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Abstract: Volatile compounds of fresh-picked truffles and vacuum freeze-drying truffles in Yunnan were
extracted by headspace solid-phase microextraction (HS-SPME). Volatile components and sulfur aroma
compounds were identified by gas chromatography-mass spectrometry (GC-MS) and gas chromatography-
flame photometric detector (GC-FPD). The results showed that 30 and 83 volatile flavor compounds, 8 and
19 sulfur aroma compounds were detected in fresh-picked truffles and vacuum freeze-drying truffles,
respectively. 1-Octen-3-ol, p-cresyl methyl ether, 3-methyl butyraldehyde, diallyl disulfide and dimethyl
sulfide were higher in fresh truffles. p-Cresyl methyl ether, hexanoic acid, d-limonene, dimethyl sulfone,
allyl methyl trisulfide were higher in dry truffles. The results of gas chromatography-olfactory (GC-O)
combined with aroma activity value (OAV) indicated that diallyl disulfide, dimethyl sulfide, 1-octen-3-one
and 3-methyl butyraldehyde had larger contribution to the aroma of fresh truffles. In dried truffles,
bis(2-methyl-3-furyl)disulfide, y-nonalactone, hexanoic acid, 1-octen-3-one had greater contribution to the
aroma.
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Table 1  Analytical results for GC-MS identification of volatile compounds in Yunnan truffle
Fa b5 RUFFE RS s oo PG
i/ (ngl/g) &/ (pg/gd
J&%
1 IR M a-Pinene 1019 1020 MS. RI  0.066+0.004* 0.046+0.022°
2 CALIRI p-Pinene 1123 1120 MS. RI — 0.026+0.014
3 AEFFEENME d-Limonene 1176 1180 MS. RI  0.120£0.012° 2.389+0.202°
4 A I y-Terpinene 1264 1254 MS. RI — 0.036+0.021
5 ZJFEPE Phenylethene 1287 1267 MS. RI  0.016£0.007° 0.058+0.019*
6 X416 4E  p-Isopropyltoluene 1295 1298 MS. RI — 0.550+0.049
7 1,3-—H % 1,3-Dimethyl-benzene 1145 1143 MS. RI — 0.220+0.027
8 1,4-— W% 1,4-Dimethyl-benzene 1120 1125 MS. RI — 0.035+0.021
9 3,4- " HAFHF I 3,4-Dimethoxytoluene 1802 1798 MS. RI 0.111+0.023 —
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5 (AL B S RIIHRME RISCHME %@ ik S (ugle) B (nglg)
RS
10 1-T 1-Butanol 1164 1150 MS. RI — 0.147+0.027
11 2-T 2-Butanol 1031 1030 MS. RI — 0.252+0.014
12 RA-2-C M (E)-2-Hexenal 1216 1219 MS. RI — 0.026+0.017
13 1-J% % 1-Pentanol 1268 1255 MS. RI — 0.724+0.018
14 3-2FE 3-Octanol 1411 1400 MS, RI  0.091£0.003* 0.131£0.020°
15 1-3%%-3-B 1-Octen-3-ol 1453 1451 MS. RI  6.211£0.733* 1.274+0.07°
16 1-BifiE 1-Heptanol 1450 1461 MS. RI — 0.239+0.019
17 1-%[  1-Octanol 1572 1564 MS. RI  0.075£0.003* 0.098+0.022°
