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Application of solid phase microextraction to the extraction
of insect semio-chemicals

SU Zhong-Qi”~ DONG Xiang XIE Wen-Qi MA Tao ~ WEN Xiu-Jun

(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract The increasing application of solid phase microextraction (SPME) technology has improved the development of various
fields. The advantages of this technology are that it facilitates on-site sampling and sample preparation, realizes high-throughput
automatic operation, and can be combined with gas chromatography and mass spectrometry for remote monitoring. Further
improvements to the speed, efficiency and specificity of this technology are, however, still required. SPME has now been applied to
plant and insect volatiles, insect sex pheromones and egg volatiles. Here, we summarize the methods, disadvantages and advantages
of solid-phase microextraction, and the optimal extraction materials for different insect semio-chemicals. The purpose of this review
is to provide a reference for the selection of optimal methods and materials, thereby increasing the speed and efficiency of sample

preparation.
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[ AH 7 # B ( Solid phase microextraction, T IV S B ES RN IR AT 43 B A B B S R R, T
SPME ) JE—FP el & RAE . ZEHCRIE MRS ET 1993 4ER Sk ( MR, 2006; (H#54,
SEFRTT v T AR GERE S A I LA B, 2015) o s I EIAHRCE IR ARTE A £F it =X
X TR A TR B 2RO A B A AT B, #RAE A A ( Fiber-SPME ) , 2 G khge Bl T 45
HWIRZAE Gy PIRFES L RIS | 95 2R R N E M AR BCR AR (In-tube-SPME ) | $itFE#ER
N ZBAERE R Z HEAT . SPME & SN T BEMS 1 AH s A B EE R (Stir bar sorption extraction,
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SBSE) , HTij, Fiber-SPME Fll SBSE T/,
W BRI R BN | XEE R Y
MIZEIC, AT AVE 4, IR RASAREGE | B 6
- TG AR A T, SRR
PR B AR A BOR AL BOROR A B — 2D
(Aufartova et al., 2011; #MIZE, 2013 ) &

SPME — fi§ J2 FH [ 4% S 43 40 [ o i 2 2K L
HAE Wi, WA HUET 4 BT RE S — Be AT
o 35 2 W BT 2 I G T IR L AT A
AR EZA 3 AT K HEEA I (Direct
immersion, DI). %5 #< f (Headspace, HS) ISR
P A B ( Popiel and Popiel, 2011; Feng et al., 2021;
RYTEAE, 2021, FAZACHUT, WA A HUEF 4
LSk B AR A BIRE R A i o
YR e A IO T 5 THZS A HUR, SR A BT 4
MBAR - HCEE B ST, Z 5 WSR3
AEHRLE AR BRORAP A HUT, LB A
HUAHFNK AR B, LB Y e 7K 22 fh 2 v _E
EXC S S TEE e TNDIIL/ 2 TE 7PN
pits 22 0T B AR BT 4R A e 32, AT fin PR AR BGER
., SPME AU & IH TR AL, BEZ
VLSRRI 22 AW RER o 32, SRORE R B ) SR
M B2 lE ( Polyacrylate, PA ) . B - HI Lm0 05¢

( Polydimethylsiloxane, PDMS ) Fl1 % £ — [
( Carbowax, CW ) , ZAHIWMFIA — IR
( Divinylbenzene, DVB )/ % Fllfii W [} 751 Carboxen,
CAR) /R WLt % (DVB/CAR/PDMS ) | %
TR LY O HEE (PDMS/DVB) | &
R Tt 152 i 5/ 2R — Y B ik %06 ( CAR/PDMS )
(Souza Silva et al., 2013 ) . R AERCLA —Lk
il s FRAR/D AR N TR AT, N
FRAL B AN g I — S B B MEAR 5 1 AR HRUEEK
PACE MR R B 22, BBV, SRk
T AR PR A B A BUSCRAG, I A R T 4%
PRSP R — 5Lk A (PDMS) |\ 40wk
& (DVB) . BNMEREE (PA) . LWk
# (CAR) FIRZZEE (CW) RHZGK, I
PDMS/DVB. PDMS/CAR =%, CW/DVB ( Souza
Silvaetal., 2017 ) o N T i RiX—xER, AAI0F
GEG W I B i B E ) Al
W 25 790550 AT LA B 2R B B AR &9, iR AAT]

