5 43 % M 24 B Tl B Vol. 43 No. 2
2022 4F 1 H Science and Technology of Food Industry Jan. 2022
AR, MR, BRVLHE, 55, T 45 R R UK 0I5 1) A6 ABU™ st 9 5B R F 5% (0] £ Tk B4, 2022, 43(2): 293-303. doi:
10.13386/.issn1002-0306.2021050084

LI Yanan, CUI Chuanjian, CHEN Jianglin, et al. Tracing the Geographical Origin of Zanthoxylum bungeanum by Volatile
Compounds[J]. Science and Technology of Food Industry, 2022, 43(2):293-303. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2021050084

T PE U Iy A E R 1t
N S NI

Z=Tr, E1RIR, B%t\iliw 1= E.E'Ef, p) A C3 (1F o
1R KPR RA SR, 240512 230031;
2B R K, ?{\ﬁa‘i%% FRAN A E %?ﬁ‘ksﬁ%i A e 230031 ;
3B S A A TR E], A2 230601)

M R A# A TS (Headspace, HS) B% 4 A48 & 3% -Jf i 5% 1 L X (Gas Chromatography-Mass Spectrometry,
GC-MS) *Edh, Lk, W, HH 4 AN E D 45 A5 MGG IE Kt Rk R AT 480 AR A 3 k& AR
A% (AMDIS) %4 Kovats & 4540 (RD) 247, 475 99 4R MRAKM R » AkE, Hil. Lk
w9 A B AR A KR 79, 69, 68 F7 63 AAE R ML, L S MU FEB BT FREF, AP ERR D
7 #% (Orthogonal partial least squares, OPLS-DA) AR &£ # K 45 4 N dd e, BAMSLAK QA
0.84, 6 AP X4ttt Z Fdm (VIP>2) 2 AR FAMEN, KM, #suth, 3-EH. FIHif a-KirHh. t—F 2/
GC-MS 4 i 34 A A (Random Forest, RF) B A ST LA, TARI X~ AKkG, i, LF s
w94 B TR, Tifﬁfr/? 100%.

KEIA: oM, ME A A A8-E 8 gk (HS/GC-MS ) |, 48 & Rkt i, /= Wil R
EPIEI%?%;:TSZWJ SCRRFRINAD: A NEHS:1002-0306(2022)02—0293—11

DOI: 10.13386/j.issn1002-0306.2021050084

Tracing the Geographical Origin of Zanthoxylum bungeanum by
Volatile Compounds

LI Yanan', CUI Chuanjian’, CHEN Jianglin®, YUN Jing?, JIN Long>’, HOU Ruyan>"

(1.School of Tea and Food Science & Technology, Anhui Agricultural University, Hefei 230031, China;
2.State Key Laboratory of Tea Plant Biology and Utilization, Anhui Agricultural University , Hefei 230031, China;
3.Qiagia Food Co., Ltd., Hefei 230601, China)

Abstract: The static headspace(HS) combined with gas chromatography-mass spectrometry(GC-MS) was used to analyze
the volatile flavor compounds of Zanthoxylum bungeanum from 45 producing areas in Shanxi, Shandong, Sichuan and
Gansu. Using automatic mass spectrometry deconvolution qualitative system(AMDIS) and Kovats Retention index(RI)
analysis, a total of 99 volatile compounds were obtained. 79, 69, 68 and 63 volatile compounds were identified in
Zanthoxylum bungeanum from Shanxi, Gansu, Shandong and Sichuan province. A variety of mathematical models were
established to identify the origin. Among them, the Orthogonal partial least squares(OPLS-DA) model could accurately
distinguish Zanthoxylum bungeanum samples from 4 provinces, the model fitting parameter Q* was 0.84, and the 6 key
difference substances(VIP>2) were piperonone, pinene, terpinene, 3-carene, ocirene and a-phellandrene. Further application
of GC-MS full-spectrum data combined with Random Forest(RF) model for origin identification could successfully

