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) BEE(ISAP) B EGA) BEQ M) B EGH) BREQA) BEF) BE ) LTEQA), BT R EHR
B Ak & EA(OAV) . FEHA R o2 (PCA)EW . RE = MR FHIMEF MRS XEF LR Z AL EH7F,

BB H OAV LW AR (1) 47K AR F Il R X B S R RFILIER KT RAEFARD .

Bl o2

Koz MR REFHAEERTOXET AR, AH— A AN,
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PEAUE —F /MR BOCHEAR 53k 6 m , BEE
R —FNZIR IRIE | A S R
AW — BB RN SE R AT, KR 2~3 mm,
Z RS T AT R AT B SRR bk (FEAEK
IREAPE) EDEEARILES (LI 28 HA 3
fief g B R b A A I A M X A R
AT AL J7 PR 800 m LT R ek Iz b DX, 4n o ()
KB mm fEA BB AR
(Zanthoxylum schinifolium Sieb. et Zucc.) A K =%
%4 (Magnoliopsida) JC /& ¥ H (Sapindales) 2% 7 #}
(Rutaceae ) 1€ #UE (Zanthoxylum ) 5 WU J& (Zan-
thoxylum Subgen) FHPIHRSL, =3 e w HIT
VKR Z B BARHFTE R W], T AE MU A BT
AL BTN FL AL SRR WA B R R IR A
2y PEAE IR,

TFAEMUE R, BR T LASE R s KL X
IS W T RGAEARGH, LLOR B AERUSAT 1
JRR G WA, 920 A8 BUTE I8 B 85 o e b AT RO o 1Y
A, BRI, AL R 0 Ty 1k LU 4 s 4 ik
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o, SRMZ TR AR BT 5%~10%11)
TR =Pl SR I 8 7 W RR R AL AR
B AR 2D 4 FAE IR S R b 4 R 43 4 L 42
V5%, 38 BT AR R I R YR 2 A [ A e T
b 8P E B =4 22 TR R T ORI 6 &I
W, T AR R SR oY 3 B AR PR T DE R T S
Ik (6.83+£0.09) mg/g, HAT — & M BT A LTS
P o 2RI S B BV T T R vh e e
() S HLET 2, N 54.87% , KR i K KL 1 i) & &2
I3 11.73%F0 8.07% . Xu ZEOWF5T R AL
T AR R 2 RO 0 LR D A B IR
D5 %34 D= FUHE R D— (=) — BT R AFAE 3% v e
SR ALY ARUER T 1 2R AR R T R ORR R S
AR E] 6 9, X LRI R AL R B B A B K
RS DR R = W = s 10 A el NS E Y G
5 5% B I F 9 A S 4, AR 4 IBURH i
B3 Y BRI AR 1 AN 78 2, SR AR - B I A AT
X R i TP R M A OB A TR 5 o e |
SR 43 T R ME A B A5 R RE A 2 ) R R PR A R
B3I 25 S0

BT, ARFFRIEFEVIR X 5 A7 ML AL
ORI FH ST T AR 32 5 49 25 45 20 1 75 A6 A%
ARG X 52, SR F GC—MS XA [] 77 1l J5 5 A6
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LB v 4 e M AR e o3 EAT AR, O 4 FH 3R
R ARTE E(H (Odor activity value, OAV) .,
45 BUE | 3 553 43 I (Principal component analy-
sis, PCA) X J5L ¥ A6 RN, 3% i 1) 4 4 1 ) Jot
1300, LAHIAA 7€ A [ 7 i S5t 75 AE AR A i v
OB Y, R IR R T O A 3 X A
(7] 7 1 Dt 7 AR AU LB 0 R AT X 0 i T AT, R
ARG Az 7 Ml X Uk A e 40 B 57 A BB o 1Y 25
A AR E S %

1 MRlEH®
1.1 #HRSiFH

A PO R T AR DO AT
TACAR DU 1] 4 BH & 75 A E PRV S A
W, TSN, A RA
Al o AT R T A LA B A% 92 S GSP-No.1
GSP-No.2 .GSP-No.3 .GSP-No.4 .GSP-No.5, #&i#&
4y %532 4 LR-No.1 .LR-No.2 .LR-No.3 .LR—No.
4 LR-No.5,

O, AR TR IR A R A R 12 =&
R, LT VS 3 PR LA B G A BN
12 UHB5EF

RC20002 ML+ K°F, DU R PLHS T 52 A R
] s £SJ220-4B 40 A7 KF, Tk FH e s o 1A R
] ;7890B-5977B S Ik FHAY , 35 B 2R R
F IR FFW-100 =5 3 7 ek i1, Ik 5t v 2441
b AR BR A L
1.3 FHik
1.3.1 FEahfles BARRTFES & . AR B ALRE
T B IEE 40~60 H ;1242 )5 FE i il 4 S 5 AR

LM 50 g, —ZRH 450 g K AERL 1% K

PR e 1:2 27K 30 min, i 38, BUIEH# T 130 °C
(AP & F 2 10 min, 1 38 J5 % 5%
2L 3 000 r/min B0 S min J5, K5 5% i R REALAS
% 40~60 H ,FFH . FrfdFEah T-18 CIR A7,
1.3.2 FF R 5 2 XU 4y Jo A DU

