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Dynamic changes of flavor substances in pericarps of three cultivars of
Zanthoxylum bungeanum with growth and development in Wudu areas of
Bailongjiang River

HOU Yingying' , MA Junyi' *, ZHU Jianzhao® , HU Cuilan', HUANG Panpan', ZHAQ Lin'

1{College of Life Science, Northwest Normal University, Lanzhou 730070, China)

2(Institute of Walnut, Longnan Economic Forest Research Institute, Wudu 746000, China)

Abstract Three pepper cultivars of Shizitou, Maowen Dahongpao and Shisheng Dahongpao from the Germplasm Bank of
Longnan Economic Forest Research Institute in Gansu Province were used as the test materials. Reversed phase-high
performance liquid chromatography (RP-HPLC) was used to detect numb-taste substances. Electronic nose and gas
chromatography-mass spectrometry (GC-MS) were used to detect and analyze volatile substances. The dynamic changes of
flavor substances in pericarps of three cultivars of Zanthoxylum bungeanwm were analyzed during growth and development.
At the same time, numb-taste substances and volatile substances were used as the evaluation indexes so as to compare and
analyze the quality of the three pepper cultivars. The results showed that the contents of numb-taste substances in pericarps of
the three cultivars increased with the fruit ripening during the growth and development, showing a trend ol continuous
accumulation, which was consistent with the local harvest time. The contents of numb-iaste substances from high to low were
Maowen Dahongpao, Shizitou and Shisheng Dahongpao. The electronic nose sensors of W2W, WI1W, W25, WIS and W55
exhibited good responses to volatile substances from the three cultivated peppers. There were seven main common volatile
substances in Shizitou, Maowen Dahongpao and Shisheng Dahongpao during their growth and development. Linalool,
limonene and 2-aminobenzoic acid-3,7-dimethyl-1,6-octandien-3-ester were detected continuously with high relative contents,
The dynamic changes ol volatile substance contents in the three kinds of Zanthoxylum bungeanum were significantly
different, Based on principal component analysis, and using numb-taste substances and volatile substances in maturity stage as
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the quality evaluation index, the quality of the three cultivated peppers is in the order of Maowen Dahongpao, Shizitou and
Shisheng Dahongpao.
Key words Wudu pepper; numb-taste substances; volatile substances; dynamic change
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N Bedt, Hoafy. mEREEN, HlRE 2R EER RS X Z—, 2020 F R EHZE 178 780
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MLAE R, A K (B U LA 2 S T R RUSR iz 0 BB v 1 O 16TV A A A O OV ) R 4 T AR
SrAT A b TR A SR B KU ) 9 TE A K el R 1 2 A A A BT T ARG . AW AT LA [R) AR B A
SR FM T AR R B I 7%, MO, SeE RaOsifesnt g, SR R i A0 &
itk (reversed phase-high performance liquid chromatography, RP-HPLC) il 52 4= & % & il # Jh FE M 3
HEFEdE-a- (R . FREE-b- LR . FRdE-g- UM R BRR Y B 5 &, R 78 (E-nose) LAJK
GC-MS MK R B2 h IR B R R A A R & BT 8l sirteE 3 A FE Rk
F1%) JBR A 290 o AR A M T BRI B AR AR AL, R LG UL B RR R A I S A T O AR R, SR
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1 MEE5FE

1.1 IR HEREYS

TR o BT PR Ak IR PR AR B I AR X B, iR 1 410 m, FEHEIE 1 872 h, EFHKE
13.9~15 T, FHyEAKE 400~900 mm, HXIRE 60%~70%, FERKHSES 2 013.9 MIim?, 14
pH 7.32, BWIAEKR, IEELHPHE.
1.2 HFmEHESHA

Wik, FROCRLLHL. 554 KEHIAE & BH PR B T 20 5 PR 5T B TE AU 98 BT 5 7 S0TE B b ol 5% 9
PRt MWk, MBUOKEHLE & RG] dE A R o BTG R . DY E . 3 D RPRIG SRR A 5
H 25 HF4G, &0 10 d RFE 1 IRE FEEHSRE . TR B AE (100 pg/mL) , BT RE
RS SR AmEE. 8 (Ofral) , REBREAAT: R (Aiga) o R
A RAA .
1.3 NFEHiEE

FL2200-2 B @8 i, WL i A M 25 TRACE 1300 1SQ SAH G-
GBI {X, J&EH Thermo scientific; SZC-D MARRGINEAL, T MW AT MR AF: PEN3S T &
airi (BREA 1040 &FEAEERE, #F 1 FiR) . {#E AIRSENSE.

