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Research Status of Preservation and Processing Technology
of Zanthoxylum schinifolium in China

ZHUO Kaili, DONG Li, LI Daotong, CHEN Fang*

(College of Food Science & Nutritional Engineering, China Agriculture University, Beijing 100083, China)

Abstract: Zanthoxylum schinifolium (Z. schinifolium) is a traditional Chinese medicinal and edible plant resource that not
only imparts special fragrance and numbness to food, but also has antibacterial, anti-inflammatory, and analgesic biological
activities. Currently, the Z. schinifolium market mainly consists of fresh Z. schinifolium and dried Z. schinifolium and other
primary processed products, with low processing depth and few product varieties, which are difficult to meet the diversified
market needs. In order to deeply develop and utilize the Sichuan pepper resources, this article reviews the current research
status of Z. schinifolium preservation, drying, and deep processing technologies, compares and analyzes the advantages and
disadvantages of different technologies, in order to provide direction for improving the quality of existing Z. schinifolium
products and promoting the development of Z. schinifolium deep processing.
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Table 2 Z. schinifolium processing techniques
fn TR AkBA A e B B30k
L e T B AR I PRREL &
I HRULESS C B RE R Bk Kb 1, TR
moi i RIS G BRI fippn amepmn  PREIIIES. PRI 54 04
g OVERSTIEMEEG S TGRSR TR, U
R T Pl AR el [36-38]
Ny LR R T AL (2, Ak, il RIHRRY T2 4 O B
AT EHEABRA UrmERe RLGEAB L A 454
Aokt PPROMBAGRSRI R B ARG RN SRR, SR R
A AU BE I F, LI BRI A 2 A [47-48]
M L AEEIERIRE T, IR RS, SEIUURE, N
RIGFCOMEM  CONMFILTIRT AT AERER AR HOICR, GO B4 B 3%, TLARHRAS  [50-51]
AR i, WD B A3
st Eemtesabi e SR AR o, s (541
k%ﬁﬁgﬁff%&%1¢?{}ﬁ’ AT B W
FAECHR BUARIDE IRV F AT SOMREIE Sk, Eevssrnn  POUERRELREEE,
e BRIV PR IR
Osborne/}4 7 *E%Eggg Eﬁgﬁf s, EF‘E%E%\’@E%X‘JEQE AR ZHB BRI [57]

U DL AR B PSR . AEARURE B M B IO v
A EHTIE . TR BRILEZ AN Osborne /3 FREHE . 2%
B DL 77 AEARUCA JEURE, SR FHER TV P B E AR
Hr R R, PRBCR B 1A 88.77%, H A& LM A5
=, LAEERM Y 31.61%., FERHEREDS FFHERIARRTT
TELLIRBUGE A5, PEHCE R 54.76%, FPFas 2 LR
S, 15493 58, I T REL(46) . 1EA(43), S&—Fhietl
R . Osborne 432 $E B JRAR g £ FH 4H 47
ANEN G FRAR R T4 2SR B, FHK . R R . o
AT RIRBUSEA . BREH . BEEHNAE
0, PEBRLEIT) SR Osborne 154323 AEHUEF
FEETh W 4 PR CREN . IWEEM . BREN . B
D, XS ES308 40.02% . 23.06% . 21.64% .
6.41%, H BAT by i ot gLkt . il iRt
POEER HRPE L g, 38 TR EBOCEAKE T
A FRBS AR A, ETA 2 T HREER S
PSR BT, PRk, AR H A EE BT T AN R, SO
ANl . Osborne 432 IR B (1 AN IR 19 1 fe e,
BEATIE LRI, 152N A8 I BT al B A, A3 SRR AT
T AR FH T AR s A Se a4 B, 4355

FACHCT ] S TR IS 8 1R IO T H AR
P4 SRR DL A, PR an e 2 .
3 BRI

TACAGR B A2 A E, B arFk 75 e
FEER IR CBUAS I R . ATS AR H B 1
s EE R AAEAURI T A6, LLTS AEARHE ) R B
Sy A T AEAOERIAR IS | AEARURG T 2L it
Hh, FFAEME T8 Sl . 2 F 58 AW
AEWE AT, FE H AL & A BT At B
W RBIFE M E . ARFEHRE YFICE: o, HBk
SERR, HAHR M, AIEE, AMBRIE . AL

