« 5070 « PER 2024488 B55% HI15H  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 15

ETHTFEESNZ-SHEEIE-FIEEMRER(C 3 MARRFImIES

£ R, ERdE L2 FERA, Fmas e

L bR EZ R, Wb FAFEE 050091

2. LA R B AT G, Ak AR 050091

3. HEGM R ShrdE L AL TR, WL ARE 050091

W OE: BW WAER Baoko Fructus [ A FMHIE GERRAT, LHIBLRAAZRIS B RAT) M MREHEAE R 5>
ZMPESERES. 5 RABTFEEEGTIS-SAHEE- R 5% (headspace-gas chromatography-mass spectrometry, HS-GC-
MS) IHERE AT, Fh B RATFIER D B R AT I 30 B AT FEM ] & b 8 s AT R, R s b (principal
component analysis, PCA). Loadings FZ | KA B ESTHT SESWBLER, RN HS-GC-MS % & H ik &
Wt E AT A f /S - 3feidi-H0 5] 381 Corthogonal partial least squares-discriminant analysis, OPLS-DA), DLfiide 45 & 8 B 5
(variable importance projection, VIP) {H>1 NIR{EMIGIEEZRIER ST . HR HFEHEESTERER, AkERFEE
FEARIKAE W5S. WIW. W2W, R RCAF I fh E TRRFE A7 £ 2 5+ . HS-GC-MS %€ 66 Mu a9, Hdk
AWEY 354, #t—PiEid OPLS-DA XHEM BT, Z| SR BRI R R BT RS ELRL, ik th 22 5 i gy 25 A iR
PO R AL ZE e O 5 ARHEAT I Pearson AHICTE 34T, 25 SR X /P BERAT 3 FhOAS [F) M 1] it (9 ik 420 o2 3 LA A il
M, ARpAEESE . PROLHEN, FABEE. wEME . MERAMY KA T el 51 AL K AS WSS, WIW. W2 W 7484k, kst
U B ARG X 53 o AHICHE R EIBT 45 RlE—3PUE St TIX —HEM . 225 R SCHR, JEE T /KM AmHImEE . o5 %
B BRI o ARATHEE . ATREEE. 2,3- -1 H-Bi-4- . R PEEER AN ARG O ARl gy, I RS RO B AR AT,
7R 71X 9 P SRR F R s D0 kB, 8518 SR Z 0@ /i J7ik, WRFCREIRAZ 3 FhAS [mI M ] -4l A i
AR - A R 53 2 TED BRI AR DG, PR 9 B AT AN [ 0 ) S R P B A PR 22 S, P e A A [ 0 ) s R P 8 (L R 2%
IR BAT: MmN HERMERGY: RUREHIE; RS TSR 2 gttt ZRYIB RO
M1y IERRER /N ZFIE-FI AT Pearson AHOCM AT ARIHIMEE: AR<AERE: AKOFM: REE RS o fAVIEE; AT
We: 2,3- 51 H-efi-4- W, FIELPUEIE: R

FESES: R283.6 XEkFREE: A NERS: 0253 - 2670(2024)15 - 5070 - 13

DOI: 10.7501/j.issn.0253-2670.2024.15.007

Research on differences of three different processed products of seeds of 7Tsaoko
Fructus based on electronic nose combined with HS-GC-MS

REN Dong!, JIANG Xiaoya'> %3, Lei Jinggi!, NIU Liying" 3

1. Hebei University of Chinese Medicine, Shijiazhuang 050091, China

2. Hebei Traditional Chinese Medicine Formula Granule Technology Innovate Center, Shijiazhuang 050091, China

3. Quality Evaluation & Standardization Hebei Province Engineering Research Center of Traditional Chinese Medicinal Materials,
Shijiazhuang 050091, China