Al DL AR B 2R A ok il %5 SPME 25 HL
%, JFHXFREYH & E) SPME 2Bk A LA
I8 N — VO B Y pH R B, AILAE R B A A
B,

%[ Supelco ARIA 22 FHLL PDMS
( Polydimethylsiloxane ) . CAR ( Carboxen) .
DVB ( Divinylbenzene ) Fil PA ( Polyacrylate ) 4
TR BB RHE & i 45 19 SPME 74, 4331
FEXHERANE | B RE L B LA SRR BT
SPME i#r (BRUEFIXIZ575, 1998) o & Uik
I BR A A AT 17 3L PDMS, DVB,
PA. CAR. SiO,. AL,O; il PES 7 FhAEHUM kL 41
G2 1Y) SPME 7l o o XU PR TR JZE B X AR
PR PR AT YR (He et al.,
2016) o SWFHFIAFERE, FEEEERZT, o
By i B8 U 8 2 W AT, FEdR BGd
ST B R LB, SRS 3E A 25 A
HAEM, 0 nen B SEGUE R EAEN
5 W B e AR AR o S AR 2, fL
B oA FLAR I R/ MB 2L, RO BN TR R 45
ST RE ] S AL AR OG ; Bkt —4>
LR L] LI B H B AR — 2 R/NMA BT . CAR
F RS ALAL I, FFFLERR N 2-20 A5 L, &
N EE S €I A NG 411 e R £
DVB £ R h L (JEREIA 20-500 A)
PRI AN B4 T i HL W FfE/IN53F (Souza Silva
etal., 2013) . ASCHIERRERAER 2O Rt
BHEAE S DT D il 2845 it 1Ak 24 75 1sf
[T )| W B By Y Y

1 BEERFERNALRSIEREE

AR 6 RIEsA: (1) AFFERH
AYAE AL B AR, SR 1A i DA e 44 3] iR A
HEIfENT, IR L2 AT, (2) 5%
S [EFHAZHL ( Solidphase extraction, SPE ) | i
WZEM ( Liquid-liquid extraction, LLE ) #i b,
SPME &84 i, AR REL. SR
AR . (3 ) 7] [F]<URH €433 ( Gas chromatography,
GC) . Jii ( Mass spectrometer, MS ) Fil = Rk
AH {2 3% ( High-pressure liquid chromatography,
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HPLC) 2RI R . (4) HEfhi
BRI, R A R I R LA A 1 R e DN, T
TG R INREE T, (5) EL A D)
fRReJ1as , DL RO A2 2% 1 S Bt it LA v It
PEFIE AT L5 RINEE TSI . (6) SPME kN
A AEE, AEsE AR, T T P

SPME J2 Jof FH VI [ I A ol A5 A o
SPME AJ DIXFERSE K . £ PS5 e
KXt a3 AT (Ras et al., 2009; Lan et al.,
2020; ZEFFAE, 2020) , GIARZGERER . ERE.
M. RERY . Me2s | JeiR . Z2H R, 23
IR, EEFREAEENUL T EBE . A
Ml& @b &85, SPME iR TBE2h | IR
PUES4J71H ( Dewulf et al., 2002; 43774,
2019) , ankEFEgAN T, BT & EHRYT
K E B AR B AR /b, PR E R AR T R
B B FLAR U W i R bl (AT R A
2018) . SPME 7E& S b g i FHEE i)z,
Xof AN [vi) KU B i BFF 5 3 3 2 o — il 0 o 1
R 214 25 T T R b O R S A I i, 1%
FE4E4TIZS SPME-Arrow HEHUFI GC-MS/MS
I3 HE, ZEELEH] PDMS/DVB JG4f, HIEHEN
30 eV, AL TR ( B5E5, 2015; 2=
R4 2018; Lisanti et al., 2021; 5K SCIEH1E %
X, 2021 ) o SPME ifGE N I F M5 I o 3,
Laopongsit %% (2014 ) TERGI /N AL HLUb
3 3t A AR AR AR BT R . SRBBURHE] | BRE
ek R R BsF [, ST TR S e R W R
BT AT . ERTESE (2015) SR SPME-
GC-MS 5 T [ FE A %) 22 78 1t 38 AU RS
12K 4 Semanotus bifasciatus 5 |17 71 76 Ak H] i
0.10 F130 d J5 1 E 2R R MY BT A S fn & &t
R EE R, 2 s AR A s 32 B4 &
Yl 31 F, HAERUERAZ R A5 15 A 2
YERW 2G4 21 Flr

2 EMEMERTEEHREFERR
BY 1 Rz A

SPME i FHA M A, )z
TR RREE LY PEEER REFER.

