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Abstract: To investigate the effects of different drying methods on the volatile components of Lentinula edodes cultivated on
Coriaria nepalensis wood, headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-
GC-MS) was used to perform component and cluster analyses in fresh samples (FS), oven-dried samples (OD), and vacuum freeze-
dried samples (VFD), and their differences were compared. The results showed that 50 volatile components were detected in FS,
dominated by oxygen-containing compounds (51.44%) and sulfur-containing compounds (36.23%), with 3-octanone and dimethyl
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trisulfide as the main contributors to the aroma. After OD treatment, a total of 34 compounds were detected, with the proportion

of sulfur-containing compounds increased significantly to 63.08%. The main compounds were dimethyl trisulfide and lenthionine,

which were the key flavor-active volatile compounds in this state. In VFD, 72 components were detected, dominated by oxygen-

containing compounds (42.50%) and terpenoids (30.02%), with (+)-limonene and hexanal as the main contributors to the aroma.

Cluster analysis of shared compounds showed that, in terms of volatile-profile evolution, VFD was more closely related to FS. OD

treatment significantly enriched sulfur-containing compounds, whereas VFD treatment preserved and enhanced the number and

levels of thermosensitive compounds. This study provides a reference for optimizing the drying process and developing high-value-

added products of L. edodes.
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components; drying methods

& F s (Lentinula edodes) &—Fh KT 5%
R b B AR A i, DR R I U R 8 R ME %
TR FAE SRR YLE TR 2 e A A% O
HEz ", WERANRETTADREHEERNE
By R FR o0 A 22 57 CAmg RO iR 2 IR 2K Ak &
PIRIREIDR . TN Tk R R AE 20 ) 5 4
Gro eI, CRON T UL R E R, H AT
A= AT LA SR i 5 o, (R R F
T2l 2= S AR K A IE AL #) ENR S
BT AR BE S AL R Mok RG], SBUNT. TE
PR EZ FAS R .

SARETE - FHERHER (GC-MS) 2K
P 2 g7 RS, T A E A MR B (HS-SPME)
DR s 2 SR B e, e S0l I P T s 4 1 XU
VIR IR & S 4. HS-SPME-GC-MS 1k FH 43 A6 [
PRI SR B R e ™, (H1E D 5 1 T 5
(R S4BT HR AR LS. R T8 o ASHIE 9 1 VR L HS-
SPME-GC-MS i R & 45 L5 ) 5 77 4 1) 4 (FS).
HATE (OD) KEZAGTE (VFD) =M
TEA TR R VR 22 5, B TEMAT T 150 72 o S0 X
MR (AR AR, i) B AN ] B AR G R AE A SRR
SR, ERAL T Z - KRR IR RO R DU B
FE WAL L ZRA R EE S8, R4 Rk 3 A
B f R B B kil

1 MRl5E®
1.1 #ME5EE

111 XM

DL 35 A %5 Le Msy-01 ([ it 71 1% % W {7 38K rp
ORGSR 5 CCTCC NO : M20242211) iR LB #k,
SR A8 2O i AR R B G 7 BE AT BB B
KT SEAREERE (FS), FFEHTHA T4 (OD) FIE

A GTHE (VFD) AR REE.
112 MEEE

Agilent 8890-7000E GC-MS-MS BV M (41 - i %
PR, = RHE AR AR s PAL RTC U4 —%
Thie A shBERERLER, TN IA LI SR RA T
PDMS/DVB R [E M AL E LT 4k GRJE . B 3R
At/ —L)EFEIE, PDMS/DVB), ZHEERHEAIRA
Al s GFL-125 BY A #A B T 1548, R T SEBRR B A
BRAHIRAT ; EX224ZH B TR, BN
AR A s BLK-FD-2 BB AR TIRHL, LIRSS
AHRHR AR A

1.2 F*

121 #misE

W R 5 30 T AR BERE S Meng 2
%, B HTEONE IR BT RAE T 80 'CTE 12 h 5 OD
WhEE s 2% Lin SRR ERINER, BL0.20 CH
Iy BRI VR SRR 45 48 -40 "C . BEJEHEAT 48 h ik Ab
R4 VFD b3, BARZAF )y 4% K77 10 Pay ¥ Bt
T =50 C. FRMGRE 30 C. PIRPALBR Y32 I8 £ 22
4 FbriE GB 5009.3-2016 {175 kiU & 7K 10% 1)
AR

I3 B FR B AL FREE 1.0 g T 20 mL T S0
2 [ Mariano 2" [ 7 3 E R Inis 2k, kR E 2tk
B[] PDMS/DVB # {3k, 60 C N4k 10 min, A HL
30 min, 250 CJikft 5 min.

