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Analysis of volatile components before and after processing fried soil-stir-baked
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Abstract: Objective The aim of this study is to integrate sensory analysis and chemical component identification to analyze the odor
transformation law and its material basis of “slow drying-burnt aroma enhancement-sweet taste enhancement” during the processing
of Beicangzhu (Atractylodes chinensis, AC) (rice-washing and fried soil-stir-baked AC with Halloysitum Rubrum). Methods Ultra-

fast gas-phase electronic nose (Heracles Neo) and head space-gas chromatography-mass spectrometry (HS-GC-MS) techniques were

RS HER: 2024-12-31

ELWmB: M 25k (2004-5252401305); YLIGEHRHELITE (2023A19); 2022 EVLIGH KT AR FBN (P22 A R %
FIBLY (22522010135 2022 FRFBMBI = CIaR 255 R EIHF %) (2252300109); A E S 7% (KP202203006); HFHE
TSR RITUE (20223BBG71001); B i RBARTH Bk “Hahsdkin” TH . fERROR T RER (B % 9 TRiE
TG AR AR ST (RhFE) (2004-53523927)

TEEBNY: B, AR, WFHPZGMFIFII. Tel: 18827861085 E-mail: 1840794235@qq.com

KBIEEE: K&, L, #H, NEPHELTAEHEIHIT. Tel: (0791)87118995 E-mail: jxjzzjl@163.com
FOd, WA, YRIE, AFE 2GS E RS E-mail: s1062033640@163.com



FED 2025668 $56% B 128  Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12 * 4251 -

employed, combined with relative odor activity value (ROAV) and chemometric analysis, to systematically characterize changes in
volatile components before and after processing. Results The results of Heracles Neo detection revealed significant differences in the
characteristic aroma attributes and components between raw AC and its processed products. HS-GC-MS identified 91 volatile
compounds, including 74 in raw AC, 74 in rice-washing AC, and 83 in stir-fried AC, with 64 shared components. Using variable
importance projection (VIP) > 1 and P < 0.05 as criteria, 23 differential components were screened. ROAV analysis revealed that the
aromatic odor of AC may be associated with B-eudesmol, elemol, y-elemene, germacrene B, and B-selinene. The distinctive aroma after
water-rinsing was linked to the increase in sweet, fruity, floral, and woody compounds such as -eudesmol, elemol, and germacrene B.
The roasted aroma generated after stir-frying with Halloysitum Rubrum was attributed to newly formed heterocyclic compounds like
S-methylfurfural, which exhibit roasted characteristics. Conclusion The odor transformation during AC processing is driven by the
dynamic changes in volatile components: water-rinsing technique mitigates pungency and dry nature by increasing sweet-aroma
compounds like B-eudesmol, while stir-frying technique enhances spleen-strengthening effects through Maillard reaction products such
as 5-methylfurfural, which contribute to the roasted aroma.

Key words: Atractylodes chinensis (DC.) Koidz.; rice-washing; stir-frying with Halloysitum Rubrum; ultra-fast gas-phase electronic

nose; HS-GC-MS; relative odor activity value; aroma components; chemometrics; variable importance projection; f-eudesmol; elemol;

y-elemene; germacrene B; B-selinene; S-methylfurfural; Maillard reaction
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Fig. 1 Ultra-fast gas-phase electronic nose fingerprint

profiles of different processed products of AC
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Fig. 2 Radar chart of odor peak area of main differential

components of different processed products of AC based on

ultra-fast gas-phase electronic nose data

2.6.2 E K455 HT (principal component analysis,
PCA)  PC1 Al PC2 J7ZETTERZE 37 48.1%H
34.7%, RATTETTHRF N 82.8%, #* I PC1 Fl PC2
RERL I b S AL AS AR FE i R SIRAE R, 4521
LB 3. 78 PCA B, bt AR K H A 43 6 T
3AARIRIRA, HAHETERZ X, RHMEHHES
R 22 LR, AT X A AE A AR B A R )
10 7 .

