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Abstract

Identification of ester and alcohol components from the extract of the female’ s abdominal tip of the macadamia nut borer
(MNB), Cryptophlebia ombrodelta (Lower), was conducted by GC, GC-EIMS, GC-CIMS, and DMDS derivatives analyses. Ten
compounds were identified as follows: (Z)-8-dodecen- 1-yl acetate (Z8-12:Ac), (E)-8-dodecen-1-yl acetate (E8-12:Ac), 1-dodecyl
acetate (1-12:Ac), 1-tetradecyl acetate (1-14:Ac), 1-hexadecyl acetate (1-16: Ac), 1-octadecyl acetate (1-18:Ac), (Z)-8-dodecen-1-ol
(Z8-12:0H), (E)-8- dodecen-1-ol (E8-12:0OH), 1-dodecanol (1-12:0H), and 1-octadecanol (1-18:0H). Results of the turntable
bioassay showed that fractional collections from the extract of the female’ s abdominal tip of the MNB have significant
attractiveness on the male MNB. However, when ten authentic compounds identified form the extract of the female’ s abdominal
tip of MNB were further tested by turntable bioassay, only Z8-12:Ac was found to be effective on the male MNB. Consequently, Z8-
12:Ac can be concluded to be a major component of the sex pheromone of the female MNB.
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AR A ML E #5 3 3% (Cryptophlebia ombrodelta (Lower))Msf e % 7% 52 40 3
BB ERERA » BATREREZE IR A CERSRITIRICE - 5 64 1
Ay BERSEBBEASHHANSYNER > AAMEIT(GC) ~ 2408 E-F itk
W3 (GC-EIMS) ~ 48 /% #71t £ 7% 8 % 3%(GC-CIMS) ~ Z DMDS (dimethyl disulfide)
AT A X RAR AT ET A GRS o B R B AR N 46 3 S M 7k SR R AU
K L#(Z)-8-+ = Hi-1- L 8 ((Z)-8-dodecen-1-yl acetate, Z8-12:Ac) ~ ZER(E)-8-+
— J -1- & B (E)-8-dodecen-1-yl acetate, E8-12:Ac) ~ Z i 1-+ — &% (1-dodecyl
acetate, 1-12:Ac) ~ Z #1-+ w &5 (1-tetradecyl acetate, 1-14:Ac) ~ Z B 1-+ 5 &
(1-hexadecyl acetate, 1-16:Ac) ~ Z # 1-+/\ &5 (1-octadecyl acetate, 1-18:Ac) ~ (Z)-
8-+ = % -1- B ((Z)-8-dodecen-1-o0l, Z8-12:0H) - (E)-8- + = ¥4 -1- 82 ((E)-8-
dodecen-1-ol, E8-12:0H) ~ 1-+ =& (1-dodecanol, 1-12:0H) % 1-+ A\ & (1-octadecanol,
1-18:0H)% 10 A% > L bf) B Z8-12:Ac/ES8-12:Ac/1-12:Ac/1-14:Ac/1-16:Ac/
1-18:Ac/Z8-12:0H/E8-12:0H/1-12:0H/1-18:0H = 96/4/30/5/5/5/10/1/2/1 - &< A
T AH WA A A AR T B I BUR T A B A B B8 X IR0 4 o A i LN R 45 TR 0
B3A A S ARE S B RV E Z8-12: Ac $HHLME 3 4K A 4 & 5 W BT Z8-12:Ac
By RGP R 45 B M B R TR o

RRHEET | MR - MRS FET - 0R(Z)-8-+ = H-1- KB o
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(Lower)) Bk B H ~ ¥EE R Fl (Lepidoptera:
Tortricidae) o /A& ~ #ERg ~ #EJL ~ H
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K& # &% (Ironside, 1974; Lingappa and
Siddappaji, 1981; Ho, 1985; Jones, 1994a,
b; McQuate et al., 2000) - ¥ flia HaTE 1Y &
HEREBBARETNE  BUEREANS &
3~ I~ AR BRI E B o (E
N~ B 5 REL IR BE 0 o 18 T A R A
Bk - 7R Ik gi(litchi fruit moth) Kk
it 2 (macadamia nut borer) 2 - fE & &
# > LIRS #5375 sapindaceous fruits |2
Cryptophlebia spp. > i 250 Gy 5&E HIA]
SEME H 1% (Follett and Lower, 2000) - 55 &
IR A AR H 1 DL 49°C BokiZE R HE 20
min g% REEY /7% 0 ¥ C. illepida ki C.
ombrodelta [ E|5E 5% 2 HiF (Follett
and Sanxter, 2001) o A & S EARK R L
fEFRRAEE 60% o PHE HEH T REEH
W1 BHEY Rt & (tamarind fruit
borer) 2§ » HIPAEARE fEHEHIEME > G5
P56 % (Lingappa and Siddappaji, 1981;
Jones, 1994a, b) o [ R RAIAG H5 S A 58
48D SRR F G Bk 7R
FEAR ~ 277 5% (F¥)(Ho, 1985; Chang and
Chen, 1989) -