RN, B, EBKIE S 7 TTAT T AR .
TFAEHHIIIZ 4 (B IGSS . 2 PRERT St 22,
FEAEHR P R T FAT DS B | 114 S PR, %ot
SRARTI . V0T 1 RO . SHVKHGREBE L AT 2
PR, Li 45000 % BRI R £ 6 - LB
FEAF 2 R GEAT UL VB FIBLAR T R Ay Uk
TP 11 B 77 AR 2 D S AT S , 7K A
B8 {12 E 4 2238 7 5% 2 2 O AT IAZR 11 . Tsai
AAEL05) I\ T AEAURR J BRI T 43185 1 7 5 2%, IR
AT L/ IREESEAR . Hou 2516 % BLAEHURF 26
PRI AT PR E IR, X R AT B 1
BATER AT B A BRI VR 2 eI,
e AR I RE VOB SE FUR T, 76
2R P VR LAY R AR SR TS . TR T 1L
VEUR T, YRIC T A4 A ATHRIG IR . T4y B A
PEAEHIE B OO, % T2 5 T LRI . FF
RN T it ELAT RAE T S
4 HRERE

P AEAUAE g T T 12 G 28 G V4 A T B R
A IR T ISERE, BRI AT R RS
AR i T 0T S 77 i PR 37— B TN 3,
PRI, RS 7 AL MU I T A LA TR S, A
LR T I 1T AR T i, BIVEARUR TR 15
6 7 BT e, AU R s (i Bt | BRIV v
Hs. STkl BLAF 975 AR BRI 2% . [, th T
TEHORE I . T AEABURF 26 1 AT e85 1 2 A, A S
RS T A R EAREOT . it R T AU
FI A . B (el ST 0 FF 2 R 0 A
&%,

BEA, AR SCIA I A SAETF AR B A Tl
AR B8 13- BRI A 5 AT AT e 1 42 e 25 ]



- 418 - £ Tl B4

2025 4F 7 A

a LETT AEHUREETT T, BRALSEAIRE . I AR 4
ARLE, A 5B BEIREE RGLLE G, iz PR A TN
AEAL I W4 AE MU I RE A B (AN R | R RE), 512
Ff el B IR AR A LA DR AEAR BB 2 | D'GI3E B2
AT BOMRAR T s b AE T AEMUTHI BT, HATT
PR IR REAL . A ALK, T 1B BT
22, AT PR R AAGIN, DAk, ST T AEAR Y AR
Bh AR — AP AR T T . 456 TR
FFa] R R . TR AR | T B SRR (A
S B DU I TR AR (R B AL, 1s LR~ 5
15, ST AR TR R A P 2 P 28 AR | BRI LARAR
RIS FNAS[A] R, BRI (L3 | KT
TrhE PR SRS SIS O, AR T I ST T AT R
PRAEALE 78, LASEEIRS TR A S it B AR T
145 ¢ AT AEHUE PR S ORI D7 T, H Al 224k
TR AT BE, MRS, e T
AR AT 2L TAH SIS, Al AR 0
B A an — i =R 1 B i D S WA (i - DU
FP-"CAT IS TSRS I SRS HEA 25 25 200, IR
il s TR (i o B Al o, HUEA TR it S s e
PP A a2 i AR M DI RE . WFTEAE AL Ao
FRREVESE, fe st AEMUE IR R LAY T SE86 . IbAh,
T ACARTE A A TP AR BRI ), I FERRT .
AABEESF W 5 P2 ST, DR A 7255 )
H, A B T 77 AEMUEI ST IR 2 | 30 507 AERU™
O EE, AEET FERRU LT ek . Zoefb R

