2024 4F 55 49 % 45 12 1 e8 e 7

MAEMMT DOI; 10.19902/j. cnki. zgyz. 1003 —7969. 230457

78 7= 4 B R B R 1 B 2 T AU R By
T2 R E XK B 53 53 T

o' g, L R k!
(1. ¥R A4A 35 TRZE, T HIR 056005; 2. ik £ 106 % Ye4i b % 5 A TS, 7Tk HR#R 056600)

TE : h 3 3 e R b Rk oo i, R A B A B ML) v — LB IR AR 3 ) & AL AR vk o, 38 ad
W& Rk R A8 IR R AR B ) LB e ATk ol P AR AREBE i B A 09 R va , SE A R ve B ik
x4 & T L RATHAL, R TS B AR I - A &3 i 3K (HS - SPME - GC - MS) # K 2]
okl 69 3B LM R - EEATAE M 5 oA, T A o - LIRS IR S A k2 PR vk AR R M R
09 £ 5, BB 3T & a9 iRk 2 AR AT Rk R, 4 R A JUARGATR 6 AR & A
A FEBESC A FE 4 min, LEEME21% (AR HREH), Rl ke dmEnl:3, 8
75 5240 W, R A4 TF kol AR BER: B A-F 4 (4.72 £0.08) mg/ g; A i 3% Ao LALLMy i 12 4R
ag iRl AR R 69 £ B AR K AL E D 5 ) Ky AS FhAe 3T AP, E ARSI AR EREL R
B PR ARG A N R BR 2 A B @0 KRR B R T AR iR AR R RE A
AR T A i AR 0 A2 LRk 5 B AR DR, 4E B IRAIZ AR AT B 6 U ek i 1R Rk
Fr R B E TR R DT A — G AR, T RALE) 77 i 7T A TR soRk b 65 &

KFEIA : FEACR R M 5 AR AT FOMR BRI ; AN R 5 KR TR

FRE SRS TS224;TS225.3 SCHRFRIDAD: A SCEHE 1003 -7969(2024)12 —0007 —07

Optimization of ultrasound — assisted mixed extraction process of
Zanthoxylum flavored oil and analysis of its flavor components

CHEN Jiangkui', YANG Mingjian', DONG Zhanjun®, YIN Chunyan'

(1. College of Life Science and Engineering, Handan University, Handan 056005, Hebei, China; 2. Hebei
Meilin Multivariate Grain and Oil Trading Co. , Ltd. , Handan 056600, Hebei, China)
Abstract:In order to improve the flavor quality of Zanthoxylum flavored oil, Zanthoxylum flavored oil
was prepared by ultrasound - assisted plant oil — ethanol mixed extraction. The effects of ultrasonic
temperature, ultrasonic time and ethanol dosage on the total content of fagaramide in the flavored oil were
investigated by single factor experiment, the preparation process was optimized using response surface
methodology, the volatile components of the flavored oil were detected and analysed by headspace solid —
phase microextraction — gas chromatography — mass spectrometry ( HS — SPME - GC — MS), and the
differences in volatile compositions of flavored oils were compared between plant oil — ethanol mixed
extraction and single — plant oil extraction. In addition, the aroma attributes of prepared flavored oils

were evaluated in terms of flavor. The results showed that the optimal conditions for the preparation of

Zanthoxylum flavored oil were as follows:
e B #8:2023 - 08 - 31; & E A #7:2024 - 09 - 02 ultrasonic temperature 51 °C, ultrasonic time 44
EE&WE: WA= AR S kR ot H
(22313014047 ) 5 i L 45 o 5 22 A B 22 HOR BIF 58 i 0 H
(ZD2020414 ) sl b4 K~ A BB BT BE ) B & & i H
(22E50286D) ratio 1: 3, ultrasonic power 240 W. The total
VEZTEA : WRITIEE(1984) , 5 YU, W1, BF 58 05 1) £ b content of fagaramide in the flavored oil under
K5 20T (E-mail ) ¢jk02006@ 126. com, these conditions was (4.72 £0.08) mg/g. There

min, ethanol dosage 21% ( based on the mass of

soybean oil ) , Zanthoxylum to soybean oil mass



8 CHINA OILS AND FATS

2024 Vol. 49 No. 12

were 45 and 37 types of main volatile components detected in the flavored oils of the mixed extraction and

single — plant oil extraction, respectively, and their main volatile components were alkenes and alcohols.

