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Abstract [ Aim]  To determine the attractiveness of the major components of Mylabris phalerata extracts to Solenopsis
invicta with the aim of finding an effective lure to improve the monitoring and control of this pest. [ Methods] The
composition of M. phalerata hexane extracts was determined using gas chromatography-mass spectrometry (GC-MS). The
antennal electrophysiological responses of S. invicta to M. phalerata extracts, and six major components of these, were
determined using gas chromatography-electroantennographic detection (GC-EAD) and the behavioral responses of workers,
females, and male alates to these compounds were determined using an animal trajectory tracking system (Ethovision XT).
[ Results] Thirteen compounds were identified in the extracts. The most abundant was 9-octadecenoic acid, (E)-, which
comprised 49.76% + 1.04% of the total and had an individual content of (1.66 + 0.4) mg. GC-EAD results indicate that six

compounds, namely menthyl acetate, isomenthyl acetate, cantharidin, palmitic acid, 9-octadecenoic acid, (E)-, and ethyl oleate,
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elicited EAD responses. The behavioral experiments indicate that M. phalerata extract, 9-octadecenoic acid, (E)-, and ethyl

oleate were significantly more attractive to S. invicta workers (P < 0.05), females, and male alates than the control substance.

In contrast, menthyl acetate was repellent to workers, females, and male alates. [ Conclusion] 9-octadecenoic acid, (E)- and

ethyl oleate are major components of M. phalerata extracts that are attractive to S. invicta. Consequently, there is potential to

use these compounds as attractants to monitor and control this pest.
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7 AR g 0 B R [ SRR X S 3 (24°58'35”
N, 113°07'46" E )i 2 Abai % /6 % Ruellia simplex
FERE L, SRAEF A HL B T35 AU (K < FE i =
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T
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KEEE R (>90% ) Ml ( E)-9-+ /\ BRI AR (> 99% ),
R AR AR AR Ok (fikal),
KRG R A E s C7-C40 IEM SR
REAES (1 mg/mL, ECEERCH ), IZB5FR
R B A A FRA R LR, 365807 Signa gel,
2 [E Parker laboratories.

FERAE UM - T I AL (8890-
5977B GC-MS, [ Agilent); “AH -l A
B AP ( GC-EAD, fif =% Syntech ); zh#)iz sl
B3 1 2 %0 ( EthoVision XT 11.5, fif 2% Noldus ).
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121 KHEEFRRYNERE&EES GC-MSH
M A0 R B 1 4 O B S0 75 i R ) b 2
WAy, B SRR R A AR X B R R A T A R
W, R BR G A A R R R IS, S B
241 5 mL IEC K AR 10 mL FESOR . R
5 GRUR A TIRSE, BHEISY 5 min, FRASVAWGE
b R FEPIEAR MR 1.5 g TOKBRER MY
13 cm - T e A K Ab 3 (Yu et al,,

2014 ), 385 R YR H A IRE KRS 2
1 mL, HHE - 20 CIKFRAER . HE 3K,

FIH GC-MS X KB 56 & =Yt 114k 2% ik
IA3HT. 38R HP-5 ms B4IE @i (KX
B PBERLEE =30.00 m x 0.25 mm x 0.25 pm ).,
B NEHMASR, WiHEN 1 mL/min, AN
FOUERET | AEAR . B FUR . DO T AR B 1 IR
4B1h 250, 50, 230, 150 Fi1 280 °C. FhilfE
¥ IR IR 50 °CL L 10 °C/min THEZ 200 °C

(f#£F5 2 min), FLL 15 °C/min THEZ 280 °C
(PAFE2 min), Fhibke, JFFEER 1 pL, &

3R, BHIAER 3 min.