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S0k
[1] #7&, REEH, R 5, F. M T RIS LRI
£ 2R, 2024,41(2): 70-76. [ MEI X F,FUQ Q, XU F H, et al.
Research progress of drying technologies of Zanthoxylum
bungeanum[J]. Journal of Researches on Dietetic Science and Cul-
ture, 2024, 41(2): 70-76. |
[2] 2%, 4, B 5, F. A TRNTE G IHIR 5 Ft
RE>H ], £ R4 5,2019,40(16): 213-219. [ WU Z, LI H,
YANG Y, et al. Geographical origin traceability and varietal classifi-
cation of Zanthoxylum based on mineral profile[J]. Food Science,
2019, 40(16): 213-219. ]
[3] MAK, & T, Nk & BLM= R EH TAFGILEE
F—— P BEFARZ G B[], L &R Z,2023(18):
173-175. [LIU C Q, LU X M, DENG T. Several thoughts on mar-
keting work in Sichuan pepper production areas in China: Taking
Jiangjin Sichuan pepper, the hometown of Sichuan pepper in China,
as an example[J]. Shanxi Agricultural Economics, 2023(18): 173~
175. ]
(4] Fwedl, Fa48, 7% ¥R LAIEIR ). @k
F+3, 2020, 49(1): 44-48. [ LI X L, HUANG D Y, DIAO Y. De-
velopment status of Zanthoxylum bungeanum maxim industry in
China[J]. Hubei Forestry Science and Technology, 2020, 49(1): 44—
48. ]

[5] #Eddg, Bwes7, KRR, R B LRI A A 9 A
Z AT % [I]. T dy Ak Ak A3, 2020,40(4): 31-34. [REN Y Y,
ZHAI X Q, ZHANG C. Development status, problems and prospects
of Zanthoxylum Bungeanum industry in China[J]. Henan Forestry
Science and Technology, 2020, 40(4): 31-34. ]

(6] Zini, F40d, MR, F. 401 2 s =T B AR 8F & 5 5
A ERSERT [T, 0% T42,2024,45(11): 105-111. [WU X
H, LT A J, MEI J R, et al. Preservation of bananas by antibacterial
functional degradable fresh-keeping packaging[J]. Packaging Engi-
neering, 2024, 45(11): 105-111. ]

(7] Rerds, £8%, ok, F AT ERBEE G (zoin)-% 5
BRANAN IR R B R AR R AR RS R[], RS 2o 5T,
2024(13): 129-134. [ LIANG S R, MENG X Y, HUANG X Y, et
al. Study on the construction of luteolin transport system based on
zein and sodiumalginate and preservation on fruit and vegetable [J].
China Food Safety Magazine, 2024(13): 129-134. ]

[8] g, L) FlumksdRarJ]. BEXFFR(A
KA R ), 2007,26(2): 51-53,56. [ ZENG J C, MA L. Research
on the preservation technology of green Sichuan pepper[J]. Journal
of Xihua University (Natural Science Edition),2007,26(2): 51—
53,56. ]

[9] #edr. F eI BH AR A LAIAIR[D]. AAR: W)
ARk K% 2011. [ YAO J. Study on the storage technology and ex-
ploring on the enzymatic browning mechanism of Zanthoxylum
schinifolium Sieb.et Zucc[D]. Chengdu: Sichuan Agricultural Uni-
versity, 2011. ]

[10] 42 #R&FFiem A = ¥ & B, CN200710048450.8 [P].
2010-04-07. [ REN K. The production process of preserved green
Sichuan pepper: China, CN200710048450.8 [P]. 2010-04-07. ]

[11] 2Rei, B, 1 B0, & RSt 6 F M R a9 %
v [J]. B R 3, 2023,43(5):29-34,63. [CAISJ, LIY Z, LIU
H J, et al. The effect of low temperature storage on the quality of
fresh green pepper [J]. China Fruit & Vegetable, 2023, 43(5): 29-34,
63.]

[12] SWzk. AeHolmR £ RG £ 22 A IR R R EE 3 R oG 77
72 [D]. AR W &k K5, 2022. [ LUM Z. Studies on post-har-
vest physiological and biochemical characteristics and preservation-
treatment of Zanthoxylum armatum DC. Frui[D]. Chengdu: Sichuan
Agricultural University, 2022. |

(13 ] A . 7R R AL 2 Fo I 584 A 3 FE MR IE ) S koA M) A
FMR ey HF R [D]. HRER, Tk TA2 K 5, 2018. [ YANGR L.
The study on the stability of numb-taste of Zanthoxylum and its
product in different treatments and storage conditions[D]. Handan:
Hebei University of Engineering, 2018. ]

[14] LIS, DONG H, YANG X, et al. A novel insight into green
food preservation: Design of equilibrium modified atmosphere pack-
aging (EMAP) based on gas barrier (GB)-gas conductor (GC)
blending materials[J]. Food Chemistry, 2022, 395: 133560.