The flavor intensity of the mixed — extracted flavored oils was significantly stronger than that of the

single — plant oil extracts in terms of citrus aroma, pine aroma, and strong flavor presentation attributes,

and lower than that of the single — plant oil extracts in terms of fat aroma, but their flavor was more

readily accepted by the evaluation panel. In conclusion, the Zanthoxylum flavored oil obtained by mixed

extraction shows some enrichment in terms of flavor types and major flavor components, and the optimized

method can be used for the preparation of Zanthoxylum flavored oil.

Key words: Zanthoxylum flavored oil; mixed extraction; fagaramide; volatile components; flavor

evaluation

ML ( Zanthoxylum bungeanum) Jg& T 2= 7 Bl 4¢
HUBTEM N SEAR  RIR ER A &R
—, HAR By HAT AR 14 7 R FIVRR IR 1) RIS, 38 LA B
NEFRR A W T3 b AR fhF
Jy AR RS A= Y A IR L B R D
W) HAT T BAAL R i Th B
TR 7 T AN T2 A 7 AR T 2E
TR 23 BE 0, 4 e W A oy 32 BB AR ARk 7L )
ESRG Tz — . BB LA T KA
R R % ] P o AR AR I 7 it i SR B 3, )l
RIEAE & B4 AR KA

PRI R 5 IS 28— 19 L n i
) —Rh A B B i, e AE AU R it e FAE AU I
FIRRDR , FEAE VOl B A T2 B REF Y o 4 AT AE AR
eI B 5N T A W R R BOE™ I R
COLZERRE" | m iR KR L 4, 108 5 s AH L A7
TEVE RGN C AR = g il e I AE AR P o
SEBR L, 1 AR Il B e R B 0 T AR AR R it 2 i
R BRI A ROk 5 UE, B R IR ) o
TEMR FEN MY T, LA EE — o - IR
AR S AEHI I K 2 AR AN G 1 A
ANVE T A T Ik, 76 KRR 420 3 v R A B IR
PRI, B4 DAL 0 it 8 2 1 8 A6 RO A il , 23 A7 7
RARA BT A IIE Y [R] R, 25 i 381 46 BTt e 7
I WA B Y A AN S R AR i
IR 5 12 i il 25 A6 BUJE BRI, (] i i Y P
B BB TR AR AL, T A v I T 325 G Ak A AR bR
A T2 O A R P KU L A3 R AT AR, LA
HABRAG— 0 5 THRAE a4 T R 555 10 A6 AU R il 2
[N
1 w57 =X
L1 gt

B LT AEAR [ AEABUE Jie o 25 5 Ry (18,43 =

0.42 ) mg/g], = M Jb b B — R, it
Ll ml P s 7 S L, AR R A BR A
Al R AL — o — INBUGRBRUE S (22 =98% ) , LR
AR P RHECA BRAA W) I O, @il al, 22 se kil
AT o

Essentia LC - 16 =30 AH (@ 3%{% . SPD - 16 42
Hh/u] DL A I A%, B A B 2 w5 TRACE1300/
ISQ1300AH €8, 3% 5t 1% 3K A, F€ B R AR B 24
) [ A A BUTA% .50/30 wm DVB/Car/PDMS [i]
AR ZE B (SPME ) 3k, 22 [# Supelco 2y 7] ; SY — 2000
ikl z AN, B R A A AR T s BILDNOS — NI D
P AR A A, L BT FE B2 Wl 5 AXTGLI6M ¥
IRELD L, bR A YRR BR 2w
1.2 ik
L2101 FERURMRM i 5

B FEAER 2% 5 HE T (60 ~ 70 °C) , ¥y ¥ 5 3ot
0.85 mm(20 H) i , fEHUB AR 5 K Sl B o i L
13385, SN —3E LU JC K T, TR 8 75 5 20 i
Py WA rpr, T R A IR R P I [R], 7R A 2 R
240 W R TR . BRI ,8 000 r/min £
10 min, KBRFJRTUNE, F 5B EE: 25 K AR s
ZEIR BT BR BE AT , 5 A (0 N I A vk AR
PORAE
1.2.2 ZEARE I G5 1 A

