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The extraction and identification of active components of the sex
pheromones of Zeuzera leuconotum Butler (Lepidoptera: Cossidae)
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Abstract [Objectives] To identify the active components of the sex pheromone of female Zeuzera leuconotum Butler moths.
[Methods] Sex pheromones were extracted from the sex glands of female moths with n-hexane and the active components
analyzed using gas chromatography (GC) and gas chromatography—mass spectrometry (GC-MS). Electroantennograms (EAG)
were used to examine the EAG responses of male antennae to extracts and standard components. [Results] GC results
indicate that there are 7 chemicals in the extract, and that the peak height and area of component G increased after the addition
of standard compound E2,Z13-18:Ac. Based on GC-MS data, component G was identified as E2,Z13-18:Ac. The EAG results
show that all compounds caused an antennal reaction, and that E2,Z13-18:Ac elicited the strongest EAG activity. [Conclusion]
E2,713-18:Ac was identified as the main component of the sex pheromone of Z. leuconotum. These results provide a
theoretical basis for developing synthetic sex pheromone lures to control this pest.
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7N A B N 4 8E 9 Zeuzera leuconotum Butler,
J& 55 H ( Lepidoptera ), A% #kF} ( Cossidae ),
PaE VR ( Zeuzerinae ), JZREHIMA &L
J oA i 2T 2 — (XIRHESE, 2013 ),
BN AR, EEUL R E
TP RIRRY , 1 BN TAh W, " E A B0
MRRIARIET (T APNE R, 2008 ), /NEE
R R R Sy T AN ASURE M) 38 T e AR R AT T 1Y 2
AR, HBEARAM 1 48 H B (B R0 2R A 7
i, WU ENATIR (XIBESE, 2010 ), DL
PNz BB I 32 B R R AR B AR T | S

PR, fEEET . Mk, HARBAE
MG, FERARNBIABARCE . 53—,
7N B PR NS B R G T A T RN e A
X ERAML TR A, IRHA R T AU R S0
T HLAR R B it P A JE b R 25 Bk S 2
SRS R M R Ty i AR TS g, 1 N
MAEERRE (FHSRISE, 2009 ). BL, ERMBI
AL ToEE . T4 TAFEMBIG S BB A
a MOR R R R AR B R i SR
A5t o

B APEE B R EA R . ERErER . XF
KETCE . TIPSR AL, VR HE s ]
0 F WA FBRAEENIN 2. B
A, At AR O % R RPEE B R Sk ik
1000 ZF ( Witzgall etal., 2010), F&EH AN
FHI TS B Z 7™ 58 100 ZF (El-Sayed et al.,
2014 ), W BrAE (2016 ) fii 4k 5 1% Apolygus
lucorum ( Meyer-Diir ) PEIER A 1l 3 1S
WENAS R TR, T s BRI
W1 e A (2017 ) MR T PR S R A
R LA M AR ] 4y H, T B30 R AR AR A A
25 TR B JER ) HL g W P R R S #2010
2 2014 4, REMHAMEGER - RPRE/NE
.L>Ht Grapholitha molesta ( Busck ) Ft) SR i i
R 4 [ SR b A T AR = 7> 2 — (Cui and
Zhu, 2016 ), 74b, 3&EEIhE MR B R A2
T E R % %3 H 3 dURE 4 L Pectinophora
gossypiella ( Saunders ), # # & Lymantria
dispar (L.), SER#4&: Epiphyas postvittana

A 16 /N5 1% Lobesia botrana ( Denis &
Schiffermiiller ) #4704 ( Lance etal., 2016 );
BRAFER F 20 4 B MG B R AR TE
o AR A R 45 2 S 2L 35k Cydia pomonella
(Toriatti and Lucchi, 2016 ); #7 P4 = FIH Ao
HRELR T “4-Play™” (L &ERE
I, SEIRMEEIK Epiphyas postvittana, 4% %:
9% Planotortrix octo, #}4r#:M, Ctenopseustis
obliquana 4 PR HME(E B RS ) LiBIRHE
o, DI H K R A 2558 B4 ( Suckling et al.,
2016 ), MIFTA B U R 7™ i T & 0 18 i
fih & B AR B R AL A i S5 55 58 o Ao