Abstract: Objective To explore the differences and characteristics between the odor characteristics and volatile components of
different processed products of seeds of Caoguo (Tsaoko Fructus) [stir-fried seeds of Tsaoko Fructus (qcTF), ginger made seeds of
Tsaoko Fructus (jzTF), stir fried seeds of Tsaoko Fructus with bran (fcTF)]. Methods The electronic nose combined with headspace-
gas chromatography-mass spectrometry (HS-GC-MS) was used to detect the components in 30 batches of different processed products
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from qcTF, jzTF and fcTF. Principal component analysis (PCA), loadings, and odor radar mapping were used to analyze the electronic
nose signal response results, simultaneously, performing orthogonal partial least squares-discriminant analysis (OPLS-DA) on the
compounds identified by HS-GC-MS to screen for potential differential components based on variable importance projection (VIP)
values > 1. Results The analysis results of electronic nose data showed that the odor differences were mainly concentrated in sensors
WS5S/W1W/W2W, indicating that there were differences in the odor characteristics of seeds of Tsaoko Fructus from different processed
products. 66 Compounds were identified by HS-GC-MS, among them there were 35 common compounds. Further, OPLS-DA was
used to compare the qcTF, jzTF, and fcTF, and 25 differential components were screened. According to Pearson correlation analysis of
volatile differential components and odors, the results showed that the basic substances used to distinguish the three different processed
products mainly included cineole, o-cymene, etc. Based on this, it was speculated that some alcohols, terpenes, aldehydes, and phenols
may differentiate different processed products of seeds of Tsaoko Fructus by causing changes in sensors W5S/W1W/W2W. The
subsequent correlation heatmap analysis further confirmed this speculation. After consulting literature, a total of nine components
including phellandrene, cineole, linalool, terpinene, a-terpineol, citral, 2,3-dihydro-1H-indene-4-formaldehyde, methyl heptenone and
myrcene were selected. Through systematic research and comparative analysis, the correlation between these nine components and the
efficacy of different processed products of seeds of Tsaoko Fructus was revealed. Conclusion Multiple statistical analysis was used
to study the correlation between the sensor response values and volatile components of three different processed products of seeds of
Tsaoko Fructus, and to explore the differences in volatile components of different processed products of seeds of Tsaoko Fructus. This
provides new ideas for the clinical application of different processed products of seeds of Tsaoko Fructus.

Key words: Tsaoko Fructus; processed products; volatile components; odor characteristics; electronic nose; headspace-gas
chromatography-mass spectrometry; multiple statistical analysis; differential substances; principal component analysis; orthogonal
partial least squares-discriminant analysis; Pearson correlation analysis; cineole; o-cymene; phellandrene; linalool; terpinene; o-

terpineol; citral; 2,3-dihydro-1H-indene-4-formaldehyde; methyl heptenone; myrcene
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Table 1 Sample information of three different processed products of seeds of Tsaoko Fructus

RS BRI FE b i 5 FE 7Y FE it gt 5 B2 Bt i 5
CGR230321 HEE R CGR321Q Zei| IR CGR321J BRI IR CGR321F
CGR230322 HEE R CGR322Q Zei| IR CGR322J BRI IR CGR322F
CGR230323 THEIPERAT CGR323Q LI E S CGR323]J RIS ERAZ CGR323F
CGR230324 HE R CGR324Q Zei| IR CGR324J BRI B IR CGR324F
CGR230325 HE R CGR325Q Zei| IR CGR3257J BRI IR CGR325F
CGR230311 THIPERAT CGR311Q ZHIE S CGR311J VA CGR311F
CGR230312 HE R CGR312Q Zei| IR CGR312J BRI B R CGR312F
CGR230313 HE R CGR313Q Zei| IR CGR3137J BRI R CGR313F
CGR230314 HE R CGR314Q Zei| IR CGR314J BRI R CGR314F
CGR230315 HE R CGR315Q | R CGR315] BRI IR CGR315F
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FRAANR S AR % 30.0mg, BT 100 mL BAr,
PIM R AR I ST T e, SR XUZ B AT
g, RWEFE 30min, EHLIR. KEEERE 1s,
TEVE 120, FEAHE 10s, FUERFESs, 3K 2005,
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Table 2 Response characteristics of different types of

electronic nose sensors
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Scan; VL m/z 50~600.
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partial least squares-discriminant analysis, OPLS-DA)
i 1de A8 B B B 5 (variable importance projection,
VIP)E > 1 B3 25 5 857, 454 NIST20, NIST20s
A AT 2 AL S e,
2.4 HUEALIE
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Fig. 1 Radar response map of sensor for stir-fried seeds of

Tsaoko Fructus (qcTF, A), ginger made seeds of Tsaoko
Fructus (jzTF, B), stir fried seeds of Tsaoko Fructus with
bran (fcTF, C)
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Fig. 4 Petal response diagram of different sensors
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Fig. 5 PCA score chart of three kinds of different

processed products of seeds of Tsaoko Fructus
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Fig. 6 Total ion chromatograms of volatile components in three different processed products of seeds of Tsaoko Fructus
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Table 3 Identification results of volatile components in three different processed products of seeds of Tsaoko Fructus

