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Abstract: A method was established to rapidly identify the volatile components and to compare the
differences in volatile components between Airactylodes macrocephala and processed Atractylodis
Macrocephalae Rhizoma from Bozhou, Anhui Province, as well as those from different origins. The
volatile compositions of Atractylodes macrocephala from Bozhou, Anhui Province, and Atractylodes
macrocephala from different origins were determined by gas chromatography—ion mobility spectrometry
(GC-IMS), the volatile compounds were qualitatively analyzed by using the VOCal software, and
the fingerprints of the volatile compositions were established by GC—-IMS. The differences in volatile
compositions were analyzed by combining the principal component analysis and the least—squares dis-
crimination analysis and the screening of the difference markers with VIP>1. A total of 143 volatile
compounds were obtained from fresh and processed Atractylodis Macrocephala, and 114 of them were
identified. The results of GC-IMS fingerprinting showed that the differences in the types of volatile
constituents between Atractylodes macrocephala and processed Atractylodis Macrocephalae Rhizoma
were relatively small but the differences in the contents were obvious. The differences in the types
and contents of volatiles of Atractylodes macrocephala in different origins were significant. Chemomet-
ric analysis classified Atractylodes macrocephala and processed Atractylodis Macrocephalae Rhizoma
from Bozhou, Anhui Province, into three categories. The volatile components such as benzaldehyde
and ethyl lactate were screened according to VIP>1, which can be used as the key components to dis-

tinguish the three. The clustering of Atractylodes macrocephala from different origins was not obvious,
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and the volatile components such as B-thujene(M) and 3-penten-2-one (M) were screened according
to VIP>1, which could be used as the key components to distinguish the different origins. The re-
search results can offer reference for the quality evaluation and clinical application of Atractylodes
macrocephala.

Key words: gas chromatography—ion mobility spectrometry (GC—IMS) ; Atractylodes macrocephala

chemometrics analysis; volatile components
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FIAR, BRVEREAR, (@A E 2 ohigeme

Wb, AARVER R L, FRERAK, TERE) 2SS, KAl BRI ESERIX,
“WiNBR” Z—; AHIEAEW L AR B RIS, H a2 MR R, DO A6 By A AR FE 77X,
Wivs . IR AR SRR A AR . (R BRI ORI AR R O AR FE R, A
[P0 AR PEIR . A2 A 22 5, WiE AR ZANENE, RBYEAIEETE , W2t M 55 1
KA KRB A P2 i (AR 25 M PR AR R A T B IR . T & I AR I BEZRor AE WL . Tk
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By PTRE &R AR S -2 B (GC-TMS) J&—Fh T8 & PEAL S 43 5 SR B o0 Bt
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P 53 B AR A DL R AN ] 72 b A R K 1 i o B 25 57, R L Table 1 Sample information
wEIEM AR 25122 No. Name  Region Age
N 1AB1 AR GRem A
1 SCIGER4Y 1AB2 AR RHEN 4
. . 2AM HA  LEUDh TAE
1.1 (UFEMHE 2HZ FA WREED 4
FlavourSpec® S AH & Fif # i (158 GAS 24w ) ; CTC- g; :ﬁ %ﬁﬁ fi
g s " . _ R RN -
PAL F A T0%5 H sh A3 E (B L CTC Analytics AG A %] ) ; 27p PR WRTEE A
MXT-WAX BAHE 6,15+ (258 Restek 247 ) ; AUW220D HL - 22} ﬁf{'i‘i* fﬁ{fﬁ ii
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DL 1, ZILTA Y BEREH 25 I & O B T B E CB6  BRPEIA LHLEM 4

?'\7 % *4 *E % lJ:—l 7'{ (Atractylodes macrocephala Koidz. ) EI,‘J ;F“J;% CB1-CB6 were prepared by 2AB using the parallel

roasting method (General Rules for Processing 0213)
*E% o as specified in the 2020 edition of the Pharmacopoeia of
1.3 Eléﬂ:lllil\fz the People’s Republic of China(CB1~CB6 H 2AB, 1%
2020 4F RRE AR R 24 30 Bk b 12 (i ol 3
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B ERFESL 0.5 ¢ T 20 mLTAZSHE Y, I 20 pL 100 me/ke B SERE (AR, 80 CHEE 15 min J52EFE 200
pL, BAFESPATIE 31K,
1.4 BifEH