distinguish Zanthoxylum bungeanum from Shanxi, Gansu, Shandong and Sichuan provinces, with an accuracy rate of 100%.
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Table 1  Origin information of Chinese pepper
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Total ion chromatogram of volatile components of Zanthoxylum bungeanum in different provinces
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Table 2 Volatile content of Zanthoxylum bungeanum from different origins
FHXT I TET AL (RSD% )
75 ARREHE] (min) BB
BV W7 )i HR
1 2.196 2-FAJE-3- T 0 -2 2.72E+07(7.82) - L61E+07(19.11)  1.34E+06(5.75)
2 2302 3-HAE L TR 1.66E+06(15.90) - - 2.62E+06(6.20)
3 3.878 LIRS T TR 1.08E+07(5.41) 2.01E+06(5.08) 2.08E+07(5.32) 2.29E+07(4.17)
4 3.96 SR PR - 1.68E+06(18.96) - -
5 4.079 3-FH -2 Tl 8.78E+06(11.23)  3.92E+05(17.38)  5.32E+06(2.97) 4.14E+05(3.37)
6 4.354 CLE 5.20E+06(9.27) 1.25E+06(4.82)  2.68E+06(14.51)  2.72E+06(18.33)
7 4.648 e 4.25E+06(17.64) - - -
8 5.555 [ R-2- TR 3.47E+05(4.30)  7.30E+05(7.18) - 2.63E+05(3.67)
9 5.974 R 5T e 1.95E+06(19.4) - - -
10 6.187 LIRS IR 5.45E+06(4.57)  2.90E+06(12.03)  3.71E+06(2.95)  3.40E+06(4.35)
11 6.618 SO H R - - - 1.06E+06(20.54)
12 6.962 PR 3.31E+06(4.41)  4.62E+05(20.47)  1.02E+06(7.51)  7.97E+05(3.94)
13 7.269 (E.E)-2,4-C & 4.37E+06(7.85) 1.04E+06(7.62) 1.04E+07(2.83)  6.60E+06(4.97)
14 7.744 3-Mukr 232E+08(7.98)  5.01E+05(21.25)  1.47E+08(8.75)  2.19E+08(33.43)
15 7.807 TR 2.71E+06(20.54)  2.60E+07(11.65) - -
16 7913 4-HIBE-2- e FP g - - 1.11E+06(17.87)  1.12E+06(22.88)
17 8.076 b 1.14E+09(25.73)  6.89E+08(23.37)  1.01E+08(25.38)  9.56E+07(30.13)
18 8.701 Hfi 1.39E+08(2.69)  7.69E+06(3.91)  4.39E+06(2.51)  3.34E+06(3.42)
19 9.014 TS TR 1.30E+07(4.52) 8.19E+05(6.66) 3.12E+06(5.61) -
20 9.689 fhds 2.19E+09(2.78) 1.15E+09(4.71) 1.55E+09(4.16) 1.58E+09(2.98)
21 9.858 B-IEH 1.19E+08(4.59)  1.31E+09(15.25)  6.74E+07(2.75) 5.65E+07(3.94)
22 10.471 ERE2 2.57E+09(2.52) 1.14E+09(2.99)  2.34E+09(5.09) 1.43E+09(3.42)
23 11.153 BRI 1.59E+07(5.78) 1.14E+07(7.64) 6.74E+06(7.89) 6.48E+06(8.53)
24 11.172 a-7KFrif 2.59E+08(5.78) 2.92E+08(2.48) 1.33E+07(4.03) 1.14E+07(4.03)
25 11.579 RO 7.39E+06(4.76) - 9.52E+05(13.05)  1.17E+06(2.31)
26 11.704 o I 5.62E+07(4.23) 2.21E+07(6.86) 5.70E+07(5.25) 5.01E+07(4.09)
27 12.098 ARSI R 1.60E+08(8.84)  2.24E+07(19.89)  1.54E+07(27.03)  8.29E+06(6.09)
28 12,511 Frigia 6.09E+09(27.60)  3.22E+08(11.27)  7.45E+09(16.09)  6.28E+09(28.05)
29 12.598 [Tl 1.32E+09(5.98) 1.08E+09(4.36)  7.01E+08(21.44)  4.78E+08(26.07)
30 12.73 J2a-p-% Wi 1.03E+09(4.11) 4.57E+08(5.09)  4.90E+08(28.33)  3.50E+08(4.44)
31 13.261 B s 4.91E+08(4.66) 2.36E+08(4.37)  4.08E+08(4.52) 2.64E+08(4.93)
32 14.575 2-HFE-5-FAFE-TIR[3.1.0]C SE-2-BE  1.03E+08(6.88) - - -
33 14.856 B 7.48E+06(16.88)  1.54E+06(13.44) - -
34 15.326 it it TER 7.95E+07(2.59) 1.63E+08(3.94) 8.41E+07(4.38) 7.56E+07(4.07)
35 15.582 4-ZHEIR 1.01E+07(20.57)  1.28E+06(20.08) - 8.23E+05(4.96)
36 16.12 EPiN 1.32E+09(4.98)  1.26E+08(20.52)  1.47E+09(4.92) 1.47E+06(8.18)
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FHXTUIETE AR (RSD% )
75 P Eg A ] (min) e mBmw
S AR (gl HA
37 16.345 Iy AR 1.74E+08(24.82) 2.67E+08(3.79) 1.89E+09(2.35) 1.12E+09(4.55)
38 16.552 BRI 1.55E+07(5.77) 5.01E+07(17.05) 1.23E+07(4.39) 1.11E+07(3.67)
39 16.752 SR SRR 1.21E+08(6.78) 1.58E+06(6.75) - -
40 17.064 LR P 1.21E+08(6.77) 1.53E+06(8.78) - -
