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JLFRET AL 77X B i R AR RE 1 A EL X
MEBREFHURAZIE

x & #mEF hAkE & w
(T REREBE T, T AREIPRP SREAAESLRE, T REHENYRT SHHAERE,
T RABTYMARZ TR ARG, T 510260 )

i E [B®)] W 6 PRI BRms IR 2 b A Phasa T 52 i S AR B AR 25 (R SRR A XA AR R
- Monochamus alternatus Hope B B ASERRCR . [ FiE ] SRADKIGSRINBUnsE s, LIS G
FE S, WIEARIPUAATINT o-080 . B-IRME AT FEIm R E MR e, JFEA TARIAIRA B8 KA 1 0
[&R] wEUHRE 6 FPraEMAFIF, TBHQ X EAMGIA MY U i W E (P<0.05 ), ¥ BEXT SRS IE A4
PRI B (F=6.631, P=0.007), HHWE R 0.03%H PR EE (P<0.05), FEAAFIN a-J8
W B-URE A A PR RORAATE B2 ) (F=3.231, P=0.031), HEALFIX B-IEM B4 3Rl R i
Z(P<0.05 ), BFHMBH I B INPL 84657 0.03%TBHQ HYRAMEIE (o-JRIE  p-TEMS + A =50 : 40 :
10 ) XA B R A B AMFHRFRON I B AE K, FRRUIIE KA F 30 do [ R38R Inn LAk G dr snh s
YRGB IR AR AN AR T RS E M, PRARES AR PR e M S Rk, K B A 2SR B 1A e B A
iz B NE R €

KR HUAMN B o TR B-URME IAERME MMERRAR; RREME

Effects of different antioxidants on the stability of monoter pene lures
used to trap Monochamus alternatus

WU Hua" DAI Jian-Qing~ CHEN Da-Song HUANG Hong" "

(Guangdong Key Laboratory of Animal Conservation and Resource Utilization, Guangdong Public Laboratory of Wild Animal
Conservation and Utilization, Guangdong Engineering Research Center for Mineral Oil Pesticides, Institute of Zoology, Guangdong

Academy of Sciences, Guangzhou 510260, China)

Abstract [Objectives] To investigate the effects of six antioxidants on the stability of monoterpene lures used to trap adult
Monochamus alternatus Hope in the field. [Methods] The effects of different antioxidants on the stability of a-pinene,
B-pinene, and myrcene were determined by gas chromatography using the water bath heating and accelerated oxidation
methods. A trapping assay of M. alternatus was carried out in forest. [Results] Of the 6 antioxidants tested, TBHQ had the
most significant protective effect on monoterpenes (P<0.05). The concentration of TBHQ significantly affected monoterpene
stability (F=6.631, P=0.007); the optimal concentration was 0.03% (P<0.05). There were significant differences in the stability
of the three monoterpenes a-pinene, B-pinene, and myrcene even with the same antioxidant (F=3.231, P=0.031); a-pinene was
the most stable (P<0.05). Field trapping results indicate that an olfactory lure comprised of 0.03% TBHQ and a ratio of
a-pinene:B-pinene:myrtene of 50 : 40 : 10 extended the effectiveness of lures in forest by at least 30 days. [Conclusion]
Addition of antioxidant to protect monoterpenes significantly extends the life of monoterpene olfactory attractants used to trap
M. alternatus in forest.

Key words antioxidant; monoterpene; a-pinene; B-pinene; myrcene; Monochamus Alternatus; stability
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P& R4 Monochamus alternatus Hope X
DI RA, J—FhfE FE RN E R Pinusspp. 4
LMY Pinus massoniana Lamb. @i Pinus
elliottii Engelm S5MOA [ 5 He, Hopg At 2
WA K42k Bt Bursaphelenchus xylophilus (Steiner &
Buhrer) Nickle )& ZAEHEEEA (KRS,
2003 ). TR AE R HUR S5 K M A0 BRI ——H
LR U I R, R AN R Bl o FERAAE
LAY BORR Gt R, IR R ARG 1
W AR B R AR A P B SRR (1%
TR, 2003; BUBTEREE, 2005 ), B SIbA S
KA LB A 2R U 10 8 TAE . HAT, A5k
RAGIAERC LRz W, HFE R Il
YR AR RE B R, U o'/, B-IRE N E
(Fanetal., 2007a, 2007b; AEF %, 2008,
2009; AWHLSE, 2017 ),