FORAEIE B R R AN R Y B s
BERS, W HTHEYIEFE SR (Said
etal., 2005; BLAUMESE, 2021 ) o TR H™AEM
HAEYEENAS AR D, FEh™=4 kG
YRR B Z | (k2= AR DL, PRI Es & &k
B A% (4 GC/EAD. GC/MS il GC/FT-IR ) f
AR SR T ¥ 71 ( Zarbin and Vidal, 2020;
Gaffke and Alborn, 2021 )

[T AR A 2 B AR B B B R M A I R vk
T (1) 4% SPME T4 [ 7638 B w5 B R A
JESHE F4F, ik SPME £k ik 35 HUs N 63 —
Sk O R BRI MEYE BT ( R 280 R A
R IR A oy 38 ), inF AL BEE Euzophera
pyriella FlIZ54R )R Scopula subpunctaria, £
e HFRE AR E A0 (B 1), Sfrerdisk
R RMEERWMAERIZ )G, ALYtk
WA GRS (GC) FEE TV, 72
HEGEAE 8 (ZE0k3R 5, 2010; 5G4,
2018) .

B 1 F# SPMERHNEEEETEER
Fig.1 Hand held SPME to extract sex pheromone

1. 7628, 2. Bl ; 3. &J@FHe; 4. MER R
5. SPME £1-4E; 6. NHEMEL

1. Piston; 2. Rubber band; 3. Metal handle; 4. Female
insect glands; 5. SPME fiber; 6. Stainless steel needle.

(2 e AR U B AR B AT e BRI R
AR, UN{di F PDMS/DVB 21 4k EE 4514 R I
FY Termites A AR ( Lacey et al., 2011 ) , ol
18 o A 145 92 (10 mmx 2.15 mm, Fine Science
Tools Inc, Foster City, CA )5® 1757 H AR AR IR FE,
SRIG I E 50 SPME BU RFERS , HAF4EEER
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HRAA A T 0 2 B R A BE SR 2 1 min, ARG
I [B 274k ( Foster and Anderson, 2018 ) , F [k
LR R YE G, AR A B AS
- TSP (GC-MS) o ( 3 M BUi T 2 mL
() (B AT T A1 6] B 55 O B Bk, (o B SR R R AR A
SO, BT A SR HOBIERR, % A gl
PEAR AR BT B BB 5S , RREL A2 O i)
VER MY, B3 R A e () e B R 45 R A
HZEMiK4 (Levi-Zada et al., 2011) . (4) %
FL AR B A, o VS TR BURE o [l oA
FBGAF (1mL) , L1 2000 r/min &.0> 5 min,

PR BN RE SRS S 2 mL 40FrHrD . B AR

AR HAAGR A, TE =R TS 16 ho AR5,
fi HAAE % - S Y (GC-MS) #4773 4T

( Al-Khshemawee et al., 2018 ) , (5) Sledge 55

(2000 )$2HUFt 2> # % Polistes dominulus {5 B &

(B, S EDRER ) ks B—Fh 7
mm PDMS B #4f ATHARAS 1Y S0, {H XA
PR AR, FEBR IR AU M o ) )
o, AR T R P EORIA], AN RE VIR £ A4
B A PERRCR AT, AR 3 T A R R
M)A I AEFE B ] B R B R ik (%
1), BTERNRIRE SRy e fEd, %t
PEHIE A R A BT S 425 %

F1 AEFMEMENFUENAERRERESEZNIRIAE
Tablel Extraction of different insect sex pheromones by different kinds of extraction fibers

