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Abstract : In view of the technical supervision problems of using Ginseng Radix et Rhizoma ( GRR) as fake or adulterated
Panacis Quinquefolii Radix (PQR) , this study established a method to quickly identification these samples based on head-
space-gas chromatography-ion mobility spectrometry ( HS-GC-IMS) combined with principal component analysis. It provides
technical support for the quality supervision of PQR. At first, HS-GC-IMS was used to detect the volatile organic compounds
(VOCy) in different samples,and combined with the NIST database and IMS database to achieve qualitative identification of
some components. Through the visualized fingerprint atlas, it is initially found that there are certain differences in the PQR
and adulterated samples ; principal component analysis (PCA) and linear discriminant analysis (LDA) are further adopted to
distinguish the adulterated samples with different proportions of GRR. As a result,62 and 69 components were identified in
PQR and GRR respectively. The visualized fingerprint atlas obtained by Gallery-plot can initially distinguish PQR and GRR.
PCA and LDA processing can realized the distinction PQR among adulterated samples with different proportions of GRR. The
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accuracy of the distinction and cross-validation rate also reach 100% ,among them,seven components have a greater contribu-

tion to the separation and are expected to be used as chemical markers for distinguishing PQR and GRR. In conclusion, this

method can quickly and non-destructively realize the detection of VOCs in the fake samples, combined with statistical data

processing and analysis to obtain accurate and rapid identification of adulterated PQR samples,and provide a new method for

the rapid identification of PQR.

Key words: headspace-gas chromatography-ion mobility spectrometry ; chemometrics; Ginseng Radix et Rhizoma; Panacis

Quinquefolii Radix ;principal component analysis;linear discriminant analysis
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Table 1  Proportioning information of simulated adulterated samples
FER S FEAACS Zr 1 Content( % )
Sample Sample
number code TS POR AZ GRR
1~6 0% 100 0
7~12 20% 80 20
13 ~18 40% 60 40
19 ~24 60% 40 60
25 ~30 80% 20 80
31 ~36 100% 0 100

1.2.2  GC-IMS 44
GC-IMS { & i B 5 AUERE 0 AT i B S0



TRAEESE BT AR (-2 TR RIS A LA T A TR PE RS 5 NS SR TE 89

Vol. 35
SR 2.
+£2 GC-IMS &1
Table 2 Conditions of GC-IMS
X2 Sy E| GC-IMS 2%
Instrument Project GC-IMS parameter
FEmIE /R =g | 15 min
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I 80 C
HERE TR 85 °C
GC A 2 SE-54
(SN TENE 15 m
FEIR 45 C
FBA T[] 37 min
IMS R (6.5 keV)
HL B AR TERE
WEEARE 2 mL/min(N,,99.999% )

BB A i
TR IR
REESIE

150 mL/min(N, ,99.999% )
45 C
12
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Fig. 1  Spectral comparison map of PQR and GRR
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Table 3 The VOCs in PQR and GRR
sy TR REIEEC REEE RN REER i)

Ey

pury
C[E

No. Compound Molecular Mo]e'cular R(?lemion Relemion ]?rifl Polymerization Medici'nal

formula weight index tine, (s) time type meterial
1 IE T n-Nonanal CoH 50 142.2 1106.1 823.128 1.4776 (iR N
2 2-T-fifil 2-Nonanone CoHigO  142.2 1095.5 787.285 1.4101 S NS
3 2-F-fifi] 2-Nonanone CoHiO 1422 1095.2  786.389 1.8828  — ik Ji¥s A
4 F5 4 Linalool CioHigO  154.3 1091.4 773.844 1.2211 TS AS
5 1-3E % 1-Octanol CgHy;O 130.2  1078.3  732.624 1.4725 s NS
6 2-2.3: 0V B 2-Ethylhexanol CgHiO  130.2 1040.0  624.2  1.7819 TiES AZ
7 1,8-kkn-2 1,8-Cineole CioHig0  154.3 1040.7  625.992  1.296 4 TS AS
8 F [ Octanal CsH,60 128.2 1005.3 539.75 1.8272 —Eik TEES AS
9 SEE Octanal CgHi O 128.2 1005.7 540.613  1.404 4 TS NS
10 1-34%-3-1% 1-Octen-3-ol CgH,60 128.2 984.7  498.762 1.1586 [N N
11 132475315 1-Octen-3-ol CgH, O 128.2 984.2  497.899 1.6008 ik TiEH AZ
12 B Heptanol C;H, 0 116.2 976.3  484.092  1.768 0 TS S
13 A HI% Benzaldehyde C,Hg0 106. 1 954.0  446.987 1.1521 TS A S
14 % Benzaldehyde C,Hg0 106. 1 953.7  446.556  1.4718  —Hik JiESE AS

