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Analysis of types and differences volatile components in six medicinal plants of
genus Polygala based on headspace-gas chromatography-ion migration
spectrometry combined with chemical pattern recognition
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Abstract: Objective To reveal the types and differences of volatile components in six medicinal plants of the genus Polygala, and
provide a reference for the rapid and accurate identification of medicinal plants of the genus Polygala. Methods Headspace-gas
chromatography-ion migration spectrometry (HS-GC-IMS) was used to analyze the volatile components in six medicinal plants of the
genus Polygala, including P. tenuifolia, P. sibirica, P. japonica, P. fallax, P. arvensis and P. glomerata. Then, combined with chemical
pattern recognition such as principal component analysis (PCA), partial least squares-discriminant analysis (PLS-DA), and cluster
analysis, to resolve the differences of volatile components of the six medicinal plants in the genus Polygala in the form of data visualization.
Results A total of 90 characteristic signals were obtained from HS-GC-IMS in six medicinal plants of the genus Polygala, and 76 species
were qualitatively identified, including 38 aldehydes, 10 alcohols, 10 esters, 9 ketones, and 9 other constituents such as furans. Among

them, the highest numbers of alcohols and ketones were found in P. glomerata, with eight and six species, respectively. The highest numbers
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of aldehydes and esters were found in P. arvensis, with 36 and 9 species, respectively. PCA, PLS-DA and cluster analysis were able to

distinguish the six medicinal plants in the genus Polygala. The clustering heat map results indicated that the 14 characteristic volatile

components screened, such as butyl 2-methylbutyrate and methyl salicylate, could be used as markers to identify the six medicinal plants

of the genus Polygala. Conclusion The HS-GC-IMS technique combined with chemical pattern recognition was able to identify and

visualize the volatile components and their differences in the six medicinal plants of the genus Polygala, which is suitable for the

differentiation and identification of different medicinal plants of the genus Polygala.

Key words: Polygala tenuifolia Willd.; Polygala sibirica L.; Polygala japonica Houtt.; Polygala fallax Hemsl.; Polygala arvensis Willd.;

Polygala glomerata Lour.; headspace-gas chromatography-ion migration spectrometry; volatile organic compound; butyl 2-methylbutyrate;

methyl salicylate
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x1 mERE 6 MAREYHERER
Table 1 Sample information of six medicinal plants in genus Polygala
FER S S T 2453 % K /m KA [A] RN NS
izt & PT1~PTS5 110°18223" 38°04'09" 1109.20 2022-06-15 QLZCY-PT-220615
G Iz 2 PS1~PS5 107°17'15" 33°59'41" 1302.55 2022-06-22 QLZCY-PS-220622
MF4 PJ1~PJ5 107°32'52" 34°03'45" 910.25 2022-06-22 QLZCY-PJ-220622
ALK PF1~PF5 110°49'17"  24°25'30" 45330  2022-06-25 QLZCY-PF-220625
e E PA1~PAS 109°54"12" 23°33'17" 352.60 2022-06-10 QLZCY-PA-220610
il d PG1~PG5 113°40'36" 25°03'10" 105.50 2022-06-26 QLZCY-PG-220626
2 FE B, Xk B B e EKGE h SRR R .

2.1 MK

SM-BFEBIER I B MXT-5 (15
mX0.53 mm, 1 pm), Z3#rif[E 45 min, RN
60 ‘C, HANEFS Ny, IMS L 45 C. HBNTI
FHERERL T, BHLIRE 60 °C, $FALASTE] 15 min,
HEFEARFA 500 L, HEFEEHIRIE 85 °C, b4 1E 500
r/min. AL El EASAERRE 0~30
min, 150 mL/min; E2 SAHZESAARFNA & 0~2 min,
2mL/min; 2~10min, 10 mL/min; 10~20 min, 100
mL/min; 20~45 min, 150 mL/min.
2.2 HmANIE

K HREL 100 mg i EJE 6 Az IR I+
AR GE TS0, BN 20 mL T #ERE R,
60 CHEHE 15 min, M8 “2.17 W7kt arise .
23 BBEHH