.

61 o KR A

PC2 (35.7%)

e

PC1 (49.0%)
B3 EFRRESHEETERENILERTRIES
PCA 1357
Fig. 3 PCA score plot of different processed products of
AC based on ultra-fast gas-phase electronic nose data



« 4254

¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

2.7 ABARFEEGIRIEL SRS 5

FIFH HS-GC-MS Fksill 75 it b AR KIH K
b | 7 NI w4 s | v 7 N = T E 2 o i
Br, B AR L IH R s P, 4R0
Kl 4.

WA BRI 25FE b RS SN DataAnalysis 345
28 NIST20.L Jod il it e dhAT Lok R, R T

FUA— BT BB R AN E o &, 15
B B g R, AL AR S B L) SR o
¥R 10 #ik, DRER T ED 6 ANk R AR H
1T, HRED s NED 8 fibhda i, 2550
2. GERIEE o1 MERVERGY, HpAEJbEAR
744> KIHKEILEAR 74 . BBIEEA 83 4,
3 FHILEH S 64 1

C
e
B
A L . LAJUUUU[ Y
A
.,l“l |
2:5 570 7?5 10'.0 12'.5 15'.0 17'.5 20'.0 22'.5

t/min

25.0

AEIEEAR; BRIKEILEAR; C-HbIbEAR,
A-raw AC; B-rice water-soaked AC; C-fried soil-stir-baked AC with Halloysitum Rubrum.
4 JLERREMEEIRE HS-GC-MS BB FiRE
Fig. 4 Total ion chromatograms by HS-GC-MS for AC and its processed products
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*2 ALBAREEFIRFELMEMRSTH HS-GC-MS £7E
Table 2 Identification of volatile components in AC and its processed products by HS-GC-MS