18 FfrdaMilE Carvomenthenol 1153 1152 MS. RI — 0.013+0.150
19 (&) -2-2%-1-B (E)-2-Octen-1-ol 1620 1621 MS. RI — 0.088+0.130
20  ZH [ Benzyl alcohol 1887 1885 MS. RI — 0.006+0.280
21 ZKZME Phenethyl alcohol 1934 1922 MS. RI — 0.080+0.031
22 MfifE Furfurol 1467 1466 MS. RI — 0.065+0.016
23 4-HELIEW 4-Methylphenol 2071 2079 MS. RI  0.070+0.014* 0.041+0.025"
24 [HPE m-Cresol 2089 2099 MS. RI — 0.024+0.021
25 2-H - T 2-Methyl-1-butanol 1203 1208 MS. RI — 2.002+0.843
26 () -2-%8J (E)-2-Decen-1-ol 1816 1812 MS. RI  0.839+0.021 —
e S
27 L[ Acetaldehyde 675 689 MS. RI  0.484+0.017" 0.158+0.011°
28 JKM Pentanal 973 979 MS. RI — 0.192+0.017
29 [T/ 2-Methylpropenal 890 893 MS. RI — 0.108+0.022
30 % Hexanal 1084 1080 MS. RI  0.458+0.150° 1.501£0.010°
31 2-FA 32T 2-Methyl-2-butenal 1102 1104 MS. RI — 0.201+0.021
32 B Heptanal 1180 1186 MS. RI  0.084+0.004 —
33 ¥ Octanal 1299 1291 MS., RI  0.103x0.011° 0.276+0.022°
34 T-J% Nonanal 1346 1390 MS. RI  0.082+0.004" 0.115+0.019"
35 (JZ) -2-F# (E)-2-Octenal 1444 1434 MS. RI — 0.029+0.012
36 i-2-BEMfE (Z)-2-Heptenal 1320 1318 MS. RI  0.052+0.008 —
37 (] ) -2-FMilE  (E)-2-Octenal 1432 1434 MS. RI  0.775+0.215 —
38 EEEE (3-FARZENEE ) 3-(Methylthio)-propionaldehyde 1476 1480 MS. RI  0.018+0.002 —
39 () -2-Lf# (E)-2-Nonenal 1439 1437 MS. RI  0.038+0.007 —
40 K Z[¥% Phenylacetaldehyde 1653 1650 MS. RI  0.349+£0.019 —
41 (&, ) -24-T-"J&WE (EE)-2,4-Nonadienal 1713 1712 MS. RI  0.026+0.012 —
42 2,4-28 )R 2,4-Decadienal 1790 1797 MS., RI  0.043+0.018 —
43 2-HE-2-PifE 2-Propyl-2-heptenal 1563 1569 MS. RI — 0.030+0.024
44  RHIEE Benzaldehyde 1643 1646 MS. RI  0.086+0.004° 0.355+0.021°
45 4A-WHIEHEE 4-Methyl-benzaldehyde 1637 1638 MS. RI — 0.016+0.033
46 % Furfural 1460 1466 MS. RI — 0.068+0.035
47  3-HFETEE 3-Methyl-butanal 922 924 MS. RI  1.650+0.648 —
T 2
48 2-Piffl 2-Heptanone 1186 1184 MS. RI — 0.150£0.022
49 3-Eff 3-Octanone 1243 1240 MS, RI  0.425+0.131* 0.164+0.018"
50  2-%f 2-Octanone 1289 1297 MS. RI — 0.096+0.024
51  1-%-3-f 1-Octen-3-one 1302 1305 MS. RI  0.947+0.017* 0.128+0.013"
52 2-F-fil 2-Nonanone 1389 1398 MS. RI — 0.036+0.029
53 3-%M-2-Bi 3-Octen-2-one 1423 1415 MS. RI — 0.309+0.023
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54 2-%%fili| 2-Decanone 1494 1496 MS. RI — 0.012+0.020
55  3-T/#-2-Fi 3-Nonen-2-one 1508 1510 MS. RI — 0.038+0.022
56  5-Tf 5-Nonanone 1331 1334 MS. RI — 0.014+0.025
57  HIETJEEN 2-Undecanone 1576 1570 MS. RI  0.045+0.017* 0.022+0.018*
58  #JrHEA Carvone 1755 1744 MS. RI — 0.016=0.009