#l BT ARG SR

Table 1 E-nose sensor name and performance
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Wss EAEAL SR R WIW Tl 420 2 AT BILARE (B At
Wac BRI W28 W, BRSNS R i
WS Fr S i W2W 5 i B FET LR (s
WsC HHE R e 2 Ay R A Wis i by e 43 35 1k A f BBl

1.4 TEHIFRREH R &) RP-HPLC %3

141 #hd s pd &l &
PRECTERUR BE R 2 1.000 g, FIUEARELAE E TR IES, 2 50 mL LT H S,
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50 C FEIRAZEC 3 h, [ ZME, HPEE@REDNY,. JFEET SomL E&8M D, HH, S,
FATIRM 3 XK.
1.4.2 RP-HPLC #r#r &

AU TE 254 nm TR, {6 Diamonsil Plus ODS Cis 4 (4.6 mm X250 mm. 5
pum)) , HEEMA - NAEFERGER, RaiHAPENK, BPESAKERLE A 60 40, Hik 1
mL/min, ¥ 35 C, #EER 20 pL.

1.4.3 Rt a®l

41 HIFE % WL EL 100 pg/mL R AEBURERE X 8 R IE M, AW REEMER, MBRERENO. 5. 10,
15, 20, 25, 30. 40. 50 pg/mL. & 1.4.2 Tiep 06 R AR OCGEHRE, TATHIE 3 R, 13 3076 HUR
St R A O R (3 A e R ), DT BB B R e e 0 B PR ol b v i
25, WEEBHE.

144 i RS ENE

W HE 20 pL 2638 2R R (19 A5 [ A A& 2 & Bod 3O 0 BBOBR ety Jo Oy 0 S 0, 4% 1.4.2 TP i 62
FAFHFE AT, A DME 3 FhFEARURE & BRI 5 00 1w AR, (8105 R B R SR Fi A HURR o 4
. PATlE 3 k.

1.5 fEHIEE M A AY E-nose #1 GC-MS il
1.5.1 {#if MY E-nose #

FREC 3 APAEAR R AR L) 1.000 ¢ BT, FHFE 30 min, BEHAE S RERRE
o, PR s e, USRS, FUE 1 mL/min, EEEWEEN 5s, REEMEE 1 s, BHdE
FAE60 s, TN 10 s, FHPk 60 s, FHAFEMTUEN 3 W, CUE S m B FEEEAEHRIE R
MR TS .

1.5.2 i el GC-MS i)

1.5.2.1 {1 i1 %

FRELZY) 3.000 g ARG RIER T 2t H 10 mL fibEiRiE, 120 w B A2 HL 1S
min, $HRARM, TAKEHEENIE KRS, 5000 t/min B0 5 min, 3E3E, B ROE IS4 .

1.5.2.2 i E GC-MS 4-#r &1

GC %1F: TR-5MS ik A B 40E A% H (30 mXx0.25 mm>x0.25 pm) , #ER 1 pl, SHik
22001, #EEDERE 280 C, #HAMAEN 1 mL/min. BEFE: 50 CHEE 1 min, HLL3 C/min
FHRE] 100 'C, {f%F 2 min, &5 LA 8 ‘C/min FHilRF 250 'C, fR£F 2 min,

MS &M BEHIER 3 min, 2R 250 'C, HETEE 50~650 m/z, NIST 2011 K i #dE
FE
1.6 BUBRSHT

Hl Origin 2018 ¥ fFehldrekEME L, H SPSS Statistics 22.0 $ 1% 5 56 3 34T 3l 4 4
o
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2.1 TEHUSR B FREEHI A RP-HPLC 434
2.1.1 EEAFEMRT

