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Fig.1 Main alkylamides found in Zanthoxylum bungeanum
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FRIE-B- LA AT gl A2 HE P YT | 5-F 6  FI T
SRR E E2 S50 4 W, DT A2 1 1 20 1 3 L4 B
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F-o- LB SR BB RRIRAE FH Eb 383 - B - L B ER 18 -
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SR s ) 5 BRI BB AR (p <
0.05) BEhN ML Ins 7 &, M H M7 AL 21 1GF-1



$36 6 1

bl 455 . AEABURRIR W 5 A A BRAE FHBIT 2 1k 15

i [RRE 35 (p < 0. 05) 35 AT AMPK 3272
W PR R B i LR 11 5 & B o 2 mTOR 3% 42
T AMPK B MIZRG5 458, 1 H. Ins/IGF-1->PI3K—
PKB #4285 = S b7, B AR AL ABURR X AN [R) 44 o
(fEFERTE SD A B, PR 16 R B 2 A Ak
M55 &34k PI3K—PKB—mTOR, {HM# X fF
FEZE ST FEMEERR SD K EUAN LUK R FLE PIBK—
PKB—mTOR &2 5 5 K~ 1GF-1; 11 7205 i s
TR K BB N, FEHUR R 346 X — 15 SRR 55
PRl Ins F1 IGF-1 2L [RIVEHISE SR . 45 G A0 OGSOk
AT, AEABURR 2% % FE SD 356 K B 32 B AR R
PR AT G 5 AEABURR 2 XA PR 1056 K RN i
I BTA R, M X HLE & B o BAT T E A
2.7 HtERA

I AR 5 32 B, FEABURR 2538 HAT S Ak AN
FralSEDIe . AEHURR R BA BaR 15 bk A b 200 AE
I, — RN B AERBUR R T4 HepG2 4iIffEN SOD
P T , B AIC MDA B9 & ) Artaria 26 fF 57 45
R, AEHUR R BA K BRBSCR , ATAE R —Fhor
AL i R 5 I %, Chen 2670 AHIF9E & BRAEABURR
FEHABEMIIRE  AEBURE 5 00 I 195 EE b XU AL
WAL UM/ IMRBEAR IS HERCR 2 5340, FEABUR
F IR W B AT A 1) IRk SR, LRI 7
BRI LR

3 &% iF

FEAURRIR W) I HAT 22 i A BRTE PEAE ), Bt 4R
e AR DTARBUR L FE LIS | BRAE DU AL
BRITAFZ M, 15 H TR 2 0F 580 15 8 1 AL HURR
Rt AR P FHAICR 100 22 W 58K F , A X Hi A
AR FHPLH AT IR RO 5T, S B0H B X AR T
Kl 22 BRTE T T, A58 245 09 T K AR D7 AT
AR UK FERSURR AR 1) [t A A B P AT TR
SRS, WoRHE S AERUE R 25 | H AL T A2y
7 T AR R e AE ARG B T

S 3k

(1] sshfs, mise-f SRR, 4 EHB IR S IF A& A B
ARIAAET]. P EEF A TR, 2003,22(5) 16 - 8.
SHI J S,GU G P,WU S L, et al. Investigation of the Zan-
thoxylum bungeanum Maxim. resource and status in quo

of its utilization[ J]. Chinese Wild Plant Resources,2003,

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

22(5):6 -8.
ERBURFT-, B 4, A5 BB A i 1Y T 2050
SR TCHRRIN [ ], A LK F 4] ,2008,39(3) : 79 ~
81, 85.

WANG G,ZHU S P,KAN J Q, et al. Nondestructive de-
tection of volatile oil content in Zanthoxylum bungeagum
Maxim. by near infrared spectroscopy[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2008 ,39
(3):79 -81, 85.

HATANO T, INADA K, OGAWA T O, et al. Aliphatic
acid amides of the fruits of Zanthoxylum piperitum[]].
Phytochemistry, 2004, 65(18) : 2599 -2604.