Z: M GH/T 1291—2020 { A£ S A6 #5017
it AEHUBE R S5 1 I B RO T k) Ky
T L5 A 5 0 AR R S e 2 A B B
L,
1.2.3  $ERAMER T 50 Hr

SR 14 ], R T T A5 AR 2 B - A 6
TG (HS — SPME — GC — MS ) 32 45 ) £E B
R T H Y 5 R Ao B 20 mL 78 BRI B T
50 mL TRASHHHY, ¥ 8 A8 Y SPME Sk 48 A0 %5,



2024 4F 55 49 ¥ 5 12 1) i

g 9

A HETIMRE EZ5 25 1 em Ab,80 °C WL A 25 min,
GC HAEAEYZ 1.5 min,

GC 60 : AN A R R BE 250 °C, AN
PRHERE, i 1.0 mL/min; TR AR P ) 46 R EE
60 C 1%+ 2 min,2 °C/min J} & 135 C ,{%4F 10 min,
20 °C/min F} & 240 °C , {3 +; 4 min, MS &4 &1
PRIREE 230 °C, 73 (ED B 78, i 7 RE 1 70
eV, F L[ 35 ~500,

¥ 23 B9 2 1 25 4123 B 5 B 5 NIST B e
HEAT VETCE M , % 1E S U IE B 24K T 80 By A& 4
HEAT U 5 SR 0 T ARUH — Ak R X & A G Wit
EH,

1.2.4  XBRTFEM

%% GB/T 102202012 (EE 4 M ik A
W) K Liu™" Sun' ' S5 0y 7 1 X6t 26 ABUIR o T 9 XU
AT, TEWI SR = N (4EFr = R AE 25 C A2
)RR ST 100 mL (R BeRR B 10 408 E P
& N G IR B AP BORIEATIT o SR XU ]
i PR B AR AR o A e A A
E R PES (3 AR 38, B S A B M R RS
WA HE b 55 BB AEAT 0 ~ 9 W), LIARAS Y2473
AR
1.2.5  $Eibrg

TS SEIEORE I E 3 U, LA = R v fw
227 Fon, f#i H Excel 2016 5 1 &b B % & , Origin
2021 Ffbz A
2 HBREHH
2.1 GetiErk bR &L E E %

2,101 EER IR AEARIE I 2 5 A S

TEAEFS ] [H] 45 min, SEEANE 15% (LR G
M BT T A5 PF T, 9088 5 U 0T A6 AR A it o
AEARI e 5% TR, 25 SR AN & 1 s

— 5r

mg/g

I 4r
4o
pac]
¥ 3

AR

2 1 1 1 1 1 J
20 30 40 50 60 70 80
P e JEE/ °C
E1 BEREXEHEEDSENE

Fig.1 Effect of ultrasonic temperature on

total fagaramide

AP 1 R] O, Bt Pl BE 1) T e, AR M B
S BUCHE IS AR 5, 77 L 50 °C I

G

AERUE I 2 Ik Bl de iy, O 4. 32 mg/go XM
Sy P L BAR N, S T IR R A S AT S
P, TSR AR XA s AR O BEAR 1 AN i
FIRR T e, 7 kB 5 N, sk T e
Jo RO R AR A BE LB S bk 5 I, e
50 CHE M A = IRE
2.1.2 P DR AEARIRE I 155 A S

TER AR 50 °C LRI 15% B4 0F T, 3%
GO I B X AR AR A ik B AU I S R
M, 25 S IE 2 FR .

5r

(mg/g)

=
&
0
3-

AEHE iz

2 1 1 1 1 1 J
0 15 30 45 60 75 90
R 7 B [B]/min
E2 BEEEXMEHRER2SE0ZME

Fig.2 Effect of ultrasonic time on total fagaramide

H 1] 2 AT, Bt R P I ] B, AEARIBE I
HE R B LTS R B AR B A RS IR Dy 45
min [ FEAIBE G S5 A Bl i, O 4. 20 mg/g,
P R IR DA 5 S A S IR A — i
ANBER T3 L 5 100 244 8 7 s TR i B, R 2 400 Jo
SRR SR B, (LS R IR LR IR,
$f 45 min /o SRR ]

2.1.3  ZEEmd X AL B R B R R

TEB AR 50 °C G I ] 45 min 155 1F T,
TRIT SIS AEARIR AR Il - AEAUE A B 75 (R
w25 A 3 TR .