% WO HUR L8 (Z)-8-+ i -1- F g
((Z)-8-dodecen-1-yl acetate, Z8-12:Ac)E#H
Al i ¥ 3 ik < P 55 51 A (Mitchell, 1973;
Ando et al., 1977; Hwang et al., 1987) - H
FHTFESE C. batrachopa Iz C. leucotreta H1%:
BRI E » B E S Z8-12:Ac kL
1% (E)-8-+ —#fi-1-F:fi5 (E)- 8-dodecen-1-yl
acetate, E8-12:Ac)fifdi k7 » L4735l 5%
99.5/0.5 ~ 10/90 (Hall et al., 1984) - ¥ &
Z8-12:Ac ~ E8-12:Ac~ Z8-12: OH ~ 1-12:0H
Zh oy 2 Bk & (Grapholita molesta) 't 2
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¥ 58 375 BH R B A 4 3 i B R AF ek R
(Sinclair and Sinclair, 1980; Jones and
Caprio, 1992; Chang, 1995; Hung and
Chiang, 2002) - #8022 B @S2 H B &
FITEBS SR 7 2% B R BERIRE ~ B% ~ Bedi(b
&¥)(Kydonieus et al., 1982a, b; Howse et
al., 1998) » FAEE AN b B IEEEIR SAH L
o3 A BE bt e SR N R IR R & B B A
YRR T T ~ HERE B AV e iR - HERE
HUEE R - DWERICE L F sl /7.2 2
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AR  (CRIRERIRFREER 2 ZH
ABR T 7 Z RELIAARE P ZE M AR PR H 2 1L TR
JVEM LBl - 2 25 + 2°C~70 + 5% RH

Fl Ak EZSEHung and Hwang, 1991; Hung
et al., 1998) » {AEGERELT - FoUH o) HE ~
Mt > B EaEN - R E AR &
Ui o

1 51 B e S A HE ol R B 2R 1) 2 2R
— o VEER SR E LU AR L 21 1-
Zfig(1-decyl acetate, 1-10:Ac) ~ 1-ZfE (1-
decan-ol, 1-10:0H)~ Zfi 1-+ —fig(1-dodecyl
acetate, 1-12:Ac) -~ 1-+ — i (1-dodecanol,
1-12:0H) ~ 2 (2)-7-+ — i -1- B 5 (2)-7-
dodecen-1-yl acetate, Z7-12:Ac) ~ ZI#E(Z)-8-
+ 45 -1- E 8 ((Z)-8-dodecen-1-yl acetate,
Z8-12:Ac) ~ ZW#(Z2)-9-1 —Ji-1-F: 5 ((2)-9-
dodecen-1-yl acetate, Z9-12:Ac) ~ ZJiB(E)-8-
+ M -1-F: g (E)-8-dodecen-1-yl acetate,
E8-12:Ac)~ (Z)-8- —¥5-1-fi5((Z)-8-dodecen-
1-o0l, Z8-12: OH) ~ (E)-8- _#-1-fi5((E)-8-
dodecen-1-0l, E8-12:0H) ~ Zf# 1-+PUfig(1-
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Table 1. Sources and purity of the chemical compounds for research of the sex pheromone of Cryptophlebia

ombrodelta

Standard compounds (abbreviation)  Chinese name

Sources (purity %)

1-decyl acetate (1-10:Ac) LI 1-%408 Synthesized from 1-10:0H

1-decanol (1-10:0H) 1-%[E Lancaster Synthesis Ltd., Lancashire, United
Kingdom

1-dodecyl acetate (1-12:Ac) ZFE 1+ g Aldrich Chemical Company, Inc., Milwaukee,
Wisconsin, USA (97%)