122 #HRME 7 %

o, 4% k= oy HP-5SMS (30 mx0.25 mmx0.25 pm)
B BN R, WIEEE 50 'C (R 2 min),
LL3.5 Comin' FFELZE 183 °C, FLL 10 C-min’' J}i
%310 C, f#FF 10 min, ZBITH[E]: 62.7 min ; 7ML
FEIRE 230 C 5 A NE4i He (99.999%) 5 FE#T &

233




MR @i

Modern Food Science and Technology

2026, Vol.42, No.7

52.4 kPa, #/S i & 1.0 mL-min ", 20 HERE, 200 EL 501,
VA FIZEIR I [A]: 0.2 min.

BSURCN ELIR, & FIRIEE 250 'C, DUMHFFESE
150 C, HTRER 70 eV, fEHAFHIE 1952 V, &
Il 45~500 u.

X B -9 B P 1) % 1 28 Agilent MassHunter 3K
PR, G VCAC Nist20 FiigFE (BA5H =85%) &
PEAL &Y R B RS B A I BV AR IS,
R £3 s 404 FE 5 IME P, e 40 ad 19 04 i
RO — 2T 5 & B AR 5 &

1.3 BT

HS-SPME-GC-MS J5 4 ##s 1f1 28 o 3 v S AL 58
REGKR, HkBEEE =85% ML & & Cas 5,
X% H Microsoft Excel 2010 #4533, TB-tools 1T
Ko M. B kb BB Origin 2018, Tllustrator CS6-
GraphPad Prism8 F T % nl AL AE Bl S5 3 — 20 4.

2 HR5WE
21 BRUMAEWA R
FERRE G AR TR, &AW B W df

oGS MR, 23T ZISEM . SR
Wi SRR G AR, B DTS R AR AR
Yy, B EK BEEERK SN SR
IO SR FIE K FL AR BRI o 24 BT T S B DA AR T S
XONFER, BRI E 2N T & B IE = i
TR &35,

AR X D 2 A% FS. OD. VFD FESEAT £ K 1
oy %, T AR A — A2 8 T A Loy
FEXT BT 5 57 4, 8 %558 47 ) 25 5E 3] 50,3472 LG40,
Chang 25" B4R 25 7 2l 45 . L, M FS. OD,
VED AR 2 B R B 31, 18, 56 FHZARZS T A 14
AW 77T FS M1 OD AR G 059 6 F,
OD 1 VFD " [AIIf £ 4E 1 3 Fh, 74EF FS Al VFD )
&Y 6 Fho LA, RINAFTET B 3F4 3 MR FNR
AR EIL T P GR 1D,

MR [ Fr 2 fE 5 N AL 27 B & 4 (International
Union of Pure and Applied Chemistry, [UPAC) 43 2 #i
W, BETEaAFESE. S, SR RMA%
DA R S5 5 B Ak S R IR B
FRMED. SERMLEY. SHEY. kg ik
EW. HARRE ST K (B 1. & D.

F1 EEERERSRESETNH

Table 1 Main volatile components and changes in their contents

. L L LN s et 3% 4 5 i YL
min FS OD VFD

1 0.10 2.33-ZF A )% Pentane,?2,3,3-trimethyl- — — 0.16 £0.01

2 0.57 TRATHE Ethoxyacetylene — — 0.18 £0.03

3 2.11 1- SRR A Ak Cyclopropane, propyl- — — 1.21£0.13

4 221 AR =K O-Xylene - 0.67£0.01 0.83%0.10

5 2.92 KM Styrene — — 11.22+£0.24

6 3.25 FERART I Cyclobutane, methyl- — 0.80 = 0.09 —

7 6.04 2- ‘?[%1-.50-]7?2_&;1% Bicyclo[3.zi(_)r]I?:;}(l-yZl;E;,li-methyl-S- _ _ 0.14£0.02
w8 8.08 3,7,7-ZF 3K-1,3,5- Kk =W 1,3,5-Cycloheptatriene,3,7,7-trimethyl- - — 034i002
f)g 9 g2s ‘f’g-s-(;{zé THEY Cyclohexene, 1-methyl-5-(1-methylethenyl)- — - 0.34 +0.04
;;7 10 8.86 $A[2,4] % -4,6- ¥ Spiro[24]hepta-4,6-diene - — — 0024000