A ( Gas chromatography, GC ) FISAH - ik
BCFHEAR ( Gas chromatography-mass spectrometry ,
GC-MS ) 2 E SRR , 456 fil A L fr
Hi AR (Electroantennographs, EAG ) Il & ff ik 4
PR TEER T, DI VR B R A5, Al
FHPEAR B3R B HAH ™ it B 1612 3 H B85 B Al

1 #R5AHE

11 #iREH

7N PR A ORI AR AR AR T T B
PO 55 SR AT ISR b, B B A R e ] 5
=, AT R I, BRI IR,
FERESEHW L - D=14 : 10, LI 5:30 FFiR,
19:30 4558, IR 19-32 °C, MHXHRE 75%-85%,
T NPRE A ARIE X REHPIL, S fS 53 31
BT HRMAFEHRIE (50 cmx50 cm*60 cm ) N,
PRUEME I 43R AL L8, LA 10%0E 2K W . 45
THHE, LIS HPI{E)E 0-24 h 928 1 H i

12 REMERHIS&E

A 2ok Xk I MR 2R B 148 P 5 S AL L) B i
WLEE, AR 7S B2 RS B SR RS BRI IR T
o5 8-9 MEAT Z MY AL Lo SRATAFIR 214 4R
BHEEER, HTPRBES MRS, 72
8-9 M AT S A AR, FHHRABL T AR BT P 55
A 5 mL R FERIRIRE H, A 0.5 mL 27
IEC ke, #BOMZE, FEMRE T h)s, fhidg
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BRIt B, W, BT -4 CLLT
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AR 7S B B 3l R A8 LA S PR B R ™
ARSI I RT3, R HAEAS [R] I [A] Be AR I 2
H S 4b 2 W VAR DR W IR . 435 T 6:00,
10:00, 14:00, 18:00, 22:00, 24:00, 2:00. 4:00
MRURTEHL 2 H AL Lo etk 5 kAT AR s e, [W]
LA 1 FER20 pL PG B RARBUR, BT
- 4 CLUN UK NIEAE, &0,

13 HwEHEHMIXA

S i AR HEAL G4 E2Z13-18:0H . E2Z13-
18:Ac.Z2713-18:0H,7Z2713-18:Ac.Z13-18:0H,
Z13-18:Ac. Z7-12:0H. Z8-12:0H. Z7-12:Ac.
Z8-12:Ac 4 H L PG AR MY R 2 Ak 2 AR 2 A0 i 52
WEAN, WEWEHEN4, GC aHraifE
¥ik 95%0Lh b BT AR G A HILYE R A
Fisher Chemicals ( New Jersey, Fair Lawn, USA )
1 Aldrich Chemicals ( St. Louis, MO, USA ).
AL RS AT T kR, AR IE LAl B,

14 ARERRPEBERERBRERIYE
S

FEAEAHEATE (GC) X5 R4y
GRS B A BT o BN S XU 35
Agilent Technologies 7% 7 4 ;i GC-HP
6890N, FL# K& Al #% ( Flame ionization
detector, FID ) FIJC/rimibAeedy; PIHRIERLG 9B
A4 (3R . AL:( HP-1, 50 mx0.22 mmx0.33 um
film, Palo Alto, CA, USA); B: (BP-1, 50 mx
0.42 mmx0.33 um, SGE Pty Ltd., Australia ), {5
TEFHEREF : 80 °CHHF 2 min, X5 LA 4 °C/min
A THE R TF 5 180 °C, FLA 10 °C/min AYFHE
BRI 240 °C, 1HIRE 15 min; FEEE CRTRG I
R 250 °C; A msiAS, Lthn
I HITE 46 cm/s.