[15] #F=4. Ko fiol R ALARSFH A D], &%
% % FH X 57,2013, [JIANG Y H. Study on the Preservation
quality of Dahongpao Pepper treated in modified atmosphere pack-
aging conical flasks[D]. Xi'an: Xi'an University of Science and
Technology, 2013. ]

[16] 22— SHERMBEERLRAGRARGH (D], £
JR: ®d K 42,2011, [ LIY Z Studiers on the preservation technol-
ogy of fresh Zanthoxylum schinifolium Sieb et Zucc. and degrada-
tion technology of pesticides on Z. schinifolium Sieb et Zucc.[D].
Chongging: Southwest University, 2011. ]

[17] JURIC M, MASLOV BANDIC L, CARULLO D, et al. Tech-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3969/j.issn.1003-2630.2020.04.009
https://doi.org/10.3969/j.issn.1003-2630.2020.04.009
https://doi.org/10.3969/j.issn.1003-2630.2020.04.009
https://doi.org/10.3969/j.issn.1674-0270.spaqdk202413039
https://doi.org/10.3969/j.issn.1674-0270.spaqdk202413039

%46 4% 55 13

PN, 5 FRETEMOREE SN CHORBIA IR - 419 -

nological advancements in edible coatings: Emerging trends and ap-
plications in sustainable food preservation[J]. Food Bioscience,
2024, 58: 103835.
[ 18] DAIL, WANG X, MAO X, et al. Recent advances in starch-
based coatings for the postharvest preservation of fruits and vegeta-
bles[J]. Carbohydrate Polymers, 2024, 328: 121736.
[19] Rifr A&, #3e, WY, F. e T REALEGH A LA
7 [J]. & e T %,2022,43(7):228-231. [WU Y D, XIE Y J,
WANG M M, et al. Thinking and research on development of pep-
per drying technology[J]. The Food Industry,2022,43(7):228—
231.]
[20] Mk, Bsh €, AP, . ART IR oH o T IR
e S o % ea (1], & & b5 4B Tk, 2021, 47(12): 203-209.
[ YANG S, FENG J W, LIU Y P, et al. The effect of hot air drying
temperature on the drying characteristics and quality of Zanthoxy-
lum armatum DC[J]. Food and Fermentation Industries, 2021,
47(12):203-209. ]
[21] CHEN K, ZHANG F, KAN J. Characterization of chloro-
phyll breakdown in green prickleyashes (Zanthoxylum schinifolium
Zucc.) during slow drying[J]. European Food Research and Tech-
nology, 2012, 234(6): 1023-1031.
[22] M5, MRk, Bk, & BT 55 F RS oG % & T
LRACT]. A Fa ks £ BT A, 2018, 44(11): 251-258. [ YANG B,
MEI X F, PENG L, et al. Effects of hot air drying on the quality of
Zanthoxylum schinifolium and its optimization[J]. Food and Fer-
mentation Industry, 2018, 44(11): 251-258. ]
[23 ] CHUA LY W C. Influence of drying methods on the antibac-
terial, antioxidant and essential oil volatile composition of Herbs: A
review [J]. Food and Bioprocess Technology, 2019, 12(3): 27-31.
[24] MBE, Sy, MEME, 5 v 5@ ErAHT AL TR
Z [J]. F Bk &, 2012,37(1): 51-55. [ZHU R X, GAO H,
ZHAO Z F, et al. Optimization of the microwave drying technology
of Zanthoxylum schinifolium Sieb. et Zucc by response surface
methodology [J]. Chinese Seasoning, 2012, 37(1): 51-55. ]
[25] Bk, Zam, ABuR X, 5. SOL TR &4 5 e uiek R
LEHHYr A LR £ &5 L8 T, 2018,44(8): 218~
223. [ PENG L, WANG J S, MEI X F, et al. Effect of microwave
drying conditions on the content of alkylamides of Zanthoxylum
schinifolium and the optimization of its drying process[J]. Food and
Fermentation Industry, 2018, 44(8): 218-223. |
[26] Bk, mok, 25 5. ok FRSFHERELHETHH A
B I EARAT]. & 5 5 ALk, 2017,33(12): 169-173. [ PENG L,
TIAN B, WANG L, et al. Effect of microwave drying conditions on
volatile oil content in Zanthoxylum schinifolium and its process opti-
mization[J]. Food and Machinery, 2017, 33(12): 169—173. ]
[27] . K= TREALELBENKRT]. RIULA L 5,
2021(7): 137-138. [ LI J. Development status of drying technolo-
gy and equipment for agricultural products[J]. Agricultural Machin-
ery Using & Maintenance, 2021(7): 137-138. ]
(28] #uk, B2, T4, . L T Weibull 2 & 2 69 FEARA
FEFRHAFHBRI AR5 KB T A, 2017,43(11): 58-64.
[ LI B, PENG G L, LUO C W, et al. Vacuum drying kinetics char-
acteristics of Chinese prickly ash based on Weibull distribution[J].
Food and Fermentation Industry, 2017, 43(11): 58—64. ]
[29] ZE#%, HAEZ, T4, F ERLT TRERSIT AN
AR ], ARl KB Tk, 2018, 44(4): 89-96. [ MENG G
D, PENG G L, LUO C W, et al. Vacuum drying characteristics and
kinetics modeling study of Zanthoxylum bungeanum![J]. Food and
Fermentation Industry, 2018, 44(4): 89-96. |