59 ALK Z B 1-(4-Methylphenyl)-ethanone 1760 1763 MS. RI — 0.006+0.012
60  4-FFIL-A-F I 2R 4-Hydroxy-4-methyl-2-pentanone 1357 1352 MS. RI — 0.010+0.017
61 2 (3H)-WENER 2(3H) -Furanone 1720 1726 MS, RI — 0.096+0.024
62  ZMR Acetic acid 1433 1427 MS., RI  0.164£0.013* 0.194+0.013°
63  2-F3ENER 2-Methyl-propanoic acid 1549 1544 MS. RI — 0.293+0.019
64 TR Butanoic acid 1630 1628 MS, RI — 0.074+0.023
65  2-HILTR 2-Methyl butyric acid 1650 1655 MS. RI — 0.391x0.027
66  J&MR Valeric acid 1730 1734 MS. RI — 1.009+0.036
67 L. Hexanoic acid 2064 2070 MS. RI — 4.804+0.428
68  BEMR Hepanoic acid 1843 1849 MS. RI — 0.267+0.018
69 MR Octanoic acid 2066 2070 MS. RI — 0.098+0.017
70 TR Nonanoic acid 2160 2169 MS. RI — 0.023+0.024
[lES
71 2-HETMSR TER Iso butyl-2-methyl butylate 1177 1179 MS. RI — 0.039+0.020
72 2-HELERANE 2-Methylpropyl ester pentanoic acid 1250 1253 MS. RI — 0.034+0.013
73 PR LI Heptanoic acid ethyl ester 1349 1341 MS. RI — 0.071+0.012
74  CR5 THH Isobutyl hexanoate 1344 1347 MS. RI — 0.360+0.008
75 ¥R Ethyl octanoate 1429 1420 MS. RI — 0.030+0.018
76 C.RILES Amyl hexanoate 1522 1525 MS. RI — 0.09140.001
77 IEC.ER il n-Caproic acid vinyl ester 1623 1630 MS. RI — 0.050+0.012
78 I T NI y-Butyrolactone 1645 1643 MS. RI — 0.041+0.011
79 WNHLC NI y-Hexalactone 1683 1689 MS. RI — 0.233+0.001
80 T NME y-Nonalactone 2018 2012 MS. RI — 0.030+0.003
T ALY
81 W E:AAHE Dimethyl sulfide 721 720 MS. RI  0.425+0.131 —
82 T HIILH Dimethyl sulfone 1929 1921 MS, RI  0.026£0.009* 0.086+0.012*
83  HIILH Dimethyl sulfoxide 1584 1578 MS. RI — 0.020+0.015
84 23-FIEBEN) 2,3-Dimethyl-thiophene 1221 1212 MS. RI — 0.072+0.014
85  2-FILNLME 2-Methyl-pyridine 1230 1216 MS. RI — 0.028+0.007
86 3-HIEEM|NE (R FE ) 3-Methyl-indene 2512 2505 MS. RI — 0.005+0.001
87  4-HIFLBEME 4-Methylthiazole 1280 1278 MS. RI — 0.015+0.005
88  2-FJLMEIE 2-Methylpyrazine 1255 1261 MS. RI — 0.101+0.013
89  2,5-FIILMEIEE 2,5-Dimethyl-pyrazine 1321 1320 MS. RI — 0.065+0.015
90  2,6- I JLHEEE 2,6-Dimethyl-pyrazine 1326 1327 MS. RI — 0.064+0.008
91 = H LR Trimethyl pyrazine 1400 1405 MS. RI — 0.084+0.010
92 DY LML Tetramethyl pyrazine 1465 1466 MS. RI — 0.031+0.006
93 2-f%HEmkmY 2-Pentyl-furan 1239 1235 MS. RI — 0.722+0.128
94  NN-_H B N,N-dimethyl-formamide 1320 1326 MS. RI — 0.030+0.005
95  XTH W H it p-cresyl methyl ether 1445 1446 MS. RI 2.733+£0.261° 4.813+0.054*
0 “UERE T MS ARG EE, RICHIRBRECENE; “RUTFEE RN LRI RU(E; “RI SCHME 7R & B 8 500 SCHR1E
HVETF NISTI &P IS % 30k, “—" AN, BRI Duncan K58 (P <0.05), [F—FT8{E EFr A AREFRE, SLHA B E