AR EGE-FHER A (GC-MS) A E(E
BERA =S . SAHEE-BTE I H 53
i & 3% [E  Agilent Technologies 2% & 4= 7= )
HP7890N-5937N, i DB-5MS E4IE+E

(30 mx0.25 mmx0.25 pum film, J&W Scientice,
Folsom, CA, USA), Fahiitf, #HEE 1L,
Teorimikre . CIETHEFET : 80 °CLR+F 2 min,
SRJE LA 4 °Clmin B9THEEARTHE 180 °C, FLU
10 °C/min FHERH AT E 280 °C,ff4F 15 min;
PERECTRE SRR 250 °C; S MR, &
PRI HITE 33 em/s, BTiEHL 700 EL, HL
BIRER N 70 eV, B TFIRE AR N 250 °C,
J A E R 30-350 amu,

PR 4 % 5 il i GC-MS BB T (i
K, MRITECHLAY NISTO02 %4 /% ( version 2.0a,
the National Institute of Standards and Technology,
USA ) Kz 455 Bk B vh o 18 T IR 1y 5
TR ARATIY, HE5 AR EIL & B B 1]
FeL
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10 pL FEIE T UE 4055 b, H Sk L ey
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FFO03, HT ] 0.1 s, HL45 W0 v a) 2= /0
[R5 60 so BEFPEEA N 5 M A, AR il A ~F
IR 15-20 IREAG B K/INH I [a] T A RY
WA {0 8 R i A
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21 REESJERGEGEEEZERERIMA
GC-MS 447

H GC-MS A4k 2o e VAT B 28 4 b i £
B (5 FE), /5B BASVEHANEIRIA 2270
7 Ry, KR SIRRAR S AL B, C. D, E. F,
G (K1),

MBS R R R LG ER &N 4Tl
HEM . A 4145y K Z8-12:0H Wi K #REA /7> T
B miz 166, BITaE—8, #5480
PR IE B 106 miz 55, 67, 81, 95, 109, 123,
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Fig. 1 Mass spectra with El (70 eV) showing the TIC of sex pheromone gland extracts of Zeuzera leuconotum
A: J-8- TRRAG-1-8E; B W-9-ToNBRME-1-BE-C RIS C: N-11--F 7S BiM-1-B5- L RS ;
D: J-13-+ /BRI -1-18; B J0-13-F /BRI -1-18 5 Fo I-13--F /N B - 1- - L R T 5
G: J-2-M-13-+ \B k- 1- LR lg . T &

A:78-12:0H; B: Z9-16: Ac; C: Z11-16:AC; D: Z13-18: OH; E: Z13-18: ald; F: Z13-18: AC;
G: E2,Z13-18: Ac. The same below.

* 1 AHULEYEEE SR RILHE
Table 1 Mass data of components of sex pheromone-gland extract and standard compound

415y bRt PR RAE B I (AHXS ) [ 7 4544
Component Standard m/z (Relative intensity of major ions) [Assignment]

A I -8-—+ — i -1-1% Z8-12:0H 176([M+], 11), 166(6), 151(15), 137(21), 123(14.44), 109(38),
95(64), 81(92), 67(100), 54(68), 41(8)

B -9~ 75 ks - 1- 8- LR Z29-16:Ac 222([M+], 48), 194(3), 166(8), 152(7), 138(16), 124(32), 110(34),
96(100), 82(63), 69(28), 67(60), 61(10), 55(53), 43(81)

c M- 11 A Bk - 1B 2 TR TS Z11-16:AC  280([M+], 22), 226(52), 199(6), 164(18), 156(32), 128(18),
114(21), 96(97), 84(68), 72(100) 59(22), 54(37)

D i -13-+ /\ B b -1-1% Z213-18:0H 263([M+], 28), 252(26), 124(9), 109(42), 95(26), 82(56), 68(33),
54(42), 41(28), 29(43)

E ME-13-+/\ Bk M- 1-BE Z13-18:ald 252([M+], 32), 207(7), 147(2), 96(14), 82(6), 68(6), 57(72),
43(100), 29(32)

F MR -13-F )\ ks -1-B- 2 TRTiE Z13-18:AC  252([M+], 42), 221(14), 166(17), 96(53), 82(23), 61(67), 54(36),

45(20)

JZ-2-M-13-+ )\ WM - 1- B TS E2,Z13- 283([M+], 36), 252(46), 206(31), 184(35), 152(8), 127(41), 96(77),

18:Ac

85(34), 68(100), 54(73), 43(21)