TEAH A AL ER 551 TR Cr-Cap IERIBEIRIR
GARAES AT AT, DGR B B R TR R
i H A% 2 06 1) £ B 78 0 ( Retention index,
RI ). F|H Agilent MassHunter Qualitative Analysis
10.0 B4 45 o e 1) SB35 11 55 NIST 17 e it
FTEOXT, X485 BT HEA TR0 S o 3 3 o) Sk
I SR i 95 T4 45 21 SR R i AR IE — 4k
P RERE A P A LA AR 5

it FH AR 15 XTI B ) 1 53 3R A T B3k o o A
Mr o 6 FibR i SR IL A9, Bl Z B A9 B L Isomenthy]
acetate, B R . IE TSR . (E) -9- T /\ MR
FHER 206, HBCH T 5 ANUREERSE AR ERR
¥ : 0.05. 0.10, 0.25. 0.50 £11.00 mg/mL, 4}
M o s mA (Y) FkE (X) Z
[ AR AE N 2R, THEA Hh KBS R 38 45 H s
AW B i, R FERR LU FH AR Sk (5 3k )
1Bk ORI A i
122 RKWTEHERRYEREBIN ST LA
R R ALEMENE R GC-EAD MIMELT K
WO FBE 5675 15 0 1) i PR A BN, BT
SRR (B #7424, 2016; Duetal., 2021 ),
IFAMGE el o TR T R 20 U ik 1 2
BTN, TR Rl oK — R IR (2
0.3-0.5 mm ), ¥ JCAEH5 75 P o i FELAR 1 O FH 2 Fl
R, AR Al F AR B, SRS GC A
5h Agilent 7890B, A4k HP-5 ms B4 {4
TR (KxEARXNEBEERE = 30.00 m x 0.25 mm x
0.25 pm ), S AEAAS, FEHE D SRR
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JE 50k 250 #1320 °C, THEFTF S5 GC-MS 2
AR, ibteiE R 1 1 RAFshilt ey
X, BEMIY 1L, i GC-EAD 2014 3 {4%
LA ETER EAD WRINAR . 235 LT T
WSC A SR AR R L, e it G AT K A
FH 6-8 LR F A [FIASAR R fil ffy , R AR ok ) 5 2-4
Ko B UCH S P il R R A i b 1 Ak
Vg g, WA A RO
BR300 2 AN [ i G 21 KOBORT 2 1R T A

fif . Isomenthyl acetate, Bt 2R \ IE T/, (E)
9- TN M FR FH R TR 6 A U 7 19
GC-EAD [, & WZIECbefife 2N
0.5 uL/mL, W& Jy ke R R & F |,

123 AWMEFERRYRHEBYBE DL N
HITABENE MWzl ifE /5
( Ethovision XT 11.5 /4 R ER 10 L1 K BN
BESET R I 04T R SN, AR T k2 BEOCHR
(Chenetal., 2022; Zhongetal., 2024 ), fEE
R 9 em WIXEFR LM, FEESINZ 1 em HOH
SEFRBCE R EAR N 2 ecm BIRIEIELR A (1A 4.
A ). ffif] Ethovision XT 11.5 &4 3k+045% M 1
o, BRI LB E SR IX, P IRAR ik
BN AL S DR BRI X, PRASURSE 25
SERFERER, SREEMURIZE N 30 WK/s, Kl Jrik
VEFRBEREEE VL, KB XIS I &l 40-255,
HZh B E I, 20 I 20, SR
WO ARCMA, 1857 20 min Z N KT
T A DX B RREL I ] ALz S BE B . Bl n] Ak AT A
BRI AL %) i TC B S BRI 1. 8% 1 3k4r
KWORAFEFRILAN, &P 5 min, BlJS7EAL
HPYRACR BN 2 pL fRRA R, 6k BGRAN 2 uL
TECE . 430 T, A7 320 SR A 3o e T
KREECHF R IEYIRE S S 6 FbrifEfb &9 ( LR
farfi . Isomenthyl acetate, BEZEZE . (E) -9-1/\
WRIGTR . BT 7SERAINIR OBR ) 14T RO, LA
AR AWM HIE O e B2 1 mg/mL,
AR IAN 10 SKARCM A