/(mg/g)

AEAR T

0 5 10 15 20 25 30
LTSRN %
B3 ZEmEXEMEEDSENE
Fig.3 Effect of ethanol dosage on total fagaramide

1P 3 w1, Bt SR i S0, FERISE e B
SR BT TR S 7R OB 20%
I, ERUE G 35t s B e, 4. 44 mg/g KL
PR AEARUE M () RGPV 0, B2 £ I fr 42



10 CHINA OILS AND FATS

2024 Vol. 49 No. 12

oy, AERIE I (992 1 R0 A0 32 7 {HL I £ e hn e it
1o TEIEA Tl s 22 1R MO Pt P i, 38 - R M g
e, R B A BN A HIE, L
209% 15y fe i S hn R .
2.2 Femifvki ) &k B E 51
2.2.1 W BT S5 B R4

TES DR 2R 2 56 1Y HE Atk DLAE AU WR il v 42
AR M 5 i (YY) DA WRL L {7 B (A) RS
WA (B) LEEit (C) s R, Wit =N R
7Ky Box — Behnken i Ji7 18 552 35> o 0 17 1
S N R E KA WA 1 W 0 1A S e BT S AR L
*2,

®1 MEEXBEERSKE
Table 1 Factors and levels of response

surface methodology

KV AMEFRE/C BRI E/min C ZEEINE/ %

-1 40 30 15
0 50 45 20
1 60 60 25

R2 MEERWRITEER
Table 2 Design and results of response

surface methodology

SEy A B C Y/ (mg/g)
1 1 1 0 3.74
2 -1 -1 0 3.67
3 0 -1 1 4.10
4 0 1 1 3.99
5 1 0 1 4.13
6 -1 0 -1 3.53
7 0 -1 -1 3.38
8 -1 0 1 3.95
9 1 0 -1 3.69
10 0 1 -1 3.81
11 1 -1 0 4.12
12 -1 1 0 3.90
13 0 0 0 4.71
14 0 0 0 4.62
15 0 0 0 4.59

2.2.2  HREAVEST 55 25510

{#1FH] Design Expert 13 3f4, XEAEAUSE NG 55 &
PTG BT, A5 B B3 I F2: Y = 4. 640 +0. 0794 +
0.021B + 0. 220C - 0.1534B + 0. 005AC - 0. 135BC -
0.389A4% —0.394B% — 0. 426C* , ZIE R ) 5 2240 H7
gEIRANER 3 PR,

®3 HARBEFESWER

Table 3 Results of variance analysis of regression model

Ji% o FM gl By F p o REMH
%l 2.1700 9 0.2409 33.53 0.0006 s

A 0.0496 1 0.0496 6.91 0.0467 =

B 0.0036 1 0.0036 0.50 0.0510

C 0.3872 1 0.3872 53.89 0.0004  #x
AB 0.0930 1 0.0930 12.95 0.0156 =
AC 0.0001 1 0.0001 0.01 0.9107

BC 0.0729 1 0.0729 10.15 0.0244 =
A 0.5580 1 0.5580 77.66 0.0003  s#x
B 0.5725 1 0.5725 79.67 0.0003 s
c 0.6709 1 0.6709 93.37 0.0002  *x
B 0.0359 5 0.0072

