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Abstract: Gas chromatography—ion mobility spectrometry (GC-IMS) was employed to analyze the
volatile components of Cyperi Rhizoma from different origins. Partial least squares—discriminant anal-
ysis (PLS—-DA) was applied to screen differential characteristic components. Based on these charac-
teristic components, 9 machine learning algorithms such as SVM~-L were constructed to develop rap-
id discrimination models for Cyperi Rhizoma from different origins. Fifty-nine volatile compounds
were identified in Cyperi Rhizoma decoction pieces from five provinces, including alcohols, esters,
aldehydes, ketones, and unsaturated hydrocarbons. Ten characteristic components were screened
by PLS-DA analysis, such as 1, 4-dimethylbenzene, 3-methyl-1-pentanol, and ethyl acetoace-
tate. Furthermore, nine machine learning models all demonstrated excellent predictive performance
(Accuracy=1), indicating good potential for practical application. This study provides a simple and
rapid method for discrimination and identification of Cyperi Rhizoma from different geographical ori-
gins, while also offering a reference for establishing a quality evaluation system for Cyperi Rhizoma.
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ZRANESETT (SD)5 AN F=H AR S, TRV, AU 258t GAS Flavour Spec SAHE F1E
% (GC-IMS, G.A.S. A#], [ ); Mk ME204 72 — W1 RoF (R -0 R 2408 (Bl A
Mow, ),

1.2 HmbElE5ELRERS DT

FEEEFRALO. 5 g MR K3 AR T 20 mL TS PEAEHR . SR H] GC—IMS WA FM4E & A 153 EA T 34, 40
Mrgeth Ay Z0HTITE) 4 30 ming 8 EE4FE R MXT-WAX (30 mx0. 53 mm, 1.0 wm); FE#RA60 C; #HA/
ERAN,; EF T (IMS)IE R 60 'Co BANTRAS BEFEEIC AT . ERERSA 100 wL; WEABISTa)
15 min; WEALIREE 780 °C; HEREENEEE N 85 °C; MEAL4EH 4 500 remin™ o SAHMIS A BAATHE R
FBEERLFL(0~2 min, 2 mL+-min"; 2~5 min, M2 mLemin" % 10 mL-min™"; 5~25 min, M 10 mL-min™
FH % 100 mL-min™'; 25~30 min, 100 mL-min™),

1.3 GC-IMS #iEH

% GC-IMS BRI Laboratory Analytical Viewer(LAV) 730 A8, $EBUHMEIE S S0m ), 15 =484
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TP 1 HLRE SRS
reCISlon_"[‘P + FP Table 1  Parameters of the machine learning model
_ TP Model R package R function Parameter
ReC‘dH—TP + FN SVM-L el071 svm( ) krnel="linear" ,
2TP ‘ cost=1
F1 score = m SVM-P el071 svm() kernel="polynomial",
TP + TN degree=4,
+ o
ACCUI‘aCYZ coefO=1
TP + TN + FP + FN SVM-R el071 svm( ) kernel="radial",
HETIIE . WP b DA B2 S0 L 1 —
N N o N N2 o SVM-S el071 svm kernel="sigmoid",
T FOBHAE REA o S B RE A 24, B v el
fl; F1OEGE THBESDRE, ERE. H coef0=0. 5
T IPAG TUZ SR B IE B AN e kon() k=2
NB el071 naivebayes( ) laplace=0
2 é:él: % 5 -LTJ' -L/k\’ XGB xghoost xgboost () booster="gblinear",
eta=0. 5,
2.1 REFHEMR A COER RS 5 -
N . objective="multi: softmax",
2.1.1 GC-IMS 47 I8 1 Ay 7 b4 5 1k 1 4y T oo
El(j GC-IMS Eéﬁ . Xi.fEE ’f‘%i%,'?z'j %?%*gﬂﬂ‘ I‘Ej 5 YZHEE RF randomforest randomforest() ntree=30
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Table 2 Information of VOCs in Cyperi Rhizoma from different origins
D Compound CAS Molecular  Relative mo- Re.tention Refention M'igration Type
formula lecular mass index time/s time/ms