P i , N HIR B 5% Ha
5 tmin 7 TR CASS B KB R EBIER X3
1 33057 WEBE (pyridine) CsHsN  110-86-1 - - 0013 MK
2 35646 ECE (hexanal) CeHi0  66-25-1 0.131 0257 0215 EER
3 3.634123-T —8 (2,3-butanediol) CiH1o0z 513-85-9  0.126 2254 2152 EER
4 37038 QR3R)-(-)-23-T —E [(2R3R)-(-)-2,3-butanediol ] CiH1o0; 24347-58-8 - 0.856 0545  EER
5 3.9276 2-FIENEE (2-methylpyrazine) CsHeN2  109-08-0 - - 0345  JHE
6 4.0869 H# (furfural) CsH402 98-01-1 0.178 0.145 1123 B3
7 43257 R (isovaleric acid) CsHi002 503-74-2  0.156 - - Hoptn 2
8 53356 2,5-HIKNE (2,5-dimethylpyrazine) CeHsN; 123-32-0 - - 0467 A%
9 5.6043 oK (o-platycladene) CiHis  106-24-1 0078 0.085 0.099 MRS
10 5.7386 &4 [(1R)-(+)-o-pinene] CioHis  7785-70-8  7.488 7.889 8.199  JEiER
11 59825 i (camphene) CioHis  79-92-5 0.079 0.050 0223 Ak
12 6.0870 fiiZHiM [4-methylene-1-(propyl-2-yl)bicyclo[3.1.0]hex-2-ene] CioHis  36262-09-6  0.049 0.036 0.024 JHRRRE
13 61866 #HE (benzaldehyde) C7HsO  100-52-7 - 0.068 0.056 Bk
14 62264 5-HEBIER (S-methylfuran aldehyde) CeHs02  620-02-0 - - 0.098 A%
15 64054 #x/ (sabinene) CiHis 3387-41-5  0.141 0.132 0.137 MRk
16 64602 p-J&ifi (p-pinene) CioHis 127913 0234 0.155 - e
17 6.604 4 6-FI-5-Bi)fi-2-f (6-methyl-5-heptene-2-one) CsHi:O 110-93-0  0.058 0.088 0.046  HAh%
18 6.669 1 B-FH:M: (B-myrcene) CiHie  123-35-3  0.283 0.266 0244  IHRRE
19 69229 a-KA M (a-phellandrene) CioHis  99-83-2 3.143 3.859 3.645 MR
20 70112 (18)-(+)-3-8 4 [(18)-(+)-3-carene] CioHis 498-15-7 1434 1.438 2380 Ak
21 7.0123 3-¥%4 (3-carene) CiHis  13466-78-9 1278 1.289 1557 fikk
22 7.1168 o-FHAMME (o-isoterpinene) CiHis 586-62-9  0.714 0.777 0727 IHRR%k
23 71169 o-faW)% (o-terpinene) CioHis  99-86-5 0.144 0.138 0.154 Rk
24 72015 4B44ekE (o-cymene) CioHis  527-84-4  0.027 0.236 0818 Ik
25 72064 4-FFEFZE (4-isopropyl toluene) CiHis 99-87-6 0.863 0.679 0412 MREE
26 7.3208 (+)-FkHE [(+)-limonene] CioHis  5989-27-5  1.313 1915 1317 Wk
27 74402 RAB-ZEE (trans-p-basilene) CiHis  3779-61-1  0.077 0.089 0079 MRk
28 75697 2-%E 4 (2-phenylacetaldehyde) CsHsO  122-78-1 - 0.163 0.098 MR
29 7.6145 o-ZHfH (a-ocimene) CioHis  502-99-8  0.719 0.658 0597 W%
30 7.8134 y-iidh )% (y-terpinene) CiHis  99-85-4 0.133 0.165 0.147 ik
31 81317 2-25-3,6-ZFFAMEE (2-ethyl-3,6-dimethylpyrazine) CsHiN: 13360-65-1 - - 0.034 %
32 84451 3R (linalool) C1oHis0 78-70-6 - 0.088 - G
33 8.6741 ¥Hi#f-1,3,8-= 4 (1,3,8-p-menthatriene) CioHis  18368-95-1  0.029 0.013 - e
34 8.8283 1-FE-A-(FEZH)-(E)-2-F ClillE [ 1-methyl-4-(methyl ethyl)- CioHisO 29803-81-4  0.056 0.055 0.043 K
(E)-2-cyclohexenol |
35 8.908 1 % HH (berocilene) CiHis  7216-56-0 - - 0.068 [k
36 9.2213 Ml (camphor) CioHis0 464-49-3  0.127 0.025 0032 FER
37 94203 Rl (isoborneol) CioHisO 124-76-5 0045 - 0039 %
38 9.5598 2-%M (2-borneol) CioHis0 507-70-0  0.079 0.058 0.053 ik
39 9.7437 4l (4-terpene alcohol) CioHis0 562-74-3 - - 0018 K
40 9.858 1 2-(4-F AR H)A-2-BE [2-(4-methylphenyl)propyl-2-ol] CioHiO 1197-01-9  0.056 - 0034 R
41 9.9676 - (a-terpineol) CioH150 98-55-5 - 0.024 0032 %