138, B A 41 #1 C A3 nlHEA 16 A ANiH AR Bl A
Wik, 79-16:Ac 5 Z11-16:AC, D, E. F LU J G
Hor BTk AR, Hd DL E A F A5 5
Wk Z13-18:0H, Z13-18:Ald 5 Z13-18:AC, G
M5 E2,213-18:Ac FRifEAL A 34 = A A1 R e
BT miz 43, 54, 68, 85, 127, A[#EN G
20y M E2,213-18:Ac (£ 1),

22 AEERFERBRETRANERRWA
GC &or#f

& 2 FI0, ANTRIE ] R U GC RT3 E

#A B 4153 F1 D Ao oy sl B, KRB B 415
D A5 AMER A A S TS A L, A
B A T R B R T AR T AR Ak, PRI AT T B
4oy F D Ao ANetlE 8R4, C 4 F
H7EE (6:00-18:00) FUIREY) GC FRE%
A A S 43 B W, R 7 I U A 454 B R] A $ B
GC 3 ¥ B B i o s, I FLREIE A B
TR ] (R 14 im0 e R TE AR B 3, ESR
I (0:00-2:00 ) IKFRAE, BEEFFIK, 2 4:00
JUT-H, X PR i AR AR B SR AR AT A 1Y)
RS e—2, HuLHEl, C 4531 F 4143
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Fig. 2 Gas chromatogram of extracts from 2-day-old virgin females of Zeuzera leuconotum at different time periods

S 2 5 ME MR B PR AR B R A TR A T R 1Y
YA, (B RMEEBEA 5.

7E 6:00., 10:00, 14:00, 18:00 Fif FiI A4 H2 Hit
Y GC i b, Y%A E A0 G 44y, RIfE
St (6:00-18:00 ) HHEEY) GC K3 I, WA E
Mo G W sr B 1E 22:00 B (ARG
2 h) MW GC B I G 450 Mg
T, W SR TR R E R R R 7E
0:00-2:00 Ff (2B GC Eli% |, E 4150 F1 G 41
A B A4y B0 (132.285 min, 32.686 min );
4:00 F1 6:00 B HEEY) GC B3 I, E 4150 Fi1 G
o3 1 oy B VR 55 o

23 AELAEYSRIYE GC STt 8

T SRR R R Ay, fE
A THERS T T, A s ek (5 ER HE
YA Ao SR AL S WU OR B 1] o FEPE (R B

FHPUK (5 FE, 02 uL) (K 3: B) FliiAks
WAL &Y (E2,213-18:Ac) (& 3: A) (10 ng/uL,
0.2 uL ) LA EIEMHTEAR, MARHER G Y
J& . A1 A-F 106 R RS A A8 Ak, gl
4y G By i RO Y 87.4 pA BEHNE] 198 pA,
W R T 217.1 pA min #3115 613.3 pA X min,
W v A TR ARE AR R 3 (18] 32 € ) iE—20 3R
WIS Th Y G 4032 B2,213-18:Ac,

24 REXEYWH EAG WXL R

HH 4 TR Y, M i ff X 25 b A B R 2R
YK EAG JMAEAIE], BT RSB m
EAG {H. Hrh E2,213-18:Ac il ff B 057 S W B
Bk, HW K Z13-18:Ac, Z13-18:0H, Z2,713-
18:Ac il Z8-12:0H, % 4 Fh /3 EAG W AH
I F A —K3F, 29-12:0H F1 Z6-12:0H #J EAG
B fRe /N o
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Fig. 3 Gas chromatogram of standard compound E2,Z13-18:AC and extracts
from virgin females of Zeuzera leuconotum
A. LAY E2,Z13-18:AC SAHEIEE ;. B, /N B B s 505 oAb 2o M i B P2 U 10 S (3 15T 5
C. 7N RS0 2k WAL Lo TE IR BUCY) SARMEIL 59 B2,Z213-18:AC IR G Ja I UM i K
A. Gas chromatogram of standard compound E2,Z13-18:AC; B. Gas chromatogram of extracts from virgin females of
Z. leuconotum ; C. Gas chromatogram of mixture of E2,Z13-18:AC and extracts from virgin females of Z. leuconotum.
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W JC A I BIa T T (THSIIAE, 20095 X146

e, 2011), RMMEFEEREARMUES . &
PRPETR . X REOCHE . AP IS, &)
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Fig. 4 EAG responses of male Zeuzera
leuconotum to different chemicals

H_LEARA AN FEF R R 4 Duncan’s £
kR 2R B3 (P<0.05),

Histograms with different letters indicate significant
difference by Duncan’s multiple range test (P<0.05).