1-dodecanol (1-12:0H) 1+ Lancaster Synthesis Ltd., Lancashire, United

Kingdom (97%), Fluka Chemie AG, Buchs,
Switzerland (99.5%)

(Z)-T-dodecen-1-yl acetate

LFE(Z)-T-+ " ff-1-7EfE  Instituut voor Plantenziektenkundig Onderzoek,

(Z17-12:Ac) the Netherlands (IPO) (>99%)
(Z)-8-dodecen-1-yl acetate BB (Z)-8-+ —#i-1-7Effg  Sigma Chemical Company, St. Louis, Missouri,
(Z8-12:Ac) USA (95%, 96.8%), IPO (>99%), Shin-Etsu

Chemical Co., Ltd., Japan (96.06%)

(Z)-9-dodecen-1-y1 acetate (Z9-12:Ac) ZFE(2)-9-+ —#i-1-5:f5 IPO (099%)

(E)-8-dodecen-1-yl acetate
(E8-12:Ac)

ZFE(E)-8-+ —Jfi-1-56fE  Sigma Chemical Company, St. Louis, Missouri,

USA

(Z)-8-dodecen-1-0l (Z8-12:0H)

(Z)-8-1 —ffi-1-B5

Chemtech B. V. Ltd., the Netherlands (93%),
IPO (>99%)

(E)-8-dodecen-1-o0l (E8-12:0H)

(B)-8-+ —Ih-1-%

Synthesized from E8-12:Ac, Chemtech B. V. Ltd.,
the Netherlands (94%)

1-tetradecyl acetate (1-14:Ac) 2B 1-+ Ul Synthesized from 1-14:0H

1-tetradecanol (1-14:0H) 1-+-PuiE Fluka Chemie AG, Buchs, Switzerland

1-hexadecyl acetate (1-16:Ac) LI 14751 Synthesized from 1-16:0H

1-hexadecanol (1-16:0H) 1750 Aldrich Chemical Company, Inc., Milwaukee,
Wisconsin, USA

1-octadecyl acetate (1-18:Ac) I 1+ )\l Tokyo Chemical Industry Co., Ltd., Tokyo, Japan
(99%)

1-octadecanol (1-18:0H) 1-+ /[ Lancaster Synthesis Ltd., Lancashire, United

Kingdom (97%)

tetradecyl acetate, 1-14:Ac) ~ 1-- PUfE(1-
tetradecanol, 1-14:0H) ~ Z i 1-+ /SfE(1-
hexadecyl acetate, 1-16:Ac) ~ 1-+ /S (1-
hexadecanol, 1-16:0H) ~ /& 1-+ )\ lig(1-
octadecyl acetate, 1-18:Ac) ~ 1-+ /\ g (1-
octadecanol, 1-18:0H)% 16 ffi{L-&5W(FE—)-

ES SAR AR EL 0-2 H i RE R 5 S b
7 M > PRI % 30 min BYHEK(Hung et

al., 1998) » A 1FE C ki(n-hexane) F1iEEK] 5
sec » FLUNEE 1,794 S E R TG AL
Ao E 5 1,630 SRS R A RGE HEAY)
BE o

= FHRIERE M SRR 2 S R AT
(BRI 2 73 it
T o EEELA L B2 oy AT aABRIRE - Jeif1,794
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B I sk S 2 T S B B S0 00 2 S 0 e Bk 2
WEHI% > 150.15 gZEHY) < H0.06 gZZHW) LA
WEE R IEHT 7HE » BHER18 cm » A{K1.2
cm FEHE10 ghyE (silica gel 60, 0.040-0.063
mm, E. Merck, Darmstadt, Germany) ° &
Ve 5 25 U AKR LLIE C b (No.1-4) » & 1%
(No.5-8) ~ 2% (No0.9-12) ~ 3% (No0.13-16) ~ 4%
(No0.17-20) ~ 5% (No.21-24) ~ 10% (No.25-
28) ~ 15% (No0.29-32) ~ 20% (No.33-36) ~ 25%
(No0.37-40) ~ 30% (No.41-44) ~ 35% (No.45-
48) ~ 40% (No0.49-52) ~ 45% (N0.53-56) ~ 50%
(v/v) (No.57-60) Z ik 2 Et,O/n-hexane iH1 $2
W o KAt ZBk(No.60-64)i1 - 58 mlittEL
i AR B4 > UG R 640 o {5
S AH g A (GC) ~ 5 AH Je A7 88+ Ui e ' 3
(GC-EIMS) ~ 5 H e At 1k £2 if% it & 3% (GC-
CIMS)~ zDMDS (dimethyl disulfide, Merck
KGaA, Darmstadt, Germany)fiT4¥ .2 %
PR A o el B Al AT e B © 1,630 &2k
el AR ZE AR BtV E I