42 10.0870 Ml (estragole) CioH120 140-67-0 0.132 0.101 0386 ik
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xK2 (4
o i ; . HIR B 5% LAy
5 wmin 4t TR ST R KBS A IER K9
43 101717 A28 [(Z)-sabinol ] CioHi60 3310-02-9 - - 0.087 Bk
44 10.2612 (E)-355<EE [(E)-sabinol ] CioHisO 16721-39-4  0.022 0.024 - 25N
45 105349 (B)-1-FEE-3,7-Z FH-2,6-F I CiHuO 2565-82-4  0.015 0.010 - e
[ (E)-1-methoxy-3,7-dimethyl-2,6-octadiene ]
46 10.617 8 i%E (citronellol) CioHo0 106-22-9 0.061 0.078 0.034 L
47 10.639 4 7/ EF [ benzene,2-methoxy-1-methyl-4-(1-methylethyl)-] C1iHisO 6379-73-3 0.073 0.053 0.047  HEK
48 11.0472 RRMZEE (carvotanacetone) CioHi0 499-71-8 - - 0016  HAh%
49 11.0872 #MHE (geraniol) CioH1s0  106-24-1 0.154 0.285 0.047 MK
50 11.8333 ZE il (bornylacetate) Ci2Hx02 76-49-3 0.113 0.075 0.112 Mgk
51 121169 5-FAHE-2-HEEE [phenol,2-methyl-5-(1-methylethyl)-] ~ CioH1s0 499-75-2 - - 0013 [k
5212450 4 2-FIEHE-4- )52 K8 (2-methoxy-4-vinylphenol) CoH1002 7786-61-0  0.022 - - [
53 12.6194 FHFERFEE (trans-geranicacidmethylester) CuHis02 1189-09-9  0.041 0.033 0.038  fEk
54 12.788 6 ¥ [c]/%)% (silphiperfol-5-ene) CisHas  138752-24-6  0.693 0.672 0517 Mk
55 129627 p-LBiki (B-maleinene) CisHas 489292 0.455 0331 0255  JERJ%
56 13.0224 F#H (aromandendrene) CisHas  489-39-4 0.188 0.143 0.176  fikek
57 132812 FEJ# Csilphinene) CisHas  74284-57-4 3411 2721 2086  JERE
58 13.6196 ZEHEIER (neryl acetate) CisHxO0z 141-12-8 0.078 - 0.069 Mgk
59 13.9479 o-K =M (a-ylangene) CisHyu  14912-44-8 0053 0.034 0.055 ik
60 142365 M55 (modephene) CisHu  68269-87-4  5.196 4.506 3707 R
61 14.4255 berkheyaradulene CisHa  65372-78-3 5434 5.133 4973 Rk
62 14.5599 (1S,4aR,7R)-1 4a-dimethyl-7-(prop-1-en-2-y)-1,2,34,42,5,6,7-  CisHa  52026-55-8  4.278 3.094 2667 RS
octahydronaphthalene
63 145649 B-THi (B-apigenine) CisHu  17066-67-0  3.189 2466 1973 fER%k
64 14.7590 ¥5E M (cyperene) CisHu 2387782 0334 0.203 0208 ke
65 153111 Fi11# Ccaryophyllene) CisHy  87-44-5 4.756 5.599 3194 fEE%
66 154057 y-#iF i (y-elemene) CisHu  29873-99-2  4.045 4011 9541 R
67 154106 KIREM B (germacrene B) CisHyu  15423-57-1 2273 2.907 0.667  fike
68 163013 o-A1HE (humulene) CisHu  6753-98-6 1611 1.348 1148 JERAE
69 16569 8 (15,484aR)-1-isopropyl-4-methyl-7-methylene-1,2,3,4,42,5,6,7- CisHas  157477-72-0  0.036 0.027 0.041  fk%
octahydronaphthalene
70 16.9282 4a,8-dimethyl-2-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,7- CisHa  103827-22-1  0.677 0.488 0581 Mk
octahydronaphthalene
71 17.0325 y-ZEH# % (y-curcumene) CisHy  451-55-8 0.812 0.987 1012 MR
72 171322 o-%#EH (o-curcumene) CisHa  644-30-4 0.312 0.308 0381 Rk
73 17.520 1 %/ (zingiberene) CisHae  495-60-3 0.471 0.456 0362 MHRE%E
74 17.9479 S-FLFAJE (S-juniper) CisHy  483-76-1 0.161 0.157 - i
75 18.0575 B-ZHE (B-curcumin) CisHyu  28976-67-2  0.079 0.081 0.122 ik
76 18.176 8 y- R T} (y-cadinene) CisHas  39029-41-9  0.144 0.151 0133 Mk
77 18.4007 EUEF GG (valencene) CisHyu  4630-07-3  3.012 3.811 2035 MER%E
78 184805 B KM (B-sesquiterpene) CisHas 20307839 1181 1.833 1167 W&k
79 19.0873 3,7(11)-fl — 4 [selina-3,7(11)-diene ] CisHu 6813214 0.151 0.149 0.142  fike
80 19.3363 #iFEE (elemol) CisHas0  639-99-6 1.512 2.945 2144 [EE
81 19.893 4 1H-cyclopropa[a]naphthalene,1a,2,6,7,7a,7b-hexahydro-1,1,7,7a- CisHz ~ 34143-96-9 - - 0321 MRk