41 17.484 1,3,8-%F G =4 1.74E+08(8.77) - - 5.93E+06(6.80)
42 17.896 N s 1.59E+07(4.70) 7.46E+06(6.24) 7.07E+06(14.27) 4.78E+06(4.70)
43 18.222 (R s 1.17E+07(7.88) - - -
44 18.141 1,5,8-%f % = J 1.17E+07(7.90) 1.41E+06(6.97) - -
45 19.392 HAWE 4.28E+07(5.52) 3.92E+06(3.54) 3.77E+06(4.34) 7.45E+06(5.51)
46 21.231 4- I 5.50E+07(6.89) 2.41E+07(8.98) 8.76E+07(5.89) -
47 21.75 4-SERFE-2- IR O I 5.58E+07(13.35) 5.63E+06(6.11) - 3.37E+06(7.34)
48 22.012 2-(4-H B L) TN -2- T 1.21E+07(12.89) 3.57E+06(4.90) - -
49 22.419 alpha- AV A 1.67E+08(3.54) 2.46E+08(5.23) 4.74E+07(16.51) -
50 23.182 BT A 1.08E+07(11.07) 1.28E+07(2.55) 3.10E+06(10.06) 1.45E+06(4.05)
51 23.482 Bk 2.01E+07(2.91) - 2.33E+06(4.50) 2.49E+06(5.49)
52 24.108 i R i 1.24E+07(15.98) 4.60E+06(14.22) - -
53 25.709 ILEA 2.62E+07(11.41) 1.17E+06(4.29) 3.26E+06(2.76) 6.85E+05(7.55)
54 25.834 AR 2.44E+07(10.61) 5.26E+05(20.71) 1.55E+07(14.75) 3.81E+06(9.36)
55 26.297 B 1.79E+08(4.49) 3.22E+08(23.46) 3.33E+09(6.71) -
56 26.71 3,7-Z P k-6 "F IR P iR 3.35E+06(6.88) 5.92E+07(25.10) - -
57 27.029 FrBEmE - 8.97E+05(6.80) - -
58 27.279 [T 7.12E+06(4.19) 2.36E+06(3.28) 3.51E+06(3.33) 3.81E+06(3.40)
59 27.548 ZRVKF iR 1.28E+07(5.53) 8.38E+06(3.67) 1.17E+07(17.62) 6.07E+06(3.84)
60 27.817 Xof S PR T 1.27E+07(12.88) - - -
61 28.068 EPiNi:S 1.84E+06(14.56) - - _
62 28.28 X B -1,3,8- =4 - - 1.62E+06(1.87) 1.53E+06(7.89)
63 28.749 VN ivg [ R - 6.10E+06(20.90) - -
64 29.638 3-E I - 4.77E+06(21.93) 1.37E+07(9.54) 9.77E+06(7.98)
65 29.663 L AT 8.04E+06(16.78) - - -
66 29.975 o-BEVE R - - - 2.72E+06(17.89)
67 29.982 HARUR 5.89E+06(6.84) 4.08E+06(9.56) 6.02E+06(6.89) 5.33E+06(3.51)
68 30.094 ZIRA R 8.05E+06(16.53) 4.87E+07(15.93) - -
69 30.251 eIy RE S - - 1.23E+07(7.19) 4.16E+0(18.49)
70 30.37 + 4.12E+06(6.15) - 2.14E+06(16.74) 9.28E+05(17.86)
71 30.639 a2 2.75E+06(6.61) 5.97E+05(8.66) 2.61E+06(4.89) 7.49E+05(6.89)
72 30.876 A 6.17E+07(5.77) 6.01E+07(7.89) 3.58E+07(3.86) 1.63E+07(6.52)
73 31.064 y-BEN - - 3.62E+06(15.00) 1.10E+06(11.97)
74 31.139 AR - - 3.07E+06(14.41) 1.44E+06(21.99)
75 31.483 EHEWN - 7.83E+05(20.60) 5.58E+06(18.75) 1.93E+06(20.64)
76 31.539 o-FIFT ¥ 1.48E+07(4.88) 1.00E+07(6.90) 3.46E+07(5.55) 1.43E+07(3.89)
77 31.614 SRS A 6.78E+06(16.80) 2.40E+06(13.89) 5.43E+06(13.72) 2.23E+06(16.83)
78 31.865 y- T 20 5.07E+06(3.78) 1.49E+06(6.52) 2.31E+06(4.68) 1.30E+06(5.90)
79 31.977 AL I - - 7.46E+07(13.64) 3.31E+07(16.99)
80 32.102 (Z,Z)-0-1:We ks - - - 2.63E+06(19.77)
81 32252 a- T M 6.82E+06(20.06) 2.03E+06(6.52) - 4.18E+06(6.10)
82 32315 o1k Je N 9.70E+06(3.66) 3.65E+06(4.75) 4.83E+06(5.87) 2.20E+06(6.86)
83 32.39 -5 T - - 5.18E+06(16.38) 2.19E+06(17.53)
84 32.409 e TRt b 8.39E+06(15.81) 3.03E+06(18.54) - -
85 32.484 ()-g-RTH 9.27E+06(16.77) 2.77B+06(15.37) 1.33E+07(18.27) 2.91E+06(18.64)
86 32.553 d-R T 1.57E+07(15.84) 5.73E+06(16.42) 2.52E+07(17.55) 4.41E+06(16.18)
87 32.634 B-fi 2K 0 - - 7.05E+06(20.95) 2.72E+06(19.65)
88 32772 K224 - - 2.34E+06(16.99) 5.21E+05(20.98)
89 32.803 ()-a-tK iR 1.96E+06(17.93) 7.64E+05(16.99) - -
90 32.928 KARAE B - - 1.32E+06(12.74) 3.39E+05(18.56)
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Fig.2 Total ion chromatogram of volatile components of Zanthoxylum bungeanum in different provinces
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Table 3 Random forest classification discrimination results