1) A M AEBC(SPME) LB 2 % i 5 &
S5 S ik IR RS A 2, ERR AR I 0.2 ¢ BF i ORf
1 % 0.0001 g), JA 60 wL J5i & ¥ & K 0.1306
mg/ml 19 1,2- Z SR AR W (F TH ) T 20
ml, 1525 i H L 5 DU 360 2 e A e o %

BT 60 C/K P45 30 min, A 50 pm DVB/
CAR/PDMS # B3k ,60 CWFff 30 min J& , i A
J I AT 5 min,

2) AAHERE - A iR 0
&K DB-WAX UL, #EFE IR JF 250 °C; B L IR
J&.250 °C; 2 . He s AR AR 40 T HERE ; 30
T 1.0 mL/min, FHEFE T .40 CHAFF 2 min, LA
10 °C/min F+% 120 °C, A 2.5 °C/min F+3) 150 CJ=
4 5 min, L1 10 °C/min 7+ 3] 230 CJ £ 10
min,

TR A B FURE AL L EL & B .70 eV
B URIRFE . 230 °C; PUMAT IR E £ 150 °C,

3) HRMEHEAR S ENE S g M
AL NISTHIL 3 2N TR RALEE, %4
O SCHR A R % K Ly, SR T UCBC R T 80
(Fe KAE 100) A 4Ly, LAAR — G028 0 o4 b i 47 2
BT F (D) R A

_Ail CSXVS
Ci_As X " (1)
X, C——HARY i & & (mglg) ,A——H

b Ak B 0 1 AR A —— 8 AR P e 1 AR C——
PRI (mg/mL) 3 V—— R P IR (L) ;
m—HFE T (g) .
1.3.3  CEEFSMG /AT AR AR AN [ A
st TS HE R T LA R AT 1) R o A AT A SR RS 4 R
PE RS TE 7K T B R A 4 BE K (2) TR
FEAE (OAV,0AV =1.0 by X8 KBk 9 7 ,0.1 <
OAV<1.0 &4t KUK ) BT, 0AV<0.1 S I 1E &
s LA 4y Joi )19

OAV = ¢/OT (2)

A e & Wy 4 XF % i (mglke)
OT——iZ A5 W TE K B W (4 W58 (B (mg/kg) o
1.4 HELE

X F SPSS 22.0 1 Microsoft Excel 2010 #£47
oAb BLAN 43 BT, T Origin 2021 2[4,

2 GZBRE55H
21 EEEWMEERZBIER SRR ET

5 PR G AU H AR IR 10 SRR R 2 GC-
MS J3H7, FE4G 1 51 A (12 AN HEE H ) F R
g3, AL IS MR 2 (20 M) BEZE (15 B ) (FR 2K (3
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) BRI (2 Fl) LE ke (5 M) (BRE (2 Fl) (B K
(1 Fl)y BEZ (1 Bl LB Q M), SBEkRE 1
10 MR R R MM LM E R E
B ¥ a2 MR &Y, HI¥E S 5 R
59.38%F 36.77% , iX 5 &% i 5] V1) i 5% 45 2R —
., FREEMTIEREIEE BN 65.53%,73.31%,
62.33% ,66.13% ,63.33% , 5% it I S 25 & 3K
FH{H , Hoh LR-No.2 2l 58.99% , Jii ¥ fE A h
52kl 28.97% ,24.64% ,31.42% ,30.38%,31.21%,
B rh 2R S TP M, Hh LR-No.3
47.61% , ASIR] 7 b Ji 75 46 B 00 45 8 1 XU 1 53
EAE2E 53X nl BEJE il T 8 X 0 2 o) A7 7E 22 5,
e — 2 BB I B0 AR AR B SRR AR [
28 i AR IR 4R )5 1 T AR i T I R R
WA WAEE—EER

AT AT, T AR LAk s v () 7
AR o RS A — B, Hrb sk 2e 2y b SA0m
1/4 \BESE 2y 7 B 1/7 3% A Liu 2507 J% A7 i 2508
WA SE &5 Rl o, DU I 4 BH T 4 7 A6 R
(GSP-No.3) H#HEEFM T RENFE,
SR MR IR LS, =7 8 T 5 7 AE AUk
(LR-No.5) T R HEF MM R RN FE

2 AP B AR R S 2
Y 1%, GSP-No.2 Ml@ IS FIRE & & ey, 2
10.1258 mg/g I 3.4026 mg/g, GSP-No.1 Il GSP-
No.3 143 il 46ty B 25 9 o 2.4977 mg/g 1 2.4182
mg/g, LR =No.1 Fl LR -No.3 " 4 %I & i 2.8252
mg/g F1 3.1774 mg/g, R\ T HERY R LT T
13.11%%11 31.39% ; GSP-No.1 1 GSP-No.3 43l
K B2 269 R 0.0065,0.0097 mg/g, LR-No.1 .LR—
No.3 #4354 Hi 0.0108 mg/g F1 0.0119 mg/g, 5% #E
FEREY R ETF T 66.15% 22.58% 1 5 4=
Hiu 1) T A AR T T B O A TR
B DA AT R R S T A ABUEE B TR 4 = i KR i
b, KR A AV W R R A T R g e Ak A=
LT — B 43 B2 g i AR A AU AR A3
BRFACHUA BT T R, XA REsE i TR IR
FEEUABR B K 3 R o3 B3 e

