PED 2025F 11 5 B£56% H 218 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 21 « 7713 «

HET B FELES HS-GC-MS HAR DTt BARIFKIITIZHIEL

HAR, r=", 27K, 4%, T #, TR, #t &, i, NFx%
VLPEREEZG K2, Y07 BE 330044

ER D E

b

i E: BW BEEILEAR dtractylodes chinensis £ 5 S0 RENS IS FERE R 2 MIE R AR S EE R, KA
ARG AR IR MBS AR, BRI AEAE RIS E AR f e SR KR . 3% RAWTF PSR E M S5IEAR
I RERE S AR, A TS A S (R T v (headspace sampling gas chromatography-mass spectrometry, HS-GC-MS)
I TEAEAAE i 5 TS AR RIS R S W FE R M 3 o R W T AR A — A0 1€ 25 B 43 BOAH S R & 43 4, J8Id SIMCA 14.1
BRSBTS RE b 205 13847 2 55 0 (principal component analysis, PCA) J 1EAE {7 ZF&i%-F15 4381 (orthogonal partial
least squares-discriminant analysis, OPLS-DA), ¥4 EE LR (variable importance in projection, VIP) {H>1 H P<
0.05 TR RN 2 sy, N I A7 51 R IA T2 % (short time-series expression miner, STEM) X} bt AREM TR
ERIERSOT AT 00T SR W BN R EIR, D s R Z AR, AEIS I RRIREERIS ah 22 R, 2 R
RBUEALIRES ST, S2. S4~S6. S11 (P<0.05). MLt ARA M SILE ARZRIS LT hILEE W 76 MEED), Hhlts
RA B ACEARZRISIITE 6 DMFER 2 E H 430 460 46, 51, 49, 54, 52 MEEWY. E5SEHIA KAEIAEE 8 NZEFM
By s AR R ARG AR 10 MZERIERNY; A SR HIIOE BIAATE 8 AN ZE R s M X S5 & P AELE 14 A
ZERPERAY s SRR B SR R AE 10 NSy MG T 5 RIS [AIAETE 4 DN ZE R . STEM 255K 0,
Ror il A R I O3 T R O3 i 8 FhARAEE s, HAE 2 Mila#isi by BE S S, Kb o088 AT, 4-RINERZR, &
Wil B-fr KO M S M RSy 7 R R AU G RIS ) (R 3 I i AR A 2518 A ARERID I AR 3 R Lo 2
SR EC AR A BT 1 B A B I RE T A P A4, RER /- R & ik A T WAL, b B K KM B-
BB 0555 153 AT AR A6 AR BRI 1 FE P B o3 W i 22 S AR ) o

KR LA FPI R T 5 HS-GC-MS; KR [RFFIRIEIZIEA: R, BB AT B-BidEH
FESES: R283.6 XA A YEHS: 0253 -2670(2025)21 - 7713 - 12

DOI: 10.7501/j.issn.0253-2670.2025.21.006

Differences analysis in volatile components during stir-frying with bran process
of Atractylodes chinensis based on technology of electronic nose combined with
HS-GC-MS

XIAO Qingrong, ZHONG Lingyun, WU Surong, QIN Zuling, WANG Yan, YE Yanrong, XIE Qin, ZHAO
Ruixuan, LIU Yuhao
Jiangxi University of Chinese Medicine, Nanchang 330044, China

Abstract: Objective To investigate the changes in volatile components during the stir-frying with bran process of Atractylodes
chinensis by comparing the composition and content difference of volatile components between raw A. chinensis and samples at