A L il BRI A FRHBCR .( °C) EEALSY »
Extracted Extraction ~ Extraction Extraction Z:7% Uk Reference
material Tnsect time  temperature (°C)  compound
PDMS Fi44 H Helicoverpa armigera 28-30 P2 B ER%, 2001
-1 Phyllonorycter acerifoliella  2-4 h 13-15 fie 2 Moziraitis et al., 2000
FIHH & Lasioderma serricorne 2 h 22 i 2k Guarino et al., 2020
i R i Bactrocera oleae 1h 25 [ES Levi-Zada et al., 2012
14 #5 W Polistes dominulus 25 Fk/ke2é Sledge et al., 2000
fEFHA . Phyllonorycter sylvella 3 h 25 S Augusto and Valente, 2002;
R H Sesamia nonagriodes 5 min 22+1 [l YRS Frérotetal., 1997
7% ik Heliothis virescens 1 min 25 B2 Foster and Anderson, 2018
FRAR 1 Trichogramma turkestanica  20-50 h 2542 Ty o van Beek et al., 2005
P#kiE Eucosma notanthes 5 min 25 18 Chu et al., 2005
SN K BE Periplaneta americana 12 h 25 IRk Said et al., 2005
7 1 Pierisrapae 25 B/ /EZE Lietal, 2016
PDMS/DVB /AL Batrachedra amydraula 2h 25 iR Levi-Zada et al., 2013
P Termites 12s 25 s /bete2s Wenetal., 2015
KT Galleria mellonella 5 min 50 i & X7 2546, 2018
S K BE Periplaneta americana 12 h 25 Ik Said et al., 2005
PDMS/CAR/DVB b1 Sandflies 6h 15/30/45 - Goulart et al., 2017
CAR/DVB Z i FATE 1 Dendrolimus houi 3h 24-27 (SRS FLAFFIEEE, 2010

3 EHRMERERRRMNERZY
HREX R F

B HUR B R kA= B h ik S Ak 5 P A
I, A BT PR B R B R S 5 i i e e

S AR SR 3K H ) R4 R o I R SRR 2
TEREE R Hvh, XU R AL Y R EE NS
ez, FE R IRLEARAR | SRR M ) A5 o A
A H AT BB AY1E H , Ferreira-Caliman %5( 2012 )
i/ SPME JEIEW] T —FlR L0 - — O BRI
G AT LU T AT A B v 4 Bk fe il Sk &
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Y, f6S20 B R PR B 18 [E /N W Blattella
germanica BEA 16 M AR & Wl i B —E 5115
YER, SDEBHARESE (HCRAE, 2014) o X T

AR, HERBAF R dA B DO, AR
I AR folc A BOAS ] b 288 1) 2 2T A7 A [] B o
TR RPN (£ 2) .

R 2 AEFHERFERT A AE R RREIFERYAIRI

Table2 Extraction of volatiles from different insect epider mis by different kinds of extraction fibers

I SREGREE (°C)

ZETUM A g N
Extracted Rt Extraction ~ Extraction *E.mﬂz a 27 3Rk Reference
. Insect . o~y Extraction compound
material time  temperature( °C )
PDMS/CAR/DVB |43 ¥ Triboliumcastaneum 4 h 30 [EE R Laopongsit et al., 2014
Bes LI . 105 g e e T S
: _ 40 Vel e S .
Leptinotarsa decemlineata i FERESR MR/ \()}voijctl)?ChOKSk;OZOand
K3 11 Tenebrio molitor 40 min 105 GRRmERmAG
Hb ISk A s B 16 h 2545 [ e Al-Khshemawee €t al.,
Ceratitis capitata 2018
& Apismdlifera 30 min 50 IR B lE s Haber et al., 2019
st Blister beetle 35 min 85 T 5 45 Mehdinia et al., 2011

MR Bt Graphosoma lineatum 15 min

PDMS VLIRS A o7 2 min
Dinoponera quadriceps

PDMS/CAR SR H 5 min
Scarabaeus aloeus

CWR/PDMS TP B Cimex lectularius 5 min

DVB/CAR/PDM - ZUii 4t Tineola bisselliella 2h

S/StableFlex

PDMS/DVB HE4L05 Bactrocera zonata 2h

5[5 /N Blattella germanica 1h

25 WM 58S Sanda et al., 2012

25 e ees Augusto and Valente,

2002; Frérot et al., 1997

Augusto and Valente,

25 LSS

2002
28 [EE SRS Cannon et al., 2020
25 B Arnault et al., 2012
25 T2 /MR Levi-Zada et al., 2020
25 e ITES RSO 4R, 2014