tetramethyl-,[ 1aR-(1aa,7a,7aa, 7bar)]-
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. . . , L HHXT & /% &)
Vi min o PTR - CASE A KB A TR
82 20.5053 Fi11#% (caryophylleneoxide) C1sH240 1139-30-6 0.094 0.097 0111  J&EEk
83 21.012 9 WAL (guaioD C15sH260 489-86-1 0.051 0.049 0.051 [k
84 21.420 7 HEIFIAEALMI (humulene epoxide I1)  CisH240 19888-34-7 - - 0.058 MKk
85 21.609 9 FKILJjEE [(+)-epicubenol ] CisH260 19912-67-5  0.154 0.156 0.136 Mk
86 22.236 8 y-1&MEE (y-cineole) C15sH260 1209-71-8 0.987 0.849 0.778 B3R
87 22.525 4 LEJIFHERE (agarospirol) CisH260 001460-73-7  4.701 5.539 5.024 [
88 23.003 0 B-1%MfE (B-cineole) CisH260 473-15-4 10.129 11.415 9.565  EEk
89 23.201 9 HAHEA (atractylone) C15H200 6989-21-5 8.626 6.577 4946 WK
90 24.112 4 £ %% (dragosantol) Ci15H260 515-69-5 0.487 0.641 0.432 [k
91 24.744 4 A E (atractylodin) Ci3H100 55290-63-6  4.144 5.181 3201 K

“=7 FORAME H BRULACEE <90%FHI 43 o

“—” means components that have not been detected or whose matching degree is less than 90%.

®3 AEBARTENEFIREFEL MRS PHERENSE
Table 3 Types and relative percent contents of volatile

components in different processed products of AC

&Y A2 /%
el AAEEAR T CKIKEIREAR B dEEAR
Fi 5 18.351 25.172 21.972
ik 5 0.318 0.181 0.461
2] 0.306 0.568 1.487
[ES 14.085 12.953 9.201
Y ST 60.239 55.751 47282
TRIRE 0.000 0.000 0.961
e 0.226 0.117 0.214
N LES 1.031 2.956 3.633
a PR ARIE, (A RTIX 75, BB B R R MR A7

TE—EMZER, FHRIILES.

2.8.2 OPLS-DA i PCA 453A A1, ILEARAFIE
i it 16 e i s P R Ak A AR A — B X
7y, ABTCIENE 1AL G ARA R M ] i [A) UK 2
(AR DCHE RSy« Rl 72 PCA B&Afi b, d#EH47H

4i
2 v
g “ e 1 L]
30 LA -’
) AR
) ey
ESTE/E S/
4 _ — _ . .
—6 -2 2 6

t[1] (X10%)
5 ETHELMROHIEEARTERES @ PCA 557E
Fig. 5 PCA score plot of different processed products of
AC based on volatile components

5B (1) OPLS-DA, nJ 1B AL e 2 S 4 R?x=0.837
A R?y=0.984, BAITINGES1ZH 0*=0.979. 4]k
TR KIHAKEILGEAR, L IEEAREE M 5 R
ESHEMX, HEIHEN 3K, S5RILE 6.

