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Abstract: To investigate the effect of drying methods on the volatile flavor substances of Toona sinensis, the volatile

components of vacuum freeze-dried, heat pump-dried, hot air-dried, and microwave vacuum-dried Toona sinensis samples
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were analyzed by gas chromatography-ion mobility spectrometry (GC-IMS) and gas chromatography-mass spectrometry
(GC-MS) coupled with relative odor activity values, and the differences of volatile components among samples were further
explored by combining the stoichiometric principal component analysis and partial least square discriminant analysis. The
results showed that 78 peaks were detected and 59 compounds were identified by GC-IMS. 94 kinds of volatile compounds
were identified by GC-MS, and the main volatile components were sulfides, olefins and aldehydes. The content of total
volatile compounds was significantly reduced after drying. The key aroma compounds in Toona sinensis samples were
identified by ROAV method, such as (E,Z)-di-1-propenyldisulfide, 2-mercapto-3,4-dimethyl-2,3-dihydrothiophene, hexanal,
2-hexenal and eugenol. The PCA and PLS-DA results showed that the samples with different drying methods were not only
clearly separated from the raw samples, but also significantly different from each other. The raw samples and vacuum
freeze-dried samples were grouped, and the other three dried Toona sinensis samples were grouped. According to the
variable importance in projection score, a total of 10 (VIP>1) labeled volatile compounds were selected. The drying method
had significant effect on the flavor characteristics of Toona sinensis, and the vacuum freeze-dried group was the closest to
the raw sample, while heat pump-drying was the most suitable dehydration method for Toona sinensis, considering the
practical application. This study provides some theoretical references for flavor quality control in the thermal processing

process.
Key words: Toona sinensis; drying methods; gas chromatography-ion mobility spectrometry (GC-IMS); gas chromato-

graphy-mass spectrometry (GC-MS); volatile organic compounds
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Fig.1 Photo of T. sinensis samples
TE: A: fiEEE (RAW) 5 B: LA VRT3 (VFD) 5 C: FAZR TR
(HPD); D: #UA T/ (HAD)E: f#if T/#:(MVD).,

0.53 um); (OFEAEIREE 60 °C; 28/ iai A < (2i)E =

99.999%) ; # VLM F2E T : ¥ 4f 2.0 mL/min, {2 FF
2 min, £ 2~10 min £ 3 &= 5.0 mL/min, 7E 10~
20 min Z&PEH A 50.0 mL/min, £F 20~30 min £k
% 100.0 mL/min, IMS £5f4: BF I N51(6.5 keV);
IEE R EEERKE 9.8 cm; B N MR &

500 V/em; BT 45 °C; SRS 150 mL/min
(ASLE)E = 99.999%)

i FHIE R C4~C9 15 M AR K i &4
IR B8 F5% (retention index, R1), >’ GC-IMS Libr-
ary Search A4 PN B 14 2014NIST %048 2 F1 IMS %
X K o e 5T o
1.2.3 SAHEIE- B (GC-MS) 43871
1.23.1 GC-MS MEFH =M Zhang 550 ik
SR FH 1A 02 BT 5 A 42 R M i 43 1HE AT i BRI
. FEWIFR 1.000 g BESL AT 0.2 g NaCl B T 20 mL
T2 A, N 5 pL 2-H 3L -3-FF fl PN AR (e 3~
248 mg/L W IR, [ E N B/ INFE T1E
TR 40 °C AT 15 min, SR )53 AL 2K
B 30 min J5HUD, T GC-MS #HEE %7 1% 5 min, [F]
NI s SR A B FsH 8] 0 €035 I 3 3 5 A e 5

GC AR 2R PMER (LI 99.99%), THE it

R AT T ZRMMSE

Table 1 Process conditions and parameters of four drying methods
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Table 2 Identification of volatile organic compounds in 7. sinensis samples by GC-IMS