L 1 B Mg ok PR S e P St A N (R e A (3 R R T AR ERD 1R B R AT AR DA A T,
B3| [ml1H 7 ¥=0.000 1X—0.259 5, 5% RE R?=0.999 2, &0 A S0 5 37 (14 76 PSR HZ 6K vk 490 IR 47 of
pify £ 7 IREBE W 0 BT B IE 5~50 pg/mL JEEE P B RAFAOLRME G R, BT LR O] 8 PSR 7 b R R 4 S
S BETE B B P W sh A 1L T R A AT



4 fran s SR Tk

212 EREAFHIEPEHRERED RS ENDEEN

200 ° =

—e— PRI
175 —:— SRR
= 150
=Tr)
Z s+
e / |
oE 100 - Al ok
&1 f«:ﬁ_
E g _,_:-.-’;"'“.--
e ) v
B 8o - g
25 P e
e
g- i 1 L i

=

5/25 B/05 B/15 6/25 /07

FHnfE (B/H)

BV AT S 2 AR 490 R A s
Fig.l1 Cumulative trend of the contents of numb-taste components in different kinds of Zanthaxylum bungeanuwm
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S VORI 9 1 DU NV B AR 0 R oD R e Rk M o U AT R R B R, R IR B g R —
B, ULEA 3 FhAEHURME Y A S B A R S 2 AR SR (AR S . BRERED I TE 3 RTEMUZ AR TE
HOEAGKOCENNERME, HE5E IR EIURAH (167.34 mg/g) « WiTk (106.64
mg/g) FISEARLAH (1001 mg/g) o FeHUR ERRORYIR 0 & Efkm, JHRRMRERSRZ, FRAL L ] th
Et, 3 FhIEAURR R T K B IRt A B 2 R, TRICRA MR R T B K A 6 A
25 H® 7 H 7 HZE,. FKEE 78.04 mg/g, KN BT00%: 6 HS5HF 6 A 15 HZ 2L
FRIGR Y DS SRS, M9 46.03 me/g, HE N 300.01%;: 554 JCLLHI FRER M) I 5C S 4 K 7
6 H15HEl 6 H 25 Hz ], #KEH 70.20 mg/g, BN 263.72%. TEH [F) A0 F 208 A 0% %
FF, 3 Ffemkm S 8 EEKEAER S RKNHEEEZRNER TR SN BET RS
U A T BT R AR P L 0 BT ZHANG SEUSVHE 500 B O EE SR 1E T Sk BRI S B (97.62
mg/g) FIPY NS B R BRI & & (95.59 mg/g) » W@ TEAEEFHEHN 141 6 &EE
HURE B R BRI 1 T2 A B, X nT B Bl R SO0 2R 1 B OE E AR A R B A O,
2.2 EHMERFELZMEWRAE E-nose 47

Wik, MMICRAM. sEARABMBEEREYRN REELME 2 fiox, EPARSEALE 3
MR ERGAFREMEE. 5 MERE (W2W. WIW., W2S, WIS, W5S) i [ {f 75 A< 7 4= 4 %
BHHTELR 3 e R h R B, AR W2W, WIW., W2S, WIS, W5S &f 3 fp{E 2 <
AP A5 S BRI HEE WIW I W2w. b 5 PMEREER (WIC, W3C, W6S. W5C. W38) &
TERLAE A4 o0 B AS  el BE E 25 R/, RBIRERUIR, X 5 sKIE SR O] H o7 5% il B p 6485 Fib
THEHS IR S s
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Fig.2 3D bar chart of cumulative changes for volatile substances of different kinds of pepper
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f i, SR, wEahIR-4-BEFE k. PR DA MURI SE A A M AR K R T i v ) A
fa, HoptemEEMmasEiEs 3 ERERREFLRPM SRR S, MERNEWwEE —EMn
k. [AFEEYTAE 3 FREMh S8 R TR =Rl E, FHEESEEN LRSI & £
KA EREAES, MEERICHWERRPEREREGE, N 1447%:; WFL Mg a R &
i iESRNE 7 A 7 BARES, 25008 10.32%F 8.7%, 2HEP 8Nk 2 B AR 5 1 e &
], TWESSAE AP RABAAEE, WrL8a 00 a2 AN EEs, e
FHE REFBE AN A, XS5 TEPE W2S LR (WEEE. BRI BT A o R AR
FH A I
232 BiE%E