SR, TERFAMST IR SC R, Bl Ia iy A
S — BTG, & A s LR A AR,
AR, PR 255 A4 25 K AR A5 P ( Wang and
Chi, 2012 )o X AMLEZM T K45 R0k,
H S5 135500 i A TAE R (AR S,
2017 ), FEE S T, il & 5 A Ak '
TSRl HPTAEAR (FpE, 1993 ), WFRA
45 (2010) AT 2,6- AT X By ( BHT ).
TR FEE ( BHA ). BUT XK
(TBHQ ). fHER (PA ) SEHT A AT EH BRI )
PRI TER . 455 R 4 P A b T Atk Ptk BE
JIERE MR S . TBHQ>PA>BHT>BHA ., #| i
Schaal MEFE 55 BT 010 70X 5 BRI B8 2R 1 1Y)
SN, A5 TBHQ AT R fe A A ar LB 12
AH o EWHSE (2010) KA Schaal #EAHEE,
DB R R V2 S it i A Nk = f B il
AMPTEAEALERER R, & TBHQ. PA, W E
FRMNEE (PG), 4E/EZF E (VE), £ (TP)
5 Tl S ARG LS T A R [ R B T AR A A
I, He PG X 25 Pt S AL e, RERA
SEAHNL AT AL i, ARBFITE A I
= [ WA O N7 B S s i X i
PrEALORYT, IR S AR RFROH , o i
I AR B Al o W 000 A 3 s TS 2 K A 42

HERF 2R 3 AR 8
1 #MEEFE
1.1 R R S

o-JRIA( 99% ). B-TRIA( 98% ) H H:ME( 98% ).
3,3 -6AC R — H EEEE ( DLTP ) (>90.0% ).
W TRNEE (PG) (98% ). L-Hibh il Bz IR
fig (L-AP) (99% ) Hi_LigBarhr T A4 fbRHEE By
AR FEIAFS; T HFREEN A ( BHA )(98% ).
2,6- AT REXTH Y (BHT) (98% ), AUT X}
KB (TBHQ ) (98% ) Hi il /R fb=idi A
ABRAFA,

HH-501S FEA KI5 ( B3R X W0 % 505
AR s FAER R AR G155 TH-3 Fp AR (I
HIEA YRS A BRTHEA F) ); KA GC-14B
( HA R, FID ),

12 FARAELFT AGEHIFRPBR

22 AV H45( 2010 )Y Schaal HEF S8R,
SR KV 5 0 BB s EA T M sk Ak, DL
[ R W 2% < T O W NI Ik 2R Aoyt RO RN
bt B AL PERE RS

1%E R AL . B 99 g BAmfIEAR T AL
FAEH 1 g, Jesm IfEEE 10 min, RG2S HHE
20 min, £ 250 mL BEbRrh, HlmA 1. 2. 3 g
PR, FRE 100 g A HLBEIGAE f, BOA e I
IMEESR (0.01%. 0.02%. 0.03% ), THFE
5] (2920 min ), WA 60 °CHEIRKEHR,
G 24 h 575 13K, 249 10 s, FFAcHekt S 7e e iR
TR L, RS AR Sl T KU
o DAL AT B SRR A S X B/ (CKO),
2 d JE HURE 0 B I i AR B S IREE

SR FECMBEF] (2014) FIJH SPSS #ff5z
PRSI R IE AT T 22 A i, AR E RS 5
BB IR, LS . AR SEEH SPSS 24.0 fRAS

ZWJE RS (2018 ) RASAH GBS
TSR T E AT B O R I . AT
SE-54 B (30 mx0. 25 mmx0. 25 um ); i
#A 1.0 mL/min; F2FFHE: #IHIEE 80 °C,
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{445 2 min, VA2 °C/min HFETHEZE 100 °C,
PI 4 °C/min #AHRTFHEZE 200 °C, FL4 10 °C/min
BORTHE R 280 °C; HEFEFIEEE 250 °C; il
#% (FID) {300 °C; iFffdE 1pl, 65: 141
T LEERE o T i TR R AR IE
AR, IHEAR.
. A3 5 A
ﬁﬁ%z[ngmm%ai
AEERRAT 2R — 25 TR TR
100 — ISR IRATR