6 Mz LB A AR 5 IRER, FIH
X 2% E A VOCal #2F. NIST Al IMS i 58 1%,
SRSl e E RS, it Reporter 4f
Gallery Plot ff{:#1 Dynamic PCA i Sz i 7
Fi RSURIE T LS T, JE T SMICA 14.0 At
Ml WAk 2 22 B P R 2R 0 W 2% T A Chitps:/
www.metaboanalyst.ca/MetaboAnalyst/docs/ ) 1 J&
PCA. PLS-DA FIH[ AL A3HT o
3 GR55H
31 ImERE 6 HAREMPELEIRERIIEL

FIFH GC-IMS & H iy VOCal 73 g fF v i)
Reporter ffifF1E, ARG EE 6 M2y FHEMR
R MEACE RS -B T =40 B (B 1-A)
K e (B 1-B). I 1-B AL, AR
wEEEmAEREEMEA —EER, K2
A5 SAERBE I E] 100~800 s AEFLIA] 1.0~1.6
ms N, FRERXIER A RN LSS5 &

LUz E NS I 2 FIEE, fRE SRR
REE (B 1-C), RILLEERFEANE TS,
Bz 2 R BB, TR T4 TR RO |
HE R I A Nz R I 2 K A B A
SERULRE, AE A Zabt iz 25 R 9P iz R Rz
FRET SRR, N4, BHREKE,
MiE . MEE 4 Pz R 25 AR T 1 R
VIR & EA = E .

32 ImER 6 MAAEYFELMRSHEN
ST

SHETIERRE i Wn EJE 6 Pz FEYR
H LRI Y 90 R R A LA, HH K74, /ME
T E AR E PR 71 B, EAREIGE., TE
A & A4S 58,45 F1 36 ik —2 5 NIST
HHE AT IMS B FE L, e M RIE 2 76
BLFG 38 PSS, 10 PRI, 10 FREESE. 9 FhlESE
LG R A S A i o 9 B (R 200 Horhr, EERAN
WS R o B H B 2 R AErgim & (00 8 FiFl 6
T, BERFIRGR o $0 H i 2 o/ MEIZ & (535
936 FAT 9 M. A, 6 Pz R 2 G
WAEYFRRAEEZ S, HEI R PR AN 5] AT 46
AR ERBRRA X,
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N AT B b EJE 6 Fh 2 AR
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SYHEATINGE, $R15 HS-GC-IMS 4k B i 15
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2 JT40, TSNz 3% R 41
BB, —FHRA2-TEE. (B)-2-CFlE. (2)-2-



