« 5244 « PED 2026578 B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

=4

Hidadg !, AR, kAL R O, B FL O kR OB #, O H3, KRl B R
1. BEVERERZ R 25250/ BVt 28 rh B 2 N T i TAERORE AL Gy, BEVE RFH 712046

2. BEVERERZ RS By 2R IR AL A S P R G, BRI RFH 712046

3. FEARERHETF Rty BEVE RV 711400

EF HS-GC-IMS 3%

7N

W OE: BB W 6 PR NUEHE R A WA R K ZE R E, o) DUBEZ M B IR S A B VP R i 5% . ik
K T2 - S B -2 FiE B i R (headspace-gas chromatography-ion mobility spectrometry, HS-GC-IMS) X )I| I £
Fritillaria cirrhosa. H%%% 1B} F. unibracteata. Hjf D1E}F F. przewalskii. ##b I1E} F. delavayi. KA T B} F. taipaiensis Al FLAR
JUEE F. unibracteata var. Wabuensis #2652 3E1 T R PR Sr 404 dl3d GC-IMS Library Search P NIST ¥ FEFI IMS
BAEESAT EMEVCES, FF45A F 88T (principal component analysis, PCA) . IEA /N " 3ik-H 508 Corthogonal
partial least squares-discriminant analysis, OPLS-DA) K /2R iPAN A R B S5 A o R HE R o 22 7. SE5R LS E
90 MHERVEANA, FEMITRESS., WK, WK, BB, R, bk, S e, HhEEss, BRIy 2AH
B, PCA Il OPLS-DA ZiRWIR, 6 Fhdk)si 1| DUEEFE S o] SIS X 4o JE TR EE AL 17 MERRE
W), CIEREIR CWE 2-TAM0 . o-/K)F M 3-5228-2-T I ZBREE. 2-TNonlE. 2-3 T 56-3-FRJEnt e . ZBRAME. 3-FIZET
WL 1-THE. 2-FEE-2-TRAIE . O, 3-FAE-1-KmE. 2-FEEAER. 3- TG, SRR 2-¢ 0. SR EE— PR, L
IR 22 7 73 ] R A [ R S ) 1) DUREAHE R AR RRIE . 4818 HS-GC-IMS S5 &S E 22 7R BRI A SR IE A R 2R ) 1] I
BHERMAENZES, W) EERSET . & AN AL B TR IR SRR 5%

KRR I DURE; BEREEH TSRS T ERE: ARG ZERnEY

FEDHES: R282.6 NHRFRERE: A NEHS: 0253 - 2670(2026)13 - 5244 - 13

DOI: 10.7501/5.issn.0253-2670.2026.13.026

Analysis of volatile components and markers from different original species of
Fritillariae Cirrhosae Bulbus based on HS-GC-IMS

LAINannan!, HU Benxiang', YANG Bingyue', XU Sheng', YANG Jie!, LI Bo?, ZHANG Xiaofei!, ZHOU Jing',

LU Bo®, YAN Yonggang', PENG Liang!

1. Shaanxi Qinling Application Development and Engineerig Center of Chinese Herbal Medicine, College of Pharmacy, Shaanxi
University of Chinese Medicine, Xianyang 712046, China

2. Shaanxi Provincial and Ministerial Co-construction Collaborative Innovation Center for Industrialization of Traditional Chinese
Medicine Resources, Shaanxi University of Chinese Medicine, Xianyang 712046, China

3. Zhashui County Science and Technology Development Center, Zhashui 711400, China

Abstract: Objective To investigate the composition and differential characteristics of volatile organic compounds (VOCs) in
Fritillariae Cirrhosae Bulbus (FCB) from six legally authorized origins, and provide a reference for origin identification and quality
evaluation of FCB. Methods Headspace-gas chromatography-ion mobility spectrometry (HS-GC-IMS) was employed to analyze the
volatile components in dried bulbs of Fritillaria cirrhosa, F. unibracteata, F. przewalskii, F. delavayi, F. taipaiensis and F.
unibracteata var. Wabuensis. Qualitative matching was performed using the built-in NIST and IMS database of GC-IMS Library
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Search. Principal component analysis (PCA), orthogonal partial least squares discriminant analysis (OPLS-DA), and hierarchical
cluster analysis (HCA) were applied to evaluate the differences in volatile components among samples from different origins. Results
A total of 90 volatile organic compounds were preliminarily identified, mainly including aldehydes, alcohols, ketones, esters,
carboxylic acids, pyrazines, and sulfur-containing compounds. Among them, aldehydes, alcohols, and ketones were the major
categories. PCA and OPLS-DA results indicated that FCB samples from the six origins could be well distinguished. Based on variable
importance in projection (VIP) values, 17 potential differential markers were screened out, including ethyl acetate, 2-propanone, o-
phellandrene, 3-hydroxy-2-butanone, methyl acetate, 2-propanethiol, 2-isobutyl-3-methoxypyrazine, propyl acetate, 3-methylbutanal,
1-butanol, 2-methyl-2-propenal, hexanal, 3-methyl-1-pentanol, 2-methylpropanoic acid, 3-butenenitrile, benzaldehyde, and 2-
octanone. Cluster heatmap analysis further demonstrated that the above differential compounds could reflect the volatile metabolic
characteristics of FCB from different origins. Conclusion HS-GC-IMS combined with chemometrics can effectively characterize the
differences in volatile organic compounds among FCB from different origins, providing technical reference for origin identification,
quality evaluation, and characteristic component screening of FCB.