SUGAI E, MORIMITSU Y, IWASAKI Y, et al. Pungent
qualities of sanshool-related compounds evaluated by a
sensory test and activation of rat TRPV1[]J].
2005,

Bioscience,
Biotechnology, and Biochemistry, 69 (10):
1951 - 1957.
YANG X. Aroma constituents and alkylamides of red and
green huajiao ( Zanthoxylum bungeanum and Zanthoxy-
lum schinifolium) [ J]. Journal of Agricultural and Food
Chemistry, 2008, 56(5) : 1689 — 1696.
REN T,PING Z Y,XIA X, et al. Zanthoxylum alkylam-
ides ameliorate protein metabolism disorder in STZ-in-
duced diabetic rats[ J]. Journal of Molecular Endocrinol-
ogy, 2017, 58(3): 113 —125.

MARCOS M, JIMENEZ C, VILLAVERDE M C, et al.
Lignans and other constituents from south and central
American Zanthoxylum species [ J]. Planta Medica,
1990, 56(1): 89 -91.
KASHIWADA Y,ITO C,KATAGIRI H,et al. Amides of
the fruit of Zanthoxylum spp[ J]. Phytochemistry, 1997,
44(6) . 1125 -1127.
RIERA C E, MENOZZI-SMARRITO C, AFFOLTER M,
et al. Compounds from Sichuan and Melegueta peppers
activate, covalently and non-covalently, TRPA1 and TR-
PV1 channels [ J ].
2009, 157(8): 1398 - 1409.

BAUTISTA D M, SIGAL Y M, MILSTEIN A D, et al.

British Journal of Pharmacology,

Pungent agents from Szechuan peppers excite sensory
neurons by inhibiting two-pore potassium channels[ J].
Nature Neuroscience, 2008, 11(7): 772 -779.

B AEABURR R ) 57 53 1 40 Ak K HE 43 B [ AR 26
BEEARBIZE D], B PYHIRA:,2015.

BURET-, ENIL 4, 3 B8 TR 2080015 i 6 AURR R
Py IN R [T]. £040 5 2= K 24,2008 ,27
(2):129 -132.



16 BB EROR AR 2018 4E 1 A
ZHU S P, WANG G, YANG F, et al. Rapid detection ingredients of Zanthoxylum oleoresin on lipid metabolism
method of the spicy components in Zanthoxylum in rats fed high fat diet[ J]. Acta Nutrimenta Sinica,
bungeagum Maxim by near infrared spectroscopy [ J]. 2015(3) :288 —293.