& 3 J& AN [R] 7™ Ml J T A0 A LR s T R 4
P IRV 8570 14 SR SR, R e JRUAR a8 73 1)
DA AT AL, 21 A3 R P ) o 1 2 A1, 0 £

MR Z Y B & w78 10 DFES T, M,
(+)-Fridis o5 mis MG 2 EL a9, m
T PaEE | (1S)-6,6——H1 3 IR [3.1. 1] -2 M -2—
HP R TR 2,6~ W L5 e R EESE RS
SR A7/ ISR £ TNAI D = et 7 N [ Wi
JEF T 6 BB L% s 7 47 R e XU i 2 o % 5 i
J7 1 LA 22 S AR, HP GSP-No.1 ,GSP-
No.3 .GSP-No.4 .GSP-No.5 Jii 5 U HA — & 1Y
AR , GSP-No.2 1 # A& Y- KR 5L o0 5 HE 4 4>
7 M TR A ABURE 7 B I 22 5755 A 7 M Y i AE AR

I GsP-No.1 [l LR-No.1
14 H I GsP-No.2 [ |LR-No2
[ ] GSP-No.3 [l LR-No.3
12 I GsP-No.4 [ LR-No.4

[ ]GSP-No.5 [ LR-No.5
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Fig.1

Number of volatile compounds in green Sichuan

pepper and their leaching residue
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Fig.2 The absolute content of volatile flavor compounds

in green Sichuan pepper and their leaching residue
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Bt oA — AR, 1 LR-No.2 #1 LR-No.3
5 5 AL U AR LR B2 B, W] LR-No.2 il
LR-No.3 5 1E MUk it 44 & P B U8 O B e
22 FEEUMREKREXEESRS DM

P e XU B 2 75 X B AR () 75 S AT Y
Tk, B T AN DR 2, R4 22 A XU B 4 ) e
K HAWRBIE . OAV 23 GC-MS % & H i1k
BYR RS E A TR EE O, — ROk, A
A OAV=1 Wb& ol e L8 i 05 ik &
P OAV <1 B4R G W8 A Ry X B S0 ik
N2 S A ) BH A AR A B B T AR
K H G OAV =1 (1 22 P e d &S, KT
TR AE U FL R v LR ) AR R, B K&
T RS20 3 1 Fiow , 4y 1B IR R B
25, BANEAT R Sk RIS KA %L

Heat map display of green Sichuan pepper and their leaching residue

Y Jiang SFPIN B AER —5, R 2 TR,
I5 R REAE I AR S SRR A TR AR, HRR TS
JEEAE fe R, R A DT R R B B, Y AR A O
Pt 5 o8 T DA T 5 0 2 10 A b R B O 1 1Y
HA A AR T 7 A0S & Rk 2 R
AERU 32 2 0 75 e XU i 2334 Ly H R U
OAV>1 000 W& BLEA (+)-FrBd A
Prids % s Ae M, 1<0AV<1 000 &S W) A
PR T IS y— i T 08 R | £ TR D R R AN T
Bt X B AL TR IA — 3 BBk 75 A6
BRI 1 5 A FE S B AE B AR ST B R
MR IR, HUOE A, Hit OAV>1 000
AW A (+)-Frg s AT LR
1<0AV<1 000 MFSW A f 0 . Mnild . 2
W cy— AT S R 2 BRI MRS L AT LA
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ARG TR ARG, b i A T P 26
B —E AL, i R AT RU  A UR E
W, EAE R AR LA 10 SRR AL R, OAV
FIRT 1000 By RHEA o ¥ J5 fn e . A

W () AT FS AT M 4 B3 T AR S
TURRELR 45 R 5 Ji P HF T 45 R X 2
AU RS TP EENEFY T, SR
T P SF I T ST A R A

F1 AEFHESEBRREREFEESSA S0 EER LR TR

Table 1 Thresholds and olfactory description of green Sichuan pepper and their leaching residue from origins
Y5 Rk R o 4 AR CAS %5 Rk o F X B /mg-kg AT
01 W 003387-41-5 CioHie 0.98 KA A
02 V=300 000123-35-3 CioHys 0.0445 ik
03 KT K 000099-83-2 CioHys 0.040 LA B AT A
04 Ao it M 000099-86-5 CiHie 0.08 B KR AAG
05 (+)—A7 A M 005989-27-5 CioHys 0.034 A A
06 ¥ 3 013877-91-3 CioHys 0.034 HREE EFERE
07 y—A i i 000099-85-4 CioHe 1 FEABE NG A B 0 KA
08 T o o M 000586-62-9 CioHys 0.2 AR A A
09 L EW X 000087-44-5 CisHy 0.064 WA KRE FEH
010 TR 007785-70-8 CioHie 0.14 WARE A A
O11 ER 000078-70-6 CiH150 0.006 eE FEAE WE
012 KT B 000060-12-8 CsH 00 0.14 BRAEE EF
013 47 W BF 000562-74-3 CyH ;50 0.13 -
014 # AL A BF 007212-44-4 CisHx0 0.01 Lpi
015 (=)-4-ik = B 020126-76-5 CioH;50 0.34 Fok
016 QA i BF 000098-55-5 CioH;50 0.3 TEHEEA
017 L8R 55 A B 000115-95-7 CHx0, 1 AN e o5 A R A
018 KA B F B 000119-36-8 CsH;0; 0.04 -
019 + ke 000629-59-4 CiHy 1 -
020 Y3 000064-19-7 C,H40, 0.0055 KA B A
021 4-T i k-2-F 2L KE  007786-61-0 CoH 100, 0.01 -
022 ) A Ji 000104-46-1 CiH,0 0.015 WAL A A A