Key words: Fritillariae Cirrhosae Bulbus; origin identification; headspace-gas chromatography-ion mobility spectrometry; volatile

organic compounds; differential markers
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Table 1 Information on different legal original species of Fritillariae Cirrhosae Bulbus samples
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Fig.1 HS-GC-IMS spectra of volatile organic compounds in Fritillariae Cirrhosae Bulbus from six legal origins
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Fig. 2 Classification of volatile organic compounds in Fritillariae Cirrhosae Bulbus from six legal origins
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Table 2 Qualitative analysis of volatile compounds in Fritillariae Cirrhosae Bulbus from six legal origins

5 EY CASS T X THE REREE REEE/s SR E/ms
1 2-5 T 2E-3-H& Lt s 24683009 CoH14N20 166.2 1186.3 906.8 1.829 4
2 NS C629196  CsHusS: 150.3 11064 678312 1.483 7
3 (E)-2-FlE 2548870 CsHi40 126.2 10578  569.034  1.3371
4 RO C122781  CsHsO 120.2 10343 523337  1.2584
5 1-3M-3-BE (3391864 CsHis0 128.2 977.0  428.598 1.1627
6 2-JREERK 3777693  CoH140 138.2 985.0  440.589 1.2573
7 3-FRE (589980  CsHisO 130.2 999.0  462.391 1.406 5
8 o~/ M 99832 CioHis 136.2 1007.7  476.562 1.679 3
9 (E)-2-PlmmE (iR C18829555 C7H 120 112.2 9544 396986  1.2605
10 3-Mk R H C4412913  CsHeO: 98.1 976.2  427.508 1.108 1
11 —5-5-H %2 GH)-"RE (k) C108292  CsHs02 100.1 9436 382815 1.1322
12 “&-5-H3-2 GH)-WRMER (5 C108292  CsHsO: 100.1 943.6  382.815  1.4258
13 2-F3L-3-FR AR B e g C63012975 CsHs0S 128.2 947.8  388.265 1.1547
14 3-Pef-2-H C1119444 C7H120 112.2 943.8 382999  1.2252
15 (E)-2-BHmlsE (40 C18829555 C7H120 112.2 951.7  393.338 1.6729
16 v-T W (440 96480  C4HgO2 86.1 912.1  344.823  1.0827
17 y-T AN (ZEHE 96480 C4H02 86.1 912.1 344.823 1.303 2
18 23 Hi ik C110816  CsHioS2 1222 914.2 347.209 1.140 5
19 3-HERE AR (3268493 C4Hs0S 104.2 9149  348.005  1.3946
20 2-PElA CEAERD C110430  C7H140 114.2 887.7  318.578 1.264 2
21 2-BEEH (R C110430  C7H14,0 114.2 886.9  317.782 1.6353
22 P (AR C111717  C7Hu40 114.2 806.8  328.121 1.334 1
23 BREE (MO C111717  C7H140 114.2 894.1 325.204 1.701 0
24 1-CFF (A0 C111273  Ce¢H140 102.2 872.1 303.174  1.3286
25 1-OBF (A C111273  Ce¢H140 102.2 870.0  301.108 1.641 8
26 KL C100425  CsHs 104.2 8947 325892  1.4330
27 2,5- " HISEnEEE C123320  CeHsN2 108.1 903.7 335.531 1.118 1
28 FIRER C503742  CsHi00: 102.1 865.6 296978  1.4922
29 2-CUmE (D C505577  CsHi00 98.1 8489  281.832 1.1825
30 2-CUmlE (MO C505577  CsHi00 98.1 846.5  279.766  1.5218
31 2-FHE-1- C105306  CgH140 102.2 8489  281.832 1.3025
32 BEEE (RO 98011 CsH402 96.1 824.0  261.178 1.085 1
33 MR (2RO 98011 CsH402 96.1 824.0  261.178 13391
34 IAKEH C120923  CsHsO 84.1 803.1 245344  1.1059
35 o (RO C66251 CeH120 100.2 7974 241213 1.260 8
36 ClEE (CEHO C66251 CeH120 100.2 789.5 235706  1.5635
37 TR ($0 C107926  C4Hs0: 88.1 805.3  246.894  1.1622
38 1-kEE (A C71410  CsHi20 88.1 7645 219342 1.2553
39 1-KEE (ZERAM C71410 CsH120 88.1 760.7 217.017 1.5158
40 2,3-7 ¥ C513859  C4Hi002 90.1 790.5 236389  1.3662
41 FILNLEE C109080  CsHeN: 94.1 792.8 237959  1.3984
42 (E)-2-I% )M C1576870 CsHsO 84.1 7484  209.670  1.1069