VOC1 (E, E)-2, 4-T )i €5910872  C,H,,0 138.2 1777.3 1679.141 1.3735 28
vVOC2 (3E, 6E)-a-IkJE €502614 CH, 204. 4 1766.1 1629.565 1.4506 RNiIRYEE
VOC3 IKIATR LT C118616  C,H,0, 166. 2 1739.5 1517.478 1.2747 [L=ES
vVOC4 AR (98555 CH,0 154.3 1709.7 1401.081 1.2194 (=S
vVOCs a-AMEE-D 98555 CoH,0 154.3 1710.9 1405.392 1.3004 2=
VOC6 T €99490 CoH,,0 150.2 1701.0 1368.748 1.3492 LIk
VoC7 T H-D €99490 C,H,0 150. 2 1700.5 1366.593 1.8710 LEES
VOC8 y- T i €96480 C,H,0, 86. 1 1615.6 1088.532 1.0893 LEES
VOC9 (E)-2-2F-1-B% C18409171  CH,0 128.2 1617.8 1094.999 1.1607 2SS
VOC10 2R €122781 CH0 120.2 1625.1 1116.554 1.2798 =S
VOCl11 (Z)-3-T-H5-1-I& €10340235  C,H,,0 142.2 1641.3 1166.130 1.4524 S
VOC12 LIRAE IR C150845  C,H,,0, 198.3 1639.9 1161.819 1.4881 LEES
voc13 1S C111875 CH 0 130.2 1576.7 980.757 1.4722 2=
vVoC14 (E)-2-T-Ji C18829566  C,H1,0 140.2 1542.4  894.536 1.4206 2N
vocis AT €100527 CHO0 106. 1 1521.1 844.960  1.488 1 RS
VOC16 SR 2 TR R C115957  C,H,0, 196.3 1513.1 827.014 1.2233 LEES
VOC17 1, 2-INfE— LR 623847  C,H,,0, 160.2 1485.9  768.897 1.2233 [iEES
VOCI18 BT €106230  C,H,,0 154.3 1471.8  740.348 1.2201 =S
VOC19 (E)-2-Cffi-1-1% €928950 CH,0 100. 2 1456.6  710.779  1.1902 (LS
VOC20 2, 6-HIHE-3-Z Hnks C13925070  C,H,,N, 136.2 1436.8 674.074 1.2425  HAbE
voc21 5-TLINMK 3301948  C,H,0, 156.2 1398.9  608.819 1.2722 [LEES
vOC22 (E)-2-3 51 (2548870  C.H,,0 126.2 1398.9 608.819 1.3459 =S
voC23 2- BRI R €3777717  C,H,0 166.3 1403.8 616.976 1.4131 HAh
VOC24 (Z)-3-C M- 1% 928961 CH,,0 100. 2 1384.2  585.368 1.2383 (=S
VOC25 R €98011 C,H,0, 96. 1 1382.9  583.329 1.3491 S
VOC26 4R Fk-4- T 52 [N C123422 CH,,0, 116.2 1360.1 548.662 1.1347 LEES
voC27 TS St 741 €629196 CH,S, 150. 3 1363.5 553.760 1.2638  HAh3k
VOC28 1-C C111273 CH,,0 102.2 1347.9  531.063 1.3396 =S
VOC29 1, 2, 3-=HIHER 526738 C,H,, 120.2 1324.8 499.155 1.1684  HAb%E
VOC30 3-F -1k mE 589355 CH,,0 102.2 1313.2  483.938 1.6236 [
VOC31 2- B 543497 CH,0 116.2 1312.9 483.447 1.7511 e
VOC32 2-7:[if] C111137 CH,0 128.2 1295.8 461.848 1.3369 LIES
VOC33 1- L -2- N T L TR i €108656  C/H,,0, 132.2 1259.5  424.540 11474 LS
VOC34 LT (4- ML) W g (2216457  C,H,,0, 164.2 1269.9 434.849  1.5038 [iEES
VOC35 2-LE I C110805 C,H,,0, 90. 1 1242.2  407.850 1.094 1 Ji ks
VOC36 % €120923 C,H,0 84. 1 1242.2  407.850 1.1168 LEES
VOC37  (3-HIETHEE)-LR-2-NIRIERE 67634008 C H 0, 186.3 1241.2  406.869  1.4287 LGRS
VOC38 2-THRR I C19089920  C,H,,0, 170.3 1242.2  407.850 1.4663 S
VOC39 g €138863 CoHy 136.2 1222.0  389.197 1.2286 Afufikek
VOC40 FrEds-D C138863 CoHyg 136.2 1214.3  382.324  1.3046  RigfkEsk
VOC41 (2)-2 ¥ €470826  C,H,,0 154.3 1212.0 380.361 1.7502 AEAIEEH
VOC42 2- 3 FE C3777693  C,H,,0 138.2 1198.2  368.335 1.2653  Hfb%k
VOC43 [EES S €103651 CH, 120.2 1187.6 359.532  1.2661  HAb%
VOC44 a-7K T M 99832 CoHyg 136.2 1169.2  344.705 1.2272  RigfiEss
VOC45 2- 5 T3 H L C13925069  C,H,,N, 150.2 1144.7 325.941 1.2782  HAb
VOC46 B-TikN €127913 CoHye 136.2 1130.2  315.284 1.3066 AAIES
VOC47 D-B-T& N C127913 C,H, 136.2 1129.2  314.589  1.7552  RHRAYEZ
VOC4s8 1, 4-ZHHEE €106423 CH,, 106. 2 1136.2  319.686 1.0798  Hfhk
VOC49 2-H 3L 1- P C78831 C,H,,0 74.1 1094.3 291191  1.3811 (=S
VOC50 3-J €584021 CH,0 88. 1 1097.1 292.349  1.4369 2=
VOCs1 3, 5-THIEE-L, 2-FR R C13494070  C,H,,0, 126.2 1052.5 274.974 1.1973 [LIES
VOC52 2-HAL TR O BR C7452791  CH,,0, 130. 2 1032.7 267.561 1.2394 LB
VOC53 2R g C109604  C;H,,0, 102. 1 1003.1  256.904 1.1657 LEES
VOC54 L 2-H AL 1- N R C110190  CH,,0, 116.2 1012.2  260.148  1.2377 FES
VOCss 2- T 78922 CH,0 74.1 1008.3 258.758  1.3412 &S
VOCs56 2-WEEN TR 2. B €97621 CH,0, 116.2 965.1  243.700  1.2092 RS
VOC57 2-7% €107879 CH,0 86. 1 964.4  243.468 1.1237 LEES
VOC58 2- Z KIS g 3208160 CH0 96. 1 898.6  222.155 1.0585  HAih%
VOC59 LR 21 €141979  CH, 0, 130. 1 896.4  221.460 1.1522 ES
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Fig. 3 Cluster heatmaps of the relative contents of volatile components in Cypert Rhizoma from different origins
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Fig. 4 Principal component analysis(PCA ) of Cyperi Rhizoma from different origins(A), and VIP values
of differential components(B)
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P2 BEAh, VOC46 1E GD A & & i (&
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s (6A. E. G); VOC39, VOC48 Fll VOC23
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Table 3 (0 of the PLS-DA model
GD HE HU JS SD
Principal component 1 0.286 -0.003 18 0.816 0.0590 -0.0177
Principal component 2 0. 544 -0.007 46 0.693 0.003 33 0. 647
0.152 0.0420 0.930 0.260
0.962 0.773 0.515 0.847