.6828  TRIK PHHES AZ

W

15 a-JR)i a-Pinene CioHyg 136.2 926. 1 404.705
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#3% 3 (Continued Tab. 3)
o) WAy HrX e 17‘:‘:&??5;5& G:ééﬂﬁqfl‘tﬂ i?e%l_ﬂﬂ‘l‘ﬂ %‘é%ﬁiﬂ ‘é’iﬁ
No. Compound Molecular Molgcular R(Ttentlon Retentmn ]_?rlfl Polymerization Medlcl_nal
formula weight index tine, (s) time type meterial
16 - M a-Pinene CyoHyg 136.2 925.2 403.41  1.2868 FiES A
17 2,6- " FF BNk 12 2 | 6-Dimethylpyrazine CgHg N, 108. 1 934.9  417.648 1.1286 s AS
18 2,5-ZF JENEIE 2,5-Dimethylpyrazine C¢HgN, 108. 1 924.9  402.979  1.503 4 TS A
19 BEW% Heptanal C,H,0 114.2 901. 4 370.62  1.6998 ik JiES AS
20 BéfE Heptanal C;H,,0 114.2 899.4  368.031 1.3298 s AS
21 2-B#fifil 2-Heptanone C,H,0 114.2 890.5  356.813 1.6316 ik JiEs AZ
22 2-Bfii 2-Heptanone C;H,0  114.2 890.5  356.813 1.2616 Wi NS
23 1-Cf# 1-Hexanol CeH,, 0 102.2 870.0  335.672 1.6414 ik ViES AS
24 1-C /% 1-Hexanol C¢Hy, 0 102.2 876.0  341.712  1.3249 s NS
25 FRCUE Cyclohexanone CeH,0 98.1 886.8 352.93  1.1602 TS A
26 Jii-3 -2 45-1 -1 3 Z-Hexenol CeH,,0 100.2 847.3 313.707  1.5186 IRk WHESR AS
27 JIi-3-C 4751t 3 Z-Hexenol C¢H,0 100.2 847.1 313.488  1.228 7 WS AS
28 75 HI L3R = k48045 Hexamethyleyclotrisiloxane CgHigO3Siy 2225 820.3  289.412 1.4695 S AS
29 L Hexanal C¢H;, 0 100.2 800.7  272.996  1.2606 TiEs A%
30 CL Hexanal CeH,0 100.2 793.1 266.867 1.5654 TRk WESR AS
3] 2-EU il 2-Hexanone CeH,, 0 100.2 783.2  259.207 1.5030 Rk ViR AS
32 2-CLfif] 2-Hexanone Ce¢H,;, 0 100.2 783.5  259.426  1.190 5 TS AS
33 1-/% /% 1-Pentanol CsH,,0 88.1 761.5  244.104 1.5225 ez AN
34 IR Pentanal CsH,0 86. 1 693.9  202.434 1.4230 ik TiESE AS
35 J%% Pentanal CsH,0 86. 1 692.1  201.407 1.1842 TS A
36 2-1% il 2-Pentanone CsH,;0 86.1 696. 1 203.689  1.3587 (LN
37 2,3-/% il 2 ,3-Pentanedione CsHg0, 100. 1 706.3  209.507 1.2356 s NS
38 2,3-% il 2,3-Pentanedione CsHg 0, 100. 1 707.1  209.963 1.3299  TE{k JiEZR AS
39 MR 2,15 Ethyl acrylate CsHg 0, 100. 1 710.6  212.017  1.402 8 TS NS
40 R 2 Ethyl propanoate CsH 0, 102. 1 719.2 217.15 1.1499 TS AS
41 % 2.1 Ethyl propanoate CsH, g0,  102.1 719.1  217.036  1.4334  —Hik JE¥EE AS
42 75 F 3 Rk 45 4% Hexamethyldisiloxane  C¢Hg0Si,  162.4 683.8 197.642  1.3250 TS AZ
43 1- T 1-Butanol C4H,,0 74.1 660.9 189.086 1.1824 [N
44 1-T ' 1-Butanol C4H,0 74.1 660.6  188.972 1.3963 _—Eik TiES AS
45 TR 2.1 Ethyl acetate C,Hg0, 88.1 608.0  170.719 1.3392 —®{k JiES AS
46 2. B2 7,1 Ethyl acetate C4H; 0, 88.1 610.5 171.518  1.097 0 W A2
47 2-T'fii| Butan-2-one C,Hg0 72.1 588.6  164.445 1.2470 ik JiESE AS
48 2-T'fi] Butan-2-one C,Hg0 72.1 595.1 166.498  1.054 0 TS A
49 2,3-T il 2,3-Butanedione C,H, 0, 86.1 580 161.707 1.1855 TS NS
50 PR Acetone C;HgO 58.1 502.1 139.119  1.118 5 s NS
51 P 2-Propenal C,H,0 56. 1 467.9 130.22  1.045 4 TS A
52 1-PI 7% 1-Propanol C3Hz 0 60.1 552.6  153.379  1.1099 S NS
53 1-PA M 1-Propanol C,H;0 60. 1 557.2  154.748  1.2507 < ZHk TiES AS
54 I HT B 15 Methyl acrylate C,Hg0, 86. 1 592.7 165.731  1.286 5 TS NS
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%245 3 ( Continued Tab. 3)
o) oy TR TR R REEE SR REI Zitt
No. Compound Molecular Mole'cular Rétentlon Eetennon [?rlfl Polymerization Medlcl-na]
formula weight index tine, (s) time type meterial
55 % Benzene CeHg 78.1 641.7  182.214 1.0311 s A3
56 HI 301 Methyl- pyrazine CsHgN, 9.1 824.9  293.407 1.0852 s NS
57 2-3¢ ] 2-Octanone CeHisO  128.2 996.0  519.345 1.3374 [N~
58 2-5:fifi] 2-Octanone CgH,c0 128.2 995.3  518.043 1.7619  —E{k VIS S
59 2-2E 3k 7,82 2-Phenylethanol CeHO  122.2 1095.9 788.689  1.3045 TS AS
60 1-2 i 1-Hexanol CeHi, 0 102.2 869.0  334.711  1.9962 [N~
61 BB Heptanol C;HO  116.2 976.7  484.684 1.3995 S A S
62 1-J% % 1-Pentanol CsH,0 88. 1 764.0  245.788  1.2533 TS NS
63 a-FAHEE -Terpineol CHgO 1543 1169.2 1074.272 1.2245 AZ
64 ARl Furaneol CgHg Oy 128. 1 1055.2 667.344 1.2209 A
65 ¥4 Limonene CioHye 136.2  1024.7 587.497 1.2200 A&
66 FHiE#% Limonene CioHg 136.2  1025.0 588.121 1.2936  _—H{k A%
67 2-Z.5: 0 B2 2-Ethylhexanol CeHigO  130.2  1038.8 623.054 1.4256 A&
68 ¥l Limonene CioHys 136.2  1025.0 588.121 1.7375  =F{k AZ
69 48— HIZE o-Xylene CgHyg 106.2 906.0  378.131  1.0837 TS AS
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Fig. 3 Gallery-plot of samples with characteristic components in different samples
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Table 4  Potential signature markers ( Distinguish components with greater contribution)