13 HMHELANRESEFRANEARERE
Ap

ARG 1.2 BB P A AR AR, AS ) i
[ S D 2 A 17 2 o D Y R R (BSRO B
(CK ). VIHSHGHATRIES S . SR 1.2 1975
5, R 2 d HORE, D0 5E R AR i R R AR B
R B 5 KER .

14 HMFELA K RTEEI 4 BRFETFIME
RV E S

HF 1.2 SEGARAT X B s AT AR A
FRRBT AT 2] A 2 KA 5157 (o
TR B-URME - AEERI=50 1 40 1 10) T, Ak
e s AP AEALH A 2 R4 515K (o-
TRIE  B-URME 0 AREM=50 : 40 1 10) fEREH
XTHRZH s e AR OId G2 B h AT BF AN ik
5o JriAA SR RA 515 TH-3 KEA R R 4] i 2]
H (ROIFEERMAEE ), FA0IHEE 10 M5
firo HrhXIRZG A 1 A R 1k, A s
PR REZH s A 2

SN vas WAL TR AES TSP &0y /N G IS
40 AR S A R TR AS AR, Hh B E ALY Pinus
massoniana M LFEM, MR AR E R R, Mok
ML ZICT RANMfE R, HAZ 2 Es KA fEFE ™
B R IEEA B R A R IS S m I,
2019 4E 4 H 1 HIF4R, 2 20194 8 H 1 HES
SdEE L RIEMEIN RS, ICRIEmEE.

15 HiEABSHH
I FH SPSS 24.0 A4 X S 06 B HEA T — i 2%

}xlOO% ,

&Eﬁﬁzz[ }Am%o

PRI AR B 0T, RBIE R R R AR &, L
Wi PRSI . R e R, BRI AE
BEARY X)) AT R £ LR

(R-E-G-W {i[#l ) 43, P<0.05 HEFHAES
IS -3'8

2 HREHH

21 AEMEMLFII AFEEHIRPBR

AN TR S A 70 A 38T SRl A ) LR 4 355 DL
F 1 (IERELRAINERGZER ), #1158
SEIRIEAT T 2508, A5 R R A ( F=38.418,
P=0.000 ). B L7 (F=3.231, P=0.031) Ffi¥k
J& (F=6.631, P=0.007) XAZIEARAEHRAE 5%K
VA B 2ER Hh TBHQ XSl i)
1RO B3 (P<0.05), SRJ5 42 BHA . BHT,
PG. LAP ( P=0.271 ), /5 /& DLTP ( P=0.336 ).
VR X B 0 1) DR AP AR s e 2, R 0.03%
W BEROR i % (P<0.05), 0.02%F1 0.01%22 ]
PP Z R AR R E (P=0.201 ), HLELLFIX] a-
I B-UR M AN R 0 PR P SOR AT A B 2
S, AR BRI AR RO i B, SRR
& o-TRM, B RAEE (P<0.05), &4
BT A5 H 6T B I 1) DR 3 RO e A R T SR AR R
TBHQ, #E M 0.03%.

2.2 #hn0.03% TBHQ B EGE 7 A 5 i iE 7
FETHENR

e SR AIPL A TBHQ, I~ 0.03%,
PN AL 25T, WF5E TBHQ X a-JRME . B-
VA REI S AR LR IR . 45 R TBHQ
Xk 3 A A IR P AR ER (& 1),
UNhn TBHQ MYHRMS I IR AF R — H W ERRE ,
AN TBHQ () ERG IR AR AR T BEAR L, i
AR 8 K, IIPLA L TBHQ M ERBS I R AT
RIKF] 87.31%A L, A INBT AL AY Bl 45
PRAEFART 56.66%.