[30] FHMA ERAETRHSAFEVATRIZHLID]. £
Jk: % d KX %, 2017. [LUO C W. The study on vacuum drying
model and method of the Zanthoxylum ungeanum[D]. Chongging:
Southwest University, 2017. ]
[31] CAO X, ZHANG M, MUJUMDAR A S, et al. Effects of ul-
trasonic pretreatments on quality, energy consumption and steriliza-
tion of barley grass in freeze drying[J]. Ultrasonics Sonochemistry,
2018, 40: 333-340.
[32] DENG Y, ZHAO Y. Effect of pulsed vacuum and ultrasound
osmopretreatments on glass transition temperature, texture, mi-
crostructure and calcium penetration of dried apples (Fuji)[J].
LWT-Food Science and Technology, 2008, 41(9): 1575—1585.
[33] XIEY, GAO Z, LIU Y, et al. Pulsed vacuum drying of Rhi-
zoma dioscoreae slices[J]. LWT, 2017, 80: 237—-249.
[34] RaEk, AT, Sk, . FRARAZWRF TR AT IR
SR T EARA[T). R TAZ 3R, 2021, 37(8): 279-287. [ DAL
W, FU Q Q, HUANG H, et al. Drying characteristics and quality op-
timization of green prickly ashes during vacuum pulsed drying[J].
Transactions of the Chinese Society of Agricultural Engineering,
2021, 37(8):279-287. ]
[35] XU X, ZHANG L, FENG Y, et al. Vacuum pulsation drying
of okra (Abelmoschus esculentus L. Moench): Better retention of
the quality characteristics by flat sweep frequency and pulsed ultra-
sound pretreatment[J]. Food Chemistry, 2020, 326: 127026.
[36] 54, i mth, HAc, . FmARTREBA T LA
HARACLT]. & de T A3, 2023, 44(4): 261-270. [ WANG Z X,
PU Y J, YANG M J, et al. Drying characteristics and process opti-
mization by heat pumpdrying of green Sichuan pepper[J]. Science
and Technology of Food Industry, 2023, 44(4): 261-270. ]
(37 3. kT CFD #9 & 10 Rk T 45 #Ah R 2O B R AL
[D]. &% % é K%, 2023. [ TANG J. CFD Based heat and mass
transfer of green Sichuan pepper during heat pump drying and opti-
mization of drying room[D]. Chongqing: Southwest University,
2017. ]
[38] ke, Mk, M4 R TH 5 H MR E £ /050 R 69 %
v B L LA, &5 & BT ik, 2019, 45(12); 140—145,151.
[ YANG B, MEI X F, KAN J Q. Effects of heat pump drying on
chromatism and quality of Zanthoxylum L. and process optimiza-
tion[J]. Food and Fermentation Industry,2019,45(12): 140—145,
151. ]
[39] &, 36, 75T, F. B R-HOL 06T 5 kR4
WA R[], RALILHE R, 2024,46(10): 129-137. [ XUE H L,
TUO W, WAN X N, et al. Dehydration characteristics and mathe-
matical modeling of Zanthoxylum bungeanum in hot air/microwave
combined drying[J]. Journal of Agricultural Mechanization Re-
search, 2024, 46(10): 129-137. ]
(40 ] 77 % 7. MRSk B A TR F0ARUE M UALEE 27 72 [D].
W% %A K 5, 2022. [ WANG X N. Study on heat and mass
transfer mechanism of hot air and microwave combined drying for
Zanthoxylum bungeanum[D]. Xi'an: Xi'an University of Science
and Technology, 2022. ]
[41] LIUY, ZHANG Y, WEI X, et al. Effect of radio frequency-
assisted hot-air drying on drying kinetics and quality of Sichuan pep-
per (Zanthoxylum bungeanum maxim.)[J]. LWT, 2021, 147:
111572.
[42] 4948, R TAF, RIE, 5. ook ib ah JICE S A AT 7 i e
(7). + B A=k &, 2023, 48(9): 203-207. [ SHU J, ZHANG X Y,
SONG 8, et al. Research progress on extraction and application of
Zanthoxylum bungeanum essential oil[J]. China Condiment, 2023,