i) 7R pajn Hl HEIRR
(S} 48.00 0.00 0.00 0.00 0.00
INAR 0.00 24.00 0.00 0.00 0.00
| 0.00 0.00 24.00 0.00 0.00
HH 0.00 0.00 0.00 39.00 0.00
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Table 4 Key volattiles with value of importance of Zanthoxylum bungeanum from different origins based on OPLS-DA

A= Casfi 5 HFR VIPfH
1 000089-81-6 AR 2.18324
2 007785-70-8 Tk 2.14603
3 000099-85-4 il 2.14099
4 013466-78-9 3-Ee 2.06972
5 013877-91-3 B i 2.04259
6 000099-83-2 oK 2.04006
7 000562-74-3 4-iH I 1.96256
8 000078-70-6 LAl 1.87689
9 000460-01-5 T Aging 1.86787
10 006753-98-6 o~ 7T i 1.84402
11 000489-40-7 a- = 1.83995
12 000539-52-6 PN 1.83141
13 000112-31-2 B 1.82284
14 000483-76-1 d-RTH 1.81587
15 000142-83-6 (E,B)-2,4-C "I 1.78666
16 000138-86-3 Fressa 1.77781
17 000586-62-9 [Tl 1.74484
18 000499-97-8 R BRI A5 1.74206
19 000110-19-0 LIRS TR 1.69269

20 000527-84-4 IS SE R 1.66035
21 030021-74-0 a1 1.62196
22 039029-41-9 (=)-g- R T 1.62126
23 000470-82-6 L wliif i 1.59106
24 000087-44-5 AT 1.58901
25 018794-84-8 AW 157102
26 000099-86-5 o=l 1.5583
27 003779-61-1 R -p-2 i 1.54069
28 000111-71-7 PR 1.4763
29 000150-84-5 LIRA 1.45906
30 000106-23-0 HAE 1.44425
31 003856-25-5 AU 1.44203