el A ] e 4800 2 26 e (E D) -9~ /\ik

I TR I PR £ T 6 21 KOO 5 AR F 91 5 R
Wit As e, kS ESCHK Du %8 (2021 ), fif

FHBE K 44~ 20 mL BE SRR 2238 E— A~ N
BEVRA RIUROIEFIE IR ( HAExE =30 cm
x 5cm) JIEHB o BEREPIANXTRR BIAE SORAE A= D
R, PR O SRR A —~ 2 mm /ML,
AR s R — B BEZP M (B2
=60, fL#& =267 um, Z4% =150 um ) HEHLT
KGN, 53 ANBAS INAOH T 328 . 5k
Z/INFL B 53 A0 — A B A A 32 ke 17
BIEFRIL (35 mm ), BWEEAIAGEE (E)
SO-F NBRIGTR © 25 A% G TR R - S EIX
W kR - 2 xR, Hod (B) -9-F/\ i
FR AR TEA 1 mg, KR A 1 g5 (E) -9-
TNBRIETR - KR ; TR LB - MR O TR, H
R FRAL AP IR 1. 10 F1100 mg 3 A6
JE, KBRS 1 g #5485 AbBRAT A LMD
A3 IR LT IO A S R S Al e 7
R, 24 h J5IC AR IR L A 20 KR
PR 6 AN, RELMH T 30 SLar ki,

1.3 HiEaE

& F SPSS statistics 26 ZA4 X i 56 B4 2E A 7
BIAG 4, i Origin 2022 {42 E
%, {li [ Ethovision XT 11.5 844 LT K Wi
17 R 8l RN I A o FHER PR 3R 22 79 1( One-way
ANOVA ) X} 6 Tl & PRt 1 K st i fish £ H A7 M)
NAEHAT 50T, JERHXEE K (Duncan’s ) ik
W 22 X R AL A W) FIAS [] i 20 KO 22 TR] 1)
fih 7y FEL 7 DR 107 1 22 S R AT 22 L LUK SR UG
Atk S 3 AT A T R TR 2T KR AN R A X
(45 B B[R] RS BB S ) 22 57, Ko A wash s 175
T PR B0 KRR iz Ak B 21 K 5 | 5 R ) 22
o e, P<0.05 50 0.01 FREFEE
TR BRI 2 K o

2 HRESHMH

21 KHEERRUHALERSESESN

2 GC-MS 0¥, KBSeH iRy hitg 13
Pk sy (1), g NIST17 33 B Fbs i i
FEXTEETiL, %o T HS 11 Rk e (F 1),
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Fig.1 GC-MStotal ion flow chromatogram of
Mylabris phalerata extracts

R AR O S, RER 1SS
The numbers on the peaks of the chromatogram are the
component numbers, corresponding to the numbers in Table 1.

Hrp &g m )L £ 25w (E) -9-+
J\IRIETR (49.76% + 1.04% ), BskEr k3] (1.66
+ 0.4) mg; JHER £ TR 2T Ay i B4 ARG 25 i
IR (9.23% + 4.24% ) F1 (8.09% +0.21% ),
LA AR (0.48 £ 0.12) mg Al (0.19 +
0.05) mg. FEEEFAHXT S HIBAR, Ch (0.83% +
0.03%), Hk& &N (0.16+0.05) mg,