TiZs BERE 5 A . WHALIRE 80 °C; WAL M) 15 min; BERRIAFH 200 wL; AR UERE; MEfLEEEE 500
r/min; BEAESHIREE 85 °C, AAHMIE S FEIRL 60 C; UM N, (AiEE> 99.999%) ; #H /S E: 0~2
min, 2 mL/min; 2~10 min, 2~10 mL/min; 10~20 min, 10~100 mL/min; 20~50 min, 100 mL/min; ZEAE
FIYELEE 80 °Co IMS Z54F: S AMIECH) s EBEKIE 53 mm; HIZHE 500 Viem; B ERE
45 °C; BRI RS (L= 99. 999%) , i 150 mL/min.
1.5 HESW

FIFH VOCal A . NISTHEMRE . IMSEAR A TEMIHT, 458 Reporter iff: . Gallery Plot i {4
53 R AR & MR o I A 1 L 2SRt FRLE IR, BT ERAT AT dlad SIMCA14. 1 HEfT
PCAFIPLS-DAZ3#T, TR VIPME, FikZEStrEdr; i H Excel 2019 48144k
2 HREW®
2.1 GC-IMS EiZ& 4o #7
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100~1 500 s S EEFEIT ] 1. 0~1. 75 ms X [H] Y, BB R EEWNGESRE, FomEERaa,
B9 e, BOMIR, SRk,
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Bl1 RIS AR E P 531 GC—TMS 4RIl
Fig. 1 Two-dimensional top view of fresh and bran-processed Atractylodis macrocephalae Rhizoma by GC-IMS
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SrEEs AR AASERARA; A, o MBS AR ZMIEL R N 2, BRI A H 5 HbER
IEARBIERER S B E S TSN . NE4TLER, RNEFAHAREIELE Sy 255 B3,
SR AHE, AN PRI O B S R
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Fig. 2 Two-dimensional top view of Atractylodes macrocephala from different origins by GC-IMS
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Fig. 3 Differential spectrum in volatile components of fresh and bran-processed Atractylodis macrocephalae Rhizoma
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Fig. 4 Differential spectrum in volatile components of Airactylodes macrocephala from different origins
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2.2 XM EMESHT

FIH GC-IMSHE AR, Xt —r2 A AR | ERED R AR = AR A AR T T HE & PR 0 o
B H T2 (SR LR A X HE RS I 6] 5 VO Cal SR04 PN 00 0RE (6,138 £ B 48 50888 4 (NTST 2020) Fll
BT AL I ) B R AT IO AL, SRAG I 2] 143 BME & TSy (WFe2), Hobkah % ml i 114 fhi%E
BAERSY, BB 27T ANEEZ . 19NEZE . I8 MEEE . 18RI, 15/MAZE. 6 M IRZE. SR, 2

AR B AR S (. BAL S5 o

THlE . RHIRESE

2 B B AR E VS T

Table 2 Qualitative analysis of volatile components in fresh and bran-processed Atractylodis macrocephalae Rhizoma