0434 5 2 ) 2R , 5 FETHRMRYI TR H IR AR - 301 -

Hk 4
e Cas#i s R VIP{H
32 007216-56-0 % W 1.4291
33 000502-61-4 o-TEJe I 1.41543
34 000076-49-3 LRk R 1.41058
35 025246-27-9 TR M 1.41006
36 028634-89-1 TN 137865
37 000508-32-7 1,7,7- =R =9R[2.2.2.02.6] ¢k 137268
38 000489-39-4 (+)-Fr R i 1.37095
39 000123-35-3 AtER 131101
40 000539-90-2 TS TR 130613
41 000502-99-8 3,7- I HE-1,3,7-9F = 1.30159
42 006728-26-3 2 2-2- T 1.28547
43 000500-02-7 4-F - 2- I ORI 1.27445
44 000142-92-7 2RO 1.27199
45 029873-99-2 - B 1.2604
46 000118-65-0 g-A TG 1.25325
47 000101-41-7 KRR 1.23944
48 000515-13-9 e TR I 1.23913
49 001195-32-0 2,4- IR I 1.21939
50 003387-41-5 Fexlds 1.20775
51 000629-59-4 RS 1.2074
52 000127-91-3 PR 1.17874
53 000124-19-6 T 1.1711
54 000544-76-3 ARAYH 1.14205
55 000105-87-3 LR 1.13322
56 000098-55-5 alpha-A i 1.12008
57 005989-33-3 M-, 00-5 - = F -5~ 2, o DU &0 Ao ) g - 2- Y 1.11562
58 024703-35-3 XU H T 1.09433
59 054324-03-7 PYEIN R T 1.06306
60 000122-03-2 B 1.06057
61 000107-86-8 3-HH-2- T 1.02188
62 010208-80-7 o- T 2N 1.0207

3 45 Horp VIP (R TF 2.0 BEER MM TA 6 4%, 43510

30 3 AN AR | FEARUCRE S R L
JINFAGRLRE 55 ST S E]S5A R AEABURE & 114 5 B B R
S, T T ARSI AR Sl = P AR
i HS/GC-MS J5 ¥ : fli F§ DB-5MS {4 3% 41, 35 B
0.25 g MYFEHUEESHZE 120 °C in#% 10 min, 4337 LR
10: 1. %7 JCT X FEMURE S DEA T AT An] i b B, fi
P CPBE . Es AN RRE TR o XYY |
WIZR . Uil HA 4 03 45 A= HiED 135 S48
FRUREAS 12 P AR ) S A 7434, LA Y 99 Ffr
FERMERR Sy, Ao kas 49 Fh . BE2E 16 Fh . B
JE 14 PP ESE 11 R, BRZSE 3 RP L ESE 3 Rp . 2K
1 AP S 1 A TG 1 D, HorpBRPE A S
KerE 79 By H A LK 69 Bl I AR ke
HY 68 Bl DU SLME 2 Y 63 Bl 3L 44 & M XUk
Y 5 A FRZE NS 4 HIEEST. PCA Fl1 OPLS-DA #:7
AR, 45 5] OPLS-DA FFAIAT LIS X 43 A~
[5] 45 13 14 A6 BBURE &, BRI L5 2 % R®X N 0.83,
R2Y 2} 0.878, Q* K 0.84, fIFBH T 12455 5 Fi) A 1
FLF ARG 62 FF VIP {H KT 1.0 Bib&W,

WA . IR . W A L 3B L PR a- KT,
Tt HF I BB 472 2 P IXUBR ) S5 RE A AR S M AR AN [W] 47 10
AEHURE S AR 2E . 2P IE T GC-MS 44K
P37 PLS-DA . sPLS-DA . F St 3R ISl RF KL,
L5 R3] RF AU AT DU TRREAS [F] 45 103 B AEAUX 5
T, FHER IR 100%, FRBIEMFE LY BT 5
Ho L BA — 2 iAH M

Sk

(1] Eii, 5, A, 5. LB ALY £k o A2 2h
BEWA L] P AT H&E,2015,40(23): 4573-4584.

[ YUAN Haimei, QIU Lu, XIE Zhenjian, et al. Research progress
on alkaloids constituents from Zanthoxylum and their pharma-
cological activities[J]. Journal of Chinese Materia Medicine, 2015,
40(23): 4573-4584. ]
(2] A% REZR,HER, F. R ELI B EEF ]
=& T EFRF IR, 2008(4):49-50. [ LING Zhiqun, CHENG
Baohong, WEI Juguo, et al. Historical evolution of the development
of Zanthoxylum bungeanum![J]. Journal of Yunnan University of
Traditional Chinese Medicine, 2008(4): 49—50. |


https://doi.org/10.3969/j.issn.1000-2723.2008.04.015
https://doi.org/10.3969/j.issn.1000-2723.2008.04.015
https://doi.org/10.3969/j.issn.1000-2723.2008.04.015
https://doi.org/10.3969/j.issn.1000-2723.2008.04.015
https://doi.org/10.3969/j.issn.1000-2723.2008.04.015
https://doi.org/10.3969/j.issn.1000-2723.2008.04.015

- 302 - £ Tl B4

20224 1 A

[3] $ 7% ABAEMOBBRRFRES> A FEARSE,
2000(4): 68-75.
geographical distribution of Zanthoxylum bungeanum in China[J].
Agricultural History of China, 2000(4): 68—75.