5 TR YA CAS 43 Sy TREEEC REERI(s) TR (ms)
1 IENEE 1-Propanol 71-23-8 C,H,0 60.1 547.2 106.890 1.114
2 2-IP AN EE-D 2-Methylpropanol-D 78-83-1 C,H,,0 74.1 640.9 154.350 1.363
3 2- R E-M 2-Methylpropanol-M 78-83-1 C,H,,0 74.1 641.9 154.875 1.172
4 1- TP 1-Butanol 71-36-3 CH,,0 74.1 655 162.540 1.181
5 3-HE-2- T 3-Bethyl-2-butanol 598-75-4 CsH,,0 88.1 695.4 190.365 1.232
6 1,2-IN 1,2-Propanediol 57-55-6 C;H 0, 76.1 737.9 227.745 127
7 3-HIE-3- T s 3-Methyl-3-butenol 763-32-6 CH,,0 86.1 759.6 248.220 1.296
8 2-Z 3O 2-Ethylhexanol 104-76-7 CgH 0 130.2 1042.7 698.985 1.42
9 a- R a-Phenylethanol 98-85-1 CgH,,0 122.2 1055 726.495 1.558
10 Rl Furaneol 3658-77-3 CeHgO4 128.1 1055.6 727.755 1.206
11 (=) - fii s (-)-Borneol 464-45-9 CoH,40 154.3 1153.6 947.100 1212
12 KB Benzeneethanol 1960/12/8 CgH, (O 1222 1155.4 950.985 1.648
13 piai] Borneol 507-70-0 C,oH;50 1543 1166.8 976.605 1218
14 IS ek Dipropyl sulfide 111-47-7 CeH,,S 1182 873.1 359.310 1.161
15 TE-D Butanal-D 123-72-8 C,H0 72.1 580.9 123.585 1.283
16 TE-M Butanal-M 123-72-8 C,H0 72.1 581.1 123.690 1.115
17 2-MEETE 2-Methylbutanal 96-17-3 CH,,0 86.1 670.7 172.410 1.398
18 JREE-M Pentanal-M 110-62-3 CH,,0 86.1 699.9 193.935 1.19
19 LG Acetal 105-57-7 C¢H,,0, 1182 7258 216.510 1.039