Horp 20 ME RN TR B SR A 50k, an(E)-2-

Category No. Compound CAS No. Formula M, RI ta/s t,/ms
2N 1 D €100527 C,HO 106.1  1499.2  993.612 1.478 41
2 HHEEM €100527 C,HO 106.1  1498.4  991.520 1.15276
3 3-HI G IE N (3268493 C,H,08 104.2  1459.7  903.724 1. 086 97
4 THEM €124196 C,H,,0 1422 1400.9  785.019 1.473 82
5 T D C124196 C,H,,0 142.2  1401.0  785.159 1.948 85
6 (E)-2-PHHmEM C18829555 C,H,,0 1122 1339.4  679.523 1.260 80
7 (E)-2-PHFHIED C18829555 C,H,,0 112.2 1339.4  679.459 1.673 62
8 (E)-2-CIREEM 6728263 CH,0 98.1 1226.8 497. 587 1.18423
9 (E)-2-CIREED 6728263 CeH,,0 98. 1 1226.8  497.587 1.51931
10 3-IE-2- TR M €107868 CHO 84.1 1207.0  468.375 1.093 90
11 3-HI5E-2- TIAE D C107868 C,H,0 84.1 1207.2  468.673 1.362 39
12 BEEED C111717 C,H,0 1142 1188.8  443.044 1.699 15
13 FRIEEM C111717 C,H,0 114.2 1189.7 444.236 1.32998
14 2 -2- - 2- 1 g C14250965 CH,0 98. 1 1166.3 410. 264 1. 166 81
15 IECEED €66251 CH,,0 100.2  1092.9  315.200 1.566 07
16 ECEEM €66251 CH,,0 100.2  1090.8  312.816 1.261 70
17 (E)-2-THiEEM C123739 C,H,0 70. 1 1055.5  278.689 1.037 07
18 (E)-2-TIHEED €123739 CHO 70. 1 1055.0  278.201 1.203 13
19 NTE C123386 C¢,HO 58. 1 792.3 141. 595 1.147 02
20 2- ML (78842 C,H,0 72.1 806. 3 145.542 1.28561
21 3L T e €590863 CH,0 86. 1 934. 4 190. 794 1.409 56
22 E SRR €110623 C,H,,0 86. 1 996. 0 229.774 1.42535
23 (E)-2-HRE-2- T e 497030 C,H,0 84.1 1105.4 329.737 1.094 39
24 T €123728 ¢ HO 72.1 897.4 174. 220 1.286 55
25 RA-2, 4-% I (25152845 CoH,0 152.2 1846.4  2283.632  1.41472
26 (E, E)-2, 4-C )k 142836 CH,0 96. 1 1419.7  821.072 1.11596
27 IEVRE C124130 C,H,0 128.2  1311.4  636.477 1.403 52
UEES 28 2-HI3E-2-BElds -6-Miid C110930 CH,,0 126.2  1354.7 704. 277 1.18233
29 3- I BE-2- BRI 0- 1- ) (2758181 CH,0 9. 1 1513.8  1028.987  1.11161
30 2- 1P -2 PRI 45 -1-H D C1120736 CH,0 96. 1 1374.5  737.642 1.421 62
31 2- -2 BRI HG- 1 M C1120736 C,H,0 96. 1 1372.8  734.733 1.116 00
32 FEEEDTER M C116096 C,H0, 74.1 1320.7 650. 388 1.037 65
33 FILNE D C116096 C,H,0, 74.1 1320.4  649.914 1.23252
34 3-$84E-2-THID €513860 C,H,0, 88.1 1303.2  624.314 1.33551
35 3-FAE-2-THIM €513860 C,H,0, 88. 1 1302.9  623.840 1. 055 82
36 2-F i C111137 CH,0 128.2  1302.5  623.258 1.763 99
37 X B C120923 C,H,0 84.1 1188.4  442.448 1.106 63
38 3, 5, 5-=HIIEHC-2-Jh €78591 C,H,,0 138.2  1622.5 1335.212  1.25250
39 GBI €67641 C,H,0 58.1 820. 1 149. 571 1.11820
40 2-TF (78933 C,H,0 72.1 922.6 184.174 1.251 68
41 2, 3-T €431038 C,H0, 86. 1 989. 7 225.116 1. 164 84
42 1-58¢J5-3- 8 D €1629589 C,H0 84.1 1034.9  260.656 1.31258
43 1185 -3-1 M €1629589 CHO 84.1 1035.7  261.323 1.075 80
44 4-FEFf (4485090 C,H, 0 142.2 1344.6  687.810 1.346 51
45 3- 1 J75-2-if] 625332 CHO 84.1 1134.9  366.462 1. 340 56
46 3- 1 €96220 CH,0 86. 1 997. 3 230.733 1.35425
[T 47 ECEM C111273 CH,,0 102.2 1372.9  734.924 1.328 07
48 IECEED C111273 C,H,,0 102.2  1373.4  735.703 1. 637 87
49 1B D C71410 C,H,,0 88. 1 1265.7  560.509 1.508 35
50 1-XEEM C71410 C,H,,0 88. 1 1265.4  560.000 1.253 50
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Category No. Compound CAS No. Formula M, RI tp/s 1,/ms
51 3-MEE-1-THED C123513 CH,0 88. 1 1214.3 478.931 1. 484 40
52 3-HEE-1-T M C123513 CH,0 88. 1 1214.6  479.401 1.244 34
53 IETED C71363 C,H,0 74. 1 1148.6  384.933 1.375 12
54 ETEM €71363 CcH,0 74.1 1148.4  384.635 1.18185