different bran-fried stages, and to provide a basis for establishing quality standards for bran-fried 4. chinensis. Methods An electronic
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nose was used to identify the odor differences between raw A. chinensis and samples during the bran-fried process, combined with
headspace sampling gas chromatography-mass spectrometry (HS-GC-MS) to detect volatile components. The relative mass fractions
of each component were determined by the peak area normalization method. Principal component analysis (PCA) and orthogonal
partial least squares-discriminant analysis (OPLS-DA) were performed on the sample data using SIMCA 14.1 software. Differential
components were screened based on variable importance in projection (VIP) values > 1 and P < 0.05. The short time-series expression
miner (STEM) was applied to analyze the volatile components during the bran-fried process. Results Electronic nose detection
showed significant odor differences between raw and bran-fried samples, while differences among bran-fried samples at different stages
were minimal. The main differences were reflected in sensors S1, S2, S4—S6, and S11 (P < 0.05). A total of 76 compounds were
identified in raw A. chinensis and bran-fried process samples, with 43, 46, 46, 51, 49, 54, and 52 compounds identified in the raw
material and six bran-fried process samples, respectively. There were eight differential components between raw and under-fried
samples, 10 between raw and moderately-fried samples, eight between raw and over-fried samples, 14 between under-fried and
moderately-fried samples, 10 between under-fried and over-fried samples, and four between moderately-fried and over-fried samples.
STEM analysis showed that the detected volatile components could be divided into eight change trends, with significant enrichment in
two trend models. Volatile components with special aromas, such as a-pinene, phellandrene, 4-isopropyltoluene, ocimene, and f3-
sesquiphellandrene have changed with prolonged bran-fried time. Conclusion The proportions of volatile component categories and
the substances contained during the bran-fried process of 4. chinensis change with the processing procedure, with significant content
changes in most volatile components. Components such as B-sesquiphellandrene, phellandrene, and B-elemene can serve as candidate
differential markers for volatile components during the bran-fried process of 4. chinensis.

Key words: Atractylodes chinensis (DC.) Koidz.; stir-frying with bran process; electronic nose; HS-GC-MS; short time-series

expression miner; volatile components; 3-sesquiphellandrene; phellandrene; B-elemene
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From left to right: raw A. chinensis and its medicinal slices stir-fried with wheat bran for 1.5, 3.0, 4.5, 6.0, 7.5, 9.0 min respectively.
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Fig.1 Morphological changes of raw A. chinensis slices and its decoction pieces during processing
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Fig.2 Radar chart of volatile flavor profiles in raw and

bran-fried A. chinensis samples
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Table 2 Comparison of differential sensor response values of raw and bran-fried A. chinensis samples

. RS VAL
T i
S1 S2 S4 S5 S6 S11
2B 0.186+0.061 0.2924+0.189 0.099+0.033 0.25940.188 0.159+0.037 0.211£0.096
#k4P1.5 min 0.07210.025 0.146+0.008 0.0401+0.004 0.0431+0.006 0.072+0.014 0.059+0.012
#k483.0 min 0.05010.004 0.0931+0.011 0.0461+0.002 0.066+0.005 0.084+0.009 0.081+0.006
F4b4.5 min 0.060£0.009 0.0971+0.004 0.0551+0.001 0.068+0.006 0.074+0.003 0.064+0.009
#406.0 min 0.053£0.009 0.0701+0.016 0.0631+0.008 0.0491+0.010 0.060+0.012 0.084+0.012
Fkb7.5 min 0.073£0.006 0.096+0.017 0.0831+0.013 0.0611+0.012 0.111£0.011 0.069+0.018
#k409.0 min 0.09040.008 0.106 +=0.004 0.078 +0.004 0.074%0.003 0.086+0.008 0.087+0.008
B 1.0 pL, #|HAONEARA, BREIRR A 3
min; JIESAONETREE TR (ED, A
fetE 70 eV, B 280 °C, B FUEEE 230 C,
VURRAFIEEE 150 °C . AHFE, FHTE ] m/z 20~ ‘ \ ‘ B 9.0 min
| ] | v b #4b 7.5 min
650 | | /5 6.0 min
233 JdbEAREID R RS T % I gﬁiz; Ii‘:“
HR 2327 TRk, BAcEAR LI ARERY I 1.5 min
SRR B TR, SR 3. BRI —
i B 5N Data Analysis 2013 AR IEATR 7, 5 T ' e ' . ' =
& [ [ S br v S5 H AR 7T (NIST) 20.L Fr i K /min
FEEEXT, SH%EEER, B FIET & Ak B3 tBARRIERHKITIZH R HS-GC-MS RETF
AT BREAH Je , Jid R 2R EEXE NIST 20.L, S TE