20 (E)-2-%J%M-D (E)-2-Pentenal-D 1576-87-0 CsHO 84.1 750.3 239.40 1.351
21 (E)-2-13fmE-M (E)-2-Pentenal-M 1576-87-0 C;HO 84.1 764.1 252.420 1.105
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22 CRE Hexanal 66-25-1 CH,,0 100.2 824.8 307.335 1.563
23 PR Heptanal 111-71-7 C,H,,0 114.2 949.5 490.875 1.337
24 5- M SLRRRE-D 5-Methylfurfural-D 620-02-0 CeHeO, 110.1 964.2 522.480 1.476
25 5-FH LR -M 5-Methylfurfural-M 620-02-0 CeHe0, 110.1 972.7 541.170 1.123
26 (B)-2-T-it (E)-2-Nonenal 18829-56-6 C,H,,0 140.2 1155.9 952.245 1.42
27 Z-M Acetic acid-M 64-19-7 C,H,0, 60.1 590.3 128.205 1.042
28 22D Acetic acid-D 64-19-7 C,H,0, 60.1 596.4 131.250 1.151
29 HER-M Propanoic acid-M 153474-35-2 C;H,0, 74.1 656.8 163.590 1.264
30 H2-D Propionic acid-D 153474-35-2 C;H,0, 74.1 699.4 193.515 1273
31 T Butanoic acid 107-92-6 C,H;0, 88.1 811.7 295.365 1.366
32 SR Isovaleric acid 503-74-2 C4H,,0, 102.1 872.1 357.945 1.499
33 (A Hexanoic acid 142-62-1 CeH,,0, 116.2 989.8 579.600 1.295
34 THR-M Butanone-M 78-93-3 C,H0 72.1 606.6 136.290 1.246
35 THA-D Butanone-D 78-93-3 C,H0 72.1 613 139.545 1.062
36 FRILDTER Hydroxyacetone 116-09-6 C;HO, 74.1 631.5 149.205 1.234
37 2,3- I 2,3-Pentanedione 600-14-6 C,H,0, 100.1 688.3 184.800 1311
38 3-8 3-Pentanone 96-22-0 C,H,,0 86.1 690.2 186.270 1.346
39 3-F25£-2-THiI-D 3-Hydroxy-2-butanone-D 513-86-0 C,H;0, 88.1 729.1 219.555 1.332
40 3-F2HE-2-THIM  3-Hydroxy-2-butanone-M  513-86-0 C,H;0, 88.1 733.1 223.230 1.061
41 LR BE-D Ethyl acetate-D 141-78-6 C,H;0, 88.1 616.7 141.435 1.334
42 ZIRWE-M Propyl acetate-M 109-60-4 CsH,(0, 102.1 714.9 206.745 1.478
43 2-HENBRLEE  Ethyl-2-methylpropanoate 97-62-1 C¢H,,0, 116.2 734.1 224.175 1.198
44 7- T AR 7-Butyrolactone 96-48-0 C,H,0, 86.1 925.7 442.995 1.304
45 KA T ik Methyl salicylate 119-36-8 CH 0, 152.1 1201.3 1053.675 1.197
46 LIRNEE-T Propyl acetate-T 109-60-4 C4H,,0, 102.1 715.3 207.060 1.166
47 R BE-M Ethyl acetate-M 141-78-6 C,H;0, 88.1 623.4 144.900 1.097
48 Z TR E-D Propyl acetate-D 109-60-4 CH,,0, 102.1 678.1 177.450 1.164
49 RS ITR Isopropyl acetate 108-21-4 CH,,0, 102.1 665.5 169.050 1.167
50 WL Styrene 100-42-5 CH, 104.2 898 394.695 1.518
51 a-TK N a-Phellandrene 99-83-2 CyoHyg 136.2 989.1 578.130 1219
52 Frgdd Limonene 138-86-3 CoH4 136.2 1030.6 671.790 1.219
53 -5 f-Ocimene 13877-91-3 CoH6 136.2 1045.8 705.810 1.219
54 Jke-D Pentanal-D 110-62-3 C,H,,0 86.1 500.9 191.520 1.422
55 3- Tl 3-Butenenitrile 109-75-1 C,H,N 67.1 631.7 149.310 1.127
56 2,5~ H FLk IRy 2,5-Dimethylfuran 625-86-5 CeHO 96.1 699.1 193.305 1.356
57 2-Z BN 2-Acetylpyrazine 22047252 CHN,O 122.1 1022.1 652.680 1.148
58 2- LSRG 2-Ethylfuran 3208-16-0 CeHsO 96.1 725.7 216.405 1.299
59 2,4- SR 2,4-Dichlorophenol 120-83-2 CH,CLO 163.0 1154.7 949.410 1.181
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Fig.2 Fingerprints of volatile organic compounds in 7. sinensis with different drying methods
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Fig.3 PCA plots of volatile compounds in T. sinensis with
different drying methods
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Table 3 GC-MS analysis results of volatile compounds of 7. sinensis under different drying methods