[4] skak, & 027, HaRH, F.Hf 4 BuUs 2 AAH 7R [T].
+E g &, 2002(4): 17-19. [ ZHANG Ji, BAI Zhenfang,
YANG Yongli, et al. Resources of medicinal plants of Zanthoxylum

[ ZENG Jingjing. The cultivation origin and

in Gansu province[J]. Chinese Pharmaceutical Journal, 2002(4):
17-19. ]
[5] LUQ, MAR, YANG Y, et al. Zanthoxylum nitidum (Roxb. )
DC: Traditional uses, phytochemistry, pharmacological activities
and toxicology[J]. Journal of Ethnopharmacology, 2020, 260:
112946.
[6] HWANG K A, KWON J E, NOH Y, et al. Effects of
Zanthoxylum piperitum ethanol extract on osteoarthritis inflam-
mation and pain[J]. Biomedicine & Pharmacotherapy, 2018, 105:
481-490.
[7] BEZE HBESHHFeF KERHR [D]. KX XiREL
X %, 2015. [ KOU Yunyun. Composition analysis and insecticidal
activity of Zanthoxylum bungeanum[D]. Wuhan: Wuhan Polytechnic
University, 2015. ]
(8] Z&, Bk, B4, LM BLR M 4 Ao 47 % & A [1].
&A% 54 1, 2020, 49(3): 13-16. [ WANG Meng, Lii Qian,
DONG Linjuan. Analysis and application of antioxidation of alcohol
extract of Zanthoxylum bungeanum Maxim[J]. Journal of Salt
Science and Chemical Industry, 2020, 49(3): 13-16. |
[9] PANG W, LIU S, HE F, et al. Anticancer activities of
Zanthoxylum bungeanum seed oil on malignant melanomalJ].
Journal of Ethnopharmacology, 2019, 229: 180—189.
[10] TIAN Y, ZHANG C, GUO M. Comparative study on
alkaloids and their anti-proliferative activities from three Zanthox-
ylum species[J]. BMC Complementary and Alternative Medicine,
2017, 17(1): 460.
[11] FIAZ A, QAZI N U S, ABDUL W. Cytotoxic activity of
extracts and crude saponins from Zanthoxylum armatum DC. against
human breast (MCF-7, MDA-MB-468) and colorectal (Caco-2)
cancer cell lines[J]. BMC Complementary and Alternative Medicine,
2017, 17(1): 368.
[12] RR, ¥ &, AR, F. L0 R TR AL D588 5 F 2k
MR AR (0], 3 d R kA, 2014(17): 23-29. [ SONG
Rong, CAO Liang, ZHOU Jiamin. Research progress on Zanthoxy-
lum bungeanum germplasm resources and their functional compon-
ents and biological effects[J]. Hunan Agricultural Sciences, 2014(17):
23-29.]
[13] &Mk, o, B4, 5. & F UHF RFID 472 69 R 7=
T8 R AAR T 2R A4, 2010, 38(26): 14734-14740.
[ ZENG Liancheng, SHEN Yue, PENG Jiahong, et al. Research on
the traceability system of agricultural products based on UHF RFID
tags[J]. Journal of Anhui Agricultural Sciences, 2010, 38(26):
14734-14740. |
[14] T, 3ei00e, A4, F. LFFFERE R ZRARE
AT R (1], A5 T kAL, 2015,36(20): 371-376. [ XIANG
Yang, CHAI Shatuo, HAO Lizhuang, et al. Research progress of