Y3 H i g e 1 R B B DA S s SR TR
BEA RN EAG RO (RS €5, 2007 );
P M K & 1k Holcocerus arenicola. #j A & 1
Holcocerus Vicarius . " 24 K % % 1soceras sibirica
PULJE RIPTRE S B, 2 HIRE B R MR
whc K (Jingetal., 2010; #32405%, 2010; Liu
et al., 2013 ), XLEAN[E] R PR B R B
(25 SAREE T B RPEAT R IR aR AR, A
W M A7 8 2R A SR e e B B B BRI 4 B Y
B AR B R A BRI 2T AR . A Gl it
3 LA L W S B AT A [ s i) 2 L, HE
B T PERR RS b — S S B R 4 0y, i vE
2 R4 E G, 1% 2 RSy RAERAE A g
[F) 5 A 1) AR AR B B v s B, — 23 e e
X FR AL S AT EAG M, Horp kA vz
RNAB e K0 E2,213-18Ac, HILAT L, AE
B R MR B R4l RN E2,Z13-
18:Ac,

AR S GC M GC-MS F AP 437 1
7N B PR NS B R S R AR SR ER Y i PER B R
43 E2,Z13-18:Ac 1 Z8-12:0H, i#t—HH)
EAG 25 5 F 0 7 AL T8 o 50 2 0o fe g ik 7
E2,Z13-18:Ac M W (e, PIMIAH E2,Z13-

18:Ac J7N 2 RS ER VS R E2H .
WREA E LY BT, 8RR AR A R
X s THRIE R ML A F Y, T HH
EZ N PAMRERALMBR, T RIS E AT
B BEAH S P (S5 I AIPMERE, 2008 ),
PefF R R BA R TR, Mg, AEXR
RO 22 A2, A5 PR DA R HA 3 BB v
eI R B ARG BB e, B2 5
A2 B e BE A ANRE I (R B B A A
Wk, — ATR IR 7S B R A R A S R,
IR B RS R E s ] PR DR R
FRLIE , A P A 7N R R AN IR R A
KRB, WBL B4R A E

S %30k (References)

Cao PP, Lu CK, Wang XQ, 2016. Field trapping assessment and
population dynamics Apolygus lucorum in vineyards. Journal of
Plant Protection, 43(3): 523-524. [&W, B 5, LHEHE,
2016. LR ARSI TE A 4 Pl AR S P RE S AS M. A
YRR, 43(3): 523-524.]

Cui GZ, Zhu JWIJ, 2016. Pheromone-based pest management in
China: Past, present, and future prospects. Journal of Chemical
Ecology, 42(7): 557-570.

EL-Sayed AM, 2014. The pherobase: Database of insect pheromones
and semiochemicals. http://www. pherobase. com.

Gao CL, Du KM, Wang SM, Zhang LS, Ma YB, Lu PF, Luo YQ,
2017. Population dynamics of Eogystia hippophaecolus in
Liaoning province. Chinese Journal of Applied Entomology, 54(6):
971-977. (R, Hil4, Thite, skidk, Bk, R,
BRATIR, 2017, ¥ A & 0 A s AR 2 B 255 15 70 4
FUMEIEA . N R H 2448, 54(6): 971-977.]

Toriatti C, Lucchi A, 2016. Semiochemical strategies for tortricid
moth control in apple orchards and vineyards in Italy. Journal of
Chemical Ecology, 42(7): 571-583.

Jing XY, Zhang JT, Luo YQ, Liu PH, Zong SX, Liu JL, Yang MH,
2010. Circadian rhythms of sexual behavior and pheromone
titers of Holcocerus arenicola (Lepidoptera: Cossidae). Acta
Entomologica Sinica, 53(3): 307-313.

Lance DR, Leonard DS, Mastro VC, Walters ML, 2016. Mating
disruption as a suppression tactic in programs targeting regulated
lepidopteran pests in US. Journal of Chemical Ecology, 42(7):
1-16.