TE o= B0 2 e BIAR O SCHK , T0 0k 4 1 o 8 A R i 3

K2 ARAFHESEREEREFMEESHS OAV
Table 2 OAV of green Sichuan pepper and their leaching residue from origins

Ak EEAL(OVA)

WK R, 5 2 #R GSP- GSP- GSP- GSP- GSP- LR- LR- LR- LR- LR-
No.1 No.2 No.3 No.4 No.5 No.1 No.2 No.3 No.4 No.5
A M 1742 2628 1520 1636 1910 821 1042 1002 788 758
A AR M 14339 28216 10339 13917 16 658 7247 10919 6 148 6551 7539
K 918 578 325 670 - 618 260 - 290 520
A ik H 761 509 564 1468 1540 1024 490 399 1516 1 000
(+)— A7 6817 9901 5416 5901 7037 4903 6075 4942 4398 3862
7 M 2356 7165 1294 2394 2453 1232 2288 768 1029 1209
y—HN el M 234 162 75 123 455 174 103 93 100 255
T 5% il M 277 375 121 199 490 254 168 126 119 347
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(8% 2)
AR & AL (OVA)
Rk R, 5 4 AR GSP- GSP- GSP- GSP- GSP- LR- LR- LR- LR- LR-
No.1 No.2 No.3 No.4 No.5 No.1 No.2 No.3 No.4 No.5

VEW i 3855 11 586 3683 4344 5188 1302 2 658 1342 1284 1325
R - - - - 143 - - - - -

7 REBE 356367 514333 337417 378933 459800 430217 494867 497450 391083 424967
KL - - 36 34 44 - - - - -
Ak M 8% 754 - 1263 295 - 694 406 - 412 1049
Fo A A B - - 7510 - - - - - - -
(=)-4-ik = B - 122 - - 558 - - 129 - -
oA i B - 251 - - 177 - - 113 - 122
L8R 55 A% BE 136 41 244 181 167 78 20 161 82 90
KA BRF B 95 - - 108 178 - - - - -

T+ ke 23 50 30 8 59 - - - - 15
TR 1182 1855 1764 2 000 - 1964 1564 2 164 1655 2145
4-T 4 Kk -2- - - - - - 580 - - - -
VAL K By

B 4947 - - - - 2 060 - - 1687 1080

- ARIFEEM(OVA)/NT 1,

1 P da BT, S A7 MR AEABU S S 1
KHEF A4 N 16,15,16,16,16 Fh, Horp
11 Fh A A S5, GSP-No. 1 A KL &<
B 1 R, A 1) 75 B ; GSP-No.3 FEA ¢ B S
I3 1k, A AU ; GSP-No.5 #5 A L Sl
A3 1Bk, RN K 4b nT g, S Rl AEARER
rh L Y OGS SN AT 4 i o 15,13,13, 14,

16 B, Hor 11 A4 SR UK 2 , LR-No. 1 4¢

GSP-No.4

GSP-No.1

(a)

(b)

B4 EFEM(a)RERKE(b)XBESMS Venn EIS#H
Fig.4 Venn diagram analysis of green Sichuan pepper and their leaching residue (b)

BRI VR, R A=W FE-2- P H K
1 ; LR—No.3 F5A7 SCHEF AT 1 R, 2l (=) -4
it B s LR-No.5 F¢ A SRS 1 #0, -
B o 38 33 A ) A A A S5 R T LR
/SR LEEH C=C 5 C=0 SUZ5H , X
Tl U 235 49 T R X D 7 ARG L B T 11 2 A o T
B EEAERY,
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23 EEEMBEERERXEESYER PCA
S

10 A FE 1 G B 7 SR 43 43 0l LB 7E 4 A
SR b AES —Z R PC1>0 PC2>0; 45 — 4 KR
1, PC1<0,PC2>0; 5 =% B ,PC1<0,PC2<0; 55
P4 BR , PC1>0,PC2<0,

F1 & Sa AT, BT AR AU B A R 32 A o0 B
o, PC1 #l PC2 1Y TTHR 00 5|k 48.7%F1 31.4% ,
FEAT] DA et R 43 D s e i A8 S fF B, 5
A7 M SR AU A 7 3 SR B, GSP-No.1 |
GSP-No.3 Fl GSP-No.4 7£ PCA EIM5 =42 RN,