D-FIG . 4K, ARG Tk, MRt Ram bR EFE RSP ES TR
H, WEEYmEEHAMEgEE, ASEFGER. Hd, DFEGEEERTL+F 7H 7 HE
FlEmil (34.54%) , fERDCRaMid s H 25 HikBmmE (25.18%) , fFERERaMidb s H25H
EF A (37.86%) , A BRI RTIE 0. G BRAR S B0 B A BT PR R A B {h 3, DATEIGTE 3
FAEHLIRIG 2B A B, B e e srmk s ok L AR R AL Y A-DR 0 4y ) A
6 HISHMS A 25 HiEBIEEEE, 2918 11.76%F 7.88%, I 2% & G B %A 2% 0% )5 1
EE R, MESE LD 2MARRICMER,: - AT BEN T kb 2aEHr ks, £
Kb BRI INA0 %, mEscd Rameh 2% A &G A, 33 AS [ &R
el TREMAZER, RERMERSThEEERER, XS5E FREEEERI WIW (6
FANG YLk RO B BAEAH — 3
233 Eg

- HER-3,7- W - 1,6-F I -3-FEEN 73k . RCRamfissA RatmAaK ke EP
B ESERH, kT e HS HEERS (1652%) . HFEWAARBEREKEN, Lkai
£ 5 H 25 HEERES (18.82%) . BEHAREEASMEN, £EEXKaWE 7 H 7 HEERS
(37.87%) ,» SHEHHIMMAERN, XS5HFEEEE W2W #ERE O 25 &Fla Ay B
0 ey g 17 AH— FHC .
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Tab.3 Comprehensive score and ranking of three kinds of Zanthoxvim bungeanum in Wuodu

TS {EBUB AR £ £ F e
1 vkl 212 1.42 1.96 1
2 et T -3.32 0.29 -2.50 3
BTk 1.21 -1.71 .54 2

uﬁ%ﬁ%%%ﬁ%ﬁh&%ﬁ(%?%ﬁﬂ@)hkmwﬁﬁﬁﬁm#ﬁﬁ F H a4
FHLE>1 RN, 3B 2 TG, B RS B BRI ) e 8.491 A1 2,509, Al
2 MERSHRBTTENEIR 100%, BERM ARG R . Bk, WEFE R LIRS TR
S5y Fi Bl Fo. DOBEAS T B POXS 8 BRI AE o P 2 B B A R A 6 2 A A L B PR B E 3
EWAGREWI RS F (W3R 3 BiR) » SGEfFaRUCuERRaE, kMt K, xR
(ERTBT SUR ECARTEMU D, o S i R PR SOOI, ORI 7 S s A A

3 &ig

WA T E VL ECH DB A 3 A b T AU IR R R A Y AT R S R, R I RRRRAY)
S B E BRI R R, Tk ks, HMEBAMHEIMESY, X5 5MAR
Wit el vy & . EARKEERES, 3 TRAERSELEYRTEDSELERAE, BEEEX
MRt R, ERE R T BRI OIS Y BESIRESR, Kb mERE . eSS
R A & BB HORTL AR X B B0l S e U R, LR A S0 R R ) 7 5 4% 1% ) I
AR VAT FERs,  TEAR i TR AF R R TR BCREIML, SOOI T Sk s AR A

A5 AT B RHAR I B 3 A fa FAEMGE AT T 20 i 7L, B — 2235 %0 B e B iy X S e it A7
PR o ST, LU AR R ARG A X 7 H 4R B i S 3
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