AP 0.0281 3 0.0094 2.40 0.3073 R
Hik?% 0.0078 2 0.0039

BIRE 2.2000 14

T = FRZEFRE (p<0.05) ;5 = FRZEFMEFE (p <
0.01)
Note: #.p<0.05; =*x.p<0.01

HIZE 3 Q%M F {E Dy 33.53,p fH/M T
0. 01, 1 [a] U 5 7R Al St 2% 5 [m] U0 A TR ) R 2
(R*) 1 98.37% , F& W75 1 22 o) (26 P0G R PRI 4
YL RAUTTE p (HRK T 0.05, 22573 A 35, 1
PTG B AT, A 3 S RSB I DL o R EE
FAER/INAT LA M 35 1) S 36 R R X 2% R R i) 32
URREE , F R S B 2 i 3 AL B
Wi AEAR I e 5 A PR kit € > A > B,
R Zshn i >l I > R i), H 2B
FEAUIE i S 25 it A 52 o 82 B oy 1 LAt PR 3%, U
CRENIR AR R AR A P OGS T ) o )38 A AR R
VERTo 20t 2% PR 3% B IR 58 18] 28 1A A A 25 1k
N, —IRIA AL H I AB (BC $2 0 3%, — IR C
R ILA* B\ C* LR 8.3, X Uil 4% I R X 7E
BRI FP ARSI 1 55 S RS2 MRS A 2R 1Y, 52 T
VEFHRE MR, 0 s ) i JEE A By I 8] TR
MM S o Hh B 22 (EA R BRI
BCGYLHET B T AL AU R 1 R 10 53 8 2
AU IR R PR SRy A b (0 A6 AUV DR T T 2 A Ak 4G
R—E
2.2.3 WA SR A R R AR 1 S BRI

L IEAT Design Expert 13 Bp, DL AEHEE L
B SR IRRI R KAE AT, 75 2 de A5 1 D A
HE 511 °C 75 i [a] 44, 4 min, Z B0
21.3% AEBLFRAE T AEARIBR I AL AUE I A 25 1



2024 4F 55 49 ¥ 5 12 1) i

iR 11

PIMAE N 4. 67 mg/go g7 (3R A, L4l 7 iR
51 °C AT [E] 44 min | LEENIEE 21% J 26 AF,
PEAT 3 YRR AESE 5, W0 75 6 AU DR Jih v FERUBE M B2
FHHN (4.72£0.08) mg/g, 5B R AY A X R 22
1,07 % BRFER /NN, L W R T 552 56 DG A 1) A5 1
JEAEER

PAPCAL T2 250 T il 2 B AERUR R I A TR B 1R

PR AR L ESECT AU S IR B 1 45 1 A6
PRI A BB R A A (X BRAH ) |, 43 SR AR
PR EL A, 15 B A IR S 4] A AERUE G B2 O R
76.83% , A LU X REZL 1Y) 45. 74% A W W4T .
2.3 EZBEMERS

TR iR AR R A A T R B AR ASUR A I v
RANERLST BAHR & 7N 4 FR o

®4 EHAKBNEEZEZERSMESSE

Table 4 Types and contents of main volatile components in Zanthoxylum flavored oil %
et wamge T wope L
=i =i
[RES [LGEN
g 28.50 21.40 FET 1.25 3.50
L 0.92 1.14 B ER 0.47 1.33
R i 0.85 0.94 (+) - 0.57 2.12
2 — I F e 0.82 0.58 FE S B I M T 0.21 0.32
o — AT 2.83 1.78 (S
(E) - sl 0.55 ND AL 0.43 1.73
(Z2) - s 0.74 0.38 e i 0.86 0.44
FE s T 0.73 0.59 Pyt 0.74 0.37
(Z) -3 -5 -Jf -3 - 0.94 1.21 IS 0.44 0.96
B — i 0.72 0.59 B4 IR M 0.79 ND
(+) = ARG 0.76 ND (E,E) -2,4 - BE I 0.89 1.07
Ses [(EES
TR 2.58 3.29 LRI TG 2.72 3.55
(i 2.92 1.03 R IR 0.83 0.87
B~ JEEM 2.28 1.87 ZIRK LT 1.75 3.27
Fris s 15.34 11.85 LR R g 1.94 1.26
y - Wi 2.16 2.32 o — LERAN IR 1.74 3.86
il it T 1.21 0.97 LTRA M g 0.37 ND
B - BH 1.53 0.44 Ok -2 - K21 0.47 ND
B2 IE 0.76 ND [irEs
3 - HILIR O 4 0.79 ND 2.5 0.62 1.41
g 0.47 0.96 3-ZHETH 0.36 0.87
AT 0.74 ND HoAth 2%
y - K22 1.05 1.06 ARG 0.87 1.23
y - BT 0.88 0.47 XAEAesE 0.32 1.26