L . i N . R A RS
F%5  tr/min ) R Pt CAS & b B
1 4273 2- ] HERK CsHi20 4466-24-4 + - +
2 4482 IEEERE C7H140 111-71-7 + + +
3 5.065 A CioHus 2867-05-2 + + -
4 5246  a-JRMGE CioHis 80-56-8 + + +
5 6.207 &N CioHus 3387-41-5 + + +
6 6.388  J\HEEIFPURESA bt CsH2404Sis  556-67-2 + + +
7 6.460  HIIE P CsH140 110-93-0 + + +
8 6.633 A CioHis 123-35-3 + + -
9 6.984  IE¥E CsHi60 124-13-0 + + +
10 7117 KA CioHie 99-83-2 + + +
11 7.428  2-EEMH CioHis 554-61-0 - + +
12 7443 o-FATHIE CioHis 99-86-5 + - +
13 7.646  AR=ALIE CioHis 527-84-4 + + +
14 7794 (D-Frisk CioHie 5989-27-5 + + +
15 7.887  FEM-iEE CioHi1s0 470-82-6 + + +
16 8.690  y-FATHMIAE CioHis 99-85-4 + + +
17 8975 IETR CoH1302 112-05-0 —~ + -
18 9.089  (2)-/K¥A N CioH130 15537-55-0 + + +
19 9.818  Jx,Jx-2,4-% Il CioH160 25152-84-5 + + +
20 10.170  SAEEE CioH150 78-70-6 + + +
21 10230 (E)-/KIAK CioH150 17699-16-0 + + +
22 10237 R-4-(FF A EE)-1-F 23 O-2-0-1-1% CioHi150 29803-81-4 + - -
23 10240 JWE-4-CrRe TR ER)-1- 3R -2 -4 1 - CioH150 29803-82-5 - -
24 10356 IETRE CoHi150 124-19-6 +
25 11.855 TR — HIEREAE CioH300sSis  541-02-6 - -
26 11.965  bicyclo[3.1.0]hexan-3-ol,4-methyl-1-(1-methylethyl)-,  Ci2H2002 72747-24-1 - + -
acetate,(1R,3R,45,5S5)-rel-
27 11970 W i CioHis 586-62-9 + + +
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34

. ) o N L TR
J¥5 tr/min X5 AR 7R CAS 5 b EE A
28 13.131 o,0-— H 3E-4- 37 FE 34 ke F CioHigO  7299-42-5 + - +
29 13.185 SuN CioHisO  124-76-5 - - +
30 13.266 3-5 75 2-6- F -2 30 OV )di- 1- CioHis0  499-74-1 + -
31 13.585 4-iili fiE CioHisO  562-74-3 + +
32 13.842 o,0,4- = F FE - FA i 2 JE S 2 FR PR Ci7H1sNO> 7366-54-3 - + -
33 13.860 2-(4-F LA IE) A -2- % CioHisO  1197-01-9 + -
34 14.252 o-FaiHEE CioHisO  98-55-5 + +
35 15.521 2,6,6-=HEXIR[3. 1. 1] ke-2,3- - F& CioHisO2 53404-49-2  — - +
36 16.215 JIii-9,10-+5 25 8 CioHis02 28795-95-1  — - +
37 16.440 (2)-3,7- W I¥-2 6- ) CioHisO  106-26-3 + + +
38 16.466 HhHEL IR TE CioHis0  1820-09-3 - + -
39 16.986 # i CioHisO  499-71-8 + + -
40 17.178 WACHE CioHis0  106-25-2 + + +
41 17.827 xa-2-Z8MhE CioHisO  3913-81-3 + +

42 18.130 FriEmE CioHis0  5392-40-5 + +

43 18.266 (2)-9-1 VURs Js-1-B CisH2s0  35153-15-2 + - -
44 19.312 XFIERIEFR FRE CioH20  28785-06-0  + + +
45 19.342 2-FRL-3-ZRFL IS CioHi20  5445-77-2 + - -
46 19.668 2-3 FK IR Ci2H200  4179-38-8 + +
47 20.610 445N 2K By CoHioO  501-92-8 - + +
48 20.628 4-Jfi N K 2. IR CiHi202  61499-22-7 - - +
49 21.865 2,3- A -1H-Eli-4-H % CioHi0O0  51932-70-8  + +
50 22.605 HZEPRIFERE CioH100  1196-67-4 + + -
51 22,619 2-%ET R CuHi20s  884-33-3 + - -
52 23.406 o-H It PRI RERE CioH1oO  101-39-3 + + +
53 23.901 (£)-3,7-—H3-2,6-F 4 3-H AL T MR IE CisH2602  109-20-6 + + +
54 23916 LIRFEAENS C12H2002  141-12-8 + + +
55 23.921 5-HEE-2-(1-H 3 2.4 45)-4- O - 1 -1 L TR TG Ci2H2002 25905-14-0  + + +
56 25242 LR[(E)-2-Z)f-1-3E] 0 Ci2H202  2497-23-6 + + +
57 28.112 (1R,4AR8AS)-1-F P JE-7-F L -4-TF H 3E-1,2,3,4,4A,5,6,8A- )\ ZE CisHas  30021-74-0  — + +
58 28.127 HHEEE CisHxO  19435-97-3 + - +
59 29.071 cyclopentanecarboxamide,3-ethenyl-2-(3-pentenylidene)-N-phenyl-, CioH2sNO 136091-23-1  + - +