55 LT C64175 C,HO 46. 1 947.9 198. 639 1.13327
56 1IENEED C71238 C,H,0 60. 1 1046.9  271.001 1.246 87
57 IEEEM C71238 C,H0 60. 1 1047.6  271.669 111175
58 3-HIJE-3-T)-1-B2 D €763326 C,H,,0 86. 1 1263.5  556.691 1.44570
59 3-HEE-3-T-1-BEM €763326 CH,0 86. 1 1262.6  555.226 1. 166 23
60 L Tiil €470826 C,H,0 154.3  1205.1  465.561 1.729 83
61 11007535 616251 CH,0 86. 1 1162.3  404.358 0.948 08
62 S TEM 78831 CH,0 74.1 1098.9  322.100 1. 168 63
63 5 TEED 78831 cH,0 74.1 1097.6  320.638 1.358 95
64 SN €67630 C,H,0 60. 1 929.9 188. 243 1.218 81
firZs 65 THEFLIR T g 7492708 C,H,0, 216.3  1838.2 2239.014  1.48259
66 2-HERR e C611132 C,H,0, 126.1  1581.6  1210.501  1.14923
67 BER L €106309 C,H,,0, 158.2  1342.6  684.586 1. 406 41
68 PURRERIE T T M C141322 C,H,,0, 128.2  1179.4  429.932 1.262 86
69 PR IE T IR D C141322 C,H,0, 128.2  1179.4  429.932 1. 688 74
70 IR T i €590012 C,H,,0, 130.2  1144.2  378.973 1.286 01
71 TR H i €554121 C,H,0, 88. 1 929.2 187. 852 1.328 64
72 LIRS T TR €110190 CH,,0, 116.2  1023.2  250.977 1. 617 54
73 2-HIR T R-3-H L T g (27625350 C,,H,,0, 172.3  1278.7 583. 169 1.42773
74 IR T Wi C109193 C,H,,0, 158.2  1288.1 600. 207 1.390 11
75 LRILTE D 628637 C,H,,0, 130.2  1175.5  424.039 1.764 58
76 ZIRIBEM 628637 C,H,,0, 130.2  1175.7 424.274 1.31337
77 THRT IR €109217 C,H,,0, 1442 1225.4  495.504 1.33567
78 LIRS BEM C123922 C,H,,0, 130.2  1127.4 356. 826 1.305 88
79 LIRS IXHE D €123922 C,H,,0, 130.2  1127.4  356.826 1.748 74
80 FLR LM €97643 C,H,,0, 118.1  1343.3  685.685 1.13970
81 FM LR D €97643 CH,,0, 118.1  1342.1 683. 844 1.53971
82 ZIRT R C123864 C,H,,0, 116.2  1080.6  302.362 1.241 83
LIES 83 B-EE i C13744155 CH,, 204.4  1546.6  1112.916  1.43669
84 (E)-B-2 8 W 18794848 C 1, 204.4 16757 1516.837  1.43754
85 SEFAIR 586629 CoH, 136.2  1293.3 609. 764 1.22395
86 HHED €123353 CoHy 136.2  1164.5  407.537 1.714 50
87 HHE M C123353 CoHy 136.2  1164.5 407. 530 1.22278
88 B-MiAes D (28634891 CoH, 136.2  1122.3  350.269 1.642 95
89 B-DkeE M (28634891 CyoHyg 136.2  1122.9  351.040 1.21921
90 B-IRN €127913 CoHy 136.2  1109.6  334.652 1.22278
91 a-PAFE M (2867052 CH, 136.2  1030.2  256.741 1.221 09
92 oMl D (2867052 CoHy 136.2  1031.7  257.986 1.674 57
93 2, 4R C1195320 Cy o H,, 132.2  1458.6  901.443 1. 166 28
94 e i €99854 CyoHyg 136.2  1252.1 537.679 1.22113
95 XIS M €138863 CoHyg 136.2  1196.0  452.853 1.223 61
96 XIS D €138863 CoHy 136.2  1197.3  454.686 1. 659 69
97 a7k T 99832 C,H, 136.2  1176.8 425.970 1.21993
[l7ES 98 K2 D €64197 C,H,0, 60. 1 1466.3  918.269 1.156 61
99 KM C64197 C,H,0, 60. 1 1464.7  914.607 1. 052 56
100 SR M €503742 C,H,,0, 102.1 17145  1664.569  1.21914
101 5% D €503742 CH, 0, 102.1 17147  1665.271  1.48884
102 Wi €79094 C,H0, 74.1 1550.4  1123.160  1.10544
103 2-EE R €79312 C,H,0, 88. 1 1587.6  1227.998  1.37117
L2 S 104 2, 3-THIEE-5- LAk C15707343 GH,,N, 136.2  1465.2  915.779 1.229 38
105 2- ANtk g €109080 CHN, 94. 1 1277.9  581.712 1.394 39
106 2, 3, 5-=HILtE C14667551 C,H, N, 1222 1403.2  789.248 1. 168 97
107 2, 5-ZHILEE €123320 CeHN, 108.1 13352  672.871 1.116 18
108 i €290379 CH,N, 80. 1 1220.5  488.043 1.048 77
URTEES 109 2-TE ALk 3777693 C,H,,0 138.2 1241.1 519. 820 1.25591
110 2-7, 3Lk (3208160 CHO 96. 1 965. 8 209. 488 1.301 86
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(8:32)