Journal of Infrared and Millimeter Waves,2008,27(2) : [22] YOU Y,REN T,ZHANG S, et al. Hypoglycemic effects
129 - 132. of Zanthoxylum alkylamides by enhancing glucose me-
[13] FREITAS F F, FERNANDES H B, PIAUILINO C A, tabolism and ameliorating pancreatic dysfunction in
et al. Gastroprotective activity of Zanthoxylum rhoifoli- streptozotocin-induced diabetic rats[ J]. Food & Func-
um Lam. in animal models[ J]. Journal of Ethnophar- tion, 2015, 6(9): 3144 -3154.
macology, 2011, 137(1) . 700 —708. [23] DOSSOU K S,DEVKOTA K P,MORTON C,et al. Iden-
[14] ZHANG Z,LIU J,SHEN P, et al. Zanthoxylum bungea- tification of CB1/CB2 ligands from Zanthoxylum bungea-
num pericarp extract prevents dextran sulfate sodium-in- num[ J]. Journal of Natural Products, 2013, 76 (11) .
duced experimental colitis in mice via the regulation of 2060 -2064.
TLR4 and TLR4-related signaling pathways[J]. Inter- [24] LE LK, YOUNG G P. fermentation of starch and protein
national Immunopharmacology, 2016, 41. 127 —135. in the colon: implications for genomic instability [ J].
[15] LI P,LINHARDT R J,CAO Z. Structural characteriza- Cancer Biology & Therapy, 2007, 6. 259 —260.
tion of oligochitosan elicitor from Fusariums ambucinum [25]  XURKWF, 7 E I, XMk | 45, AEABURR 76 K U I8 19
and its elicitation of defensive responses in Zanthoxylum WGE S5 [T ], PE AL R AARRE: K2f 24 ( B 2R B
bungeanum[ J]. International Journal of Molecular Sci- M) ,2015,43(8) .57 - 62.
ences, 2016, 17(12) . €2076. LIU Q Y,FANG G S,LIU X, et al. In vivo absorptive
[16] REN T,ZHU P,KAN Q. Zanthoxylum alkylamides acti- danamics of Zanthoxylum alkylamide in rat intestinnes
vate phosphorylated AMPK and ameliorate glycolipid [J]. Journal of Northwest A&F University ( Natural Sci-
metabolism in the streptozotocin-induced diabetic rats ence Edition) ,2015,43(8) :57 -62.
[J]. Clinical and Experimental Hypertension, 2017, 39 [26] SIMPSON H L,CAMPBELL B J. Review article ; dietary
(4): 330 -338. fibre-microbiota interactions[ J ]. Alimentary Pharmacol-
[17]  BRWAZE, X025 Rl 55, TRMUR 2 5 3R R TR ogy and Therapeutics, 2015, 42 158 —179.
Jrisk b 6 K BB s B B R AR (], & SRk, [27] HASHIMOTO K,SATOH K,KASE Y et al. Modulatory
2014,35(19) ;231 -235. effect of aliphatic acid amides from Zanthoxylum piper-
CHEN C J,LIU Y,LU H J, et al. Hypolipidemic effects itum on isolated gastrointestinal tract[ J]. Planta Medi-
of numb-tasting components of Zanthoxylum bungeanum ca, 2001, 67(2) . 179 - 181.
combined with capsaicin at various ratios on rats[J]. [28] TOKITA Y,AKIHO H,NAKAMURA K, et al. Contrac-
Food Science,2014,35(19) 231 —235. tion of gut smooth muscle cells assessed by fluorescence
(18]  BREAZE 2, THF, 2. TERURK 28 AN BAR R B AL BB HL imaging [ J ]. Journal of Pharmacological Sciences,
HIEBEEL )] AR AR, 2016 (13) 123 - 128. 2015, 127(3) : 344 -351.
CHEN C J, L1 J, WANG H,et al. The mechanism of re- [29] KONO T,OMIYA Y,HIRA Y,et al. Daikenchuto( TU-
search on the effect of the numb-taste components of 100 ) ameliorates colon microvascular dysfunction via en-
Zanthoxylum and Capsaicin on lipid regulation[ J]. Mod- dogenous adrenomedullin in Crohn’s disease rat model
ern Food Science and Technology, 2016 (13):123 - [J]. Journal of Gastroenterology, 2011, 46 (10):
128. 1187 - 1196.
[19] B, AEHURR 2 B 1 AR 1Y 20 B M 1F 0 B A AL I % [30] TARUS P K,COOMBES P H. Benzo[ ¢] phenanthridine
WFFE[D]. B FE R K4 ,2014. alkaloids from stem bark of the forest knobwood, Zan-
[20] 4FSCHE AEMORS T RN IR AR PLHI BT [ D], thoxylum davyi( Rutaceae) [ J]. South African Journal of
TR PO R ,2014. Botany, 2006, 14(3) : 555 —558.
[21] U EWI AR SCEE, NI R, 55, AEHUE A RO 53 % = A [31] ETSUKO S,YASUJIRO M, YUSAKU I, et al. Pungent

T £ R BB AR A B2 [ ) ). 5 3R 22412, 2015 (3) -
288 —293.
YOU Y M,REN W J,LIU Q Q,et al. Effects of active

qualities of sanshool-related compounds evaluated by a
sensory test and activation of rat TRPV 1[J]. Biosci-
ence Biotechnology and Biochemistry, 2005, 69 (10) .



(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

PO A R AR AR ,1991,13 (1) 164,
WANG Y T. Anaestheticeffcts of sanshool from three
samples of Zanthoxylum in Sichuan[ J]. Sichuan Journal
of Physiological Sciences,1991,13(1) .64.

KR AR R AR ()], Fadb e 4eik,
1995,10(2) .89 -91.

ZHANG M F. Medical effects of Zanthoxylum[ J]. North-
west Pharmaceutical Journal ,1995,10(2) ;89 -91.
VUGS, W] 22 AERUG W i s R 22 i FE [ ] 5t
MEE25,1984 8(4) :13 - 14,

SUN H F,WU M S. The effect of Chinese prickly ash on
isolated nerve of toad [ J ]. Guizhou Medical Journal,
1984,8(4) .13 - 14.