4 BEEESEIEE N RIER
e i KL A

AN YA AR FE R R AR, 2 —
SE 1 LU R BRI AR 0 1) T2 S0 KB A7
TETHYIAG . L SRSAERRAL, A AN [A)ER
B NIRRT A 1 2 ) SR 28 B dab 1) 25
N 11 ol R W7 R 7 D et iy T = S S WL R B
EYWERZ, HUORMGEERITEI . DR
R A Y, Rsh FEREBREMRGEZE, 175
A=A AL S E B LA S | BESSRE 2
&Y R E BRIk 4, 2017; SKEHERSE,
2019) o MBI R AR 5 9 AR A P )3
fhid B, BWIE T RI A A SR T4k

A FHIYIRE ST, DT DR A AR &
Yok A TR R S AT TEEH
PLIANTR], A3 X SR FE R UG, A AR
FERYHUR, 4R AES Rt ea T,
B FERABARLEAE -, 3 24 - (14 J3%0E 41 i X
AEHOFE & WU, Fr AT AR AR O % 0ok 175
EE0T, TN GG TAEMFB (&
4k, 2008 ) o EAMEF EEY TSR
PEYIT, XL AR R HORAASEL . A7 )
3 B | B A AT O ad A b o R R AR
8B f A A TR 3 e i — N b &
YIRIAT, Refdt B R 8 008 5 10 27 F2 R R
A FHYIW S TR R ERY, — R A
RUGHR AR A, R R B A A A R )
BAERCEN N ERLGEYIR SR EZR
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o (XDESREE, 2007; BEERESE, 20135 B/ BRI Jaapiella sp. X HIACAETE 14 & ) 1) i A R
A 2017) . A3 RN, 0 16 G S M e 0 . 2R KB4 2013 )
Y5 R iR R, IR RY BREE R, U SPME Ak AR T A A
X R AR B R AT I S A R (L D5 AE, 40 SDE Rk, Bl ks £, HE
2018) . LA (2020 ) SEITSAREIEMATELAT U USSR, AR RAZE T 4ME A SPME HA
P (GC-EAD) F1 Y BUSEAY, IEMifcer  $RBUR Rk & EHMELY (£3) .

®3 AEFMEMHERALENREFEEWIERWHIRI

Table3 Extraction of volatiles from different host plants by different kinds of extraction fibers

O K %%Elﬁil‘ﬁl S IO 2 .( °C) %Elﬂcé‘% S
Extrac.te d Plant Extr.actlon Extractlon0 Extraction Reference
material time temperature ( °C) compound
PDMS/C ZHi Ulmus pumila 2h 25 RS/ I k4T, 2008
ARDVE BEFE (™) Ricinus communis (leaf) 2h 25 B M5
J#% T Ostryopsis davidiana 30 min 40 T 2 /1 0 25 /05 A Ak BIEESRAE, 2016
a5
L E T () Medicago sativa ( leaf) - - T2 /2 /T S 45 K HFEE, 2019
LW TE (2£) Medicago sativa ( stem ) AR IS/ 25 46
LI 75 (48 )Medicago sativa( flower ) [ Sy e e
4z EE#S Pinus yunnanensis 15 min 75 WM RARINAE, 2021
TEHMIFL (4£ ) Lycium barbarum( flower ) 40 min 25 B/ e s kLA, 2020
=543 Spiraea trilobata 30 min 40 WER/MRE/MEIRRSE B T SRR 5k &
i, 2017
EL#% Ailanthus altissima 35 min 40 WM el s 2RS4, 2013
P& Larix gemelinii 20 min 30 RSB RASSE IRAAE, 2009
R4 Ziziphus jujuba 1h 25 it i 28 MR Winr 445, 2012
A Zizyphus jujuba 1h 25 [N
PA i 45 7 Melissilus ruthenicus - - PRI /R 2 /T 2 4 HEF2E, 2021
Hij Glycine max P28 /RSG5
¥ K 5. Glycine soja B SIS/ 2 5
PDMS  /k#§ Oryza sativa 40 min 25 B /MER MRS IRIRIASE, 2012
&R} Cinnamomum camphora 40 min 35 RS/ E B4R, 2017
# Bk Amygdalus persica 30 min 25 W2 /W45 Xiangetal,, 2017
5 i B, Jorb RS, LR S
i 5 H1 PDMS/CAR/DVB 1§, PDMS iX 2 bkt
R I T 5 AR R R PR R ) Oy (B, %30 H S G RRAR SR S rh e A RS (SR T