—ZRRFZERBT 03 (KFHMH) 020 (L1R).
013(4 il 5 B ) (014 (B8 A6 AUEE ) L 022 (TH 7 1 ) ,
M OAV B AT LAFE M | 33X 28 SC B B S5 % B A6
A TTEREC /N, BLIHEX 3 477 M i 5 AL B AE
KR A X A58 ; GSP-No.2 78 PCA & 19 45 14 4 B
WX — G BRFE R T O1 (R ) .02(H M) |
05 ((+)-Frdi ) .06 (F ) 09 (A 1TH) |
O11 (FHFilE) 016 (a—HATMEE) , N OAV {H AT LI
Hh 3 B QB A S TN T AR AU A R ST R K,
Ut GSP-No.2 T AL BT F#AE KU 252 5 ; GSP-No.
57 PCA KIS — 2 RN, X —RMREZ T
O4 (KA ) (0T (y—H il # ) (08 (il i il 4 ) LO10
(VR ) 015 (4-f i i) 018 (/K4 1 H i ) .019
(FPUEE), N OAV {H T LIE H, X L HF WY
JER T AL B S oT kAR R, BB GSP-No.5
T AL BT F7AE A A3 B2 7E GSP-No.2 5 GSP-No.
1.GSP-No.3 .GSP-No.4 3 7= Hu 2 [6]

H1 &1 5b AT T AL AUOC 58 A <0 3 43 40 bt
i PC1 R PC2 19 BT Bk % 43 1 42.5%F1 31.5%,

PC2(31.4%)

PC1(48.7%)
(a)
B 5 E&EEM(a)REZRE(b)XEEFSHS PCA ST

Fig.5 Principal component analysis of green Sichuan pepper (a) and their leaching residue (b)

%ZIKTUJQB%&#(%%J?%M%EE’J#PB EPSIN
LR-No.1 7 PCA B —RIRN, X —~RRFE
KRBT 03 (KM .04 (M{Hakm)\os (il it Y
1) (013 (4—ifl M) 018 (K 4% R g ) L021 (4—
O -2 LRy ) (022 (T i), M OAV
AT DA 33K S G S A 000 oG] 77 AR AU 2 1Y
FATEREE T, UL LR-No.1 3%iE HAT — &
()75 AEABURRIE < ; LR-No.2 1£ PCA EI 5 — %
B, X — R BRFEZ BT 01 (A4 ) .02 (H #
15) 05 ((+)-FrBEd ) .06(F #a) .09 (e XA 4T
i), N OAV (B AT LUF H | 3X B8 SC R S W) o5t 75
AERUR T 1A otk R, 3] LR-No.2 5 46
B 785 0 45 AF U FE LR=No.1 5% ; LR-No.3 £ PCA
BRI =2 WM, X — R R EZ T 011 (J5
i) 015 (4-ififmE), M OAV {E AT LA i, 011
(J7 BRI ) X5 AL ORI 1 B R oT RS, iR 8 T
497 450, i O15 (4—h5 45 B ) ARAEIZAE G R H 0
W] LR-No.3 19 LA < AE % W B ; LR-No.4 il
LR-No.5 7€ PCA EIMSE UL MR N, X —FR R 32
ST 016 (-l BE ) (017 (£ B 55 i fiR ) .020
(ZHR), )N OAV {H AT LLE ) XL KEEF Y
JR AL A S EA —E VR, SR AR
Kp—, HAT OAVEE /N, Wit LR-No.4 il
LR-No.5 Wi~ HiL 1) 75 16 B8R I 19 4R 1E 7 <0 0] B
5 LR-No.1 3 ¥k , 5 LR-No.3 Fl LR-No.2 11
FREFBEK, PCA 555 R ISME 50 5 R £b
FE, AT AT A R AR — 2, SR DGR I A A B B
TR b SR S 0 AU M, U T AR
LR T R R N 25 S5 1) S B S TR R A

PC2(31.5%)

PC1(42.5%)
(b)
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3 Hit

8 AR S B IR AR, X 5 A7 H it
T AR RS H: B U 1 4 D A AU 18 R AT E 1
AT, HB R BT AEAR R LBk i 1 4 1 I
Or BARTERN RN G B B AP —E 2 5, (H B
ALY, Gl Ik OAV 23Hr Bl 5E 1 X I AEAR
Lo M B v Ay AR EE AR Y 22 i OC B A O o
NI RREE AR ()T S AT
W ARH AR y—AR TR R IR | LRI R
PR AT | X5 AEARU RR IR A4 B XU 1 — B, 220
AR AR 5 1 LR AR PR B T D AR ALY 32
BB U, RN AR R E
TEMG K2 W) Jo o e /b BESR W) Jo  m n, ik —
Ao AR W] L5 A" MR B VU TR T A
H AL (GSP-No.2) I G AU 40 31 F | R 8%
Oy BRAR B0 AE R £ H OB, DO A R A AR
it (LR—-No.2) F1 P4 J1| 4 BH 75 4E A5 i (LR-No.3)
10 i A O B A —E R E, Bk
B PR T 2%,

2 % X M

[11 PHUYAL N, JHA P K, RATURI P P, et al. Zan-
thoxylum armatum DC.: Current knowledge, gaps
and opportunities in Nepal[J]. Journal of Ethnophar-
macology, 2019, 229(1): 326-341.

[2] LU Q, MA R F, YANG Y, et al. Zanthoxylum ni-
tidum (Roxb.) DC: Traditional uses, phytochemistry,
pharmacological activities and toxicology [J]. Journal
of Ethnopharmacology, 2020, 260(10): 112946.