4t
ER "y,
z KIS E T A
()} -
= v EIbEA
g v
- B AR
_4 .
-6 -2 2 6

1.000 21%[1] (X 10%)
El6 ETELAMASHILEARTE R M OPLS-DA 1§
5E
Fig. 6 OPLS-DA score plot of different processed products

of AC based on volatile components

FIF SIMCA-P14.1 B A R M1, HcHiE %%
Yo IR B o B B REAR AT RS, TERE T
gE AT DU H AL A AR A [F) A 1) o 5 2R ol
N3, GRE 7. ULEgEREIE AR M
A, AR KA B AE, BN EM
T3V HAE R A R e AT 2 S . @ AR
LR, KIHKEILEAR, LI ERFEMTE K
PERC 71317 OPLS-DA 154! 200 kA8 X B ki,
R 0?=-0.331 (FERZEMFEG 20, BA
BEMGI RS, SRS,

2.8.3 ZERMERTIE BT A AR FM ] 5 A
ARV 25, T D H N TR X 25
BT, SR OPLS-DA R % 1k AR A i) 4 1



* 4258 »

¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

AR (X109
0 2 4 6 8

7 ETHEAMRIHIEEARTERES M HCA BEE
Fig. 7 HCA cluster plot of different processed products of

AC based on volatile components
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LEPEY
8 ETELMBASHILEARLTEEES OPLS-DA 1
BB 018

Fig. 8 OPLS-DA model permutation test of different

processed products of AC based on volatile components
i [B) (34 R MR B BEAT 734, BAVIP fE>1 H P<
0.05 Jyknitt, Gk AL A I RE i 22 e Ve oy
PAIE T #R AE A AR il A v UK 22 S O AR SR 4 A 1k
By, BRI 4. ZEREIR, BER. MIESE. R
AL ARA [FIH ] i 18] 22 7 Ak B (1 2 EA 5 )
Fll. BIARUEDRICEARE LI H 2 J57
(1, BESARE S 7 il K TH K5 & & BT
T2 JE T, TR SRR AR E AR
RIST, e RAN AR KA AL S AL PE IR T Fr
TR RN TR RIS B AT . AT

x4 AEARTEIEFIBEINERERS
Table 4 Differential components among different

processed products of AC

X5 E/%

AN
‘%ﬁ% CsB ek RIDKE Bk Vg Pl
BA BA FER
BEE QR3R)-(-)-23-TZE - 0856  0.545 2.086 0.009
A 1.512 2,945  2.144 3.805 0.028
B 10.129 11415  9.565 1.306 0.002
A 0.154 0285  0.047 1.1950.011
WK 0.132 0.101 0386 2.187 0.046
[ 1 0.178 0.145  1.123 2.905 0.041
R AR 4.144 5181 3291 1.617 0.004
IHRR FEEEER 5196 4.506  3.707 3.067 0.000
B K M 1181 1.833  1.167 1.448 0.048
e 3411 2721 2.086 3.764 0.000
- IK A 5434 5133 4773 4.0150.001
A 4756 5599  3.194 2.967 0.000
VB 4045 4011  9.541 3.160 0.001
KRB 2273 2907 0.667 3.219 0.001
a- A% 1.611 1348  1.148 3.143 0.000
o-Z 0312 0308 0381 1.4520.042
B-JE T4 3.189 2466 1973 3.444 0.024
GiEA - - 0.068 1.008 0.000
EAS TG AR 3012 3811 2035 2.865 0.020
IR 2,5- HIALE R - - 0467 1.956 0.032