TE:ND R oA A
Note: ND. Not detected

HiZ% 4 AT, TR 5 IR S F1ERAR il 3= e B AR
WRIHT G )45 R VA 0 A 45 B A 37
Fft, o3 EESE IR R (REZE (BRSE (RE S H A
I, R E2E e 28 O B KMy, X 2R
R BT SRS RAR AL Y R S LA R
AR M1 T1. 07% F1 52. 87% o ¥yt ds Fi oy
2 R 30 A6 BURE AR KUK B B S8R 2 DY A i

Gy AR AEIR A BARAEARUR R T P i £ i ]
THAEYIMR TR . Al DUA S SRR
TR X PE AR R e 1) 452 2 P XU ) 5 B AT I 1]
e
2.4 RekEH

A A XA #9153 BT 75 LS A B A il P XU ik
EIR{BRR S RO A 1 SN R N7



12 CHINA OILS AND FATS

2024 Vol. 49 No. 12

ok, b AT RBIR UG 5 B — AR AN A
IR AR R s F Il BB PR R NG s B
Je [ ARARTE B , 15 B 1 R T8 5 Wk JFE IR 2 48 4 A M
P, AR ZICAC R IR o TR IR SR AN AR YR
PEACHE A KWK P 45 R A& 4 B o
AT iy 2

e H L R 4

e e
T % TR p <0.05; #x R p <0.01; sxx FrR p <0.001
Note: #.p<0.05; s:%.p<0.01; s .p<0.001
4 FEHURE IR E KRN 45 R

Fig.4 Sensory evaluation results of Zanthoxylum flavored oil
H P14 AT, 9 2H 2B AU IR ) A 0 A A
ZESt o IRA RN ENE & A A R JEIR T TH
8 KUDR B8R B8 I 25 vy T R it 2 4 4 B A it )
(p <0.05) , 55 A M AL R T 160 P 2H AE AR B 1l G
WFEFETE, FAR )R B AR AR DR 7 8 5 Y
JRUR S BE 2 35 v TR 5 1R B AR U R il 19 (p <
0.05) . LA KA, IR AR YL AL AR IA W B 1A 7 ik
AR, ST Rl T AR AE T U5 XUk, 2 5 B

INHAR R

3.5 it
ASSCUAR S 2k, B hn £ B iR A R4
1l B8 AL AR WA , 368 o B PR 2 5 36 AR W) 7 TR 52 56
Pl TR 15 4R B ] o AR AR DRI ) 2 A ARt T
DAL, FEXTIC A A T il 5 A 9 A 3 A 4% % 1R 1 o
PEATINRE 15 734, R T o) 5 1 9 A o 22 7 o A
FrIRRIEAT o 5 5R B R M il 14 dee R A 45 2%
PENEE A R 51 C AT I (] 44 min, £ B
21% (LAIREMBETT) AEBUSRHS R b i b
1:3 JHA DA 240 W, 7R A5 70 1 i 4 5 98 ik o
FERE R B35 10 (4. 72 £0. 08 ) mg/ g, RS2
B 5 i ) AL BECIR Rty mP A Y ) 2 B8 R
G535 45 iR 37 v, He 32 SR R M o3 1
IS LS TR A5 TR AR VR DRl rp e A 0 A D A
P ) e A i T A AR AR Y s KU PR 7 T, TR
A EARPARINTEN G A AL RIEIR A R T W
JRUIA 5 J3E A 25 i T SR IR R Y, A A O IR
THAEY IR SE R, (HERG R IR AR SR IR b il o

DA% . AU SR S YR &R Sl 55 18

AR AT , 7 B v 81 R 3 AR AR e 1 % 8 [ I

ARGEA T R A LY R AR im #L CO,

AT VR BB, DAL S W 2 AT A s, X AR

PRI B B R AR HAT B B A 2255 2 3

S WK

(1] 8AMLEG, R¥&, Bifatn, 55, FEA0™ sl IR B AR DFE ot i
(], Eh &R Bk 274, 2023, 14(13) :110 - 116.