freEntm et st b
(min) A 7 LRI RAW VFD HPD HAD MVD AEMETT
=
1.464 T LA C,H,S - - 021320  0.564+0.038 0.576£0.04  MS,RI
2.841 HH L3R B 2058 C,H,S 681/606  0.227+0.086 1.918+0.971 1.979+0.076 0.801+0.086 0.696+0.091 MS
5.440 2,3- A -5-H AL mEmy CsHgS 791 0.173+0.072 - - - - MS
10.571 2,5-F 3wy CH,S 904/905  9.541+0.893 0.888+0.068 0.908+0.018 0.857+0.064 0.163+0.011  MS,RI
11.412 L1-BA - 1- P C¢H, S 917/904  0.136+0.021 - - - - MS,RI
13.562 1-( LB ) -2-FP -1 - s C.H,,S 952 0.061=0 - 0.042+0.012  0.098+0.023 0.058+0.006 MS
16.493 M -2- 2,35 -3- F B gy C,H,,S 998 0.108+0.08 - - - - MS
24.419 (B.2)-Z-1-RHZmiALY CgH,S,  1116/1124 12.468+1.222 0.459+0.098 0.411+0.059 1.19+0.047 0.129+0.058  MS,RI
24776 3,4- T 3L wEwy C¢HgS 904/908  5.969+0.821 0.398+0.036 0.428+0.033 0.634+0.046 0.086+0.052 MS,RI
26.296 (Z)N-1-47-1-5&- TN —RlR CeHyoS,  1162/1159  1.09+0.045 - - - - MS,RI
26713 2-%iHE-3.4- T2 3-TAMENY  CgH oS,  1172/1149 10.733+1.127 0.437+0.082  0.4£0.096 0.972+0.083 0.143+£0.064  MS,RI
27.29 3,4- U SLME W) -2 - BB C¢HgS,  1184/1193  0.718+0.103 - 0.03+0.001 - - MS,RI
27.418 1-(2-BEWY3E) -1- TR CH,,08 1187 0.549+0.083 - - - - MS
32.591 (E,B)-Z-1-GH=mifb  CgH,S;  1341/1348 1.615+0.336 - - - - MS,RI
39.948 1'(1'('7\]'%}‘%‘5%%%)'7‘1%)‘2‘ CoHigS;  1599/1592  0.249+0.129 - - - - MS,RI
41.512 (E) 1%?5%&%%%:3 ’%’ i@jgz CoH,S;  1671/1671  0.48+0.034 - - - - MS,RI
43.016 AR CisHyuS  1749/1743 - 0.13+0.046 0.118+0.041 0.05+0.001 - MS,RI
4.871 (Z)-2-cdfi-1-F% CsH,,0 769/769  0.058+0.011 0.233+0.071 0.024+0.008 - - MS,RI
8.193 (Z)-3-C - 1-B% C¢H,,0 852/851 - 0.373+0.069 0.021+0.004 - - MS,RI
23.468 Iy R CoH;sO  1100/1099 - 0.072+0.033 - - - MS,RI
41.028 [ AR /NI CsHyO  1648/1649 - - 0.04+0.009 - - MS,RI
[

245 3-HIEETRE C4H,,0 647/646 - - - 0.363+£0.059 0.279+0.027  MS,RI
2.569 2-HIEETRE CH,,0 657/656 - - - 0.233+0.039 0.181+0.008  MS,RI
4.030 2-FBL2- Tl C;H,O 734/737 - - 0.083+£0.011 0.046+0.011 0.096+0.009  MS,RI
5.729 IECEE CH,,0 801/800  4.918+0.308 1.611£0.041 0.224+0.049 0.06+0.008 - MS,RI
7.938 2-C T CeH,,0 849/848  5.811+0.291 3.54+0.197 0.332+0.072 0.041+0.009 - MS,RI
13.817 AR HIE C,H,O 956/956  0.144+0.073  0.068+0 0.029+0  0.056=0.011 - MS,RI
19.492 KW CgHgO  1042/1042 - - 0.033£0.005 0.057+0.013 - MS,RI