5- L IR IR - - 0.098 1.069 0.023
Bk AR 8.626 6.577  4.946 4.015 0.008

EAS P ARG KT KIS & & EThs y- I
Bl . BUE N E LR SR B R R AR AL
A g2 T EACAE AR [FP A 5k 22 R R A
29 JLBARNEEHRSIKEFHIREM S
BIRTEILAEARA R 5t FR i 7 2 P ik
By, ARFEA R BT B R I o3 B R AL AR AN 3]
L] SR 25 S s R . R, R ROAV 2
BRI 5 2 P B3 55 A6 A A A T A ) o 8 A Sk
(R DTRRAR L, a3 T A A M ) AR 222 S ) G
BT o I A FEC AR SRR E 1R
137 ZE R B RS, BT BRI
SR ARG, X RE S SR DT BE iR, MUE
S B-HE M EE ROAVmax =100, F 4% 2% 5 P k4 1
ROAV fH, ZEHRWE 5. T, dbaARLHEH
() SPRARFALE 5 LT 5 i 5080 45 R A — B
ROAV 73 #r# B, B-# i (ROAV=100.000)
MEAIE (21.326—32.005)  y-Hi 7 45 (9.984—>24.924)
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#5 AEBARTEIEFIGRPERERDHIRITHEF ROAV E
Table 5 Sensory thresholds and ROAYV values of differential components in different processed products of AC

& s TR B AR/ 5 , ROAV{H
g o (ngkg™) TR AJREAR CKIIKEEEAR IR
2% (2R3R)-(-)-2,3- T _F% 95.0 KRF 0.000 0.079 0.060
R 0.7 FHlL, EE 21.326 36.862 32.005
-z i P 1.0 KEE. #NE 100.000 100.000 100.000
FoE 100 BE. WHAEE 0.152 0.250 0.049
Bk EOEN 75 FEH. EEE 0.174 0.118 0.538
W M 3000.0  AEHERR 0.000 0.003 0.010
W AR - - - - -
Wi BEMEEN - - - - -
B-fi5 A2 K Ui 36.0 IR, KEFE 0.324 0.446 0.339
e - - - - -
- DKM - - - - -
AT 160.0  FF. HEE. ENE 0.293 0.307 0.209
y-HE A I 40  FEHF. HE 9.984 8.786 24.924
KA B 1.8 KFE. HEEME 12.468 14.150 3.872
o- AT I 1600 K&, F& 0.099 0.074 0.075
o-Z M - &, E% - - -
B-JT T M L0 EHEPAWE. EHUK 31.485 21.606 20.617
TSP A 340  EF, BHEIFEEBEMES 0.000 0.000 0.021
EELAE: 76 S A 0 105.0 & HEE 0.283 0.318 0.203
FIRZ 2,5- T FIFEMLEE 1800.0  JBURIBR 0.000 0.000 0.003
5- F IR IR g 0.5  fEWEEE. HUEE 0.000 0.000 2.048

M2k B - -

“=7 FORICHRAN P EE ORI A -

“—" means that the sensory threshold is not recorded in literature and books.

K FEHHE B (12468—3.872) K B-J T/
(31.485—>20.617) & LB AR TT AR B R B DTk
B AY20221, HiAr B J ROAV 1B 75 4k, B 3 g2 otk
st (R SCRARFAE o

IR 5, B-A i B AR X B B A 2
] ROVA H %% b+, MRt EFEMmREE, 5 B-
M EAR TR RO A BER A R AEAR DG, L T2
fif y-#i &% ROAV (IR 151.5%, [FIHiiE 5-H
FEIRIREE (ROAV=2.048) Z&HFRIY, SHKANE
LI (1 5 1 e S AL (R TR AR A RFAE R,
3 g

HL ¥ 5 5 HS-GC-MS ¥ & W , 8 ol <A e
FREE AR EIAEER “EEF. BEF7 SRE
JE 1, 5 HS-GC-MS 71 ROAV =1 {24 3R 5-F 3k
R S R R Ay BRI B IS S AR R
WM G X —45 RIAIE T POE S A 7 5 7E
PRI X A3 H RIRE i P A R0, IR HS-GC-MS #