Z5. TR
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Fig. 1 Proportion of flavor substances in fresh truffles
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Fig. 2 Proportion of flavor substances in dried truffles
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Table 2 Analytical results for GC-FPD identification of sulfur compounds in Yunnan truffle

Pii N | WA TR A
e AR W o B e PR
1 W HEifit Dimethyl sulfide 711 720 FPD. RI  1.407£0.126°  0.227+0.025"
2 I 7R 2 LA ik Allyl methyl sulfide 984 956 FPD. RI — 0.056+0.004
3 N #E:BiEE Diplopy sulfide 1071 1071 FPD. RI  0.004£0.001°  0.003£0.001°
4 T HIE T HifE Dimethyl disulfide 1095 1086 FPD, RI — 1.901+0.310
5 2-HIZEEE 2-Methylthiazole 1241 1239 FPD. RI — 0.005+0.002
6 BEME Thiazole 1262 1265 FPD. RI — 0.017:£0.006
7 P2 N J 2 —#ifif Methyl 2-propenyl disulfide 1275 1296 FPD. RI  0.004+£0.002°  0.0160.008"
8 2-Z, JEWEM: 2-Ethylthiazole 1302 1304  FPD, RI — 0.026:0.002
9 THE=HilF Dimethyl trisulfide 1404 1391 FPD. RI — 2.025+0.080
10 T TR Diallyl disulfide 1479 1475 FPD, RI 2.164+0.371 —
11 THI N Dimethyl sulfoxide 1575 1578 FPD., RI  0.007+0.002°  0.018+0.003"
12 MNSEH L =i f# Allyl methyl trisulfide 1588 1584  FPD. RI — 2.448+0.112
13 2-Z R SEWEME 2-Acetylthiazole 1655 1652 FPD. RI — 0.002+0.001
14 TN =#ilk Dipropyl trisulfide 1659 1658 FPD. RI — 0.006+0.002
15 2-TN£E-4- W ZLWEME 2-Propyl-4-methylthiazole 1695 1695 FPD. RI 0.334£0.085"  0.078+0.006"
16 4- (FFaRE) MEEE 4-(Methylthio)pyridine 1792 1796 FPD, RI — 0.002+0.001
17 BEIEHIE AilE Furfuryl methyl disufide 1810 1806  FPD. RI — 0.004+0.001
18 1, 2, 4-=FiZIF ke 1,2,4-Trithiolane 1819 1815 FPD. RI — 0.002+0.001
19  “H#H Dimethyl sulfone 1921 1912 FPD. RI 0.281+0.078°  6.492+0.457*
20 R 2-F E-3-nk M 36 ) — A BE Bis(2-methyl-3-furyl)disulfide 2157 2156 FPD. RI  0.002+0.001°  0.013+0.005"
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M2 2 AL, CBTEERARR R LRI 8 Fh A fk
G, BARURT MR RS 8 rhb R I 19 R i dk
G, BESR TR TN A ORI & 2 B B TR
G SRAF RS 5 o 33X I T S 58 A i s i A A< T
R FNEGAR Y R, Ho, BN EE A
T Y A TN TR R (2.16420.371) pg/g A H
FLHiBE (1.407+0.126 ) pg/g; HAWR TR TEERAAEE
TR ALY & N (6.492+0.457 ) ng/g.
TR P B = BRI (2.448+0.112) pg/g FI - HI L=
Wik (2.025£0.08 ) pg/g, X5 Piloni PYEEHFST 3
KA FEFAEE ( Tuber magnatum ) AYFES LA HH L
23 HEHEMBEMTHRAEBEPHEETSYRNHE