Principal component 3 0. 137
Principal component 4 0. 632
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Table 4 R’ of the PLS-DA model

RX RY
Principal component 1 0.454 0.243
Principal component 2 0.714 0. 480
Principal component 3 0. 823 0.721
Principal component 4 0. 899 0. 960
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Fig. 5 PLS-DA cross—validation plot
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Fig. 6 Relative contents of differential components in Cyperi Rhizoma decoction pieces from different origins
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2.2 HBJZIEIEEZXSERPHE

FETFHESRI 10 FMFIERS Y, /0 R O FWLEN 2~ SRS (KNN, LDA, NB, RF, XGB, SVM-L,
SVM-P. SVM-R Fl SVM-S) XA [l F= AR R R BEA T X 4 ol iR VA AR (81 7) THRERE R . Il
F1 A BRERR . A ples 2 ) B AE DI ZREE RIS 10 LR TPEAEFabrdd ok 1, Rl LR HA
EIFA 2888 1, X SR TF HE A . f0m, SVM-P il i de KAk b 56 i B 5800408 5 2 1a) g ral B
(RP “faBgdm Rl HR) B 2O Fe™, 15 SVM-P AN /0 KB & Hatk s, B BA RSz
1bie Ty, ReA AR LA XU 5 LDA DIIE i fre R AV 2 0] B R 528 N S RO I AL, 7R 223 B) v
SHRBER KRR LE 7 S AN RO E R W B A 7 0], MR m Ry 2eds, Pe I e R

F7  BLESIERIRIEAERE . KNN(A) . LDA(B), NB(C). RF(D), SVM-L(E), SVM-P(F), SVM-R(G),
SVM-S(H). XGB(1)
Fig. 7 Confusion matrix of a machine learning model: KNN(A), LDA(B), NB(C), RF(D), SVM-L(E), SVM-P(F),
SVM-R(G), SVM-S(H), XGB(I)

3 & it

AR R GC-IMS MR LS5 72 Y SO R & MR Rl 5y, EEALIGARSS . MBSy . H
W, GD B % & IS & e, HIKHHEZ , JS4, HUZHMSD 4, FfJG, R PLS-DA
AP L B v 7 28 1 10 AMERIE 2 o FE T X SERRE %y, R T O RMLES 2 I XY, FEI %%
AEFRAE P 3 I B AP A TR GE 77 (Accuracy=1), FEHHELAE TR I 77 o b X 43 b HL AT 48 5 10 )37 F
BriE. Plgss I RARR Z S it o i T, HAEREERET L TS5 2 4 it 04t PCA 5 PLS-
DA BT LR 4E 5P Bk, TRIRA Sl b R ZMERRIE, H PCADUSOE S B 4E, ik E
B0 5 77 b e BE A SCBORRAE > s PLS-DA BAGHT VIP i REHE, (H IR 58S 252 32 N s 45
K, TFAEEMPES, PLesse ) Fk ol Su BB R G, B R E A s sk 2 2 e LG, 12
PiFE M A B 5P MR MO BB OCIE , HLA R G, oI R A T, SCBUE SR R
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