WA RS, TR H VT AR > 80% Mtk &4, 18
it CAS ST EW%E, LB EH 76 MEED,
HAdbmARA b 43 4> ZKID 1.5 min 45 46 15 %k
%5 3.0 min #4146 4~; BRID 4.5 min #4051 4 £k
%5 6.0 min #4149 4~; KKD 7.5 min #4054 4> £k
#5°9.0 min £ 5 52 N JEEARAE M EEISILE AR

Fig.3 Total ion chromatograms by HS-GC-MS for raw

and bran-fried 4. chinensis samples
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#3 ABARRIEBARIGFKTEHRIZLZMER TR HS-GC-MS £E
Table 3 Identification of volatile components in raw and bran-fried A. chinensis samples by HS-GC-MS
T FER 750 %
% t/min s 2 Pt ., CAS B B BB BB BB Y Ea
ik A b ) , , . . .
1.5 min 3.0 min 4.5 min 6.0 min 7.5 min 9.0 min

1 3.257 4 2-Fp B PO &0k -3-F CsHsO2  100.116 3188-00-9 - - - - - 0033 - [
2 3.5063 2-FEENLE CsHeNz 94.115 109-08-0 - - - - - - 0300 2%
3 3.662 6 MRS CsH402 96.084 98-01-1 0.106 0.253 0.120 0.062 0.090 0.081 0.195 f&
4 40395 HERE CsHsO2 98.100 98-00-0 - - - - - - 0116
5 4.8854 2,6-— LN CeHsN2  108.141 108-50-9 - - - - - - 0953 2K
6 5.148 4 o-thujene CioHis 136.234 2867-05-2  0.102 0.089 0.071 0.067 0.091 0.111 0.101
752620 o-VEk CioHis 136.234 80-56-8 6.825 4453 3472 4822 7453 7923 7.826 i
8 5.489 5 o-fenchene CioHis 136.234 471-84-1 - - - - 0.077 0.067 0.113 i
9 55182 W CioHis 136.234 79-92-5 - - - - 0072 0072 - i
10 57314 FFE C7HeO 106.122 100-52-7 - 008 - - - - - &
11 59374 &) CioHis 136.234 3387-41-5 0.166 0.112 0.087 0.100 0.191 0.259 0.187 i
12 5.9942 -k CioHis 136.234 18172-67-3 0.192 0.143 0.099 0.128 0234 0292 0.208 i
13 6.2217 AH:M CioHis 136234 123-35-3 0561 0431 0296 0285 0.606 0.744 0.585 i
14 64492 KiEks CioHis 136.234 99-83-2 8911 5739 4767 4.872 10.820 11.168 10.058 iif
15 6.548 7 (18)-(+)-3- 4% CioHis 136.230 498-15-7 2415 1.596 1316 1226 2276 2935 2.631 i
16 6.6553 o-FATHE CioHis 136.234 99-86-5 0.109 0.112 0.089 0.048 0.118 0.106 0.109
17 6.790 4 4-FREF CioHis 134218 99-87-6 1224 1221 0929 0735 1732 1679 1382 &K
18 6.854 6 (+)-Frgki CioHis 136.234 5989-27-5 - 2867 - 0950 - - - i
19 6.996 5 trans-B-ocimene CioHis 136.234 3779-61-1 0207 0.136 0.085 0.113 0.179 0379 0259 i
20 7.1245 2-KE L CsHsO 120.148 122-78-1  0.052 0.062 - - 0035 - -
21 7.1672 B CioHis 136.234 13877-91-3 0722 0.427 0360 0.726 1.037 1321 1.048 i
22 7.3520 y-FAT AR CioHis 136.234 99-85-4 0239 0.187 0.113 0.089 0.138 0.161 0.158 i
23 74373 2-Z.Ffm s CeHNO  109.126 1072-83-9  — 0328 0.099 0.026 0.037 0.049 0.167 Z3F
24 77004 2-2.3E-3,6- AN CsHN2 - 136.194 13360-65-1 - - - - - - 0.092 Z43f
25 7.835 4 i Fhil i CioHis 136.234 586-62-9  0.685 0.656 0.602 0.729 0.729 0.993 0.937 i
26 8.6529 cyclene CioHis 136.234 508-32-7 - - - - - 0031 - kR
27 8.702623-"A-35"5I-6-  CeHsOs  144.125 28564-83-2 - 0335 0222 - 0.052 0.121 049 fi