23.731 T CoH O 1106/1105 0.107£0.014 0.101£0.044  0.04£0.01  0.035:0.004 - MS,RI
28.7 B-IFPRERE CH,(O  1220/1220  0.181+0 - - - - MS,RI
29.236 (517 e 3 C4H¢O, 1236 0.122+0.031 - - - - MS
42.633 (Z,E)-2,6-4 AWK CisH,, O 1727/1727  0.117+0.013 - - - - MS,RI
[EES
27.673 T-3,5- -2 CoH,,0 1193 0.197+0.075 - - - - MS
34.384 cis-Z< ] il C, H,;O  1400/1400 0.151£0.044 - - - - MS,RI
(ES
12.143 o- TN CoHyg 929/928  0.693+0.059 0.094:0.022 0.074+0.035 - 0.073£0.024  MS,RI
18.319 D-FP5% CyoH6 1025 0.0930 - - - - MS
32.609 oM CisHyy  1339/1339 - - 0.1750.043 n.d. 0.137£0.024  MS.RI
33.492 (+H) - E 15 CisHy  1370/1368  0.120.01 - - - - MS,RI
33.602 &= CisHy,  1374/1374 021320 0.059+0  0.085£0.026 0.05+£0.012 0.073+0.007  MS,RI
33.730 T B CisHy  1378/1378 - 0.078+0.048 0.219+0.05 0.288+0.035 0.464+0.112  MS,RI
33.730 o-BETE AR CisHyy  1378/1380  0.983+0.082  0.082+0  0.111:0.028 0.153£0.015 0.107£0.019  MS,RI
33.866 N CisHy,  1383/1383  0.25+0.02 - - - - MS,RI
34.002 UG CisHy,  1387/1386  0.26+0.02 - 0.036+0.013 - - MS,RI
34.205 (-)-p-HE 4 CisHy,  1394/1394  0.077+0.001  0.103+0  0.141+0.037 0.291+0.045 0.507+0.019  MS,RI
34.630 (2)-p- 1y CisHy,  1409/1408  5.218+0.034 - 0.064+£0.004 0.129+0.016 0.091+0.005  MS,RI