(2] FEHFWL, SRAUG, E R, 5. B AEHEE ¥ 3R
Xk PV it RUBR S M A O SR SR [T ). 0 k27,2022, 43
(15) :389 —395.

[3] MA Y, LI J, TIAN M, et al. Authentication of Chinese
prickly ash by ITS2 sequencing and the influence of
environmental factors onpericarp quality traits[ J/OL]. Ind
Crops Prod, 2020, 155. 112770 [ 2023 - 08 - 31 ].
https ://doi. org/10. 1016/]. indcrop. 2020. 112770.

[4] WUT, ZHONG L, HONG Z, et al. The effects of
Zanthoxylum bungeanum extract on lipid metabolism
induced by sterols[ J]. J Pharmacol Sci, 2015, 127(3) :
251 -259.

[5] LI K, ZHOU R, JIA W, et al. Zanthoxylum bungeanum

apoptosis of HaCal human

J  Ethnopharmacol, 2016, 186:

essential oil induces
keratinocytes [ J ].
351 -361.

(6] Mty FAEHURPAENS HIEAE S RysZm [ D], Ui 2
)ik K2, 2017.

(7] WARGEE. FEACUE LR bl f B pEFE (D], LHR: PHAE R
“, 2013.

(8] FRABKA. FEHURILR P JBT A I 5 A€ HC5 A AL ) 2 Y
P [J]. sk AL, 2014, 39(2) : 25 -27.

[9] XIA L, YOU J, LI G, et al. Compositional and antioxidant
activity analysis of Zanthoxylum bungeanum seed oil
obtained by supercritical CO, fluid extraction[ J]. J Am Oil
Chem Soc, 2011, 88(1) . 23 -32.

[10] LIU R, QI N, SUN J, et al. Effects of frying conditions
on volatile composition and odor characteristics of fried
pepper ( Zanthoxylum bungeanum Maxim. ) oil[ J/OL].
Foods, 2022, 11(11): 1661[2023 =08 —31]. https://
doi. org/10.3390/foods11111661.

[11] B, B, XIEAN, 55 RTIEMCPRRR Y 5 18
R WFZUELT ] o [ R IR, 2018, 43 (3):
173 - 177.

[12] MA Y, WANG Y, LI X, et al. Sensory characteristics
and antioxidant activity of Zanthoxylum bungeanum
Maxim. pericarps [ J/OL]. Chem Biodivers, 2019, 16
(2): el800238[2023 — 08 — 31 ]. https://doi. org/10.
1002/ chdv. 201800238.

(4% 104 )



104 CHINA OILS AND FATS

2024 Vol. 49 No. 12

(31) . 264 - 268.

[38] 5kBH, U fF, FLORYE, 5. WINIRRH K 2 W T
A R E L)), & TR, 2017, 38
(22) . 195 - 199.

[39] ok, JrAs], F5 k. — R R i R 47 IR 25 0L M
Hi 47715 CN106539946A[ P]. 2017 — 03 —29.

[40] BEHRIM, TR, T30, GF. —Fhsip R f 455 )
it 4677 1= : CN109845851 B[ P]. 2022 —01 - 18.

[41] A0, E44E, RER, S5 RPNIRILTE P24k Z AR
R A [T, Wd ok Bl 2%, 2009, 48 (11):
2846 —2848.

[42] SCHULER P, SPECK T, BUHRIG - POLACZEK A, et

[

al. Structure - function relationships in Macadamia

integrifolia seed coats: Fundamentals of the hierarchical

PLoS One, 2014, 9 (8):
€102913[ 2023 - 03 - 21 ]. https://doi. org/10. 1371/
journal. pone. 0102913.

(43 ] B, bse, EifE, 5. PR TELE G F I
g ], AR, 2021, 44(2) : 41 -47.

[44] BF, w5, LB, 5. BRI R T EY) 5
FerEsZ o [J]. A6 T2, 2021, 50 (5): 1282 -

microstructure [ J/OL ].

1286, 1291.
[45] NEKHAVHAMBE H H, MUDZIELWANA R, GITARI M
W, et al. Fluoride bio - sorption efficiency and

antimicrobial potency of Macadamia nut shells [ J/OL].
Materials, 2022, 15 (3). 1065 [ 2023 - 03 - 21].
https : //doi. org/10. 3390/ mal5031065.