11 9.93 T ARIRRA Cyclopentane, butyl- — — 0.02 +0.00

12 1084 (2)-7-F H-2- %M 2-Decene, 7-methyl-,(Z)- — 0.52+0.01 —

13 14.07 3-FA-1-TH 1-Hexene, 3-methyl- 2.12+0.01 — —

14 14.64 -3 Naphthalene 1.19 +0.04 — —

15 17.48 (12{\)5,?,%;2_};’;}1 (1R)-2,6,6-T}1;Lr}r)1:t2h_}:rll)gcyclo [3.1.1] 0.95+0.0] - -

16 19.17 +58% Hexadecane 0801' 0.06 - -

17 19.67 2-FHRA Naphthalene, 2-methyl- 0.75+0.10 853+£0.79 248+£0.18
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2wy REIRL e g i R SEH B A = *aﬁi%/% —
18 20.17 33-—F ALK Hexane,3,3-dimethyl- 0.73 £0.06 — —
19 22.91 2,4- = F AR Decane,2,4-dimethyl- 0.33+0.14 — —
20 25.64 7-+ w9 bk 7-Tetradecyne 0.29 £0.05 — —
21 25.81 ¥R F I Cyclooctane, methyl- 0.22+0.01 — —
i 22 25.88 b7 gy g Cyclododecane 0.17+0.01 — —
% 23 3542 3t Phenanthrene 0.13 +0.00 — —
;a;] 24 41.02 2-F R T AR M Cyclopentane,(2-methylbutyl)- 0.07 £0.00 — 0.01 £0.00
25 41.02 1-F 3K -3-F A A I Cyclopentane, 1-methyl-3-(1-methylethyl)- ~ 0.07 = 0.00 - —
26 4170 LE-11,Z-13-+ N\B =} 1,E-11,Z-13-Octadecatriene 0.03+0.00 0.15+0.01 0.04+0.00
27 43.80 IE+ U Nonadecane 0.02 £0.00 — —
28 45.97 E-+ Lk Heptacosane 0.02 £0.00 — —
29 010 o Hexanal 186£0.14  — 1181122
30 0.11 3- ¥ REBE Cyclopentanol,3-methyl- — 5.23+0.57 —
31 2.36 4.4- =9 R M -2- Mk 4,4-Dimethylpent-2-enal — 0.16 £0.03 —
32 247 1- Bk -3- B2 1-Hepten-3-ol 0.20 +0.01 — —
33 2.87 2- BB 2-Heptanone — — 1.41+£0.34
34 3.25 S Heptanal — — 1.08 £0.09
35 5.32 R -2- R Mk 2-Heptenal, € - — — 0.99 +0.03
36 5.49 E At S Phenylglyoxal — — 0.78 £0.02
37 5.49 2,2- ZLEBLAIK T Phenacylidene diacetate 0.23+0.01 4.62+0.21 0.10+0.01
38 6.19 1- ¥4 -3- B2 1-Octen-3-ol — — 2.22%0.23
39 6.41 2- TR RER BT Pentanoic acid,2-methyl-,anhydride — 0.37 £0.07 —
40 6.54 3- F A 3-Octanone 43.78 £ 1.84 0.83 £0.06 —
41 6.85 3- F B2 3-Octanol — — 0.45£0.02
/g‘ 0 6.99 RBR 'gf;;git ZJ'I;E% 4-7 Glutaric acid,2—ﬂuorzgie;nyM—methoxybenzyl ------- rseom 7 --------
4/‘; 43 7.03 TR T A Hexanoic acidethyl ester - — — 024i003
2 44 7.38 4.4- —F K2 TH-1-82 2-Cyclohexen-1-o0l,4,4-dimethyl- — — 0.43 +£0.02
45 8.21 2- LA 4-F A 1- KB 1-Pentanol,2-ethyl-4-methyl- 0.16 £0.01 — —
46 8.21 2-TATE 1-Hexanol,2-ethyl- 0.16+0.03 — —
47 8.65 5-F 3K -3- 2 -2-FR 3-Hepten-2-one,5-methyl- — — 0.58 +0.05
48 943 (E)-2-F Hhit 2-Octenal,(E)- 0.20 % 0.03 — 121011
49 9.80 F BORBL A Ethanone,2-(formyloxy)-1-phenyl- — 0.22 £0.08 —
50 10.32 3-A4-FIOR T B 3-Hydroxy-4-methylbenzaldehyde — — 0.02 £ 0.00
51 10.44 > Z‘E%A;]l_’zj{%ﬁ‘ 1,6-Dioxaspiro[4.4]nonane,2-ethyl- 0.15+0.02 — —
52 10.87 FHER LB Nitric acid,ethyl ester - — 122i016
53 11.16 N T Linalyl acetate — — 2.15+0.33
54 11.34 2- £ Hy -1- B 2-Nonen-1-ol 0.23 £0.01 — 1.10+0.21
55 11.49 NS trans-5-Methyl-2-isopropyl-2-hexen-1-al — 0.49 £0.04 —
56 12.23 2- E Wy -4- R 2-Nonen-4-one — — 0.06 +£0.01
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Doy REHRL e T 3 52 A T