Liu HX, Zhao WM, Yang MH, Liu JL, Zhang JT, 2013. Diel

rhythms of sexual behaviour and pheromone titres of Isoceras



460 - R B 31244 Chinese Journal of Applied Entomology 58 &

sibirica Alpheraky (Lepidoptera, Cossidae). Archives of Insect
Biochemistry and Physiology, 84(1): 15-26.

Liu JL, Zong SX, Zhang JT, Jing XY, Liu HX, Lv YL, 2011.
Eproductive behavior character and sexual tendency of the adult
Zeuzera leuconotum Butler (Lepidoptera: Cossidae). Acta Ecologiea
Sinica, 31(17): 4919-4927. [X4: e, SRHLHE, sR4Am, Jh/BE
XLLE, BEH, 2011, ANEBASIER SUEFEAT A RRE '?
Ve, SRR, 31(17): 4919-4927.]

Liu L, Liu Q, Liu XC, Li C, Zhang YJ, Ma C, 2010. Studies on
section behavior for transferring host of Zeuzera leuconotum
Butler larvae. Journal of Tianjin Normal University, 30(2): 75—
79. [XUB%, X, XIRR, 2R, skEAR, DHE, 2010. NER
RS B RS A LN AR TN i(#ﬁﬁ PN = {QE|
IRBFERR), 30(2): 75-79.]

Liu XL, Xu JY, Liu BS, Xu WH, Hu X, Zhang LQ, Bai CY, Gu XS,
2013. Species and damage characteristics of main trunk borers in
forest trees of Tianjin city. Modern Agricultural Science and
Technology, (11): 160-162. [XILEHE, VF#FE, XL, TREELL,

HEE, sKaraR, H UL, AR, 2013, REEHTMOR ERaE T
AP RO ERME. SRR, (11): 160-162.]

Lu PF, Qiao HL, Wang XP, Zhou XM, Wang XQ, Lei CL, 2007.
Adult behavior and circadian rhythm of sex pheromone production
and release of the legume pod borer, Maruca vitrata (Fabricius)
(Lepidoptera: Pyralidae). Acta Entomologica Sinica, 50(4): 335—
342, [RENBTX, TR, ENFE, 24, AN, R,
2007. EBFUE A AT O

FRAE B MR B R L SR AT 2.

L W 24407, 50(4): 335-342.]

Suckling DM, El-Sayed AM, Walker JTS, 2016. Regulatory
innovation, mating disruption and 4-Play TM in New Zealand.
Journal of Chemical Ecology, 42(7): 584-589.

Tian XL, Sun YH, 2008. Risk analysis and management of Zeuzera
leuconolum Butler. Tianjin Agriculture Science, 14(1): 58-60.
[HF5, PhEE, 2008. 7S 52 M 550 &% KU 1 43 17 A8 2
. RHAOL AR, 14(1): 58-60.]

Witzgall P, Kirsch P, Cork A, 2010. Sex pheromones and their
impact on pest management. Journal of Chemical Ecology, 36(1):
80-100.

Witzgall P, Kirsch P, Cork A, 2010. Sex pheromones and their
impact on pest management. Journal of Chemical Ecology, 36(1):
80-100.

Yang MH, Zhang JT, Liu JL, Jing XY, Luo YQ, Zong SX, Cao CJ,
Li YH, 2010. Reproductive behavior and circadian rhythm of sex
pheromone production and release of Holcocerus vicarius (Walker)
(Lepidoptera:Cossidae). Acta Entomologica Sinica, 53(11):
1273-1280. [#H3RLL, i, X4, /e, 38AIK, o
R, EME, ZEAAE, 2010, MR MR A BEAT A KA B
BRI B, 53(11): 1273-1280.]

Yin HG, Gao P, Guo SR, Li Y, Li ZB, Dong X, 2009. Investigate of
life history about Zeuzera leuconolum Butler Tianjin. The Journal
of Hebei Forest Science and Technology, (2): 16-17. [FSHI,
s, SRR, 2, BT, SR, 2009. RHHLX A
SANERIR AN A WHEMOE AL, (2): 16-17.]