https://doi.org/10.1016/j.fbio.2024.103835
https://doi.org/10.1016/j.carbpol.2023.121736
https://doi.org/10.3969/j.issn.1000-9973.2012.01.016
https://doi.org/10.3969/j.issn.1000-9973.2012.01.016
https://doi.org/10.1016/j.ultsonch.2017.06.014
https://doi.org/10.1016/j.lwt.2007.10.018
https://doi.org/10.1016/j.lwt.2007.10.018
https://doi.org/10.1016/j.lwt.2007.10.018
https://doi.org/10.1016/j.lwt.2017.02.016
https://doi.org/10.11975/j.issn.1002-6819.2021.08.032
https://doi.org/10.11975/j.issn.1002-6819.2021.08.032
https://doi.org/10.1016/j.foodchem.2020.127026
https://doi.org/10.3969/j.issn.1003-188X.2024.10.023
https://doi.org/10.3969/j.issn.1003-188X.2024.10.023
https://doi.org/10.3969/j.issn.1003-188X.2024.10.023
https://doi.org/10.3969/j.issn.1003-188X.2024.10.023
https://doi.org/10.1016/j.lwt.2021.111572
https://doi.org/10.3969/j.issn.1000-9973.2023.09.035
https://doi.org/10.3969/j.issn.1000-9973.2023.09.035