[B] RV, fImEE, Ho&, .95 L0000 I & M H

TRH BT B ah B E BORSE R, 2021, 39(1):
162-170.
YUAN Y P, HE Y J, XIAO H L, et al. Develop-
ment of Zanthoxylum bungeanum sauce and its shelf
life prediction[J]. Journal of Food Science and Tech-
nology, 2021, 39(1): 162-170.

[4] FAVRE L C, ROLANDELLI G, MSHICILELI N, et
al. Antioxidant and anti—glycation potential of green
pepper (Piper nigrum): Optimization of B—cyclodex-
trin—based extraction by response surface methodolo-
gy[J]. Food Chemistry, 2020, 316(6): 126280.

[5] MW, PR, EHER, T AN T 200

F oy oy 1 AR R W R B SE[T]. RS, 2020,
43(8): 1956-1961.
XIANG A Y, ZHOU D, LIAN Z L, et al. Study
on molecular distillation separation and enrichment
of polyenamides in oil of Zanthoxylum schinifolium
peels [J].
2020, 43(8): 1956-1961.

[6]  FAINE. AEABHIN R0 = 4 64 Ak 2 U BT SR ). TR
+2, 2021, 39(3): 11-12.
ZHOU Y. Study on the chemical constituents of the

Journal of Chinese Medicinal Materials,

by —products of Zanthoxy lum bungeanum oil pro-
cessing[J]. Seed Science & Technology, 2021, 39
(3): 11-12.

(7]  Rard, XmAL, R, S RGN L&) = 8
A B FET]. P R BR A, 2020(1): 54-57.
WU Q X, LIU F Q, HE Q, et al. Study on the
chemical constituents of the by—products of Zanthoxy
lum bungeanum oil processing[J]. China Condiment,
2020(1): 54-57.

[8] EHE. MBI 28 280042 ialfe &

A LA AL TE HEWF ST (D], B . ARl K
2017.
WANG C X. Study on extraction, purification and
antioxidant activity ofpolyphenols and polysaccharides
from cold pressed oil cake of Zanthoxylum armatum
DC [D].
2017.

[91  ZEXRAE. T MV M I R vl R AR g 2 114 i B S G
PERTBIREFE[D]. HEZ . POk K%, 2015.
JIANG H X. Study on the extraction of the funda-

mental components and the physical and chemical

Ya‘an: Sichuan Agricultural University,

properties of vine pepper in the cold press cake[D].
Ya‘an: Sichuan Agricultural University, 2015.

[10] XU D P, WANG C X, ZHUO Z H, et al. Extrac-
tion, purification and antioxidant activity of polysac-
charide from cold pressed oil cake of “Tengjiao” seed

of Biological Macro-

[J].  International  Journal

molecules, 2020, 163(11): 508-518.

(1] e, mam, Z&R, % JHE s Em

REBE AR BT 65T PR, 2020, 45(10):
106-114.
JIANG L Y, CHENG J X, XIA D, et al. Optimiza-
tion of extracting Zanthoxylum bungeanum resin by
matrix analysis method [J]. China Oils and Fats,
2020, 45(10): 106-114.

[12] /N8, Bhilbog, 5330, 4. JET i1 SR Bk



236 %10

HS-SPME-GC-MS %4 OAV 27 R Bl = HuF I AR AT 6 09 R4 A SR o

323

[13]

[14]

[15]

[16]

[17]

[18]

FH 23 A 32 40 75 3O 55 AR MR SR A R A XU 64 52 i (],
B S GR, 2021, 32(10): 127-139.

YUAN X J, ZHONG S R, YI Y W, et al. Analy-
sis of the influence of cooking methods on volatile
flavor of green prickleyash by E-nose and GC-MS
[J]. China Food Additives, 2021, 32(10): 127-139.
Wb, SR, B TS - G IO i -
JBE B 3 AT B 4 B 2R N R M )] AT S
H %, 2007, 28(6): 113-115.

LU Z G, DONG Y, FENG D. Sudy on volatile
components of potato leaf by HS-SPME-GC-MS[J].
Food Research and Development, 2007, 28 (6):
113-115.

ROGHE, BN, XN, 5. 6 DR
B0 9V WA B R o % T e T V2SR [T, R R AR
A KA 2E 4], 2019, 40(4): 83-91.

SHEN G H, TAN X Y, LIU H N, et al. Off-fla-
vor compounds of liquid from processing purple
potato granules and enzymatic deodorization effect|[]].
Journal of South China
2019, 40(4). 83-91.
AERET, A, WORHE, . R AR R E R
g B b gy BE)]. AR B, 2021, 43(5):
467-473.

ZHAO J K, LI X, HUANG D Y, et al. Analysis

of volatile components of essential oil in Zanthoxy-

Agricultural  University,

lum armatum DC. cuitivars[J]. Amino Acids and Bi-
otic Resources, 2021, 43(5). 467-473.

NI R J, YAN H Y, TIAN H L, et al. Characteri-
zation of key odorants in fried red and green hua-
jlao (Zanthoxylum bungeanum maxim. and Zanthoxy-
lum schinifolium sieb. et Zucc.) oils[J]. Food Chem-
istry, 2022, 337(5): 131984.

