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| dentification of chemical deterrentsto insect feeding in Piper nigrum
and Zanthoxylum bungeanum and the sensitivity of four cater pillar
species to active compounds from these plants

YU Ming-Hui' ™ YANG Jing' XING Huai-Sen' YUAN Guo-Hui' LI Wei-Zheng" >
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Abstract [Objectives] To identify components of volatile compounds of Piper nigrum and Zanthoxylum bungeanum, and
determine the sensitivity of four caterpillar species to these compounds. [Methods] Components of the active fractions of
ethanol extracts from Piper nigrum and Zanthoxylum bungeanum were identified using bioassay-guided column
chromatography and gas chromatography-mass spectrometry technologies. The deterrent effects of the major amide alkaloids
derived from these two plants were tested on the larvae of four lepidopteran pest species; H. armigera, Spodoptera exigua,
Mythimna separata, and Athetis lepigone, which have different ecological niches on summer corn crops. [Results] The major
amide alkaloid in pooled active fractions of P. nigrum was piperine (6.22%), whereas that in pooled active fractions of Z.
bungeanum was various isomers of sanshool (8.32%). Generally, piperine was a stronger deterrent to feeding by pest larvae
than sanshool (H. armigera: t,,=4.92, P<0.000 1; S. exigua: t;¢=6.11, P<0.000 1; M. separata: t;5=9.15, P<0.000 1; A. lepigone:
t14=6.06, P<0.000 1). M. separata and A. lepigone larvae were the most sensitive to piperine, whereas those of H. armigera

were least sensitive to this compound. In contrast, sanshool only significantly deterred feeding by S. exigua larvae.
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[Conclusion] Piperine may be a suitable base compound for developing generic compounds to deter feeding by the larvae of

Lepidopteran insect pests in summer corn fields. The ecological relevance and possible mode of action of amide alkaloids

derived from the Piper genus is discussed in conjunction with our results.
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Fig. 1 Feeding deterrence of concentrates of
Piper nigrum and Zanthoxylum bungeanum extracts
prior to column chromatography against Helicoverpa
armigera third instar larvae
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Fig. 2 Feeding deterrence of different fractions of

Piper nigrum column chromatography against
Helicoverpa armigera third instar larvae
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Fig. 3 Feeding deterrence of different fractions of Zanthoxylum bungeanum column
chromatography against Helicoverpa armigera third instar larvae
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FEEME Ba s e 27 Fb2inlsy, #5517
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N B-A I (35.77% ), ARHELNER > R

PR (6.22% )o AEABUE PEAEJZ B8 70 L 25 5 1
20 Pk pl gy, o R B EHE] R 10.87 min 94k
B AR E M . B &R R A 3 B R 5T e
(29.65% ) Ml D-Frigdi (21.89% ), LRI
oy EEE IR A5 Fh A A, Sy 8.32%, M
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Tablel GC-MSanalysesof active fractionseluted from Piper nigrum and Zanthoxylum bungeanum concentrates

(R A (min ) b2 1Ay Xt & (%) Relative content (%)
Retention time (min) Component HHIRL P, nigrum 1EH Z. bungeanum
2.45 1F B¢ n-Heptane 0.25 ND
4.09 RPN FEFR N AE Allylcyclopentane 0.23 ND
5.36 B-Ml#14% B-Thujene 1.30 ND
6.02 B-7K )4 B- Phellandrene 16.22 8.26
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4% 1 (Table 1 continued)

(B3] ( min) 22 i Ay FXHEE (%) Relative content (%)
Retention time (min) Component IR P. nigrum FEHL Z. bungeanum
6.15 o-JE M a-Pinene ND 6.54
6.42 3-E 5 3-Carene 20.22 6.98
6.51 2-¥5)di 2-Carene 0.03 5.12
6.64 D-Fr## 4% D-Limonene 1.30 21.89
6.69 L-7#f B L-Menthol 2.20 0.34
6.75 = H L3058 Trimethyldecane 1.30 ND
6.94 y-1 i 45 y-Terpinene 0.25 0.58
7.12 ARYEE Unidentified ND 0.22
7.33 B-J5 1 B-Linalool 1.35 29.65
8.15 AR UEE Unidentified ND 0.33
8.27 o-ilif i J5 a-Terpinene 0.23 ND
8.52 RIS AN Linalyl acetate 0.15 0.31
8.74 W% B Cuminaldehyde 222 ND
9.12 REERE Cinnamaldehyde 3.33 ND
9.34 5-E 7 5-Caraneol 1.21 0.17
9.51 T Eugenol 1.01 ND
9.54 B-A 174 B-Caryophyllene 35.77 ND
10.46 2, 4- T FEZE W) 2, 4-Di-tert-butylphenol 0.05 0.19
10.54 iy EL Copaene 0.03 2.28
10.87 FUE5E Unidentified ND 2.12
11.20 HETTmAE Apiol 0.08 0.21
11.70 I 2275 BE Patchouli alcohol 0.25 ND
11.97 N G RR Myristic acid 0.36 0.21
12.04 LI Sanshool ND 8.32
12.76 WA Piperine 6.22 ND
12.98 FAHEAR Palmitic acid 0.15 0.12
14.27 VPR Linoleic acid 0.28 0.00
20.45 T I ERBEH Butyl oleamide 2.12 ND