- 420 - £ Tl B4

2025 4F 7 A

48(9):203-207.
[43] R, M4aR, S7&-F, F. LRl R CO, XRpr K&
AEM T LA R I]. P Bk, 2022,47(8): 101-105.
[ZHOU M, LIU F Q, LU Y P, et al. Comparative study on super-
critical CO, extraction and steam distillation of Zanthoxylum
bungeanum[J]. China Condiment, 2022, 47(8): 101-105. ]
[44 ] RES, KRF R, T, F. FIMOH b 886 8 69k sh
# & I & 5 A4, 2022,43(21): 70-77. [CHENG Z M,
CHEN Y R, WANG J H, et al. Antibacterial activity of essential oils
from Zanthoxylum schinifolium Siebold & Zucc. against cariogenic
bacteria[J]. Food Science, 2022, 43(21): 70-77. ]
[45] M3, F3h, RRH, F. FAhb il g4 FaiFma s
e pueg [J]. & A4, 2022, 43(17): 64-73. [ ZHAO C, DONG
L, ZHANG F J, et al. Antibacterial activity and mechanism of Green
Huajiao essential oil against Bacillus cereus[J]. Food Science, 2022,
43(17): 64-73. ]
[46] WANGZJ,ZHOU Y, SHI X L, et al. Comparison of chemi-
cal constituents in diverse zanthoxylum herbs, and evaluation of
their relative antibacterial and nematicidal activity[J]. Food Bio-
science, 2021, 42: 101206.
(47 ] H 4R, F AL b 6 R DT B e dt Tk R oY 58
[D]. m#R: %4 X 5, 2014. [ XIE S J. Analysis of component es-
sential oil and genetic relationship of cultivar on Zanthoxylum
schinifolium Zucc.[D]. Chengdu: Xihua University, 2014. |
(48] E Rk, ¥ &%, Bk, 5. %5 F MU bR 5T B AT
B RBAEWA T I]. F B A& A, 2023, 34(4): 285-292.
[ WANG Y F, LUO Z S, LI L, et al. Components analysis of essen-
tial oil from the Zanthoxylum schinifolium in Guizhou and its antiox-
idant and antibacterial activities [J]. China Food Additives, 2023, 34
(4):285-292. ]
[49] F&3, mAE. EMLIER CO, EBM RS GC-MS 57
(J]. R A%, 2009, 37(23): 10857,10899. [LIP A, SUI C
X. GC-MS analysis of extracts from Zanthoxylum bungeanun max-
im by supercritical carbon dioxide extraction[J]. Journal of Anhui
Agricultural Sciences, 2009, 37(23): 10857,10899. ]
[50] sishat, &R, FMIE, & REL R IER CO, FI
89 L Z AR AL R GC-MS % #7 [J]. JLA A& & A+ H, 2020, 36(5):
73-80. [ LIUL Q, ZHAO C X, LI P J, et al. Optimization of super-
critical CO, extraction process of essential oil from Zanthoxylum
bungeanum Maxim. and its chemical composition analyzed by GC-
MS[J]. Modern Food Science and Technology, 2020, 36(5): 73—
80. ]
[51] Z#tk. A6 F CO, FRAL vt FEAH b A 47 BAC AT 7
[D]. e % & A+ K 5, 2023. [ LI C J. Study on supercritical
CO, extraction and antioxidation of essential oil of Zanthoxylum ar-
matum DC.[D]. Mianyang: Southwest University of Science and
Technology, 2023. ]
[52] AME, BAF, K, 5. JoHub fo fE MO b3 JO R AT R it
J[J]. &+ E g, 2024,49(1): 16-21. [HUQ W, PENG Y, LI M,
et al. Research progress on extraction process of Zanthoxylum
bungeanum oil and Zanthoxylum bungeanum seed oil [JT]. China Oils
and Fats, 2024, 49(1): 16-21. ]
[53] & &3, hEAh, RIE, F. FLA0F TR AR B [T].
v g R E S & E,2024,43(1):43-47. [GUX Y, XUG W,
ZHANG K, et al. Review on resource utilization of Zanthoxylum
bungeanum Maxim. seeds[J]. Journal of Traditional Chinese Veteri-
nary, 2024, 43(1): 43—47. ]
[54] F8. M I-0 B KGO HEALETAR D], mAR: W
MR L K5, 2017. [LIC. Study on preparation and properties of