22 RBIEEREVRHEEER S I N Bl
ARAEEERNRMm

ML 2 AT, 21T A SR A

K1 KHEZHFERRUNULEGYRSRESE

Tablel Tableof chemical compositionsand contents of Mylabris phalerata extracts

N " . ARX 5 i+ SOy e
%jli‘l_i ﬁ%ﬂ#lﬂ(mm) ’ﬂf.A% %E@*Iﬂﬁﬁ %/_\Hﬁﬁf‘ 1;‘{,%‘;, (%/ ) )ir;#;n (i )
No Retention time Com noun ds Retention Identification /F. kA% & H‘ . mg
. (min) p index method Relative percentage Individual
+ SE (%) content £ SE (mg)
- . T
1 5.57 Bl Artemisia ketone 965 . 1.01 £0.11 -
Mass spectral library
AT G e
2 9.16 LRt 1 301 PR , 8.09 +0.21 0.19 £ 0.05
Menthyl acetate Standard chemical
v
3 9.34 Isomenthyl acetate | 300 PRk , 1.84 £0.05 0.07 £0.01
Standard chemical
. L g
4 11.42 PEI&ZE Cantharidin 1562 . 0.83 £0.03 0.16 £ 0.05
Mass spectral library
3 _ Dl X s NI
5 14.22 ZALATHAR 1 o4y HE 4 1.79 % 0.08 -
11-Hexadecenoic acid, Z- Mass spectral library
s L Bt
6 14.35 IE+7SH2 Palmitic acid 1961 . 2.71 +£0.08 0.14 +£0.03
Standard chemical
73] b i
7 14.59 AR 1 995 ¥ _ 0.94 + 0.03 -
Ethyl palmitate Mass spectral library
JE TS v
8 15.93 (E)-9-+/\RITER 2 146 VPR , 49.76 + 1.04 1.66 = 0.42
9-Octadecenoic acid, (E)- Standard chemical
" N T
9 16.12 +/\l& Stearic acid 2 164 . 5.39+1.90 —
Mass spectral library
10 16.18 TR ZBE Ethyl oleate 2171 i 9.23+4.24 0.48+£0.11
Standard chemical
e
11 27.71 ~FJUkE Nonacosane 2900 b . 1.67+0.12 —
Standard chemical
12 28.19 HREE Not identified 2935 - 0.80 £ 0.50 -
13 28.71 FREFE Not identified 2973 — 0.77 £0.33 -

FTF XS A9 3% 2 2 95 F E Z b vE 55 AR5 ( National Institute of Standards and Technology, NIST ) H W Y < 54 i il

JUE B NIST17,

The spectral library used for the comparison is NIST17, a large commercial mass spectral database published by the National

Institute of Standards and Technology (NIST).
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B2 AEGMRELNY (T, FHENAEREN ) MAREHFZRYH GC-EAD R
Fig. 2 GC-EAD responses of different castes Solenopsis invicta (workers, female and male alates)
to Mylabris phalerata extracts

T IEXT £ FRWEAT I . Isomenthyl acetate, BEZE
#. IETARR. (E) -9-F/\BRKEER AR £ TG
AT Sl 1 ik R RS SN o Y, 2T KT R E )
-9\ BRI R 1 S F5 58 [ ( 0.112 + 0.009 )m V],
HRCHIMER 25 (0.095 +0.012) mV]HIZ R
FrERL (0.078 £0.006 ) mV], T K MA 38 Ed A
BRI (E ) -9-~/\ Bl A R 114 Wi 1o 453531 by
(0.105 £ 0.008 ) mV #1 (0.102 £ 0.011) mV,
XTYHR < B8 e B2 B 735124 (10.088 + 0.008 ) mV
F1 (0.082 +0.007 ) mV,
L1 KU TA] SR 6 AT 8508 o B v i )
fih £ FLAE B2 7 AR ] 3 TSt 2 G T A I g o
{E %[ ( 0.089 £ 0.002 ) mV], HIK & Tsomenthyl
acetate [ (0.087 £0.002 ) mV], X 1E -+ 7SR
NAEE/DN, ACH (0.045 £0.004 ) mV., A Z%
21K WORT [] — b £k G 0 1% ik 71 HE AN 1) 1 {F A7 7E
WEES, MOBREAER T T, A4
A3 g 5y e 97 AE 4300 SR (0.089 + 0.002 ).
(0.082+0.002) 1 (0.080+0.001) mV (Fp47 =
9.547, P=0.043 ), [F]— 2Ll K anA 8 i iy
XTAR R B 6 Fhik & P o il 0 A 1 B2 g R
MB35 25 57 (Fs 00 = 112,254, P < 0.001 ),

23 KRBTHRRYM 6 FEER 3L A
1T A BT R

ZL KA ARTEA ) b B R AR F | 452 B2 I [a]