M GC-MS 9434 Hml LAS B b 58 v 7 % v
SRS R A, (R B s RS BE
I O B S STk K/, st GC-O MLEIZS &
OAV i i H X AR A B E DTk P T . OAV J&

P I B R B DR Y, OAV<D, F/R XAk
YA S DTHREL /S, X AR A <R 3l B 1 i 4
OAV>1, FRXEAEFEITTHIL K, OAV B RN
DU, AR RS

R 3 s HTEERA EE Th LA 20 R HY OAV
KT 1, HPAH 12 F 5K T 10,8 F# KT 100,
1M 1-2F4-3-F A — L6k Y OAV #iid 1000,
VR T EE IS B R Th LA 46 FPYITAY OAV {H
KF 1, HpbE 16 M OAV KF 10, 6 F4
JE) OAV KF 100, 1NN T-NERK) OAV H KT
1000, X EeW) BN XA B B A KBk,
W, OBTEEAN R R T AR EE . AT TR . 1-
N M-3-WE . 1-E M-3R 3-F IR T A SR
OAV ; T Tl A 5 Hh WL ( 2-HF FE-3-k g 56 ) — i fik |
WAL NEE . R 1-2F05-3-F R A8 I BAT 3¢
& OAV,

R3 mMRER PR YR OAV

Table 3 Odor activity values of volatile compounds in Yunnan truffle

e fear 4 ('fﬁ) wECig PR T
fek
1 HERTIEMS  d-limonene 0.700000 FrEREAES 0.17 3.41
2 Xt AE4E 4-Isopropyltoluene 0.004000 AF — 137.50
3 2-TE 2-Butanol 0.130000 FFE W E — 1.94
4 3-3¢E 3-Octanol 0.022000 BE#ER . TR 4.14 5.96
5 1-2E45-3-B% 1-Octen-3-ol 0.026000 RFUEEZESIR . TR 238.89 49.00
6 1-3-f 1-Octanol 0.037000 R 2.03 2.65
7 2K B Phenethyl alcohol 0.080000 HHAEF — 1.00
8 4-H LKW 4-Methylphenol 0.002700 M. HH 25.93 15.19
9 [&] '} m-Cresol 0.011000 A A< bk — 2.18
10 2-IJE-1-TF 2-Methyl-1-butanol 0.140000 R fixi < — 14.30
e S
11 C.F Hexanal 0.330000 HH 1.39 4.55
12 ¥ Octanal 0.010000 JENi&E® . K& 10.30 27.60
13 T-® Nonanal 0.020000 JRIIF . K& 4.10 5.75
14 R-2-%F (E) -2-Octenal 0.021000 JEWi%E. BF . AHEF — 1.38
15 R (3-FIBIENEE ) 3-(Methylthio)-propionaldehyde  0.000100 A&, & 285.71 —
16 f-2-T-/% (E) -2-Nonenal 0.020000 JEWiHE. HH 1.90 —
17 B Phenylacetaldehyde 0.000700 b . BFE 484.72 —
18 R, -2,4-F —JlE (E E)-2,4-Nonadienal 0.000400 W&, BFH 65.00 —
19 2,4-% %W 2,4-Decadienal 0.000200 HE. MENiHE. REF 238.889 —
20 R Benzaldehyde 0.100000 A (A, KR 0.86 3.55
21 4-FELOEHE 4-Methyl-benzaldehyde 0.001200 & — 13.33
22 BERE Furfural 0.250000 K7 . HBiHUF — 272
23 3-FJE T ¥ 3-Methyl-butanal 0.002000 7 825.00 —
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HR2

5 LA HH e T PR T
iES
24 2-FEfill 2-Heptanone 0.045000 ALEEAKRA — 3.333
25 3-2%fifl 3-Octanone 0.001300 R 323.08  116.15
26 1-3475-3-Bi 1-Octen-3-one 0.000800 B % . Yot 1183.75 160.00
27 3-3¢H5-2-Bi 3-Octen-2-one 0.020000 M. BEH . R — 15.45
28 3-T4s-2-Bf 3-Nonen-2-one 0.030000 fEF . HFE. BEEF — 1.27
29 FH 3L 2B 1-(4-Methylphenyl)-ethanone 0.002000 fEF. B — 3.00
30 2 (3H) -W:Mgfi| 2(3H) —Furanone 0.002000 R, fEF. EH — 48.00
31 LR Acetic acid 0.025000 il 5 B T R 6.56 7.76
32 T Butanoic acid 0.013000 Ji& &L 1Rk — 5.69
33 2-F R TR 2-Methyl butyric acid 0.020000 7. W& — 19.55
34 % Valeric acid 0.080000 5 Z1 R — 12.61
35 .8 Octanoic acid 0.012000 JMHFERR B — 400.33
36 BElZ Hexanoic acid 0.022000  Jlig i kg R — 12.14
LS
37 2-H )W BR N TiE 2-Methylpropyl ester pentanoic acid 0.026000 FHF — 1.31
38 BE2 Z W5 Ethyl heptanate 0.039000 3EGL . PR — 1.82
39 CER 5 Tl Hexanoic acid, 0.003000 FHAF. WA, R — 120.00
40 R LT Ethyl octanoate 0.022000 2% i A — 1.36
41 N C Mg y-Hexalactone 0.005000 T FE ., #FMTHE — 46.60
42 P50 T- N1 y-Nonalactone 0.000008 157 — 3750.00
43 Xt p-cresyl methyl ether 0.560000 fEF. R, s E 4.88 8.60