Category No. Compound CAS No. Formula M, RI tp/s 1,/ms

HoAl 111 2, 5- I EEWEW) 638028 CH,S 112.2 11811 432.614 1.07191
112 1, 2, 3-=HE 526738 C,H,, 120.2  1363.8  719.399 1. 142 20
113 s PN P A €2179580 C,H,S, 120.2  1276.8 579. 814 1. 106 96
114 LR LT C110805 C,H,,0, 90. 1 1255.1 542.526 1.097 44

RUE 115 1 0 0 0 1761.2  1861.511  1.48008
116 2 0 0 0 1716.4  1672.229  1.20103
117 3 0 0 0 1463.0  910.990 1.341 50
118 4 0 0 0 1482.4  954.371 1. 437 94
119 5 0 0 0 1512.6  1026.052  1.47841
120 6 0 0 0 1519.8  1043.701  1.43832
121 7 0 0 0 1618.0  1320.767  1.49375
122 8 0 0 0 1697.5  1597.932  0.961 10
123 9 0 0 0 1588.3  1230.179  1.08895
124 10 0 0 0 1540.5  1097.013  1.14586
125 11 0 0 0 1346. 1 690. 126 0.951 58
126 12 0 0 0 1397.5  778.631 1.435 41
127 13 0 0 0 1405.6  793.829 1.068 01
128 14 0 0 0 1384.6  755.315 1. 080 52
129 15 0 0 0 1384.9  755.841 1.364 17
130 16 0 0 0 1363.9  719.616 1.064 93
131 17 0 0 0 1363.2  718.298 1.28247
132 18 0 0 0 1410.7  803.593 1.291 66
133 19 0 0 0 1411.5  805.239 1.13132
134 20 0 0 0 1413.4  808.862 1. 098 64
135 21 0 0 0 1355.8  706.025 1.101 51
136 22 0 0 0 1319.7  648.896 1.428 18
137 23 0 0 0 1342.9  685.050 1. 090 72
138 24 0 0 0 1276.4  579.068 1.297 25
139 25 0 0 0 1207.4  468.896 1. 603 72
140 26 0 0 0 1126.1 355. 068 1.200 54
141 27 0 0 0 987.7 223.652 1.48272
142 28 0 0 0 1082. 1 303. 808 1.101 71
143 29 0 0 0 1064.9  287.337 1.398 72

M: monomers; D: dimers
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Fig. 5 GC-IMS fingerprint of the volatile components of fresh and bran-processed Atractylodis macrocephalae Rhizoma
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Fig. 6  GC-IMS fingerprints of the volatile components of Atractylodes macrocephala from different origins
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