LIU Y P, LI Q R, YANG W X, et al. Characteri-
zation of the potent odorants in Zanthoxylum arma-
tum DC Prodr. pericarp oil by application of gas
chromatography —mass spectrometry —olfactometry and
odor activity value[J]. Food Chemistry, 2020, 319
(7): 126564.

(77 A . I 2 N T 2 A G W 7 S U e E )
F 50 R K GC-MS ) J5 s il 43 Br (1], & & R
2=, 2015, 36(22). 69-74.
YANG J, ZHAO L, SHI B L,

sponse characteristic analysis with fast gas phase

et al. Aroma re-

electronic nose and volatile components analysis with

GC—-MS of green prickly ash[J]. Food Science,

[19]

[20]

[21]

[22]

[24]

[25]

2015, 36(22): 69-74.

B/NE ) ZokER, Bimm, . hEREESR SR
JHAE AU oA it S HC B 43 43 B [T RS, 2014,
33(2): 42-46.

CHEN X X, YUAN Y J, HU L L, et al. Prepara-
tion technique and component analysis of Zanthoxy-
lum bungeanum seasoning oil by medium tempera-
ture extraction [J]. China Brewing, 2014, 33 (2):
42-46.

TIAN P, ZHAN P, TIAN H L, et al. Analysis of
volatile compound changes in fried shallot (Allium
cepa L. var. aggregatum) oil at different frying tem-
peratures by GC-MS, OAV, and multivariate analy-
sis[J]. Food Chemistry, 2021, 345(5). 128748.
REN L Y, MA J, LV Y, et al. Characterization of
key off—odor compounds in thermal duck egg gels
by GC —olfactometry —=MS, odor activity values, and
aroma recombination [J]. LWT —Food Science and
Technology, 2021, 143(5): 111182.

SRIWICHAI T, SOOKWONG P, SIDDIQUI M W,
et al. Aromatic profiling of Zanthoxylum myriacan-
thum  (makwhaen) essential oils from dried fruits
using different initial drying techniques[J]. Industrial
Crops and Products, 2019, 133(7): 284-291.
L, miEME, BER, SF. SPME-GC-MS %54
OAV J3 BT AN [7] 72 DX AL ABKE 2B AU B B 7 <0 B[]
ThEeE, 2022, 43(4). 208-214.

GAO X J, GAO H Y, ZHAO L, et al. Analysis of
key aroma components in fried Zanthoxylum
bungeanum oil from different production areas by
solid phase microextraction—gas chromatography—mass
spectrometry combined with odor activity value [J].
Food Science, 2022, 43(4). 208-214.

B E, MR, BocER, AR RnEE AR b OCHEE
AT B AR, 2020, 41(16): 173-
178.

HU Z H, BAI J W, YANG W X, et al. Identifi-
cation of the key odorants in fresh Amomum tsaoko
fruit|J]. Food Science, 2020, 41(16). 173-178.
RIGLING M, LIU Z B, HOFELE M, et al. Aroma
and catechin profile and in viiro antioxidant activity
of green tea infusion as affected by submerged fer-

mentation with Wolfiporia cocos (Fu Ling)[J]. Food
Chemistry, 2021, 361(11): 130065.

[26] ZHU Y, LV H P, SHAO C Y, et al. Identification

of key odorants responsible for chestnut-like aroma



324

O

B

= QYA
=

2023 55 10 #

i

[27]

[28]

[29]

[30]

[31]

[32]

quality of green teas|]J]. Food Research International,
2018, 108(6): 74-82.

B, WA, OKRE, G dbRtH X A g kR
A XU 0y S i 23 AT (D). AR A, 2020, 34(1):
94-103.

LI J, HAN D, MI S, et al. Profile analysis of the
volatile flavor compounds from Beijing area of mari-
nated beef[J].
ences, 2020, 34(1): 94-103.

BOCHE, MR, BRI, 4F. GC-MS Z5 a1l
AT WIEAKREEEIRLMER]]. 5
KT, 2021, 47(20): 260-270.

XIE G H, LU A X, OUYANG K, et al. Analysis
of the aroma formation in six categories of teas by
GC -MS combined with chemometrics[J]. Food and
Fermentation Industries, 2021, 47(20). 260-270.
FREE, BRER, HAEIR, 4. AEDA %54 OAVs 2
T o 3 A O il TP R AR M R O T, B A T,
2016, 37(12): 264-268.

NIU Y W, YAO Z M, XIAO Z B,
study on characteristic aroma compounds in
lavender essential oils by AEDA and OAVs|[J]. The
Food Industry, 2016, 37(12): 264-268.

JBFE R, RWE, sk, % MMSE-GC-0 454
OAV 12 %2 78 78 1] 5% Wl IX. vy 48 5058 8 v SC 0k )
JRTL. B b A BRI 2 4l 2014, 5(3): 877-
888.

GU S Q, WU N, ZHANG J J, et al. Characteriza-

tion of key odor compounds in steamed Chinese

Journal of Nuclear Agricultural Sci-

The

et al.

two

mitten crab  (Eriocheir sinensis) farmed in Chong-
ming region by monolithic material sorptive extrac-
tion—gas chromatography—olfatometry and odor activity
value methods[J]. Journal of Food Safety & Quality,
2014, 5(3). 877-888.

ST, KW, SRELAE, AF. G R TR R A
TR Koy 28 DR S ALK W TSR S R [, £ R
2019, 40(10): 187-192.