FF 3254 - g -4 i
28 9.356 7 4-SF M A CioHi2 132202 1195-32-0  0.039 0.047 0.078 -  0.046 0.037 0.044 F&EE
29 10.1670 2-RRFE-5-FEEER CuHisO 164244 1076-56-8  0.052 0.044 0.043 0.043 0.055 0.049 0.063 75 &Mk
30 10.337 6 &My H Bk CiHisO 164244 6379-73-3  0.196 0.192 0.186 0.178 0.285 0216 0212 F&HF
31 11176 4 1,7,7-=FHWIF[2.2.1]  Ci2Hx02  196.286 92618-89-8  —  0.142  0.143 0.116 0.155 0.157 0.135 i

Bili-2-3 2. FR g
32 11.460 8 JEA CipHi7NO2 207.269 2631-37-0 - - - - - 0025 - &
33 11.923 0 &M H R CiHisO2 182259 1189-09-9 0.107 0.134 0.148 0.112 0.094 0.077 0.095 fig
34 12.043 7 silphiperfol-5-ene CisHas 204351 138752-24-6 0.760 0.823 0.932 0.829 0.722 0.770 0.772 f%Fifs
35 12.207 3 (-)-aristolene CisHos 204351 6831-16-9 0339 0.408 0427 0357 0299 0340 0.336 %k
36 12.242 7 EASTG AR CisHas 204351 4630-07-3 - - - - - - 0.138 fEFdE
37 12.250 0 p-maaliene CisHos 204351 489-29-2 - - 0162 0134 - 0140 - fEF0E
38 12.484 4 I-silphinene CisHas 204351 74284-57-4 2770 3.028 3.422 2993 2553 2759 2.720 f&Fifs
39 12.584 1 2,6-octadiene,2,6-dimethyl- CioH1s 138250 2792-39-4 0.131 - 0.160 0.145 0.121 0.132 0.181 %k
40 13230 8 Hi%-4,7(11)-— K& CisHa 204351 351222-66-7 - 0426 - - - - 0352 fEFuE
41 132379 a-guaiene CisHa 204351 3691-12-1 0326 — 0448 0368 — 0344 - fEFEiE
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xK3 (8
DR 52 7330 %
55 tmin 4 V" LA CAS B BB B BB BB BB K5
7 4 i . . . . . .
1.5 min 3.0 min 4.5 min 6.0 min 7.5 min 9.0 min

42 13.3659 modhephene CisHu 204351 68269-87-4 4948 5.167 5473 4451 4233 4351 4.620 {3k
43 134441 BFR CisHu 204351 110823-682 - - - - - - 0398 fEak
44 13536 5 berkheyaradulene CisHa 204351 65372-78-3  6.159 6.600 7.172 5865 5298 5440 5.667 fi5Lik
45 13.628 9 B-HiA M CisHas 204351 515-13-9 5112 6141 7.685 6972 5249 8500 8.822 fhdifl
46 13.870 6 THE L CisHa 204351 2387-78-2 0414 0340 0285 0292 0284 0387 0268 5Lk
47 13.9559 cypera-2,4- ¥ CisHn 202335 50430-14-3 - - - - - 0077 - fEF
48 14.055 4 p-isocomene CisHa 204351 71596-72-0  5.135 5562 5968 4318 4388 —  4.697 {5
49 142189 2,6-dimethyl-6-(4-methyl-3-pentenyl) CisHas 204351 17699-05-7 - 0935 - 0064 0086 - 0075 f5EiE

bicyclo[3.1.1]hept-2-ene
50 14.219 0 (E)-o-bergamotene CisHas 204351 13474-59-4  0.112 - - - - - - R
51 143824 RAATHE CisHy 204351 87-44-5 5273 6.157 7207 6613 5082 5123 4923 {2k
52 14.496 3 y-elemene CisHa 204351 29873-99-2 - - 0219 0232 - 0199 0135 f&Fik
53 14.716 6 germacrene B CisHas 204351 15423-57-1 3260 4.651 6386 6962 4.613 5594 2.653 f5fiE
54 153208 o-F 1T 4 CisHas 204351 6753-98-6 1.624 1.888 2.158 2057 1611 1.609 1.529 f&Fi
55 159321 2-isopropenyl-da,8-dimethyl-1,2,3,  CisHas  204.351 103827-22-1 1575 1407 1902 1.534 2049 2053 1959 Mk