« 4538 « PER 2024F7H B55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13
A
—-026M 1.795M
B [+]PT-5 [+]PS-5 [+]PJ-5 [+]PF-5 [+]PG-5 [+]PA-5
1 800
1 600
1400
1200
1 000
1.0 2010 2010 2010 2.0 .O 2010 2.0
KO0:1.983[CM*2NS]  K0:1.981[CM*2NS] KO0:1.982[CM*2NS] KO0:1.981[CM*2NS] K0:1.982[CM*2NS]  K0:1.982[CM*2NS]
[+]PT-5 [+]PS-5 [+]PJ-5 [+]PF-5 [+]PG-5 [+]PA-5
1 800
¢ 1 600
1400
1200
1 000 2 . .
800 H;'
600 [
400 irgs ke ik
200 o s i
1.0 2010 2010 2010 2010 2010 2.0
- o : drift[time/]RIP'reI[ative] o Hrone :
PT PS PJ PF PG
A-TRZEASAREE-E TIER 3D B, B-TNE- S EIS-B HERsE, C-Is-SMeils-5 stz 7K.
A HS-GC-IMS three-dimensional diagram, B HS-GC-IMS plots, C HS-GC-IMS difference plots.
1 mE-SEeE-EFIRTE
Fig. 1 HS-GC-IMS plots
#=2 IEERE 6 MAREYPELRERS EEST
Table 2 Qualitative analysis of volatile compounds in six medicinal plants in genus Polygala
g e CAS & N A 7 I TFERE RN/ IEFZIT [H]/ms
1 4F% C64175 C2H6O 46.1 491.0 101.034 1.047 638
2 AR C67641 C3HeO 58.1 522.6 110.268 1.115 47
3 WG C107131 CsH3N 53.1 535.8 114.376 1.089 20
4 ETE C123728 C4Hs0 72.1 586.0 131.398 1.113 39
5 IETED C123728 C4Hs0 72.1 586.0 131.398 1.283 07
6 1 REE * REE 614.7 142.291 1.290 91
7 BSER Z.WE C141786 C4Hs02 88.1 625.6 146.616 1.094 61
8 MEMRZEE D C141786 C4Hs02 88.1 624.1 146.030 1.334 49
9 1-JKJH-3-BF C616251 CsH100 86.1 633.2 149.743 0.945 46
10 2 REE * REE 666.2 164.071 1.196 96
11 2-FRETE C96173 CsH100 86.1 668.1 164.936 1.401 63
12 3 PR * PR 668.1 164.909 1.308 80
13 145 0% M C123911 C4Hs02 88.1 708.0 187.594 1.111 95
14 14-—%CHD C123911 C4Hs02 88.1 701.0 182.763 1.326 93
15 M C110623 CsH100 86.1 707.4 187.106 1.185 59
16 JX#D C110623 CsH100 86.1 708.9 188.191 1.421 79
17 3-$33-2- T C513860 C4Hs02 88.1 739.1 210.448 1.330 00
18 HIKEEM C123513 CsHi20 88.1 761.7 228.857 1.245 42
19 RIXEED C123513 CsHi20 88.1 754.6 222.947 1.389 05
20 FIKEET C123513 CsHi20 88.1 755.6 223.741 1.489 14
21 4 K& E * REE 755.8 223.968 1.154 91
22 5 REE * KL 755.8 223.968 1.460 91
23 6 REE * REE 760.4 227.738 1.429 60
24 a-2- N M C1576870  CsHsO 84.1 765.6 232.254 1.101 61
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i e CAS 5 AT RS TRE REIESR REE/s L2 l/ms
25  xi\-2-RJEEE D C1576870 CsHsO 84.1 765.0 231.734 1.35522
26 4-FJLmEm: C693958 C4HsNS 99.2 781.5 246.304 1.052 53
27  1-JKEEM C71410 CsHi20 88.1 785.4 249.862 1.249 92
28 1-kEED C71410 CsH120 88.1 782.9 247.620 1.506 59
29 1-REET C71410 CsHi20 88.1 784.1 248.685 1.807 10
30 3-HIFE-2-T M C107868 CsHsO 84.1 794.2 257.907 1.087 12
31 7 K * K& 800.9 264.282 1.457 81
32 8 KE&EE * KE&EE 802.6 265.382 1.154 32
33 [EcEM C66251 CeH100 100.2 804.7 267.882 1.254 48
34 IECED C66251 CeH100 100.2 804.4 267.597 1.359 47
35 ECET C66251 CeH100 100.2 803.5 266.797 1.558 18
36 (E)-2-CUJdmE C6728263 CeH100 98.1 823.3 286.485 1.176 96
37 (2)-2-CHEEE M R218138 CeHi100 98.1 841.9 306.380 1.257 43
38 (2)-2-CflE D R218138 CeH100 98.1 841.9 306.422 1.370 67
39 (2)-2-CEmET R218138 CeH100 98.1 841.4 305.859 1.596 74
40 2-CUEEEM C505577 CeHi100 98.1 863.8 331.692 1.179 30
41 2-CHiEE D C505577 CeHi100 98.1 861.5 328.890 1.514 73