chemical methods in the origin traceability of agricultural
products[J]. Science and Technology of Food Industry, 2015,
36(20):371-376.
[15] RB, FLBR, 362 %, 5 DNA LM AR ERDBBM, &
W R M g P 8 2 R[] & R Ak A F 2012, 40(6):
3226-3233. [ SONG Jun, LEI Shaorong, GUO Lingan, et al.
Application of DNA fingerprinting technology in food adulteration
and origin traceability inspection[J]. Journal of Anhui Agricultural
Sciences, 2012, 40(6): 3226—3233. ]
[16] A, SR 2o F A G MR R 25 Tt
#,2008(7):277-280. [ RUI Hanming, GUO Kai. Comprehensive
evaluation technology of food aromal[J]. Science and Technology of
Food Industry, 2008(7): 277-280. ]
[17] ZXE, ke, AW, F. 25 KoAS W ALK
Ol & & #F %5 7F &, 2008(3): 170-172. [ WANG Furong,
ZHANG Xiaoming, TONG Jianming, et al. Research progress in
food flavor analysis technology[J]. Food Research and Develop-
ment, 2008(3): 170—172. ]
[18] CAI X, MAIR Z, ZOU J J, et al. Analysis of aroma-active
compounds in three sweet osmanthus(Osmanthus fragrans) cultivars
by GC-olfactometry and GC-MS [J]. Journal of Zhejiang University
SCIENCE B, 2014, 15(7): 638-643.
[19] sokak, REE, LB, F. 5 A LT RFNHHLFFH
A& ). Rk TA2 53R, 2011, 27(S2): 302-306. [ SHI Bolin,
ZHAO Lei, ZHI Ruicong, et al. Using electronic nose to distinguish
the aroma quality of West Lake Longjing tea[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2011,27(S2): 302—
306. ]
[20] ¥ &ik, &, IEA), 5. 5 %% & A4 HS-SPME-GC-
MS/GC-O #F 5 [J]. #»+ 4+ %, 2010, 30(S1): 583-587. [ MIAO
Aiqing, Lii Haipeng, SUN Shili, et al. HS-SPME-GC-MS/GC-O
study on the aroma of Oolong tea[J]. Tea Science, 2010, 30(S1):
583-587. ]
[21] Bk, B0k, #RE AT GC-MS Aok M AUB A 1) K
RFEREMHAGET ARSI £ SA 5, 2009, 30(8):
231-234. [ MA Yongkun, LI Xiangbo, JIANG Jiakui. Analysis of
key aroma components of natural apple flavor based on GC-MS and
sniffer[J]. Food Science, 2009, 30(8): 231-234. ]
[22] ##, A4E, LW, F. FRMELRRAAL T FH0 2
AR B GC-MS 4 it Ak ah 5 47 1] & o A 55, 2015, 36(22):
69-74. [ YANG Jing, ZHAO Lei, SHI Bolin, et al. The rapid gas-
phase electronic nose response characteristics of green pepper aroma
and GC-MS material basis analysis[J]. Food Science, 2015,
36(22): 69-74. ]
[23] %, Fao, B 5, F A TENAEG LT RF S
RE 54 ). &5, 2019,40(16): 213-219. [ WU Zhen,
LI Hong, YANG Yong, et al. Origin traceability and variety cluster
analysis of Zanthoxylum bungeanum based on inorganic
elements[J]. Food Science, 2019, 40(16): 213-219. ]
[24] R I F,#EF, w4, F. B REEARE M=
[J]. k&5 5 K& 5 #7, 2018, 38(1): 68—=72. [ WU Xiyu, ZHU
Shiping, HUANG Hua, et al. Identification of the origin of Zan-

thoxylum bungeanum by near-infrared spectroscopy [J]. Spectroscopy


https://doi.org/10.1016/j.jep.2020.112946
https://doi.org/10.3969/j.issn.2096-3408.2020.03.005
https://doi.org/10.3969/j.issn.2096-3408.2020.03.005
https://doi.org/10.3969/j.issn.2096-3408.2020.03.005
https://doi.org/10.1016/j.jep.2018.10.012
https://doi.org/10.1186/s12906-017-1966-y
https://doi.org/10.1186/s12906-017-1882-1
https://doi.org/10.3969/j.issn.0517-6611.2010.26.201
https://doi.org/10.3969/j.issn.0517-6611.2010.26.201
https://doi.org/10.3969/j.issn.0517-6611.2012.06.006
https://doi.org/10.3969/j.issn.0517-6611.2012.06.006
https://doi.org/10.3969/j.issn.0517-6611.2012.06.006
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.1631/jzus.B1400058
https://doi.org/10.1631/jzus.B1400058
https://doi.org/10.3321/j.issn:1002-6630.2009.08.051
https://doi.org/10.3321/j.issn:1002-6630.2009.08.051
https://doi.org/10.7506/spkx1002-6630-201522012
https://doi.org/10.7506/spkx1002-6630-201522012
https://doi.org/10.7506/spkx1002-6630-20181008-029
https://doi.org/10.7506/spkx1002-6630-20181008-029
https://doi.org/10.1016/j.jep.2020.112946
https://doi.org/10.3969/j.issn.2096-3408.2020.03.005
https://doi.org/10.3969/j.issn.2096-3408.2020.03.005
https://doi.org/10.3969/j.issn.2096-3408.2020.03.005
https://doi.org/10.1016/j.jep.2018.10.012
https://doi.org/10.1186/s12906-017-1966-y
https://doi.org/10.1186/s12906-017-1882-1
https://doi.org/10.3969/j.issn.0517-6611.2010.26.201
https://doi.org/10.3969/j.issn.0517-6611.2010.26.201
https://doi.org/10.3969/j.issn.0517-6611.2012.06.006
https://doi.org/10.3969/j.issn.0517-6611.2012.06.006
https://doi.org/10.3969/j.issn.0517-6611.2012.06.006
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.3969/j.issn.1005-6521.2008.03.054
https://doi.org/10.1631/jzus.B1400058
https://doi.org/10.1631/jzus.B1400058
https://doi.org/10.3321/j.issn:1002-6630.2009.08.051
https://doi.org/10.3321/j.issn:1002-6630.2009.08.051
https://doi.org/10.7506/spkx1002-6630-201522012
https://doi.org/10.7506/spkx1002-6630-201522012
https://doi.org/10.7506/spkx1002-6630-20181008-029
https://doi.org/10.7506/spkx1002-6630-20181008-029