4,4a,5,6,7-octahydronaphthalene
56 16.0317 l-methyl-4-(6-methylhept-5-en-2-  CisHas  204.351 451-55-8 1173 1.022 0880 0.725 0924 0962 0779 ¥kt

yl)cyclohexa-1,3-diene
57 161311 o-FE M CisHn 202340 644-30-4 0481 0509 0429 0326 0422 0357 0393 f&¥ifs
58 16.280 4 beta-selinene CisHa 204351 17066-67-0 1292 1.630 1.771 2489 1877 1.635 1.604 5
59 16.529 4 y-selinene CisHu 204351 515-17-3 - - 15T - 1502 - - R
60 16.536 4 ()-B-{EMNE CisHas 204351 18431-82-8 - 1583 - - - 1358 - i
61 16.9132 p-bisabolene CisHa 204351 495-61-4 0.147 0.152 0.136 0108 0.131 0.109 0.129 i
62 17.026 9 p-curcumene CisHa 204351 28976-67-2  0.093 - - - 0.092 0092 0.083 {3
63 173113 (-)-10F % CisHu 204351 41929059 - - - 0097 - - - ik
64 17.4107 R KM CisHu 204351 20307-83-9 4392 - - 2921 3349 3.061 3.584 fHFiE
65 17.773 3 eudesma-4(14),11-diene CisHu 204351 58893-88-2 0449 - - - - - - R
66 17.773 5 (-)-FMINE CisHas 204351 95910-36-4 - 0482 0399 - 0310 0380 0286 {5k
67 17.794 6 p-panasinsene CisHa 205351 1000159-39-0 - - - 4100 - - - g
68 17.979 5 selina-3,7(11)-diene CisHa 204351 6813-21-4 - - 0123 0147 - 0101 - fEEaE
69 18.747 2 B-vetivenene CisHaa  202.335 27840-40-0 - - - 0639 - - - HER
70 193372 HEG CisHas  204.351 489-39-4 - - - - 0330 - - B
71 19.344 2 2-epi-trans-B-caryophyllene CisHa 204351 68832-35-9 - - - 0320 - - - g
72 19.344 4 FRE CisHu 204351 25246279 - - 0349 - - 0242 - kR
73 21.8536 BRI CisHoO 216319 6989-21-5  0.524 0351 - 9714 3490 0216 -
74 24.5692 selina-4(15),7(11)-dien-8-one CisHnO 218330 1000424-42-8 - - - L4 - - - R
75 259908 HARE CisHiO  182.218 55290-63-6  17.126 17.691 16.287 9.814 13.536 10431 12.887 4k
76 32.538 0 FEHHER .1 CisH3602 284.477 628-97-7 - - - 0057 - - - g
“mr SR VUL FE <80%.

“—” means components that have not been detected or whose matching degree is less than 80%.

BEAT R, HPREIR, JCEARRILERED dh R

ey HERSE (3 FiD. 283038 (4 FDL BESE (3 FiD.