~ min FS oD VFD
57 12.80 3-F H -2-BR) 3-Nonen-2-one — — 0.71 £0.11
58 13.09 (+) -2-7k K BR (+) -2-Bornanone — — 0.47 +0.06
59 13.55 1- ¥ B 2L RN 1-Formylcyclooctatetraene — — 0.21+0.04
60 13.62 BN -2-F M -1-B 2-Nonenal,(E)- — — 0.66 £0.05
61 14.07 1-¥82 1-Octanol — — 0.12+£0.02
62 14.11 (+)- = F AL -L-/8 % B AT (+)-Dibenzoyl-L-tartaric acid anhydride — — 0.02 £0.00
o e e Wk (unsa  —— aon
64 14.94 a-F>ih B a-Tepineol — — 032i 0.01
65 15.09 2-5 K -6-F A K H B Benzaldehyde,2-hydroxy-6-methyl- 0.44 +0.02 — —
66 15.23 BEE, MRk B Oxalic acid,allyl nonyl ester — 0.12+0.01 —
67 15.24 A-Yi R AR T B Estragole — — 1.41+0.21
68 15.49 1,14-+ w9 ke — B3 1,14-Tetradecanediol — — 0.09 +0.00
69 15.61 2- LEEA % Ethanone, 1-(2,3-dihydro-1H-inden-5-yl)- 0.29+£0.02 — —
70 1637 (R)-p-% 3 8% 6-Octen-1-01,3,7-dimethyl-,(R)- — — 0.23 +0.02
71 16.39 37-= ‘?}3‘%}7&2—;‘—1%-3-@ 1,6-Octadien-3-0l,3,7-dimethyl-,formate 0.27 £0.04 — —

5 72 16.93 UENCE AN cis-Verbenol 034+ 0.02 - —

a2 73 18.20 2-F 2T Mk Benzeneacetaldehyde,a-ethylidene- — — 0.16 £0.01

4/; 74 18.95 2-+—0 2-Undecanone — 1.11£0.13  1.12+0.09

# 75 19.01  a-FHA-1H-%-1-F B Z&8 A  1H-Indene-1-methanol,a-methyl-,acetate — — 0.05 £0.00
76 19.83 B, B2, 4-5 Z Mk 2,4-Decadienal,(E,E)- 0.35+0.03 — 0.56 +0.05
77 20.00 a,0-—F KKK CERES Benzeneethanol,a,a-dimethyl-,acetate — — 0.24+0.03
78 2053 RXIRT AR CEE Cyc1Ohexartzlc’g;tt;:;iethylethyl)' — — 0.02 +0.00
79 22.00 2-T A -2-F Mt 2-Octenal, 2-butyl- - _ — 179i 0.22
80  23.82 TR AR T A Benzene 1 ’*ﬁi‘ﬁ&%ﬁimet}‘ﬂ's - — — 0.22 % 0.00
o g ety
82 26.23 5-W A 2R -0- Db 5-Methyl-2-phenyl-2-hexenal o 105013 - _
83 37.16 + AR Pentadecanoic acid o - 0151r 0.02
84 3744 RS %E%X;};z' kS I’Z'Benziiffycl;rr'f)‘;"yyl;:’s f;crid’ bis(2- - 034004 0.050.00
85 39.09 AFAR R n-Hexadecanoic acid O99i 0.03  0.47 £0.03 1731r 0.07
86 41.71 (Z,E)-9,12-+ w9 — ¥ -1-B3 9,12-Tetradecadien-1-ol, (Z,E)- 0.33£0.03 — —
87 41.73 I 5 AR Linoleic acid — — 1.48+0.12
38 42.13 I 3h B LB Linoleic acid ethyl ester — — 1.47+0.05
89 47.92 R kR AR T kB Carbonic acid, eicosyl vinyl ester 1.46 £0.11 — —