[46] 1545, #5, REWIER, SF. — PR AL B PR 1 2
S IFE 7R ) ) 5 7 H: CN104258820B[ P . 2016 —
04 -27.

(471 W%, 2, BR5, 2. B R 20 F b Ry W SR 7 IR
ALFRENYLBEK [T]. HokEAR, 2016, 35(1) : 77 -82.

(48] F3UHk, BRifEte, X Hr, 55, — iR SRR e i I
&5 CN108441374A[ P]. 2018 - 08 -24.

[49] oK. — b R Y 15 SR 58 AR e ok 700 B FL ol 4 O 1
CN106491421B[P]. 2019 - 11 - 15.

(507 Ak, — 1 FH Y 038 SR 58 ] 4 R K PR 45700 1) 5 125
CN106309259A[ P]. 2017 -01 —11.

[S1] 4z, BSra, JUHT, 2. WU BRI 2 50 bl SRy
ME S ARG o Hr [ ] AR 241, 2019, 40
(8): 1645 -1652.

[52] T RGF, Tl e, JEHRT, . /KA ML IGR M
IR T E0T]. sk, 2020, 41(1): 176 -
180.

(53] ke, youthr, SB7E08, 45, — R RN R ERAEAEA 1]
5 )51 CN109845861B[ P]. 2022 —03 - 11.

[54] BRtE, i, ARWIZ, 4. BN RERAERYIE R AE >
ol el B, 2011, 31(6) - 58 -60.

(L#&% 12 1)

[13] Bl B2, A, % AR hAEUR
R HPLC PN Jr vk [J]. kb Toll, 2019, 40(8) .
328 -332.

[14] QI D, MA C, WANG W, et al. Gas chromatography —
mass spectrometry analysis reveals the differences in

volatile components of royal jelly from different honeybee
stocks[ J/OL]. LWT - Food Sci Technol, 2020, 124.
1091432023 - 08 — 31 ]. https://doi. org/10. 1016/j.
Iwt. 2020. 109143.

[15] LIU Y, LI Q, YANG W, et al. Characterization of the
potent odorants in Zanthoxylum armatum DC  Prodr.
pericarp oil by application of gas chromatography — mass
spectrometry — olfactometry and odor activity value [ J/
OL]. Food Chem, 2020, 319 126564[ 2023 -08 -31].
https : //doi. org/10. 1016/j. foodchem. 2020. 126564.

[16] SUN J, SUN B, REN F, et al. Characterization of key
odorants in Hanyuan and Hancheng fried pepper
( Zanthoxylum bungeanum) oil[ J]. J Agric Food Chem,
2020, 68(23) . 6403 -6411.

[17] ZEhk, BHEW, 8%, 55 LT H B KIS 550 -l Wy
SO BE EST 0 FE R R D7 12 e R T[T

B A A A 24 4%, 2019,10(8 ) :2103 - 2110.

(18] . AR ALRUE I B HATAE M BT B LS T
MID]. T Kif: KEHT R, 2014.

[19] WRIksE, W, P47, &, TERURRMRY) U E 73 9%
HA e )], &8 TR, 2017, 38(18):
347 -351.

[20] 3T, Tkl ny, B2, S5 BT — m i ik b A6 AR
PR IR TR [T]. 2 5k R,
2020,11(6) :13 - 17.

[21] 2RHL, HRAE, ST, 5. BOMIZEA T 45 £ 1 T
DA TUREM T T ALT]. T EE R, 2022,
22(2): 224 -232.

[22] vretT. AEMURIRY) A 7 8 a1k LA K bt R AL 1 RE
F[D]. B#B: K, 2016.

(23] was, M, W, 5. wa b vk LA As a4
FORR I A AR = T R s e e g (0],
PR, 2021, 46(9) : 58 — 64.

[24] /NS, K6, SHININ, 5. 054X FE BUR M Ih
TR RIS R R S s [T ], Rk, 2014,
35(18) ; 258 —261.

[25] f5a%tiidi. FEMURME IR AE & S 40 B A B O 5t 7
HHLHFIBEZEL D], P42 PRPGIIE R, 2022.



