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Abstract: Objective To explore the differences in volatile components among Huai chrysanthemums (Chrysanthemum morifolium)
of different colors, and to provide a theoretical basis for the comprehensive resource development of Huai chrysanthemums. Methods
Gas chromatography-ion mobility spectrometry (GC-IMS) was used to detect volatile components in the three types of Huai
chrysanthemums. Identification was performed by combining the gas chromatography retention index database (NIST 2020 version)
with the IMS migration time database. The VOCal 04.07 data processing software was employed to generate characteristic

spectrograms for analyzing differential components. Principal component analysis (PCA) and orthogonal projections to latent structures
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discriminant analysis (OPLS-DA) were conducted on the peak volumes of volatile components detected by GC-IMS. Marker
compounds distinguishing the differently colored Huai chrysanthemums were screened using variable importance in projection (VIP)
values > 1. Results A total of 95 signal peaks were detected by GC-IMS, with 59 compounds identified, including ketones, terpenes,
alcohols, esters, organic acids, aldehydes, heterocyclic compounds, and lactones. Characteristic spectrograms showed that the types of
volatile components in the three Huai chrysanthemum samples were relatively consistent, and the differences were mainly reflected in
relative contents. The yellow Huai chrysanthemum showed significantly higher levels of 19 volatile components compared to the white
and purple varieties. The white Huai chrysanthemum had significantly higher contents of 12 volatile components than the yellow and
purple varieties. The purple Huai chrysanthemum exhibited significantly higher levels of 14 volatile components compared to the white
and yellow varieties. Both PCA and OPLS-DA models could accurately distinguish the three color variants of Huai chrysanthemum. A
total of 25 differential markers were screened with VIP > 1. Conclusion There are differences in the volatile components among the
three colors of Huai chrysanthemums. The data of this study can provide data support for the research on the material basis of Huai
chrysanthemums of different colors and a theoretical basis for the comprehensive resource development of Huai chrysanthemum. The
screened characteristic volatile compounds can also provide a reference for the comparative study of their pharmacology and efficacy.

Key words: Chrysanthemum morifolium Ramat.; Huai chrysanthemum; gas chromatography-ion mobility spectrometry; different

colors; volatile organic compounds; chemometric analysis; purple Huai chrysanthemum
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Fig.1 GC-IMS 3D spectrogram of volatile components in samples
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Fig.2 GC-IMS 2D spectrogram of volatile components in samples
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Fig.3 GC-IMS differential spectrogram of volatile components in samples
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Table 2 Qualitative results of GC-IMS
EE] TR CAS & TR MRS TFRE AR t/s FEXTIL A8 I (]

