3-Methyl-1-butanol-D 123-51-3 88.1 1206.1 439.00 1.48
1- % BE-M 1-Pentanol-M 71-41-0 88.1 1263.8 533.30 1.26
7 - - - 1243.4 497.96 1.59
LHERERIRTR Ethyl pyruvate 617-35-6 116.1 1233 480.72 1.16
1-J%f-D 1-Pentanol-D 71-41-0 88.1 1263.9 533.54 1.52
8 - - - 1263.8 533.43 1.28
Tt s Limonene 138-86-3 136.2 1231.4 478.09 1.30
ZRC R Ethyl hexanoate 123-66-0 144.2 12473 504.41 1.34
T-HE-M Heptanal-M 111-71-7 114.2 1196.7 425.22 1.34
2- FP -2 fe s s 2-Methyl-2-pentenal 623-36-9 98.1 1152.4 361.79 1.50
T AR -M Diallyl sulfide-M 592-88-1 114.2 1152.7 362.20 1.12
TR IR ALY)-D Diallyl sulfide-D 592-88-1 1142 1145.7 353.02 1.33
THRNBEE Propyl butanoate 105-66-8 130.2 1102 300.60 1.27
FH B T T Methyl valerate 624-24-8 116.2 1100.7 299.18 1.56
M b Pyrrolidine 123-75-1 71.1 1029.1 239.60 1.05
JEE-M Pentanal-M 110-62-3 86.1 996.2 216.54 1.18
AT B RRE Sec-butyl acetate 105-46-4 116.2 990.8 213.47 1.21
9 - - - 1255.2 518.09 1.20
(B)-2-CL Ml (E)-2-Hexenal 6728-26-3 98.1 1223.7 465.87 1.19
10 - - - 1053.2 258.04 1.46
3- 1R 3-Pentanone 96-22-0 86.1 999.5 218.79 1.35
S #E-D Pentanal-D 110-62-3 86.1 1001.5 220.13 1.42
IR TR Ethyl propanoate 105-37-3 102.1 955 194.16 1.14
3-(HUBREL) - 1- T4 3-(Methylthio)-1-propene 10152-76-8 88.2 973.1 203.67 1.04
2-Z B0k 2-Ethylfuran 3208-16-0 96.1 941.4 187.26 1.30
2-C Hexan-2-one 591-78-6 100.2 1064.7 267.26 1.20
3180 -2- 3-Penten-2-one 625-33-2 84.1 1115.1 315.48 135
2-ZHTE 2-Ethylbutanal 97-96-1 100.2 1014.6 229.19 1.51
11 - - - 1009.2 225.41 1.46
12 - - - 997.9 217.73 1.38
2,2,4,6,6-1% H B Pkt 2,2,4,6,6-Pentamethylheptane 13475-82-6 170.3 949.5 191.32 1.37
1-PI 1-Propanol 71-23-8 60.1 1022.2 234.59 1.25
11303~ 1-Penten-3-one 1629-58-9 84.1 1035.3 244.22 1.31
2- T Butan-2-ol 78-92-2 74.1 1032.5 242.15 1.15
B Butyl ether 142-96-1 130.2 969.6 201.80 1.29
2-T il Butan-2-one 78-93-3 72.1 915.3 174.73 1.24
2-HHEE TR 2-Methyl butanal 96-17-3 86.1 9173 175.70 1.40
2-TH Propan-2-ol 67-63-0 60.1 956.7 195.00 123
4-F 32 4-Methyl-2-pentanone 108-10-1 100.2 1026.9 237.98 1.18
Tt PR PR Propyl acetate 109-60-4 102.1 997.3 217.32 1.48
IR T e Ethyl butanoate 105-54-4 116.2 1051.5 256.68 1.56
13 - - - 1029.1 239.58 1.61
2-HETR R 2-Methyl butanoic acid ethyl ester 7452-79-1 130.2 1066.2 268.50 1.65
14 - - - 985.6 210.53 1.52
ST Ethyl isobutyrate 97-62-1 116.2 982.3 208.71 1.56
3-HILTRE 3-Methylbutanal 590-86-3 86.1 945 189.04 1.18
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e PS4 Sy PREBIREC PREISE(s)  AARXSITEAZ IR (RIP rel.)
PITR Acetone 67-64-1 58.1 828.1 138.69 1.11
Hek Cyclohexane 110-82-7 84.2 708.6 101.03 1.13
VY & R -M Tetrahydrofuran-M 109-99-9 72.1 876.2 157.55 1.06
15 - - 870.5 155.18 1.08
VY &k -D Tetrahydrofuran-D 109-99-9 72.1 865.3 153.07 1.22
LR TR Ethyl acetate 141-78-6 88.1 892 164.26 1.33
16 - - 1444.4 840.71 2.06
2,3- 2, Fk-6-H Lk s 2,3-Diethyl-6-methylpyrazine 18138-04-0 150.2 1500 957.53 1.28
(E)-2-T-/-D (E) -2-Nonenal-D 18829-56-6 140.2 1522.6 1009.67 1.98
2-MHR R FF A e 2-Furanmethanethiol 98-02-2 114.2 1416.8 788.19 1.10
2D Ethylbenzene-D 100-41-4 106.2 1143.8 350.63 1.44
T-#%-D Heptanal-D 111-71-7 1142 1197.5 426.45 1.69
32 3E-2-THi-M 3-Hydroxy-2-butanone-M 513-86-0 88.1 1312.1 616.80 1.07
1-2F45-3-1-M 1-Octen-3-one-M 4312-99-6 126.2 1321.5 630.61 1.28
(E,Z)-2,6-T- )il (E,Z)-2,6-Nonadienal 557-48-2 138.2 1591.5 1186.23 1.37
17 - - 1373.5 712.09 1.55
N,N- 3 R e N,N-Dimethylformamide 68-12-2 73.1 1345 666.15 1.24
18 - - 1161.2 373.80 1.44
19 - - 1494.3 944.85 1.22
(BE)-3-CJf5-1-B%-D (E)-3-Hexen-1-0l-D 928-97-2 100.2 1399.3 756.41 1.53
20 - - 999.2 218.54 1.30
21 - - 973.5 203.90 132
LH-M Ethylbenzene-M 100-41-4 106.2 11452 352.43 1.08
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Fig.1 HS-GC-IMS spectra of Dictyophora rubrovolvata
by different drying methods
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