42 2-Fif M C110430 C7H140 114.2 901.0 380.197 1.261 52
43 2-JRfH D C110430 C7H140 114.2 900.0 378.772 1.624 74
45  FEEEM Cl111717 C7H140 114.2 910.7 394.691 1.330 78
46 FREED Cl111717 C7H140 114.2 910.5 394.424 1.431 56
47 FREET Cl111717 C7H140 114.2 910.5 394.457 1.691 86
48 LT Al C111762 CsH140: 118.2 911.0 395.246 1.202 90
49 CFRTEEM C106707 C7H1402 130.2 935.4 434.260 1.28523
50 CEEHEED C106707 C7H1402 130.2 934.7 433.139 1.670 91
51 9 K& * K& 943.1 447.376 1.199 45
52 10 KA E * K& 963.3 483.761 1.359 71
53 y-THEEM C96480 C4HeO2 86.1 967.8 492.263 1.081 31
54 y-THEED C96480 C4HeO2 86.1 968.0 492.657 1.300 87
55 WA C505102 C4H1008 106.2 971.2 498.802 1.481 40
56 (E)-2-FMEEE M C18829555 C/H120 112.2 972.6 501.528 1.252 78
57 (E)-2-FifimE D C18829555 C7H120 112.2 971.5 499.269 1.663 64
58 11 PR * REE 978.2 512.405 1.358 45
59  ZEHIgE C100527 C7HsO 106.1 986.8 529.746 1.152 25
60  4-I% g C108292 CsHsO2 100.1 989.7 535.770 1.419 52
61 WP C110930 CsH140 126.2 1004.6  564.007 1.170 20
62 2-TR IR C3777693 CoH140 138.2 1007.6  569.341 1.254 36
63 12 PR * K& 10139  580.530 1.203 23
64 CIRLIE C123660 CsHi602 144.2 10203  592.289 1.337 84
65 (EE)-2A-BE I C4313035 C7Hi100 110.2 10205  592.605 1.621 98
66 FEM C124130 CsHi60 128.2 10232  597.560 1.405 02
67 D C124130 CsHi60 128.2 10214  594.171 1.821 38
68 2-HFETE T C15706737 CoHi130: 158.2 10382  626.005 1.376 44
69 2-ZTEENL g C1072839 C6H7NO 109.1 1 043.1 635.629 1.102 58
70 1,8-F%HE C470826 CioH150 154.3 1049.1  647.595 1.290 41
71 KM C122781 CsHsO 120.2 10529  655.271 1.258 25
72 ROMED C122781 CsHsO 120.2 1052.0  653.493 1.528 86
73 13 PR * REE 1059.7  669.356 1.574 72
74 14 REE * REE 10604  670.697 1.770 94
75 T FEBRERF C544401 CsHisS 146.3 1060.5  670.935 1.294 69
76  E-2-F4EEEM (2548870 CsH140 126.2 1074.6  700.980 1.33238
77 E-2-FEEE D 2548870 CsHi140 126.2 1073.7  699.130 1.593 61
78  E-2-EIEEET 2548870 CsHi140 126.2 1073.7  698.926 1.818 40
79  RRERF K C659701 C10H2002 172.3 10752  702.361 1.458 02
80  5-2.3E & -2(3H)-TRIE C695067 C6H1002 114.1 1078.0  708.441 1.189 12
81 5-4.%: & -2(3H)-WMR C695067 CsHi002 114.1 1076.0  703.973 1.531 74
82 TMEM C124196 CoHi50 142.2 1109.2  780.586 1.472 88
83 TLE:D C124196 CoHis0 1422 1109.6  781.591 1.674 93
84 TRET C124196 CoHi50 142.2 1108.8  779.456 1.938 77
85 ®R-2-TE C18829566 CoHi60 140.2 11503  886.663 1.407 32
86 + HELIR RSk C541026 C10H30058Sis 370.8 1154.6  898.620 1.808 88
87  KMIR H lig C119368 CsHsO3 152.1 11784  967.714 1.194 92
88 K Cl112312 Ci0H200 156.3 1185.0  987.690 1.533 77
89  Jx-2-BIEME C3913711 CioH130 154.3 12347 1152.400 1.483 34
90 = ZJRH s C102761 CoH1406 218.2 1332.0  1559.265 1.972 46

M-BfR, D-ZRK, *REM.

M-monomer; D-dimer; *-Undetermined.
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Fig. 2 Comparison of fingerprints of volatile compounds of six medicinal plants in genus Polygala
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Fig.5 Nearest neighbor-Euclidean distance diagram among six medicinal plants in genus Polygala
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