G I a5 BB, REESEH IR A& P X 21 K
TWEABESHEER (t=3.121, P=0.042),
A S I SOOT R B S R B b B IX B T M5 R
IR s T IR IX (t=2.334, P=0.044 ), %}
THBNSY, (E) -9-F /BT 3 Fhihga
KGRI SRR (TG t=2.616, P=
0.028; AAMEM . t=2.681, P=0.025; A @i
W t=2.763, P=0.022 ). JHER Lg% T WA
SR I BT AT (T8 t=2.360,
P=0.043; AL . t=2.984, P=0.017) (&
4: C), H 2R wifr BR300 Hh B EEVE A ( T
=-2.584, P=0.030; A#MER: t= -2.475,
P =0.035), B3R {OA WA R 1 3R B
FH (t=-2.789, P=0.021), il & K& %5
5 ERGHE R E 3, hiR CERAbEE S
T3 BB 35 5 A X 3 R i A X I 24 4 v 7
AEFIX (B 4: B),

21 KUAEAS TR 5387 X 32 sl B 1 48 1 Mt
SR SIERBH N R EELEM (K 4: D). A
S SR A S e A R R S e i g Ak B IX ik
()32 Sl B I 3 v T R (eI . t=2.812,
P=0.021; A#MEL . t=2.821, P=0.02), T
ISR S0 T A T R £ TR 1 3 ol B S I 3 v T
YHHE (T M. t=3.098, P=0.013; A #iEhy.
t=2.406, P=0.039 ), 3 F5hZ% Ll K IUAE 2. 1R
for B Ak B X 35k (1) 328 Sl i S 34 B /N RR (T
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Tiy 0.089 0.072 0.045 0.066 0.072
| O 002) . 003) (U0 0.002)  (0.002) (mV)
Worker Ca Ba Ba 0.11
o 0.079 0.071 0.043 0.066 0.068
BB | 009 @ [UIIE 00 0
Female alate | Ca Ba Ba
0.078 0.068 0.042 0.066 0.067
ARMERL (o 002) (. 003) U0 (0.003)  (0.001) 0.03
Male alate C Ba Ba
| 1 | |
R T i D & &
N q§'>‘ ¢ ‘3@5’ & Ao ‘&_‘&0 17 \ea‘i’@
& ¢ g o W
F&F ] 5
Ve v ¢ T ¥ ¢
St
oy @

3 AERPLRY ( TH. FRBEWNMEBEL ) W RPETEFRIRY 6 MBS HRAERMN GC-EAD KR
Fig. 3 GC-EAD responses of different castes Solenopsisinvicta (workers, female and male alates) to six standard
substances of Mylabris phalerata extracts

P B S A (bR DR o 1T TR ) — A7 RS P R R AN TR i G L1 K IO ) — 17

AN 225 B (P <0.05, MERBEMEE), FIIARRE/NGFRERRE—

Al AL U0

TR A3 e (B 25 5 i (P < 0.05, AR EOBH 21 ).

The data in the figure are mean + SE. The capital letters in the figure in the same row indicate significant difference in the
responses of S. invicta from different castes to the same component (P < 0.05, Duncan’s new multiple range test),
and the lowercase letters in the same column indicate significant difference in the responses of S. incivta from the
same caste to different components (P < 0.05, Duncan’s new multiple range test).

. t=-3.063,P=0.014; A MW t=-2.182,
P=0.011; MR, t=-3.388, P=0.005).

24 (E) -9- )\ k)% B 70 it B £ BR > 4T N
AW (B3R 1T 0 B R I

PR JORE s 5] 3 FhR g ko (T
. t=4.84, P=0.005; fi#MfEL . t=4.258, P=
0.008; A HMEM . t=2.892, P=0.034), (E) -9-
il s TR FIIHIRR £ TR 15006 21 S T MsURTA 3
WERCBA WE S EERIL (E) -9- 1+ /\IRIGIR : T
e t=3.965, P=0.011; A #MHEM . t=3.209,
P=0.024; JMfR LBH: T t=6.128, P=0.002;
BB . t=3.636, P=0.015) ], A& ZHEExT
AR MERCEA BETIEER (t = 2.568, P =
0.048) (&l5: A),