2.3 #hn0.03% TBHQ W BFEHEI A B X4 5
IMF BRI

FIHIAIN 0.03% TBHQ FY Sl 1 ik 06 25 %t
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1 EXHKBREITEER
Tablel Orthogonal test design and result

IR Ly P WP (%) KIEDRAEA (% )
Identification cards Monoterpenes Antioxidants Concentration (%) Calibration of retention rate (%)
1 a-JE4 a-Pinene BHA 0.03 18.02+3.49
2 B-JE /4 B-Pinene DLTP 0.01 15.68+3.58
3 B-JE /4 B-Pinene PG 0.01 33.38+5.58
4 B-JE /4 B-Pinene BHT 0.03 46.12+7.77
5 o-JEH# a-Pinene TBHQ 0.01 20.21+3.16
6 H M5 Myrcene TBHQ 0.02 13.08+0.96
7 a-JR M a-Pinene BHT 0.01 11.63+2.40
8 B-JE % B-Pinene BHA 0.02 37.06£6.40
9 B-JE /4 p-Pinene BHA 0.03 47.54+8.01
10 a-JRH a-Pinene BHT 0.03 18.42+3.61
11 B-JE4 B-Pinene TBHQ 0.02 40.60+5.11
12 H M5 Myrcene BHA 0.01 12.16£1.06
13 a-JR M a-Pinene L-AP 0.02 16.7242.95
14 H % Myrcene BHT 0.01 12.81£1.05
15 H % Myrcene PG 0.03 11.63+0.96
16 B-TE 4 p-Pinene L-AP 0.01 31.36+4.01
17 o-JEJ a-Pinene TBHQ 0.03 49.44+5.96
18 B-JE4% B-Pinene TBHQ 0.03 47.60+8.05
19 H M Myrcene L-AP 0.03 11.55+0.97
20 H % Myrcene BHA 0.02 12.33+1.00
21 H 0 Myrcene TBHQ 0.01 12.28+0.99
22 B-TE 4 p-Pinene BHT 0.02 37.49+6.53
23 o-JEH# a-Pinene BHA 0.01 16.14+2.70
24 o-JEH# a-Pinene DLTP 0.02 15.18+2.85
25 H M Myrcene DLTP 0.03 11.04+0.94
26 H % Myrcene BHT 0.02 11.58+1.02
27 o-JR M a-Pinene PG 0.02 16.96+2.97

FPBAE R REbRE2 (n=5), RhPre bR err. 3,3-m MR HH: ( Didodecyl 3,3"-Thiodipropionate,
DLTP) , & FERINER ( Propyl gallate, PG ) , L-HidRIlFRAFAETRES ( L-Ascorbic acid 6-palmitate, L-AP ), T 3R
H 7 ( Butylated hydroxyanisole, BHA ) , 2,6- U T FEXTHI B ( 2,6-Di-tert-butyl-4-methylphenol, BHT ) , BUT 3EXf
2K "W (tert-Butylhydroquinone, TBHQ )

Data in the talbe are mean+SD (n=5). The full names of antioxidants in the table: Didodecyl 3,3'-Thiodipropionate (DLTP),

Propyl gallate (PG), L-Ascorbic acid 6-palmitate (L-AP), Butylated hydroxyanisole (BHA), 2,6-Di-tert-butyl-4-methylphenol
(BHT), tert-Butylhydroquinone (TBHQ).

AR R A VAT EIAA P RIS, i E Bnkk  EmiE, 6 AR 7 0I5 2 DA mE. xRy
AR SR R AR 4 AR S ARIIEEE 11 % 41 (LA HEH 1IRIER]) plgsi R R 2
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RABO AR 2 A KR R i 2s F HRZL Y
PR S A a1 Amg (B 2), &%
—LUREBWAG PR TBHQ Y FLE (=
FIXHE)TE 7 A B Ak £ T XERF T
REST, MIAINBTEALR TBHQ 1 BAME A X A A
RAFPANAHAF RO W A 4, S8 (A D
T30 do MR A2, A B 4L
2284k LU BB AR E , 28 F X R ) i 28 Ak
MR E AT . 52 EX IR, a2 s
SR IR AR E | 175 RO 25 M IR
4 1.60 A5 (181 2)o XML A AT 167 TBHQ
Y B AR 5 1R B R . FRROUIR .