43 HRTH RO C592847  CsH1002 102.1 746.7  208.641 1.208 5
44 32T C513860  C4HsO: 88.1 7124 190.124  1.3298
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xK2 (8
hiel e CAS®S SR XS THE REREE RERNES  IEREE/ms
45 TN C79094 C3Hs02 74.1 689.9  179.323 1.2837
46 2-FIIE-1-TREE C137326 CsH120 88.1 712.4  190.124 1.2362
47 3-SR 96220 CsH100 86.1 6933  180.866 1.1135
48  JKEE (HAR) C110623 CsH100 86.1 6854  177.265 1.187 4
49 TR (CEE C107926 C4Hz02 88.1 833.6  269.264 1.1570
50 2-FHENIR C79312 C4Hs0: 88.1 7647  218.797 1.161 0
51 ZFERMNBS C109604 CsH1002 102.1 7224  194.088 1.1614
52 1-J%H5-3-T C1629589  CsHsO 84.1 676.9  171.782 1.077 3
53 R (CEREO C110623 CsH100 86.1 6872  176.478 1.426 3
54 1-THEE (AR C71363 C4H100 74.1 661.4  165.031 1.182 4
55 1-THEE (ZERAHAO C71363 C4H100 74.1 659.9  164.444 1.3822
56 3-HIETEE 590863 CsH100 86.1 644.7  158.281 1.202 4
57 1-$RFE-2-P C116096 C3He0: 74.1 6543  162.096 1.2298
58  BER LB (HLfR) C141786 C4Hs0: 88.1 612.1  146.247 1.097 3
59 BERRCEE (MR C141786 C4Hs0: 88.1 6104  145.660 1.3370
60  2-FAE-1-AEE 78831 C4H100 74.1 6269  151.530 1.171 9
61 T C123728 C4HsO 72.1 5953 140.671 1.292 8
62 2- T (78933 C4HsO 72.1 592.6  139.790 1.248 7
63 2-FHEE-2-P M (78853 C4HeO 70.1 5832  136.855 1.2182
64 LMRFIE C79209 C3He0: 74.1 5623 130.692 1.188 8
65 2-TifnkE (75332 C:3HsS 76.2 5754 134.507 1.1520
66 AlE C71238 C3HsO 60.1 5462 126.289 1.2529
67  2-NHH C67641 C3H6O 58.1 513.0  118.071 1.1173
68 12- " HHEIEZEE C110714 C4H1002 90.1 649.2  160.042 1.3170
69 2-HETE C116530 CsH1002 102.1 845.1  279.103 1.456 8
70 2,6-T S C557482 CoH140 138.2 11842  908.359 1.905 1
71 2-H L C60128 CsH100 122.2 1103.1  676.102 1.5194
72 1-¢EE C111875 CsHi30 130.2 1056.8  571.682 1.462 6
73 2-3FHH C111137 CsHi60 128.2 1007.5  479.893 1.753 8
74 2-FE C123966 CsHis0 130.2 996.9  462.464 1.4677
75 2-2.%-1-CfF C104767 CsHis0 130.2 10355 529.854 1.4251
76 5-FR AL 620020 CeH02 110.1 975.1  428.769 1.4149
77 5-FHE-3- B C541855 CsH160 128.2 946.8  389.265 1.287 1
78  HERAENEE (3268493  C4Hs0S 104.2 894.0  326.523 1.404 6
79 (EE)-24-C. s C142836 CsHsO 96.1 910.1  344.311 1.4519
80 M 98000 CsHs02 98.1 866.9  299.093 1.3537
81 AR C106365 CsH1202 116.2 7962 240.167 12205
82  HMRTER (=X 592847 CsH1002 102.1 7343 200.608 1.508 3
83  3- T/l C109751 CsHsN 67.1 6454  158.544 1.133 7
84 T C124196 CoHi50 142.2 11044  679.196 1.956 1
85  5-Z.FE-23- T HIFEnpEE C15707343  CsHiaN2 136.2 1090.7  646.231 1.226 5
86 K H C100527 C7H6O 106.1 9458  387.906 14741
87  3-FAE-1-I R (589355 C6H140 102.2 838.6  273.522 1.616 0
88 RN C141797 CeH100 98.1 797.7  241.214 1.444 6
89 C109524 CsH1002 102.1 895.0  327.565 1.226 9
90 NERS T I C540421 C7H140:2 130.2 862.7  295.091 1.273 8
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Fig. 3 Fingerprint profiles of volatile organic compounds in Fritillariae Cirrhosae Bulbus from six legal origins
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Fig. 4 Multivariate statistical analysis of volatile organic compounds in Fritillariae Cirrhosae Bulbus from six legal origins
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Intercepts: R?=(0.0, 0.238), 0*=(0.0, —0.544)
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