236




MRE SRR Modern Food Science and Technology 2026, Vol.42, No.7
&R
7oy WEMRAL b i R332 H AR
~ min FS oD VFD
90 1.10 SH-vgw-5-fi 5H-Tetrazol-5-amine — 0.05 +0.00 —
91 4.74 4- ¥ L opo Fomepizole 0.01 £0.00 — —
5 92 4.89 1H-v9 74 -5- 1H-Tetrazol-5-amine 0.07+0.00 0.24£0.01 —
A 93 6.41 2-W 3 -5- Rk ek 5-Amino-2-methyl-2H-tetrazole — — 0.18 £0.00
1;3 94 1031 2,6-= Ttk Pyrazine,2,6-diethyl- — 0.80 +0.03 —
4 95 10.55 2-TH-3.6-—F Hoekk Pyrazine,3-ethyl-2,5-dimethyl- — 0.06 £0.01 —
96 16.28 SRR Benzothiazole 0.14 £0.03 — —
97 19.80 3’5_::1_2%__;(‘; S 2-(3-Methylbutyl)-3,5-dimethylpyrazine — 0.25+0.02 —
98 1.15 AT A —mimt Methyl ethyl disulfide 0161r 0.01 - -
A 99 5.87 Y = RREE Dimethyl trisulfide 31.66+1.41 44.76 £1.62 —
100 1256 3,5- =9 -1.24- AR AN 1,2,4-Trithiolane,3,5-dimethyl- — 0.28 +0.07 —
25 101 15.98 = w9 RR AR Tetrasulfide,dimethyl 0.62+0.06 0.92+0.06 —
# 102 30.90 HE Lenthionine 3.75+0.28 17.13+£0.84 —
103 40.54 1,2,3,4,5,6,7,8- B A IR F 17, Cyclic octaatomic sulfur 0.04 +0.00 — 0.13+0.01
104 4.51 B X -2 & trans-f-Ocimene - _ — 2.10£0.14
105 5.08 KM Camphene — — 0.26 +0.04
106  8.26 (H)-FA b D-Limonene — — 22.83+0.88
107 10.73 -5 db M y-Terpinene — — 1.36 £0.21
108 19.27 o-7KFF W a-Phellandrene — — 0.05£0.00
s 100 211 SIR[4.1.0] & -3- K (+)-3-Carene — — 0.74 % 0.05
% 110 22.03 o- R Z a-Ylangene 0.29 +0.03 — —
iz 111 23.47 (H)-3RE 754 (+)-Cyclosativene — — 0.28 £0.01
w112 23.51 (+)-a-barbatene (+)-a-Barbatene 0.17 £0.02 — —
;a; 113 2453 A Aromandendrene — — 1.65+0.15
114 2472 (£)p-B 2K (+)-B-Barbatene 034+0.02 074+0.08 0.31+0.04
115 25.32 (-)- A Hr FeAk (-)-Aristolene — — 0.17 +£0.05
117 32.66 P-4 e B-Bisabolene 0161r 0.02 - -
118 37.78 MEA47T (11) -—Hs Valerena-4,7 (11 ) -diene 0.29 £0.01 — —
119 2.94 2-T Aek v yn-Butyl furan _ — ""61-2-5;_:(-)-.56 )
120 4.89 1-ZATHARLERAA Hydroperoxide, 1-ethylbutyl 0.41+0.01 0.94+0.03 —
% 121 6.73 2- )8k Furan,2-pentyl- 2.18+0.16 6.86+0.52 9.70%0.49
M 122 16.18 3-R Akl Furan,3-phenyl- — 0.08 = 0.00 —
jz 123 26.35 10,11-3R 245 M 10,11-Epoxycalamenene 0.28 £0.01 — —
4 124 2691 2,4- = T A By 2,4-Di-tert-butylphenol 0.13+£0.01 0.22£0.02 0.22+0.01
# 125 34.61 o-FRE IR o-Pinene oxide — 0.72£0.07 —
126 27.09 FHA[2,1-b]kvh Naphtho[2,1-b]furan — — 0.01 £0.00
127 29.82 AT AR Borinic acid, diethyl-, methyl ester — 0.05 +0.00 —

E AP 7 AT MR EARD FA A LI P R A E),
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