BESE (1A B (BREFFREE, 16 R, J5 &Kk

B, BRI (MO FHFEEE 2 F). B5 4
MO RS (34D, IEEE @R, Bt A
O S 12 MR A R, SER K 4. Forbs AR
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F 4 EBREBIEBRIFKISEHRIZLERSOMHERENRESH
Table 4 Types and relative mass fractions of volatile compounds in raw and bran-fried 4. chinensis samples
&Y AHXT 5/ %
25 A #451.5 min #:453.0 min #k)04.5 min #:456.0 min #:457.5 min #:459.0 min
i 0.524 0.686 0.222 9.714 3.543 0.370 0.496
2N 0 0.328 0.099 0.026 0.037 0.049 1.512
i 0.159 0.404 0.120 0.062 0.124 0.081 0.195
i3 0 0 0 0 0 0 0.116
3 21.133 18.532 11.357 14.154 24.021 27.890 24.219
HER 1.454 1.267 1.007 1.374 1.778 1.715 1.426
fele 0 0 0 0 0 0.031 0
75 B Tk 0.248 0.236 0.229 0.221 0.340 0.265 0.275
[ 0.107 0.275 0.291 0.285 0.249 0.259 0.229
£k 43.086 43.507 52.722 54.059 42.431 41.609 44.183
e 2.879 2.429 2.941 2.501 3.094 3.147 2.920
VN 17.126 17.691 16.287 9.814 13.536 10.431 12.887
K FEAEET AN, RIAERLE 8 + k&
W) AR FERIRIE AR b R 40 3 s o
FHEIE LT, R R AR 1 45 o ) RS + foblkit
e BRI, PR (BERZFD) WEWIES A T oL ® Yo ot o
AV EDSNET A (Ve TR SN IR I R S e T +
BVAEACAE AR JIRIS b & Ed s, ATREEH T 41 + .
it A2 B AR R MR A3 v ) F2 200, -
234 LB RBI L FEZE RIS L T T T

— B TFHRAS [F M T 5 51 AL AR AR S S
PR R ZE S AR R FE A ey, R SIMCA
141 B0 F e R ot R Rk 1 o3 AT 32 By 0 M
(principal component analysis, PCA) F11EAZ s /s
“3eik-F5 43T Corthogonal partial least squares-
discriminant analysis, OPLS-DA), DL VIP>1 H P<
0.05 Jyba A i 376 b A5 A il o A o B 22 S At RO
235 PCA HITIbEARA M 5L AR BRI W R
ity % AR R R R A HIN 0 & AR AERUKR
MIZEs, PRI, 9 e 5 ol T AR A Ak Ry 7
& AL ARZR IS I R R Z R B R B, PR 7 4
B B PTAT HE R R Bt 2 N SIMCA 14.1 B A
HEAT T E PCA, WA YRR R S R4 =0.763,
BTG IS5 0*=0411, SoRERIH & —E
FITIRE 1, BRI TR AT RE . AL AR BT E A
i RAEAE e, S ARIEH R R A A R
X3, T WA R R PR R AR BOR s (RIS
ST P 5 M O R B B AT, U R K
PERIMFAEZE A K, SR WK 4. I PCA 1577 K
K&, AL ARFERE G ERELA K, 56

t[1]
B4 FEBARRIEBARIFKLIEERN PCA F7E
Fig. 4 PCA score plot of raw and bran-fried 4. chinensis

samples

ARIUHEFERE A E A BN X5, R, Mk)hE
S rE R R AR, S S RMER i R
L, R R BIARRE B s AR 2 AR AR b () TR
FEARAL: TMRHIA KBRS EOT, FIRER KD 1.5,
3.0 min FF i B 40 I R A CEOR 44 R 2 R
B, MEkKS 4.5 min FG IR TV E K AL
P it P B

2.3.6 OPLS-DA 1 PCA 5540, b ARENS
JEEAREKNS I FEFE S BT B 3 Ry, BANFAE
—E X5y, BTCIERE 5K ZE R A IR K
PR o R, 76 PCA At 1, 3E1 T4 B 1) OPLS-
DA, IR E R R S5 Ry =0.991 F Ry?=0.995,
TN GE 11 S5 02=0.933. bR 5 K kb b
GARMHEIA Koy MBLE . J ] 248 5 7 R 4R
EEBARXE, HEIWHER 43, ISR
il AR R AR A oy R AE B R, HEAA %
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Fig. 6 Pairwise OPLS-DA score plots and permutation tests for raw and bran-fried A. chinensis samples
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JR o G, DAL R AL AR BRI 1 R Uk 22 7 A
FAERMER Ty, SRR 5. LALLM HHEHIA
L IRAEAE 8 N ZEFIEK Y, Horh 4 Ny 2 ETHE
B 4 DR TGS AbEARA M S HET
[BIfFAE 10 DEFVERS, HF 6 Al 2 ETHE
#o 4 DR TRES: EEARLE S SHHIR
[BIA7AE 8 DNEEFIER Sy, Horf 4 sy 2 ETHES,