LU REAN ) B it 1 5 7538 PR A i o i 5 2K
BRIZRTL K515 07, 45538, 1mg (E) -
9| /\ B B FIVHITR SR XS 3 iy AT KL 5|
WXL TR (1 g KR ). 10 Fil 100 mg i

PR TR0 T IR 5 75 J 2 T X R (10 mg:
t=1.856,P=0.048;100 mg:t=3.139,P =0.026 )
(El5: B). 100 mg iR LHEFN (E) -9-/\iik
K TR X A 3 ) 5 5 e, S 3 v T R [T R
CTE: t=2.033, P=0.045; (E) -9-+ /\ BTz .
t=2.744, P=0.041] (& 5: B), {HXI 4 @A
PG 1IEN TR EEF MR ONE: t=0224, P=
0.867; (E) -9-1 /\BMif& : t=0.103, P=0.922]
(Ks5: B)

3 itig

L HOR R ARAL A W 2 A A 24 F B 25 BF 5
S P Y 5 SRR (El-Wahed et al., 2021), 56
AR I W B B B A 515 . SRk
B PUMAEY AP E A RE A YT (Zeng

etal., 2016; Lietal., 2019; Diaz-Navarro et al.,
2021; Sabira et al., 2022 ), J&iFsE R HIFEE M

TGP EAR R o A ST U AR A L R
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Fig. 4 Behavioral responses of different castes Solenopsisinvicta (workers, female and male alates) to Mylabris
phalerata extracts and six major components

A, IBEFIEIER R B, TWON KRBESCH RARYAT N SOV BB R (Z6) FIEAEL (F5); C. ZLKBHEPIA 73T XA
ffsE BRI RIS LG s DL £ KRR AT IX A IS S BE B X bE o X B IE COBeiR Rl o & il S P 4 (E +hn i
ST AR LT AR AL B MRS IR 2 DX Ik 4 452 B I 8] 2802 Sl g 22 57 3% (*P < 0.05, ** P<0.01, t 2% ).

A. The trajectory measurement device; B. The trajectory and thermogram of the behavioral response of S. invicta worker
ants to M. phalerata extracts generated by Ethovision XT 11.5 software; C. The comparison of spent time of S. invicta within
the two analyzed regions; D. The comparison of movement distance of S. invicta within the two analyzed regions.

The control was hexane solvent. The data are mean + SE. Asterisks indicate significant difference in spent time or movement
distance for S. invicta in the treatment and control group (*: P < 0.05; **: P < 0.01, t-test).
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2012a, 2012b), Mboh, M. =F. R
PUAE LAY R BESCH P U h SRR S
PR EAT 2257 (2RI KAF, 2012a), iXFh2E Rt
ik — 20 R W B Ak 2 97 00 5F W 1 52 e M RN 2
P, UL ENTEARRIREEE T T BE R AR

2 R Al goe SRR AR S|, B
0 — e By 5 EAE 2 B SE ( Molfini
etal., 2022), {H&, X FrE&RHR RN HAzb
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Fig.5 Comparison of the relative attractive activities of two compounds and ham sausage
on different castes Solenopsisinvicta (workers, female and male alates)
A. RIS YA SO X 20K 5 BRI B, PR S TR BRI X 21 S
UGG AT 50555 LA, P B P A +hn iR o 5 3R A BZE RRT B2 A 21 K L %
WRAFEREER (*P<0.05, ** P<0.01, ***P<0.001, t %),
A. Attractant activity test of two compounds and ham sausages towards S. invicta; B. The comparison of the relative

attractive activity of two compounds and ham sausage on S. invicta. The data are mean + SE. Asterisks indicate significant
difference in the number of S. invicta selections in the treatment and control groups (*: P < 0.05; **: P < 0.01, t-test).
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etal., 2014; Lutzetal., 2014; Manh and Tuyet,
2020 ); BEZEZEX/NSEik Plutella xylostella Ak}
LU i Spodoptera litura 45 H A7 9Kk 1% M Huang
etal., 2015; Lietal., 2019), K, Xxefbs
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