HERBRAT TSR 22 S I 22 25, P SRE AR M A
JRE S BT T TR

(ARFLERJF) 8 “EARIEH, FUREIERY” HIAR
BHEE AR, RN EEESNER. B, @l
k2], Hopmkp gy (U0 o- AT B-i ) 5“2
67 BRAR B PIAR RO, R n] R BT A AEER,
E =N GG, FEORA. REERIEH.
AREFCE IR, JRH] 20 52 KRR & &
CRIHKIERE a- A7 TR 16.33% B-Ir I T
b 22.67%, LIPfERE—F TR T 28.74%HF
F% 38.13%) HIF5HEZIZ P, 6 “SFE” #High
“HFEBI AR TR “H
ANIE”, HIRATAMREZZE S T3

K AKES G, B-tzmiE (K%, ROAV=
100.000). MiA&EE (&, ROAV=21.326—36.862)
KAEHEE (ROAV=0.152—0.250) ZHHFRD> & &
B BT, BEMRERDS A, SCE R
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IRe U R BRI E R EIE T, 4ERE /KA 1, BN
ET CE WD) “HAMRL” BRI, L T2
2 FAUAE B Y 5- BRI (ROAV =2.048)
LAEFNAY, H CEFEM fESERET—
o R LR MM R TR, ddd
T T T B B (g IR S 2 251290,

[FII, SERREC PIRFEEREIR (R0 - W
ROAV 1B~ % 34.52%) {25 PE&a T-I0A0, o 2 M|
X PE-BR-RKC P R R 2 s R VH KRR 5
WL ZES &R H EFs e, e
T RS- H AN SRR BE A X PP T
P2 AT WK 2 T R AR SRS, N P I T RS
LARVERR AL T BT, FHFHESI L Go i B 18 B
ARACRLF B4k o

(EE P 2Zadl ) prid, “EhH5S 0T
RGN, WS MR . AR
B, JbBEARME SRR RshEE K. 10
TEREFEEINA AT 5-H Rk, HAE
7 I T 5 (R D s Ak B A SR B0 RYH K
NSy e N il 2 SRSy e 4 D S v T R
2o BEE NGRS LR, Bl EREE
AR NI VeI Ea R R AN ) IWS&si L el £ =1 IV
FaAS, y-MEE I IR S B R R 1 T e dE e e A R
FAL PR PR S e AR AL . S SORE R T
TR THCEE AL 1) 22 fige JER R A DG BDIR 34 S5 0 122 W [
JETRERI34, AL A - W I S5 o 1 8
FE %, NEEIUEE (WSS 4R A st
Waoi) BIEIT AL TIBAE T TR A, dE— DR TR
RAET “ROr-RENEAS Sk ” MLHIAEAT S T2
WAL, DAHESIE Gor ) B0 AR b

AT IS B G PR S T 5 HS-GC-
MS HAR, RGHEH T ILEARME TR« 45 -
FEF Y- H R BRI S A =L K
THZKEEGI I B B-Ad B 45 B B 43 Vb ) B A1
SEWEPE, 1Tk T2 I 5 A e AR Y S- FE IR
W e S FE T A B R A AR R D 28 ) T M-
WR-25” BRI, 9 ACTE ARG RN AR A B A T
BFEARIE

{EARSLIIAAFAE MR AR R IR PE . T 2L R
Sy 2R UEAS R AE FHALHIAS B S5 0 . 1% B
WA, AR CL T T et OZ 48
J&: N X KRG ARFEAR, W “Hai)-
AT -TA” RIREHE e s OBLHIAT LRk 2564

W5 E R T, MR B R

WA 2N s @ T 24k R LA LA

RIS NS TR, @S I

REET y-BiEG IR R 7], SRR LA M %

i % G2 YR v R I T
FBFR AAVHESFRAREEA R TR

SE 3k
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