4 Doy NS M R 5 R IE T R AR
14 DMEFIERGY, Hd 7 A E0r 2 EAES, 74
By s SIS R SRR AR 10 A Z=
gy, Hbe Aoy 2 ETHES. 4 DR BT FE
H JAHE T SR HIRE A 4 DEFIERG
Hrp 1 A £ ETHES, 3 A 2 M EES.

MZE il 5 J ] 55 B BOW BORE S B-18 /KT H

x5 AEREREREFEMEHIREERDRNERMER ST

Table S Differential components between raw and bran-fried A. chinensis samples with different degrees of processing

s RA L RS HIET AR OB EA R RET A Ros BB JRE st Kl

=) A
i s VIPIL BB VIPE BB VPR BEH VIPE BUEH VPE BHEH VPE %R
1 Pk 26087 b 15601 4 16157 b 19048 ! 19168 } - -
2 germacrene B 25159t - - - - 20852 | - - - -
3 KM 24956 | - - - - 38201 ! 31735 ! 3.0137 }
4 pHEM 21056 - - 31928 bt 17795 } 19864 ! 3.708 6 f
5 RAAE 18705t - - - - 18939 } 1.8057 } - -
6 (18)-(+)-3- %4 12779 | - - - - 14741 ! 1.6578 ! - -
7 eudesma-4(14),11-diene 1.0915 | 12095 | 11286 - - - - - -
8 oAt 10257 f - - - - 10371 } - - - -
9 y-selinene - - 22061 f - - - - - - 23745 |
10 4-RHEERKE - - 15161t - - - - 11337 ! 13046 }
11 p-isocomene - - 14193 - - 14855 | 23419 | - -
12 2-isopropenyl-4a,8-dimethyl-12,3, - - 13913t 10042 1.1624 t - - - -
44a,5,6,7-octahydronaphthalene
13 D8l - - L1632t L1102t 1.009 1 ! 11146 ! - -
14 a-guaiene - - 10550 - - - - - - - -
15 FHME - - 10342 - - - - - - 11138 f
16 (-)-SEHI s - - 10016 f - - - - - - - -
17 BRE - - - - 40866 | - - - - - -
18 okl - - - - 21269 1 25681 ! 26308 ! - -
19 BARM - - - - 10039 | - - - - - -
20 berkheyaradulene - - - - - 14438 } 13792 } - -

21 I-silphinene - - - -

o ESHE: “ 17 ETh 47 R
“= not significant; “ 1 ” up-regulated; “ | ” down-regulated.

FEA L ERID S B BU VIP A i HLRRSE R, 2
Tt BRI AR P I SRR I ) s AR A EAR
WA AE A it 5 AL B B 5 3, 3 AR A Sk
HA RS 3L FEIN R AR e . SR A i B 1) 22
5, ABEERE B KR (19)-(+)-3- B
v VIP 535 ETF, RUIEAE R s (e 6 54k
SR A REIRIEB B, B o- IR S oy
AR 5 3 AP B IE B B y-selinene 853 T F#,
(EAE A G BE B BUR Tt RBLZE BUs A
IR PRI I BN . IR R EE A

RS, 8. DRI kR, 3k
XK, REHRTEBRS AT

2.3.8 dbEARZKE AL P KR K B SR
NEM EIACT RIS TR 3 Ak B A A2
AL, AW T2 2% B 2 0 7 1%, SR STEM
TERBATH A A o R R e HiE A
BONHIRAT 7 BRI SO SR #EAT 04, a3k
FHERANE RIS R T B AR i B 2122,
GORETR, ACGARBRN S RE P R A R AE TS
49 M ALEE BE AT IR0 8 ML, Horh 2 Fb
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Fig. 7 Variation trends of volatile components during bran-fried processing of A. chinensis based on STEM clustering analysis
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