[10,2Z(E),30]-(9CI)
60 29.257 1,2,4a,5,6,8a-7NE-4,7- I HE-1-(1-F A 2, 38) 2% CisHo 31983-22-9 - - +
61 29.964 1H-cyclopenta[1,3]cyclopropal1,2]benzen-3-ol,octahydro-3,7- CisH260  38230-60-3 + +
dimethyl-4-(1-methylethyl)-,(3R,3aR,3bR,4S,7R,7aR)-

62 30.107 A-FEFA CisHys  483-76-1 + + -
63 30.137 4,7- - HIFE-1-75-2-%£-1,2,3,5,6,8a- /N E %5 CisHo4 16729-01-4  + - -
64 31.353 BiflE CisHxO  639-99-6 + + +
65 31.959 3,7,11-=HF+ " H5k-1,6,10-=)5-3-F= 2L B2 g Ci7H2302  2306-78-7 + + +
66 33.782 (2E)-2-dodecen-1-ol,1-acetate Ci14H2303 84801-16-1 +

“+” indicates the ingredient is detected, “—" indicates the ingredient is not detected.
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Fig. 7 OPLS-DA score charts for qcTF and jzTF (A), qcTF
and fcTF (B), jzTF and fcTF (C)
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Fig. 8 Result charts of OPLS-DA model replacement test for
qcTF and jzTF (A), q¢TF and fcTF (B), jzTF and fcTF (C)
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x4 BERUERRDTFER VIP &

Table 4 Screened VIP values of volatile differential components

VIP 18 VIP 18
75 B3 4 BE EE EWS | S R 44 BrE BErEs Eit5
=M Y #HY =M Y H
1 2- T FEnkig 1.143  1.309 - 14" AR - 1.179 -
2" IEPEE 1.064 - - 15" a-2-Z& 0 1.018  1.267 -
3 AN 1.995  2.101 - 16' FriEEE 1235 1.795 -
4 ¥l 2.593  2.798 - 17" XWIE R H % - 1312 1.603
5° IR 1.763  1.984 - 18" 2-HFE-3-ZEFE AR - - 1.424
6 2-Bf - 1.204 - 19" 4T 3EZEmY 1.033 - -
7" AR 4183  4.050 - 200 2,3-"A-1H-Bi-4-FHEE - - 1.241
8" AR VHEE 3303 6333 5545 | 21'  WIEERAEER - 1.195 -
9" y-FAVHME 1.206  1.535 - 22" 2-FRHEET R 1.214  1.706 -
100 %, %-2,4-% " IfiE 2.163  2.612 - 23" o-HIFE AR - 1.435  3.171
11" 4-mi ks s - - 1.167 | 24" (E)-3,7-—H3-26-—  1.681 - -
12" oA - - 2272 I 3- 2L T IR IR
13" (2)-3,7-Z=H3EE-2,6- Ml - - 1.018 | 25" ZMiE1cHs 2.129  1.078  1.394
“r R RAT .
“=" means not detected.
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Fig. 11 Heat map of volatile substances and odor differences
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Table 5 Correlation calculation results between normalized

value of peak area of volatile components and different

processed products

P FHXE 7 2 8/ %
TERPRE AT S22 RAT BRAD R
IKIT A 36.21 32.01 31.78
[l wliif 39.15 32.71 28.14
75 R 33.86 34.04 32.10
T it VU 35.73 33.17 31.10
o-FA T 33.31 34.52 32.17
FregmE 37.76 31.69 30.55
2,3-Z4-1H-Hi-4- % 3351 33.87 32.62
FH 5 i ) 38.12 30.72 31.16
FEES 35.83 32.05 3212
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