protein isolate from Zanthoxylum armatum seed kernel[D]. Cheng-
du: Sichuan Agricultural University, 2017. ]
[55] A4 BT EORLS BREA IR GHZ[D]. £
JR: %9 @ K5, 2006. [ KOU M Y. Study on the extration of protein
from Chinese prickly ash seed and its functional properties[D].
Chongqing: Southwest University, 2006. |
[56] BARHE. LAUFER GRBAARSMEDIE L = ey 2 5 5
#r[D]. s AR: W@ &k K 5, 2020. [ LU J X. Extraction of Zan-
thoxylum seed protein and identification and analysis of simulated
digestion products in vitro[D]. Chengdu: Sichuan Agricultural Uni-
versity, 2020. ]
[57] B, AR, AW, 5. Osborne * 5B ILIF LT &
b R AL AR R I ARSI, 2018, 32(12): 2373-2379.
[QU A, YU G X, LIS S, et al. Physicochemical properties of pro-
teins isolated from Zanthoxylumarmatum DC. seed using osborne
extract method[J]. Journal of Nuclear Agricultural Sciences, 2018,
32(12):2373-2379. ]
(58] @disr, k0, BEM, 5. R BT8R X xF Lmo b &
g #ea ], F B A TR, 2022,41(12): 46-50. [JINGJ
H, LINGY W, YAO Z Y, et al. Effects of different drying dethods
on the quality of essential oil from Zanthoxylum schinifolium[J].
Chinese Wild Plant Resources, 2022, 41(12): 46—50. |
[59] FRixid, & & %, AR, 5. A2 5 ok b 2t f & 1R
kil B R R R % 4 AT LJ/OLL. & B b g, 1-10. [2025-04-02].
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.230457. [ CHEN J
K, DONG Z J, YIN C Y, et al. Preparation of Zanthoxylum flavor oil
by ultrasound-assisted mixed extraction and analysis of flavour com-
ponents [J]. China Oils and Fats: 1-10. [2025-04-02] . https://doi.org/
10.19902/j.cnki.zgyz.1003-7969.230457. ]
[60] WANG L, HAO H, MENG X, et al. A novel isoquinoline al-
kaloid HJ-69 isolated from Zanthoxylum bungeanum attenuates in-
flammatory pain by inhibiting voltage-gated sodium and potassium
channels[J]. Journal of Ethnopharmacology, 2024, 330: 118218.
[61] WANG L, FAN W, ZHANG M, et al. Antiobesity, regula-
tion of lipid metabolism, and attenuation of liver oxidative stress ef-
fects of hydroxy-a-sanshool isolated from Zanthoxylum bungeanum
on high-fat diet-induced hyperlipidemic rats[J]. Oxidative Medicine
and Cellular Longevity, 2019, 2019: 5852494.
[62] ZHU L, WANG L, CHEN X, et al. Comparative studies on
flavor substances of leaves and pericarps of Zanthoxylum
bungeanum Maxim. at different harvest periods[J]. Tropical Jour-
nal of Pharmaceutical Research, 2019, 18(2): 279-286.
[63] FH, )" 5, & T 5. FBURE ) Ah 2 ATt (1]
e A 2, 2021,42(9): 248-253. [ NIU B, PANG G C, LU D Q.
Progress in the biological functions of sanshool[J]. Food Science,
2021,42(9):248-253. ]
[64 ] LIR, ZHANG Q, LIU J, et al. Hydroxy-a-sanshool possess-
es protective potentials on H,O,-stimulated PC12 cells by suppres-
sion of oxidative stress-induced apoptosis through regulation of PI3K/
Akt signal pathway [J]. Oxidative Medicine and Cellular Longevity,
2020, 2020: 3481758.
[65] TSAIT, LIN W, TENG C, et al. Coumarins and antiplatelet
constituents from the root bark of Zanthoxylum schinifolium[J].
Planta Medica, 2000, 66(7): 618—623.
[66] HOU X, LI S, LUO Q, et al. Discovery and identification of
antimicrobial peptides in Sichuan pepper seeds by peptidomics and
bioinformatics [J]. Applied Microbiology and Biotechnology, 2019,
103(5): 2217-2228.


https://doi.org/10.3969/j.issn.1000-9973.2022.08.020
https://doi.org/10.3969/j.issn.1000-9973.2022.08.020
https://doi.org/10.7506/spkx1002-6630-20211216-187
https://doi.org/10.7506/spkx1002-6630-20211216-187
https://doi.org/10.7506/spkx1002-6630-20210906-072
https://doi.org/10.7506/spkx1002-6630-20210906-072
https://doi.org/10.11869/j.issn.100-8551.2018.12.2373
https://doi.org/10.11869/j.issn.100-8551.2018.12.2373
https://doi.org/10.3969/j.issn.1006-9690.2022.12.009
https://doi.org/10.3969/j.issn.1006-9690.2022.12.009
https://doi.org/10.1016/j.jep.2024.118218
https://doi.org/10.4314/tjpr.v18i2.9
https://doi.org/10.4314/tjpr.v18i2.9
https://doi.org/10.4314/tjpr.v18i2.9
https://doi.org/10.7506/spkx1002-6630-20200314-221
https://doi.org/10.7506/spkx1002-6630-20200314-221
https://doi.org/10.1055/s-2000-8648
https://doi.org/10.1007/s00253-018-09593-y

	1 青花椒保鲜技术
	1.1 高温瞬时处理
	1.2 低温贮藏保鲜
	1.3 气调冷藏
	1.4 涂膜及联合保鲜技术

	2 青花椒加工技术
	2.1 青花椒干制
	2.1.1 热风干燥
	2.1.2 微波干燥
	2.1.3 真空干燥
	2.1.4 热泵干燥
	2.1.5 联合干燥技术

	2.2 青花椒精油的提取
	2.3 青花椒籽蛋白的提取

	3 青花椒的应用
	4 结论与展望
	参考文献