(IRAE T o34

FERY BB L b o it o2 20 > LARURIR
BRVEHIZER0.15 ml > LUERIEHTEE 547 -
BT 5o - AR O LT R IR ] P66 oz 13
o £ 2T 5890A SaUMH fe i 8 B K Kl 1k
&S (FID) ke 7673 B BBk it Ads » H bl
{6 FH DB-WAX Jg # & (30 m (L) x 0.25
mm (ID) > 0.25 um film thickness, fused
silica capillary column) » 7% A [ :
240°C ~ {HMIESEEL © 250°C ~ [gHrE FHEfE
#{ : 150°C (20 min) » 8°C/min » 240°C (2
min) BRI IBE G0l - $RAHIE T
{E I L I > 5 ST B IS ] BALASE e Oy —
B - LR T E RS HE RS - 8
e R i o

110 sERHs L% -1

(=)RAHIF BT E 3 7 H

I AAS Y IR E A S A7 0 B T B PR i3 2 56
142 5 167(3% Et,0/n-hexane) 5 55 17
FH19)i(4% Et,O/n-hexane) & HEEMEILA
Y s B350 E 5 3611(20% Et,O/n-hexane)
3TN H40(25% Et,0O/n-hexane) 3 G
L&Y - BUE15HH > Kol EE35 E 400G T »
LT RAHEHTE S (GC-EIMS) 7047 » (i F 2
{# 25 B Finnigan GCQ & fH & #7188 352 (M
quadrupole ion trap mass analyzer) » H47
AT 168 4 55 FI DB-WAX J& #7 & (30 m (L) x
0.25 mm (ID) > 0.25 pm film thickness,
fused silica capillary column) * B RS 5
AR (BRVEH 35 em/sec) 5 TE AR :
230°C ~ JgthE THEE L © 140°C (20 min) »
8°C/min > 230°C (100 min) ~ {#HE% (transfer
line){f /% @ 240°C ~ HE-IIRE : 200°C ~ fft
T{LAIRE : EI > 70 eV ~ E &#i[& : 40-500
amu ° 1T RAH G T L2 E 3 (GC-CIMS)
ST HCIERE - AT Y15 o Pl 2888
B A RER o7 (A L - (L AURE A CT > (A
(TR S £ R e

(F9HDMDS (dimethyl disulfide)fii4=%1.2 &
HH A 28 - e il B 2 o0 A
DMDS fit4:¥)2 i » %27 Buser ¥
(1983):2 7715 » WU BEFT 1S 256 14 HHE
26 19 #i(3 I 4% Et,O/n-hexane) X 5 35 i
26 40 (20 K 25% Et,0/n- hexane)&{f » &l
fii DMDS fiT2E4) - HAB BRI p iR & 0f
EHUIERS 1 ml FOEE » B ERT
HIA 1.25 ml & 6%i(1,).2 ZEkETK~12.5 ml
DMDS K fft#f+ » bEmEE » N EENHE
FRER S P 40°C BHEBEIZ (15 hr)f% LA 10 ml
EC KRR » K 25 ml & 5% Na,S,0, ZKIE
W LABR £ - SRR AR A » AR



Istorig - BUE R > RUSHUEIER - DIEGR
WRERVA R - 3 LUE & 2 1E CBeia iy » LA
GC-EIMS 3.2 °

FEHE 5, DMDS A1AEY) 2 848 - [A] -3 HY
E8-12:Ac ~ Z8-12:Ac ~ E8-12:0H [ Z8-12:
OH ¥ 4 FHIFEHE S % 250 pg &L DMDS fi1
49 » Ll GC-EIMS 434