1 RmEE-M C491076  CaoH10 154.3 11298  860.213 1.349 48

2 RHEHEE-D C491076  CuoHi0 154.3 11290  858.223 1.842 29

3 (M)-o-faihEE-M 98555 CioH10 154.3 11726  968.645 1.304 93

4 (+)-o-FAIHEE-D C98555 CioH10 154.3 11726  968.645 1.783 82

5  (RIS)-FHElE-M C78706 CioH10 154.3 1097.4  786.202 1.216 26

6  (RIS)-F5HERE-D C78706 CioH10 154.3 1096.7  784.647 1.71287

7 RHE-M C100527  C7HsO 106.1 9626  511.398 1.148 90

8 AHE-D C100527  C7HsO 106.1 9629  512.268 1.469 20

9 2,2-THIEE-3-TWHEXNIA2,2,1]BHE-M  C79925 CioHis 136.2 9493  482.329 1.208 53
10 22-HIEE-3-THEXA[2,2,1]8k-D  C79925 CioHis 136.2 950.1  483.898 1.72457
11 y-TWE-M C96480 C4Hs0> 86.1 919.1  421.965 1.076 75
12 v TWE-D C96480 C4Hs0> 86.1 9188  421.357 1.301 26
13 (R)-a-JRMH-M C7785708  CuoHis 136.2 9348  452.367 1.214 52
14 (R)-a-JEJ%-D C7785708  CaoHis 136.2 9353  453.279 1.668 64
15 o-JEM-M C80568 CioH1s 136.2 9265 435950 1.217 92
16 o-JRME-D C80568 CioHis 136.2 9274  4371.774 1.661 84
17 ZHR-2-HE T EEE-M C624419 CrH1402 130.2 876.1  349.765 1.289 30
18 ZMg-2-WIE T HfEs-D C624419 CrH1402 130.2 8749  347.982 1.73152
19 3-FBHE-2-THi-M C513860  CiHgO: 88.1 7052  175.843 1.07128
20 3-HRH-2-THI-D C513860  CuHs0: 88.1 703.1 174523 1.33147
21 153 C1629589  CsHsO 84.1 6769  160.570 1.308 00
22 LERZEE C141786 C4Hs02 88.1 596.0  131.722 1.33351
23 37-"FHL-2,6-% " H-1-BE -M C624157  CuoH1s0 154.3 1259.9 1234.078 1.224 25
24 37-"HHL-2,6-% " H-1-BE-D C624157  CuH1s0 154.3 1259.9 1234.078 2.184 47
25 A-HEERZE C100061 CoH1002 150.2 1339.8 1540.260 1.224 25
26 FIEEHERES C105862  CuHis02 182.3 1301.1 1383.480 1.224 25
21 ()-FME C106252  CuoH1s0 154.3 12317 1141.128 1.223 46
28 AHR C65850 C7Hs02 122.1 1197.8 1038.754 1.21999
29 JefE C507700 CioH180 154.3 11504  910.750 1.216 79
30 2-ZJEHE-2-ME MK C29926418 CsH/NOS 129.2 11129  820.759 1.159 08
31 (EE)-2,4-%_JEE-M C30361285 CsH1:0 124.2 11173  830.731 1.262 25
32 (E[E)-2,4-3% _JiHE-D C30361285 CgH10 124.2 11180  832.545 1.778 66
3B WROE-M C2445763  CqH150: 158.2 11058  804.734 1.429 09
34 WRRCOEE-D C2445763  CqH150: 158.2 11052  803.524 1.989 19
35 ZLIRBHE C112061 CoH1502 158.2 11131  821.318 2.046 54
36 o s HE-M C586629 C1oH1s 136.2 10725  733.740 1.218 23
37 o gD C586629 C1oH1s 136.2 10725  733.740 1.71334
38 y-IEEME-M 99854 CioHis 136.2 10638  716.312 1.213 89
39 y-BEEE-D 99854 CioHis 136.2 10652  719.035 1.700 31
40 2-FEZE-M C122781  CgHsO 120.2 10532  695.430 1.255 65
41 2D C122781  CsHsO 120.2 10535  696.056 1.53137
42 23-THA-A-FH-25- T HIFE-3-KIEET-M  C3658773  CeHsOs 128.1 1049.9  689.209 1.208 25
43 23-TH-4-FKE-2 5- T HIBL-3-IKIEAE-D  C3658773  CeHsOs 128.1 1049.2  687.887 1.627 04
44 1-FN-3-BE-M C3391864  CsH10 128.2 9855  566.012 1.155 70
45  1-%Ffi-3-FE-D C3391864  CsH10 128.2 9859  566.947 1.592 98
46  B-AEME-M C123353  CuHis 136.2 997.8  596.499 1.29114
47 B-HHEME-D C123353  CuHis 136.2 996.8  594.708 1.714 99
48 6-Ff 5E-5-Bild-2- i C110930 CgH140 126.2 991.2  580.379 1.171 26