PEREIRA S S,LOPES L S,MARQUES R B, et al. An-
tinociceptive effect of Zanthoxylum rhoifolium Lam.
(Rutaceae ) in models of acute pain in rodents[ J]. Jour-
nal of Ethnopharmacology, 2010, 129(2) ; 227 —231.
LIOE Y A,KING D J,ZIBRIK D, et al. Decreasing lino-
leic acid with constant a-linolenicacid in dietary fats in-
crease (n-3) eicosapentaenoic acid in plasma phospho-
lipids in healthy men[J]. Journal of Nutrition, 2007,
137(4) . 945 -953.

TSUNOZAKI M,LENNERTZ R C,VILCEANU D, et al.
A “ toothache tree” alkylamide inhibits A8 mechanonoci-
ceptors to alleviate mechanical pain[ J]. The Journal of
Physiology, 2013, 591(13) : 3325 -3340.

YOU M,ZHOU M, LU H,et al. Sanshool from Zanthox-
ylum L. induces apoptosis in human hepatocarcinoma
HepG2 cells [ J].
2015, 24(6) : 2169 -2175.

CHOU S T,CHAN H H,PENG H Y,et al.

Food Science and Biotechnology,

Isolation of
substances with antiproliferative and apoptosis-inducing
activities against leukemia cells from the leaves of Zan-
thoxylum ailanthoides Sieb. & Zuce[ J].
2011, 18(3): 344 -348.

DEVKOTA K P, WILSON J, HENRICH C J, et al.
Isobutylhydroxyamides from the pericarp of Nepalese

Phytomedicine,

Zanthoxylum armatum inhibit NF1-defective tumor cell
line growth[ J]. Journal of Natural Products, 2013, 76
(1):59-63.

KYOUNG H J, YONG H C,DAE-DUK K, et al. New
polyunsaturated fatty acid amides isolated from the seeds

of Zanthoxylum piperitum [ J]. Archives of Pharmacal

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

%536 & 55 1 R 4 A5 . AEABURRIR A T 109 A B A 5 30k e 17
1951 - 1957. Research, 2008, 31(5) : 569 - 572.
[32] E—. W= Aesih =fius R RBRERLT]. [42] MICHAELIDES A, RABY C, WOOD M, et al. Weight

loss efficacy of a novel mobile diabetes prevention pro-
gram delivery platform with human coaching[J]. BMJ
Open Diabetes Reserach Care, 2016, 4. 1 -5.

LIM H J,WANG X C,CROWE P, et al. Targeting the
PI3K/PTEN/AKT/mTOR pathway in treatment of sarco-
ma cell lines [ J]. Anticancer Research, 2016, 36
(11): 5765 -5771.

OH K J,HAN H S,KIM M J, et al. Transcriptional
regulators of hepatic gluconeogenesis [ J]. Archives of
Pharmacal Research, 2013, 36(2) : 189 —200.
FESEIE. AEABURR 28 X0 3 56 K B AR 1 B 5 5 2 i A
AL AT D], B PR PR K%, 2017.

REN T,ZHU Y,XIA X, et al. Zanthoxylum alkylamides
ameliorate protein metabolism disorder in STZ-induced
diabetic rats [ J ].
2017, 58(3): 113 - 125.

UeE WY, R, EAB A, A AEAURR R B9 BT SR
[J]. B iFE,2015,36(13) :27 -31.

YOU Y M,ZHOU M,WANG Q Q,et al. Antioxidant ac-
tivity in wvitro of sanshool from Sichuan peppers ( Zan-
thoxylum bungeanum ) [ J]. Food Science, 2015, 36
(13):27 -31.

ARTARIA C, MARAMALDI G, BONFIGLI A, et al.

Journal of Molecular Endocrinology,

Lifting properties of the alkamide fraction from the fruit
husks of Zanthoxylum bungeanum [ J]. International
Journal of Cosmetic Science, 2011, 33(4) ; 328 —333.
CHEN I S,CHEN T L, CHANG Y L, et al. Chemical
constituents and biological activities of the fruit of Zan-
thoxylum integrifoliolum [ J ]. Journal of Natural Pro-
1999, 62(6) : 833 —837.