2016 ) , AMYAT LIS B R R BN G Wk, A n] P SRR ) A/ ( San Roméan et al.,
DIRFIAZ IO 5, R B Wi R . KL 2015) o Xiang % (2017 ) Wik T 9% L W42
eSO, AR T2 HEERE TS, 3 B ue AR T, ESS R IR TR T HEMERL RO
YR Y #S R = AR, X Sefb G B SRR 11 Grapholitha molesta B4 W% 5| /1, AKikit
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IS EVEE R . ZER PEE R R 2 AL 4
SRR, AR —H VR B R R R
A S H MEsEE B R FER C12. Cl4, Cl6
Ml C18 “Embi b AWy, Zmh OmRlg . B, B
XA, DECIIZE, —WeE A 1-2
A WA (DS 2019, 2013 ), VEMEL A ik
Prinoxystus robiniae P15 5 2 MIi-3, -5-11
fik I BERE TR IR o A3 LEI MR B R AR
ok, AT IE ik Lyonetiidae f1E(E B 20 29-104
TRAETREE N Z8-+ =AML ER , M5 B EIL
TR R R | B RIR AN DS, N
P RVER, WK Galleria mellonella i /)
WA R E T-REFNIE +— (Mori et al., 2015, *f
TRAMEDED A XY AR, ol
4 F PDMS/CAR/DVB, PDMS/DVB, PDMS iX
3 EAORE, ORI T SRR RE AU T L R
( PDMS/DVB)ZF4E 0] F T3 B g i R /K A 5k
HgeH IR BRRR ( Banel and Zygmunt, 2008;
Cerkowniak et al., 2018) , Jf H aJ LIfE % Bojke
8 (2020 ) #E B — P E BRI BT L, R
FHTT 2 [# R (0 2 B2 2T S BURE: [) A<M £ 3% - o %
B AT
AT, 78R ik 4 o4 ot # v e 1
SPME #1#} % &1 PDMS, PDMS/DVB Al
DVB/CAR/PDMS iX 3 Fi#t kb 32, HrE &4
BHE SR 0 T 1 B AT R, X 3 Rkt
BHESAR GRS SRR AT 2R H S B L A s ]
FNREE X k£, Hrh DVB/CAR/PDMS & H
HIPL e B AR A W B AR, BA R s &
HAFoTHEA 5-13 MRIFET LB
214k, SPME AR M 12 0 S 2244k 1 & i
PEAULAEF], FLOG SR T8 T 337 RAE FRE i il
&, SCELT mE ) A ke, SR EE .
Jo i S — IR, e W Ny AR 4T
2, AASRAFAEAN L Z Ak, WL IR 22 (R £F 4 HEHL
WAT 2 FEBUETYEICAC SN B P | AR LR S
FF iAo SPME 2 ARTE B U Ab2a ) o iy 45 By T
HAMRKWE S, WAL & T 5 REMRE
T 49 AP JBT DA R A Al FH A6 BT 4 ) B A 7
et YT RIH T ZXHZ AR B | 850%

L —PEdE— D . BB, [E AT R e
ST R A BRAE GOR AT 3 B BIiG L LA
A R RS BRI IS W08 &, AURE
DR TG Y, T EBHARCRILE. HR TR
sy R A, ARG, B T
ASTE A N, 3R 22 B 36 P2 ok
R, R ia DI O RA RIS, 9 R iR
BCEARTT T U s i, O B4 M T8 B AUPE AR S
RADHIBIFAR P AR S %
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