34.970 R AT CysHy, 1422/1418  1.734+0.794 0.496+0. 031 1.51£0.035 1.733£0.201 1.465£0.316 MS,RI




0454 5 11 ik AR, 4 BT GC-IMS Fl GC-MS FARGE &b F T ik s AT T s 2 o (5 229 -
g3
%Eflf)' |l e/ sk LRI RAW VFD HPD HAD MVD T
35.200 BRI CisHy  1431/1430 - - 0.098+0.008 0.085+£0.01 0.106+0.011  MS,RI
35.378 o- TR CisHyy  1437/1438 - - - 0.059+£0.005 0.074+0.006  MS,RI
35.471 o- T BIARIE CisHy,  1441/1439  0.524+0.012  0.061+0  0.183+0.068 0.162:0.023 - MS,RI
35.599 JIE-6,9-— 4 CisHyy  1445/1450  0.65+0.082 - 0.124+0.035 0.157+0.021 0.102+0.018  MS,RI
35.676 JMYN-3,5- 4 C,sHy, 1448/1458 - - - - 0.052+0.006  MS,RI
35.760 NI CisHy  1451/1469  0.66+0.041 - - - 0.179+0 MS,RI
35.829 FH IR CisHyy  1476/1495 - - 0.129+0.038 - - MS,RI
35.888 HERLIE CisHyy  1456/1456  1.272+0.192 0.129+0.092 0.386+0.081 0.402+£0.061 0.497+0.019  MS,RI
36.074 fi i CisHyy  1463/1440  0.224+0.018  0.09+0  0.096+0.028 0.168+0.023 0.132+£0.025  MS,RI
36.083 LiING C,sHyy 1463 - 0.082+0  0.118+0.025 0.105£0.009 0.212+0.044 MS
36.329 gt = g5 CisHy,  1472/1477  0.1050 - - - - MS,RI
36.457 e CisHy,,  1477/1415  0.207+0.007 - - - - MS,RI
36.483 (-)-g-FAR S CisHy,,  1519/1485 - 0.27120.164  0.97+0.048 0.647+0.008 1.102+0.083  MS,RI
36.533 y-E CisHyy  1480/1479  0.229+0.023 - - - - MS,RI
36.644 KARF s CisHy,  1484/1480 - 0.102£0.031 0.523£0.094 0.399+0.063 0.788+0.062  MS,RI
36.652 - CisHy,  1484/1484  0.141+0.004 - - - - MS,RI
36.797 B-IEIRI CisHyy  1490/1489  0.99+0.06  0.42+0.022  1.099£0.19 1.041£0.153 1.335£0.077  MS,RI
37.051 P FH CisHyy  1499/1509  0.897+0.096 0.55+0.011 1.377+0.032 1.369+£0.021 1.858+0.024  MS,RI
37.366 oA W CisHyy  1510/1509 - 0.17740.05  0.69+0.016 0.816+0.012 1.364+0.089  MS,RI
37.502 BB CisHy,y  1515/1512 0.115+0.014 - 0.052+0.012 0.075+0.011 0.068£0.009  MS,RI
37.612 PR /N CisHyy  1519/1513  0.12£0.013  0.134+0.073 0.546+0.087 0.306£0.051 0.642£0.069  MS,RI
37.731 (-)-a- NS CisHyy  1523/1527 - 0.066£0  0.101+0.019 0.104£0.017 0.138+0.018  MS,RI
37.892 B CisHy  1528/1529  0.426+0.019 0.483+0.024 - - - MS,RI
37.893 d-FEANE CisHyy  1528/1528 - - 1.346£0.032 0.944+0.109 1.694+0.078  MS,RI
38.182 BETE AR CisHy  1538/1537 - 0.067+0.019 0.117£0.021 0.104+0.013 0.183+£0.027  MS,RI
38.284 S CisHyy  1446/1373 - - 0.079+0.013  0.068+0.013 - MS,RI
38.343 a-FEAR CisHy,  1544/1544 - 0.085+0.037 0.328+0.047 0.185+0.03 0.378+0.043  MS,RI
38.351 B-EtidE CisHy,  1494/1414  0.094£0.021 0.069+0.019 0.242+0.041 0.08+0.014  0.16+0.009  MS,RI
38513 o-F 1B CisHyy  1550/1542  0.227+0.052 0.32+£0.042  0.62+0.015  0.5£0.053  0.599+0.079  MS,RI
38.938 FARA I CisHy  1565/1562 - - 0.088+0.027 0.089+0.015 0.072+0.009  MS,RI
39.107 B-EHEFE CisHy  1570/1563  0.0530 - 0.083+£0.021 0.039+0.006 0.053+0.007  MS,RI
40.493 o- NP2 IE CisHy  1624/1512 - - 0.054+0.015 - - MS,RI
40.611 9-F3LS- N\ A JE CysHy 1629 - 0.064+0.025 0.107£0.035 0.091+0.007 0.103+0.012 MS
41.342 (+)-Beki CisHy,y  1663/1500 - 0.049+0  0.084+0.002 - 0.053+0.005  MS,RI
41.758 RikH CisHig  1682/1679 0.218+0.019 0.123+0.041 0.098+0.003 0.143+£0.015 0.163£0.006  MS,RI
43.695 1’4'*”1%%%%%5%)' CisHig  1786/1790 0.175+0.048  0.05:0  0.073+0.033 0.033£0.004 0.035£0.009  MS,RI
44.987 8,9-JIit S-S e I CsH,, 1867 - - - 0.020.001 - MS
45.972 9,10-JiE S-S -0 CsH,, 1934 2.231£0.29  0.044+0.015 - 0.098+0.02  0.048+0 MS
S
44,655 (2E,6E)-Z. B 4= A KT CHy0,  1846/1844  0.241£0.03  0.05£0.015 0.049+0.014 0.057+0.006 0.047+0.007  MS,RI
45.097 AR W R -3-2E 5 TR C,gHy0, 1874 - 0.032+0.024 - - 0.059+0.026 MS
45.896 AR R C;H3,0,  1929/1928 - - 0.024+0.006 - - MS,RI
46.456 AR W T TR Ci¢H»O,  1969/1969 - 0.061+0 - - 0.055+0.032  MS,RI
HoAn
4259 2- PP Lk C;H,0 745/599  0.149+0.075 - - 0.032+0.009 - MS,RI
13.171 3-Z H-THIIE CeH,N 945 - - - - 0.04:0.005 MS
22227 2,6- " L k- CgH,N,  1090/1078 - - 0.04+0.001 - - MS,RI
25.336 IR CeH,N  1141/1141  0.158£0.009  0.063+0 - - - MS,RI
31.445 =% Cy3Hyg 1300 - 0.047+0.021 - - - MS
33.186 T CioH,0,  1359/1359  0.14£0.005 0.138+0.005 0.051£0.009 0.072+0.005 - MS,RI
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Fig.4 Volatile compounds in T. sinensis with different
drying methods
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