T R, EHEAE S R RURS T ANRR 3R X 2 U
A i LR R AR T[T ] o BRI < 4, 2008, 23
(4).185 - 188.

NIE X Y,DENG Y X, WANG ] J,et al. Controllingactiv-

ducts,

ites of prickly ash essential oils and spicy elements
against Tribolium castaneum adults [ J ]. Journal of the
Chinese Cereals and Oils Association, 2008, 23 (4 ) :
185 - 188.

NAVARRETE A, HONG E. Anthelmintic properties of
alpha-sanshool from Zanthoxylum liebmannianum [ ] ].

Planta Medica, 1996, 62(3) :250 - 251.
(F#%E 44 W)



44 BB AR 2018 41 H

Study on Key Flavor Compounds in Fermented Milk Production
of Streptococcus thermophilus Isolated from Different Areas

REN Weiyi, LI Ting, CHEN Haiyan, DAN Tong, ZHANG Heping~
(Key Laboratory of Dairy Biotechnology and Engineering , Ministry of Education, Inner Mongolia Agricultural
University , Hohhot 010018, China)

Abstract; The key flavor compounds of fermented milk produced by six strains of S. thermophiles
isolated from different regions were analyzed by solid phase microextraction-gas chromatography-mass
spectrometry (SPME — GC — MS) technology, combined with aroma threshold and relative odor activity
value (ROAV). The results showed that the total of 63 volatile compounds were finally detected in these
fermented milk, including aldehydes, ketones, acids, esters, alcohols, aromatics, and hydrocarbon
compounds. Among them, 12 kinds of volatile compounds, such as diacetyl, acetoin, acetaldehyde, and
2-nonanone had higher ROAV (ROAV =1), which contributed greatly to the overall flavor of fermented
milk. Principal component analysis and comparative analysis of similarity demonstrated that there was a
high similarity among the flavor compounds of S. thermophilus fermented milk from the same area while
that from different regions was lower. The results indicated that the pressure of growth environment can
exert an influence on the aroma-producing characteristics of the fermented milk of the strain.

Keywords: volatile flavor compounds; S. thermophilus; relative odor activity value; chromatographic
fingerprinting ; principal component analysis
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Review on Physiological Function of Alkylamide Compounds from
Zanthoxylum bungeanum

KAN Jianquan'??, CHEN Kewei'*”, REN Tingyuan', SHI Hui'*?, CHEN Guangjing'
(1. College of Food Science, Southwest University, Chongqing 400715, China;
2. Laboratory of Quality & Safety Risk Assessment for Agro-products on Storage and Preservation ( Chongging) ,
Ministry of Agriculture, Chongging 400715, China;
3. Chinese-Hungarian Cooperative Research Centre for Food Science, Chongging 400715, China)

Abstract; Zanthoxylum bungeanum , belonging to Rutaceae family and Zanthoxylum L. genus, is one of
the traditional “eight major condiments” in China, which is an important ingredient in many kinds of tra-
ditional Chinese medicines due to the functional activites of cold-dispelling, dehumidification, anaesthesia,
and acesodyne. China has the highest planting area and yield of Zanthoxylum bungeanum. As the eco-
nomic tree plants, Zanthoxylum bungeanum has the ecological, social, and economical benefites. Re-
cently, the planting area of Zanthoxylum bungeanum has been increasing at the speed of 20% ~30% . It
has been widely accepted that Zanthoxylum bungeanum has diversely medical functions, such as antioxi-
dant activities, insecticidal activities, anaesthesia, anti-inflammatory and analgesic, hypolipidemic, re-
moving wrinkles, anticancer, and so on. As the special functional ingredients, alkylamide compounds
(or hemp flavor substance) possess many biological properties. However, the mechanism of these biolog-
ical properties were not fully understood. Therefore, Zanthoxylum bungeanum has not been fully applied
in medicines and daily chemical products. This review summarizes updated researches on the main spe-
cies of alkylamide compounds in Zanthoxylum bungeanum and their respective physiological functions in
order to provide necessary reference for the further systematic study.

Keywords: Zanthoxylum bungeanum; alkylamide compounds; physiological function; types
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