60 |
—— 0-JE¥a-Pinene
a0 b B-JE/5B-Pinene
—o— F 4% Myrcene

|~ a-JRM+TBHQ o-Pinene+TBHQ

PRAE 3R Retention rate (%)

00 o B-JE45+TBHQ B-Pinene+TBHQ
0 —&— H##+TBHQ Myrcene+TBHQ
0 2 4 6 8

i JH] Days (d)

B 1 #Rf00.03% TBHQ HIEATEETET [ i i
REETLER
Fig.1 Theretention rate of monoter penes added
with 0.03% TBHQ at different times

[~ 4bFE4 Treatment group
| —= 25 A%} #8 Blank control
| —XF 825 Contrast

B 2 RN 0.03% TBHQ K EiskE Xt
MEXRFHEFIMEHYIR
Fig. 2 Effect of monoterpene added with 0.03%
TBHQ on field trapping of Monochamus alternatus

3 HFit5itie

PR LT S 5 R RS AR R o 1 AR
Ak, T3 728 AT 52 1 5 7 75 %) 3 A 5 15K
. 40 Erbilgin %5 (2007 ) #RiEL M, 7155
KA FEAF BAEY a-RIG, & RAIXT & 2
Rl B RIS AR R G4, B3R5 (2018)
W AR AN BB R AR T S AR B AR A T 4%
BT Z (B L e A= AR AL, BT o- 90 KA
Ak, T IERRUR

B BT EGI D EAT S, M BR . s i A
S, T RO EAE Tk, e AR
IS 7 B L R ML AEE K B B ] ( 2 AR TR
/N, 2013 ), JE A TR AT S AR O A S
MR E S EAR M, $m A e am i Sk R e
PE, iR EGEE A Y S i (ZESHAE,
2010 ) ASHIFE 8 15 US BT S AL TR R SR B i s
K FER, s AR AR AL GERES 17557
RS PR, I e EE T 6 A G b 4N,
X 6 AT A 5 % T Hms A, 1T HL AT AT R
REL L Bl s 7 S Ak, DT e B A 25 0 o i A
FEME . FEEIRAY 6 AL, TBHQ X BRI
I RO B i 2% (P<0.05 ),

BT A7 7E Y AP AR RS 2 R e X A
B KA WG ARCR , B R R DI 2 im o 22
ERLR PR BLE I rAS e M , anRmiA 5 ( 2017 )
WFFE T8 G 3 P BRI XA 85 K AR 515
(ARSI TR T AR P 5 15 R L 43 1 A2 1k
KR LR (LDPE ), B4 (PE ),
APF- | BIBPEL R, o-JR M AR T 5 8T [ 23845501
9 97.39%, 54.43%, 61.24%, ARWFFEI o-TRIE
(HEPBpRp ) S TR RN A Ak (60 °C) |
%8 K, Wndi& ik TBHQ M o-JEM AR A
F| 89.55%, MIAMPTAIFNE o-TRIEPRAFFAL
K 56.51%. BAERAESE (2011) @i TR
FORZ T A S 28 R8I 0K AR 7 BRI 475 5 1 175 771
(G T, BSINMZE RESE I 5 1570 H X R Ay
JEARIS AR 25.00%, & AR 88 K4
A 447 3k, JE#H 472 3%, SEREIGIER] R
RIS R0 2.5 ko MASWFZE i@ 3 bt
S RAR T BT 5 5 1700 BT P, 2 B A
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TERPANAE T IR E T, XA B8 K AR B AN 7
RO IR 4, HAR RO KA DT 30 d, 15
W gedl (APt E ki TBHQ ) /5 Ht it
SBURZS AR RS ImPLEALR] ) 1 1.60
%, 515 88 K AR R 5 A5 1 B A8 5 D
1,

ABIF 530 o TS I A A R R s AT R
I, KRR AN R R E M, PR
VA B AR B, PTG 5 |5 7 G e 3 AR 1Y)
BRIER)E, X el B DA Sl s Ry 32 0 i AR
AR R AEE 55 5%
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