GC-EIMS 7 #h Fr ff HH Z 1% & B
Finnigan GCQ S@MHIGHTEEE - (/] CP-
SIL 8 CB fg#7& (30 m (L)x 0.25 mm
(I.D.)> 0.25 pm film thickness, fused silica
capillary column) » HHribeth BT 5w ¢
AR FREFE 35 cm/sec) ~ £ A G ¢
240°C ~ [t E THEAEZ : 80°C £+ 1 min >
FiLL 4°C/min FHEE 140°C # - ##L) 1°C/min
T £ 162°C » fHi# Ll 8°C/min i £
240°C » 240°C £## 20 min o EREEIR
275°C ~ Mt IR 200°C ~ it F{LAURE
El> 70 eV ~ B EHiE : 40-500 amu °

= HHRME S E R R AN A BER 2 EE

G TE

i € 2B (RIS 1,630 SRR IE R 25
HO AR 77 Bl 64 555) » FRIS 20 i
TR AR SRR » FERHR AR A SR s Hh
G EH - EVEARBEH o FELRATAR PR e ik 2 HY
V)£ 53 BiEVR 2 SRS TR E AR B S A AR
H i FaiEs ke e HEkEHR2H (Life
HI I ER S E i (Hung et al., 1999) -
FAVEE 25 + 2°C ~ 70 + 5% RH J¢ 12 /NRpE
WA Z B AR ERFESE RGBT 285
2 HETT o AtBEIRE - 8 50 cm K /F 50 cm
AR E NS LOKIERS > A 2-3
Hfinliftsh 50-100 € o F A HEFE R i
F—EIE 9 em ZFLIFA E > AR EAFEEC ST
AT T Mahihen o 2 HA7SBEREIRE » AR Af

THEE RIS 2 R L o A T MY
BAH 5 {7 0.6 x 0.6 cm FYFLIA » 22 FERY
MeEh AT HEAAT TR o RS A AU E #E A
1B PR B - iEAREAGER E RS 0.67 rpm ©
RGBS N 4:00 B > #8— Rtz -
REHF L 9:00 BIElEkAmE - FRHER
Y822 Ll mhes s AR - SABRAT S5 8200
PR oA > 18 siny x W - {785 07
BN FClGg bt &% BE P 2 72 52k o 7y RIS T
NOIA e e i

(D) BEEfmaE 1-4 (n-hexane) ~ 5-8 (1%
Et,O/n-hexane) ~ 9-12 (2% Et,O/n-hexane) ~
13-16 (3% Et,O/n-hexane) ~ 17-20 (4% Et,0/
n-hexane) ~ Jx 2Q# IR SEBEHE o 5 A o
)tk imaR 21-24 (5% Et,0O/n-hexane) ~
25-28 (10% Et,O/n-hexane) ~ 29-32 (15%
Et,O/n-hexane) ~ 33-36 (20% Et,O/n-hexane) ~
37-40 (25% Et,O/n-hexane) ~ Jz 29¥HRZE /S
{EpEHE - 5 T - Q)T 41-44 (30%
Et,O/n-hexane) ~ 45-48 (35% Et,O/n-hexane) ~
49-52 (40% Et,O/n-hexane) ~ 53-56 (45%
Et,0/n-hexane) ~ 57-60 (50% Et,0/n-hexane) ~
61-64 (Et,0)fr 2Q ¥ B L {HEH - 5 HEF -

m ~ $EEAVEERE R B2 3E L S A RIE HE EE 05

TSz E R R E

B RE R S e R AL B P S R R 1 4
W T g o AR Y 1 e E T T B R o0 A [
b o D RIHETT T I A Yk e R

HEVE S AANR R 8 ER) 10 {7 73
A :1-12:Ac~B : E8-12:Ac~C : Z8-12:Ac ~
D:1-14:Ac~E : 1-16:Ac~F : 1-18:Ac~ G :
1-12.0H~H : E8-12:0H~1: Z8-12:.0H -~ J :
1-18:0H % - fd#d & 1 mg BRE /) FSHL A5 L
W Z 35 8H > AR S A B B A A A 2 )
FRRE 732 » A o0 S REL AV #6 TR 2 575
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M o AR o R = R Ba A o SR —HIE
5 A~B~C~D~E o @Bz —HEXRL D F
G-~H- 1 J% - A=Ak F~G-~H~
I~ J~29 o KRB LIZe 1 & e > GBE— -
T =nRlEE 645K e