ND: BAKME], ND: not detected.

24 s LBEER 4 SRS RERRE
MR LB

AT T 1 e T4 M A~ St ) 4R
B, AR T W5 19 5 75 SaaRE T 1
1, 53 e e R AR ) S AR R P R
B AN AEAR P Y T AR A o LR, I3 T

DXL TN R L R L EHEE R R
He 4 P H 2l dn A BT

g i B HOGT g e 4 I Ak L R K B i
B 2 (A X t A B0 25 R E 4 s . ME
4 AT LUE Y, TS 2 kgl B A R Ak 2R
B A A i 3/ T RE L () % BRI (£14=6.06,
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Fig. 4 Within-group test of feeding deterrence of piperine and sanshool against four caterpillar species
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RV (Fa. 156=6.72, P=0.000 3) #3531 H i
FZES . BT 4 194 SRR I LA B
WA HE AR, SO A T AR A [ B s A
RIE SRR 2R WE ST 1, HIH
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WA BEELS (P>0.05), H-HH R EET
BRSO A 2% i A8 4k (P<0.05), AR
XA e B HR BUE

100

a

90 -
80+
70 -

60 -

EEHEE (%)

Feeding deterrent index (%)

50 -

Ooummom Rk EcsuR A

A. lepigone M. separata S. exigua H. armigera

B Hi A2 Insect species

B 5 MmN 4B RES
e E R e iE b
Fig. 5 Interspecific comparison of feeding
deterrenceindices of piperine against
four caterpillar species
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Histograms with the same lowercase letters indicate
no significant difference at 0.05 level by
Student-Newman-Keuls multiple range test.
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PERr R BR B-OK M | 3- A B-A Pk, R
FE R M I3 5 BB SARUR ; AEABUE AT )2 BT I8 4
o, FERVERST EEOR IS RERER D-FrE, dE
PRI 5T 3 I LR ) 45 Fh AR A I 7
ZRUB D 22 U S e 4 R S AR SCR &
RZAMINE . Fil4n, Khani 2 (2011) H5RBiEHH
1) F2 A 2 150 2 7 S SRR ( 74.34% ) FAAT
I (18.53% ) REEHMU & SR KM i
FL4E B- G 1T (23.49% ) Fl 3-8 45 (22.20% ),
BeJE A 20% DL b g B- A AT A
(33.44% )( Liu et al., 2007 ), Verzele F1 Qureshi
(1980 ¥ FR AU A 45 2 MR B 4 5 A i AL
Bl S AR . SR RURN S AR B, H
T N £ E A4y . Akinbuluma % (2021) M
JLEHHL P. guineense HY 458 HY 6 Fl A= )0 .
( 1.01% ), JL W #H BB
( Guineensine ) ( 0.22% ), HA#H ( 6.64% ), &
W T 8 ( Piperlonguminine ) ( 0.25% ), TNWRZE
M ( Propiverine ) ( 0.16% ),
(3.80% )o
ARSCIER T A BURD LA EE X 4 g H
A AR T T . NI FoR U, EARLERXT 4 Fh
{38 4y B A0 45 3 M ah L L AR B R A
B L4 SRR, R HURT i 2 2R B T 5 B s
I B AURE AR HUSN e AN BRI BB AE T
S kAl B A RE R I — o R R M A
JaE AEL ) B AT A T R e 288 A W el ko 4% o i H
REAYREERC A2 MaE . flan, $k
BRATAEY N-[3- (37, 4-H AL ) - 2-15
s T W e X B b ST B S, frugiiperda HUBUE
il 1.07 pg/mg 4 HIKEH ( Batista-Pereira
etal., 2006 ), Piper ribersoides H i HUms & H:
A AR R YR RIS S litura A BTS2
(Kitayama et al., 2013 ). 5% P. retrofractum
iy (2E, 4E, 14Z ) -N-isobutylicosa-2,4,14-
trienamide X &} S0 Bk 2y HUAT AR 58 R HUIE P
( Yooboon et al., 2019), JLN ISR F19 2
P B U A K S B i A S, littoralis 3
ol A R (Ntonifor et al., 2006 ),
VAEHBUECA FEACBERZ 4549, Yang 45 (2018) M