aRYB
44 2-FIEENEIE 2-Methyl-pyridine 0.010000 #£F. RREFH — 2.80
45 3-F LML (265 % ) 3-Methyl-indene 0.000500 ZFAE . Rk — 10.00
46 2-FIKLNE R 2-Methyl pyrazine 0.060000 HtiEF — 1.68
47 =W JE-AEBE Trimethyl pyrazine 0.050000 7. W& — 1.68

AT
48 T W HAfifE Dimethyl sulfide 0.000300 Vi fif (1% i B IR 1416.67 —
49 T HELH Dimethyl sulfone NF RIR Y B NF NF
50 T BN Dimethyl sulfoxide NF hpE . SLEX . BELE . KaE . NF
51 2-Z 3EWEM: 2-Ethylthiazole 0.005000 #EANFEF . B — 5.20
52 T T Dimethyl disulfide 0.007000 FRfr. FEH — 271.42
53 T =B Dimethyl trisulfide 0.190000 SREFNFEFES — 10.65
54 TR HREE Diallyl disulfide 0.004300 J&M, W& 503.26 —
55 PERLH L TR Furfuryl methyl disufide 0.000018 Kis. WA — 22222
56 W (2-F1 FE-3-R M 3L ) —FlE Bis(2-methyl-3-furyl)disulfide 0.000014 BHiffi. WHFF 142.87  928.57

HAby 5t
57 2- KL 2-Pentyl-furan 0270000 T F&F. R+FHF. BiXH — 2.67

e 7 FRoRARKIME; “NF” FoR Ik SNz & W) BUE T ARAE 5T .
3 i PAE rh AR AGIN HY 30 AP BT, T A & Ry AR rp S AGHI

83 Al TR ER T EEEE, ER A TOR A
(1) £ SPME %45 & GC-MS, fEBEERAN S 40 I 1 22 ol 75 7 6 R0 T T A2 2 170 XUk 2 7R



* 270 -

A% 4m 4£ T FINE CHEMICALS

36 4

Ko A OAV BHL, Hrffngg s 20 Fhdy
i OAV KT 1, THltnEgEdsf 46 R OAV
KT 1o vtBATHIPAEEAH LIS IR B EEpAER , &R
M ME 2 M2 HE, SIRIRAR . (ERRT A,
Xof HH Py HH Tk A S i R T A R A S AR AR
OAV KT 1, HAEHAM S If AR W RIfRE, E)
T T ANEE A SR AR NS AR, XWREar
5 i R AR 1 S R 2 —

(2)% 3 SPME # B 454 GC-FPD M BTt &%
e 8 AR G, AR R TN ER
G 19 RS BRI A, i TR (AR E
A . AL KRERSERER KRR, AL
EMBETIERER . NE . mEAERNKIE, X
W TG FIR A, AR Z T Ak
TR B E R AR SO F 5 F P R P S A o (B
WEME | WEMY | MERERIE R INME G ) PSR
YE 2 Z IR T NTE 2 i F i A D A B i 1 1

(13) 3 % 0 s R A B R A S i R B
BTN % T ] TR A L B L U A R e R B
AN TR R SR A 5 3 FI b 25 B FHH S5 AH 5C 7 i 5
THIPAEE WA AL . EH/ . U . IHEERRRR | B4
WRFIARTT, AT LUF & W MEFEAR S0 il a3 ot
AR ) R — R RS A ML, ANER S
87 SR B T S A AR K & R 5=

SE 3k
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