PR L8 (Z)-+ 6 -1- FE e AT
B JRE TR A RNE 2 2 (2)-+ -1-
FLRERE LI AR R e S 2 35 |t - AR
o el 8% & Z7-12:Ac ~ Z8-12:Ac ~
Z9-12:Ac 1 mg ZFEH > (KA A IR E
FEREAE A kR v o B AN R (L 2 L1
(Z)-+ 455 -1- EE g RR DU S REL R 205 # S5 ik 1t
gL o AiAEE 6 B -

m &R

—  FARIIE S R i ZE BN 2 D BB DTS R
()R il R

KAy e 2 ZEHLY) H GC (&I e —(D) -
EHR EL A & Rl o0 18 - RBEH AR S b A
Fr& sy GC ~ EI J CTERE « Kt » A3
B LUT Z 3 W8 o3 e A0 B o

ARSI BB TG b 77 B 2 2570 #8588
FHIE AT 07 > A S EER 56 148 2 25 16 ). (3%
Et,O/n-hexane) » 55 17 #ii £ % 19 #i (4%
Et,O/n-hexane) » %5 35 i ;. &5 36 Jill (20%
Et,0/n-hexane) » Ll 5 37 28 25 40l (25%
Et,0/n-hexane) » & SLIGEHE iy 2 Vi IRR ] —
2R 4 - A 150(3% Et,O/n-hexane)
EHA ~B~ C~ D ~ ERF/)RIBLEEHE G,
1-12:Ac ~ E8-12:Ac ~ Z8-12:Ac ~ 1-14:Ac ~
1-16:Ac ~ Fr1-18:Ac 2 1 25 W5 ] — 2 ([& —
D) ~ £7) - M 36 (20% Et,0/n-hexane)
ARG ~ H ~ TR 77 Al B HE A 1-12:OH ~
E8-12:0H ~ Z8-12:0H ~ Jz1-18:0H 2 ¥if 84 i¢
i —E (& — (D ~ £ ) » HiEfE 2 L FlF

112 GEE&s L%

% 78-12:Ac/E8-12:Ac/1-12:Ac/1-14:Ac/1-16:
Ac/1-18:Ac¢/Z8-12:0H/E8-12:0H/1-12:0H/1
-18:0H = 96/4/30/5/5/5/10/1/2/1 °

(D)RMEELR CIE 3% 73 #r i R

ZEHVIREHY BB g A o Bl R PR 15 2 26
15)fi(3% Et,0/n-hexane) » FH#& GG HTE R
(EI-> 70 eV)73#f7 » fili RERH B STA ~B~C ~
D ~ E KR F .21 81 W55 Fi] 5o B 58 o7 ) B AR YE oy
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Table 2. Retention time (Rt) of standard compounds and sex pheromone extract produced by Cryptophlebia

ombrodelta in GC analysis"

Standard compounds

Pheromone extract

Compound name Rt (min) Peak? Rt (min)
1-dodecyl acetate 8.11 A 8.11
(E)-8-dodecen-1-yl acetate 9.07 B 9.07
(Z)-8-dodecen-1-yl acetate 9.44 C 9.45
1-tetradecyl acetate 17.04 D 17.04
1-hexadecyl acetate 26.32 E 26.32
1-octadecyl acetate 30.24 F 30.24
1-dodecanol 10.51 G 10.51
(E)-8-dodecen-1-o0l 11.90 H 11.90
(Z)-8-dodecen-1-ol 1241 I 1241
1-octadecanol 31.32 J 31.32

D" GC analyses were performed on a HP5890A GC with a capillary DB-WAX column (30 m x 0.25 mm, 0.25
um). The oven temperature was set at 150°C for 20 min, then increased at 8°C/min to the final