JFa=! ko J 537543 BB Score coefficient

No. Compound PC1 PC2
1 2-Z. 3L 2-Ethylhexanol 0.963 0.214
2 1-3E475-3-F% 1-Octen-3-ol 0. 160 0.878
3 RKH Benzaldehyde 0.971 0.148
4 a-JEK a-Pinene * 0.619 0.714
5 B Heptanal 0.516 .0752
6 Bl Heptanal 0.483 0.674
7 2-Befii 2-Heptanone * 0.524 0.773
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214% 4 ( Continued Tab. 4)

M35 53 2280 Score coefficient

a2 aw
No. Compound PCI PC2
8 2-T'ifil 2-Butanone 0.961 0.039
9 k& 24 0.761 0.609
10 141 26 0.481 0.824
11 & 27 0.958 0.263
12 fLE4 32 0.787 0.586
13 1b&% 36 0.973 0.031
14 b1 38 0.949 0.137
15 a1 39 0.976 0.050
16 1w 45 0.652 0.694
17 &) 46 0.959 0.205
18 k&t 49 0.968 0.136
19 L& 51 0.580 0. 605
20 k&4 53 0-.710 0. 640
21 a- A a-Terpineol 0.989 0.045
22 (3658773 0.953 0.043
23 k44 66 0.988 0.034
24 4547 69 0.953 0. 044
25 k& 70 0.784 0.595
26 &Y 75 0.963 20.180
27 L&Y 76 0.773 0.552
28 L&Y 78 0.963 0.002
29 k&4 81 0.952 0.125
30 L& 83 0.948 0.094
31 54 88 0.723 0.612
e R,

Note: * Dimer.

2.5 PCA-LDA 947
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Table 5 Classification results

5 Bl B Forecast group ait
Class Sample group 1 2 3 4 5 6 Total
W Initial (% ) 1 100.0 0.0 0.0 0.0 0.0 0.0 100.0
2 0.0 100.0 0.0 0.0 0.0 0.0 100.0
3 0.0 0.0 100.0 0.0 0.0 0.0 100.0
4 0.0 0.0 0.0 100.0 0.0 0.0 100.0
5 0.0 0.0 0.0 0.0 100.0 0.0 100.0
6 0.0 0.0 0.0 0.0 0.0 100.0 100.0
Crnssiiﬁiié\itiiﬂ;(%) 1 100.0 0.0 0.0 0.0 0.0 0.0 100.0
2 0.0 100.0 0.0 0.0 0.0 0.0 100.0
3 0.0 0.0 100.0 0.0 0.0 0.0 100.0
4 0.0 0.0 0.0 100.0 0.0 0.0 100.0
5 0.0 0.0 0.0 0.0 100.0 0.0 100.0
6 0.0 0.0 0.0 0.0 0.0 100.0 100.0
3 #i 20
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