Dihydrowisanine

Trichostachine

31 AT ) 2R P v 0 R X Rl s A N2
1§ Plutella xylostella A A% K& PE ) KB o,
Qu %5 (2013 ) M 26 FEHBUIR Y AT A Py h &
B3 FPERZEXTRG R 3 4R R T
1 mg/mL JI|#Z ( Toosendanin ), {HAEMHUBFEY)
AR BCH A S PR E D

PodlaE, SHRBHEY KA 3 600 i, 10H
WU A K2 2 000 Ff (Jeon et al., 2019 ). i
U, S5 PR e 2AS 40 Jo 1) A 2 e 3 SRR U R
T H 5 sz A v R B k2= B 1, 9 H
TP B TIAR R AR B I 2 3 ok 5 e 25 ) o 1) 22
P SEEAY . fElan, JEAEEIH P. cenocladum
A IR M) TR A 7 — A A2 PR | )t
B Atta sp. il —26 L H B B B B4R S /R
(Dyeretal., 2001 ), PZCEHAR P. reticulatum 7]
FH A TS A 1S R FH 0% 1 e 25 9 Jo o 1 5
FRE % R (Whitehead et al., 2013 ). JEHH
HURT P. imperiale Ay LV i AL S ) o /e —F
LAk R i# Eois nympha Fl 22 £ PE 55 b 501 1 40
W S T A A R AU E R (Richards
et al., 2010), FFESAMUTIY 3 MEEIIR & X £
B . 2 M a PR Eoisspp.. BH
WY A, cephalotes Al 3Ll Paraponera
clavata #8A B B AYIGRER, JF BT A g h
B 3 PR TR A YR B P A AR PR R A
SR, 38 A AN ALY, ( Dyer et al.,
2003 ), IXEEAFFENSE NI, SREARU G AR
) At P e A WAL 75 B EE A, R AT T
BT 32 B 143 S AU o G SR ) 3 28R

SREHON T3 R A Y 2R MR 2R
flan, RSB AU AE HHEBUEA S Stophilus
granarius fl175%% Rhyzopertha dominica, it HED
il X $65E  Fy AL 258 ( Ashouri and Shayesteh,
2009 ), %K% S oryzae HATEIE . WRkE, fEE
g Fy AT EZF A Y D)6 ( Khani
etal., 2011 ), JLPNIEEHAAE L4 il pU £ 5 4
Callosobruchus maculatus ( Umeozor and Pessu,
2003 ), T3EHE Maruca testulalis FI-IF I G324
Clavigralla tomentosicollis ( Ekesi, 2000 ) BEAY
k. 55 —FhEAM Piper kelleyi iy 2B fiE
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FEZTRR IS NFPRFAE R LR (Jeffrey et al.,
2014 ), PRI, AR A B A i A RO |,
FR G0 M AR 3K R I fe 26 A e ) B 22 A 2
TWEPE. BLAh, AW “HEERN”, HERRRE
B ) 22 J5 Bl B U B R R T IG , Rb
TS ) o AR e 3 Ao 3k L H 4y H ) R R A7
ARFEERIN o X EC AT SCHERNHE & B, S AU
I LLARUSE A T B 2 300 Ao 00 71 3 2 B, e e iy 1)
SEAR TR AR, AT B AR R A8 s IR Y AR
AETAMBRMZ 0 TR Fln, SHm6E
0] 5 4% S Ry S PR AR 7 0096 P ( Scott
et al., 2003 ), BHMEH Y ZE SR BIAREE T B
fiE fig 184 5 2K ik Manduca sexta 4 31 iz P450
R FEmEAYTEPE ( Snyder and Glendinning, 1996 ),
{HREAE M By SC 7 18k Trichoplusia ni 41 4,2 P450
PR, L RN RE T IR TE S B R TR 5-

AR, EAEK &K B2 (Castells and
Berenbaum, 2008 ), 1% BTt M A 44 H 4y HL {4
WAL E P4S0 HLEUIN AR A B , iF—2D5%
) FEXT AR HAE IR 2S AR 25 W 52 77 ( Chen et al.,
2018 ), AEMITE R AETS T 31X Papilio polyxenes
Tl P450 B4 & M ( Cohen etal., 1989),
R T B — 25 X S Tk JHe 2 0 I 4% o
W H &)y B iz i BRI R A
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