43 % 5 2 )

VR , % ST URY SR EAU™ HeR AR - 303 -

and Spectral Analysis, 2018, 38(1): 68—72. ]
[25] ERE AR, Lk, F. 8T AR AT R = 1
L1 SRR Z M R £ 7 247 [J]. F Bk S, 2019, 44(3): 51-56.
[ WANG Sisi, ZHONG Kui, SHI Bolin, et al. Analysis of volatile
components of Zanthoxylum bungeanum from different places of
origin based on multivariate statistical analysis[J]. China Condiment,
2019, 44(3): 51-56.
[26] #AF, 2R, AW, F. R F = RIEHIEL 0 EF KU R
R BB (0], F 25 5k &, 2014, 5(2):16-19. [ FAN
Danqing, LIU Rong, YANG Li, et al. Analysis on volatile oil of
Zanthoxylum  bungeanum Maxim. from different origin[J].
Pharmacy and Clinics of Chinese Materia Medica, 2014, 5(2):
16-19. ]
[27] Wb, Mas, 4, F. RF A FERIEL AL F K
4-09 Y s AR R [1]. F B AL W 44k, 2015, 30(1): 81-87. [ CHEN
Guangjing, KAN Jianquan, LI Jian, et al. Analysis of essential oil

compounds in Zanthoxylum bungeanum Maxim from different

habitats[J]. Journal of the Chinese Cereals and Oils Association,
2015,30(1): 81-87. ]

[28] YUN J, CUI C J, ZHANG S H, et al. Use of headspace
GC/MS combined with chemometric analysis to identify the
geographic origins of black tealJ]. Food Chemistry, 2021, 360:
130033.

(29 ] #-mdm. 2 F UPLC-MS # A # of il & Mo A fi K
FFER B X A IR TR [D]. % &R FTEH K
%, 2015. [ DU Lina. Research of metabolic characteristic of
Respiratory syncytial virus with syndrome of obstruction of the lung
by phlegm heat based on UPLC-MS technology and evaluation of
Jinxin Oral Liquid[D]. Nanjing: Nanjing University of Chinese
Medicine, 2015. ]

[30] WOLD S, SJ6STR&M M, ERIKSSON L. PLS-regression: A
basic tool of chemometrics[J]. Chemometrics and Intelligent

Laboratory Systems, 2001, 58(2): 109—130.


https://doi.org/10.1016/j.foodchem.2021.130033
https://doi.org/10.1016/S0169-7439(01)00155-1
https://doi.org/10.1016/S0169-7439(01)00155-1
https://doi.org/10.1016/j.foodchem.2021.130033
https://doi.org/10.1016/S0169-7439(01)00155-1
https://doi.org/10.1016/S0169-7439(01)00155-1
https://doi.org/10.1016/j.foodchem.2021.130033
https://doi.org/10.1016/S0169-7439(01)00155-1
https://doi.org/10.1016/S0169-7439(01)00155-1
https://doi.org/10.1016/j.foodchem.2021.130033
https://doi.org/10.1016/S0169-7439(01)00155-1
https://doi.org/10.1016/S0169-7439(01)00155-1

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 挥发性成分的提取
	1.2.2 色谱条件
	1.2.3 质谱条件

	1.3 数据处理

	2 结果与分析
	2.1 HS方法的优化
	2.1.1 色谱柱对分离效果的影响
	2.1.2 分流比和取样量对分离提取效果的影响
	2.1.3 加热温度对提取效果的影响
	2.1.4 平衡时间对提取效果的影响

	2.2 不同省份花椒香气成分的组成
	2.3 不同省份花椒挥发性物质的产地判别分析
	2.4 花椒香气成分主要差异性物质分析

	3 结论