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49 (H)-p-IEME-M C127913 CioHis 136.2 9762 543215 1.218 36
50  (-)-B-UEME-D C127913 CioHis 136.2 9753  540.976 1.637 93
51 14-—&F C106467 CsHa4Cl2 147.0 1019.9 634.111 1.122 03
52 (E,E)-2,4-PF ~JamE C4313035 CrH10 110.2 10222 638.141 1.610 10
53 B-FEE-M C13877913  CuoHis 136.2 10416  673.514 1.295 42
54 B-ZEE-D C13877913  CuoHis 136.2 10404  671.275 171713
55 (RIS)-FrgkE-M C138863 CioHis 136.2 1026.7  646.200 1.21193
56 (RIS)-FrkHE-D C138863 CioHis 136.2 10274  647.544 1.710 71
57  REE A A F 10307  653.365 1.083 49
58  3-HILTE-2-HEWEE-M 589593 CoH1802 158.2 1014.4 624.561 1.369 46
59  3-HIETR-2-HE:WEE-D 589593 CoH102 158.2 1013.6 623.145 1.877 84
60 3-HETERTHE €109193 CoH1502 158.2 10285  649.449 1.386 99
61  TERLME C105544 CeH1202 116.2 7926  245.114 1.559 21
62 3-HEE-2-TIHEE-M C107868 CsHs0 84.1 7805  233.285 1.088 22
63 3-HHE-2-TUHEE-D C107868 CsHs0 84.1 7802  232.996 1.359 07
64  1-%EE-M C71410 CsH1.0 88.1 759.2  215.397 1.250 29
65  1-4EE-D C71410 CsH1.0 88.1 761.0 216.84 1,515 70
66  (E)-2-kifE-M C1576870 CsH3s0 84.1 7483  206.742 1.103 44
67  (E)-2-uEE-D C1576870 CsH3s0 84.1 746.8  205.588 1.355 80
68  1-TH, 2-HE-M C137326 CsH1.0 88.1 7314 194.047 1.235 06
69 1T 2-H4-D C137326 CsH10 88.1 7286  192.028 1.478 72
70 IERREE C110623 CsH10 86.1 691.1  166.780 1.421 40
71 3-HIETE 590863 CsH10 86.1 6495  150.183 1.397 45
72 LE C64175 C2Hs0 46.1 508.7  106.360 1.117 42
73 2-HE-LAE-M C78831 C4H10 741 6065  135.158 1.17018
74 2-HH:-1-NEE-D C78831 C4H10 741 607.1  135.367 1.369 72
75 2-THH C78933 C4H3s0 721 579.1  126.385 1.242 82
76 ZERWE C79209 C3Hs02 74.1 526.9 111.215 1.189 39
77 2-HIEFE C78842 C4H3s0 721 5448  116.206 1.288 11
8 LR C64197 C2H40: 60.1 621.0  140.039 1.043 09
79 REE Z NG| AR F 5636  121.692 1.14921
80  2-FIL-2-TMEE C78853 C4Hs0 70.1 5912  130.184 1.212 43
81  k&w PRl A F 632.8 144.165 1.193 64
82  1-FRIL-2-PilH C116096 C3Hs02 741 6950  169.268 1.042 62
83 WK C79094 C3Hs02 74.1 657.2 153.026 1.10311
84  2-CiEEE-M C505577 CeH100 98.1 8495  312.375 1.172 97
85  2-CHEEE-D C505577 CeH100 98.1 8487  311.262 1.516 07
86  RILE-M C503742 CsH1002 102.1 8329  290.956 1.22756
87  RILE-D C503742 CsH1002 102.1 8326  290.678 1.490 07
88  1-CE-M C111273 CeH10 102.2 869.2  339.636 1.327 63
89  1-CE-D C111273 CeH10 102.2 868.8  339.079 1.644 73
90 2 THEELE C111762 CeH1402 118.2 900.4 388.316 1.20157
91 1-(2-WRMEHE)- 2 B C1192627 CeHsO:2 110.1 9113 407.509 1.122 29
92 2-HEEE-M €98011 CsH40; 96.1 829.7  287.062 1.083 30
93 2-HETEH-M C116530 CsH1002 102.1 8434  304.308 1.210 66
9%  2-HETHE-D C116530 CsH1002 102.1 8423 302917 1.47188
9% KEE A A FAH 889.3  369.956 1.426 39

M-k, D-— Rk,

M-monomer; D-dimer.
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Fig. 4 Characteristic spectrogram of volatile components in samples
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