ZHANG Z Q, ZANG M W, ZHANG K H, et al.
Effect of cooking, autoclaving and reheating on the
volatile components of steamed pork with rice flour
[J]. Food Science, 2019, 40(10): 187-192.

JIANG L, KUBOTA K. Formation by mechanical
stimulus of the flavor compounds in young leaves of
Japanese pepper  (Xanthoxylum piperitum DC.) [J].
Journal of Agricultural & Food Chemistry, 2001, 49
(3): 1353-1357.

[33]

[35]

[36]

[37]

[38]

(391

[40]

MA L J, GAO M M, ZHANG L Q, et al. Charac-
terization of the key aroma —active compounds in
high—grade Dianhong tea using GC-MS and GC-0
combined with sensory —directed flavor analysis [J].
Food Chemistry, 2022, 378(6): 132058.

YANG X G. Aroma constituents and alkylamides of
red and green huajiao (Zanthoxylum bungeanum and
Zanthoxylum schinifolium)[]]. Journal of Agricultural
& Food Chemistry, 2008, 56(5): 1689-1696.
JLY, L S M, HO C T.

sensory properties and application of Sichuan pepper

Chemical composition,
(Zanthoxylum genus) [J]. Food Science & Human
Wellness, 2019, 2(8): 115-125.

WRifg i, IhFE S, ETF, . BRI BRGSO
35 — L] — J5 335 K06 P A0 24 5 A AR ARG T DG B R A X
WYL E . &5 &R T, 2017, 43(3):
191-198.

CHEN H T, SUN F Y, WANG D, et al. Identifi-
cation of key aroma-active compounds of fried zan-
thoxylum essential oil by aroma extract dilution
analysis and gas chromatography —olfactometry —mass
spectrometry [J]. Food and Fermentation Industries,
2017, 43(3): 191-198.

BE, REFR, 28R, % GC-0 454 0AV K&
Bl 1 00 AOE Ji S B A SO [T]. B AR Bk, 2022,
43(8): 184-189.

ZHAO Y, ZHANG Y H, LI J K, et al. Identifica-
tion of key aroma compounds in virgin olive oils
from varieties grown in Longnan by gas chromatog-
raphy—-olfactometry coupled with odor activity value
[J]. Food Science, 2022, 43(8). 184-189.

LI W Q, CHEN Y P, BLANK I, et al. GCxGC-
ToF-MS and GC-IMS based volatile profile charac-
terization of the Chinese dry—cured hams from dif-
ferent regions[J]. Food Research International, 2021,
142(4). 110222.

YU M G, LI T, SONG H L. Characterization of
key aroma —active compounds in four commercial
oyster sauce by GC/GC x GC-0-MS, AEDA, and
OAV[J]. Journal of Food Composition and Analysis,
2022, 107(4): 104368.

FENG X Y, WANG H W, WANG Z R,

Discrimination and

et al.
characterization of the volatile
organic compounds in eight kinds of Huajiao with
geographical indication of China using electronic

nose, HS-GC-IMS and HS-SPME-GC-MS|J]. Food



5523 % 45 10 HS-SPME-GC-MS %4 OAV 27 R Bl = HuF I AR AT 6 09 R4 A SR o 325

Chemistry, 2022, 375(5): 131671. Journal of Food Composition and Analysis, 2021,
[41] ZHUO Z H, XU D P, LI Y P, et al. Fingerprint 96(3): 103736.
analysis of Zanthoxylum armatum DC. by HPLCJJ].

Analysis of Key Aroma Components of Green Sichuan Pepper (Zanthoxylum schinifolium)
from Different Geographical Origins and Before and After Leaching
by HS-SPME-GC-MS Combined with Odor Activity Value

Zhou Zhishuai'?, Li Jiao', Lin Dexian', He Li"
(College of Food Science, Sichuan Agricultural University, Ya’an 625014, Sichuan
2Jiangxi Baicaoyuan Industrial Co., LTD., Nanchang 330096)

Abstract In order to explore the differences in the volatile components of green Sichuan pepper and their leaching
residue from different origins, get the rich volatile green Sichuan pepper and their leaching residue, to provide a theo-
retical reference for the selection of raw materials for the extraction of Zanthoxylum schinifolium oil and the comprehen-
sive utilization of their leaching residue. Gas chromatography—mass spectrometry (GC-MS) was used to separate and i-
dentify the volatile components of 5 different origins of green Sichuan pepper and their leaching residue, the results
showed that a total of 51 volatile flavor components (12 common components) were identified, including 20 olefins, 15
alcohols, 3 esters, 2 ketones, 5 alkanes, 2 acids, 1 phenols, 1 aldehydes and 2 other substances. Through clustering
heat map, odor activity value, venn diagram and principal component analysis (PCA), showed there were differences
between the key aroma components of green Sichuan pepper and their leaching residue, but all contained linalool, (+)-
limonene, myrcene, basilene, trans—caryophyllene, etc, and had high OAV values, indicating that there were still a lot
of key aroma components in green Sichuan pepper and their leaching residue, which had certain utilization value.

Keywords green Sichuan pepper; key aroma components; gas chromatography—mass spectrometry (GC-MS); clustering

heat map; venn diagram; principal component analysis (PCA)