temperature of 240°C for 2 min.
Peaks in Fig. 1.
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Fig. 2. Comparison of El (70eV) mass spectra of the peak A, B, C, D, E, and F of the pheromone extract produced by
the female of Cryptophlebia ombrodelta in Fig. 1 to those of the standard compounds of 1-12:Ac, E8-12:Ac,
Z8-12:Ac, 1-14:Ac, 1-16:Ac, and 1-18:Ac, respectively.
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Fig. 2. Comparison of El (70eV) mass spectra of the peak A, B, C, D, E, and F of the pheromone extract produced by
the female of Cryptophlebia ombrodelta in Fig. 1 to those of the standard compounds of 1-12:Ac, E8-12:Ac,
Z8-12:Ac, 1-14:Ac, 1-16:Ac, and 1-18:Ac, respectively (continued).
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Fig. 3. Comparison of El (70eV) mass spectra of the peak G, H, I, and J of the pheromone extract produced by the
female of Cryptophlebia ombrodelta in Fig. 1 to those of the standard compounds of 1-12:0H, E8-12:0H,
Z8-12:0H, and 1-18:0H, respectively.
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Fig. 5. Comparison of El (70eV) mass spectrum of DMDS derivative of the peak B of the pheromone extract
produced by the female of Cryptophlebia ombrodelta in Fig. 1 to that of DMDS derivative of standard
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Table 3. Retention time (Rt) of DMDS derivatives of standard compounds and peak B, C and | of sex pheromone
extract produced by Cryptophlebia ombrodelta in GC-EIMS analysis”

Standard compounds Pheromone extract
Compound name Rt (min) Peak? Rt (min)
(E)-8-dodecen-1-yl acetate 49.45 B 49.32
(Z)-8-dodecen-1-yl acetate 49.22 C 49.13
(Z)-8-dodecen-1-ol 47.33 I 47.33

U GC-EIMS analyses were performed on a Finnigan GCQ GC with a capillary CP-SIL 8 CB column (30 m (L)x
0.25 mm (I.D.), 0.25 pm). The oven temperature was set at 80°C for 1 min, then increased at 4°C/min to the
final temperature of 240°C for 20 min.

2 Peaks in Fig. 1.

RN AEEMR S AR B R SRR A D R e SRR
Table 4. Catches of male Cryptophlebia ombrodelta in traps baited with different fraction of pheromone extract
produced by the female in a turn-table bioassay

Fraction Total males caught % of males caught
Test 1 (n=5)
No.1-4 (Hexane) 0 0dY
No.5-8 (1% Et,0/ n-hexane) 0 0d
No.9-12 (2% Et,0/ n-hexane) 104 504 £+ 172 a
No.13-16 (3% Et,0/ n-hexane) 37 163+ 87¢c
No.17-20 (4% Et,0/ n-hexane) 60 320+ 88b
29 1 1.3+ 3.0d
Test 2 (n=5)
No.21-24 (5% Et,0/ n-hexane) 8 29+ 64D
No.25-28 (10% Et,0/ n-hexane) 4 63+ 82D
No.29-32 (15% Et,0/ n-hexane) 0 0b
No.33-36 (20% Et,0/ n-hexane) 86 63.6 £ 26.1 a
No.37-40 (25% Et,0/ n-hexane) 12 128 + 158 b
29 5 14.4 £ 293 b
Test 3 (n=5)
No.41-44 (30% Et,0/ n-hexane) 74 204+ 47D
No.45-48 (35% Et,0/ n-hexane) 30 70+ 52¢
No.49-52 (40% Et,0/ n-hexane) 69 174+ 54b
No.53-56 (45% Et,0/ n-hexane) 152 447 + 126 a
No.57-60 (50% Et,O/ n-hexane) 2 05+ 07d
No.61-64 (Et,0) 32 73+ 81lc
20 9 27+ 0.8ecd

U Mean + S.D. was derived from 10 replications. Data were transformed to arc sin /x prior to analysis, and
the means followed by the same letter were not significantly different at 5% level according to DMRT.

LA 45% Et,0/n-hexane JEFI > H ik 5 7 d.f.=28, p=.000000")(FPY) °
A 44.7% 0 BHE R H AR (1= 24.67986,
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Fig. 6. Comparison of El (70eV) mass spectrum of DMDS derivative of the peak C of the pheromone extract
produced by the female of Cryptophlebia ombrodelta in Fig. 1 to that of DMDS derivative of standard
Z8-12:Ac.
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Fig. 7. Comparison of El (70eV) mass spectrum of DMDS derivative of the peak | of the pheromone extract produced
by the female of Cryptophlebia ombrodelta in Fig. 1. to that of DMDS derivative of standard Z8-12:0H.
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Table 5. Catches of males in traps baited with 10 compounds identified from pheromone extract produced by females
of Cryptophlebia ombrodelta in a turn-table bioassay

Compound Total males caught

Test 1 (n=6)
A: 1-dodecyl acetate (1-12:Ac) 0
B: (E)-8-dodecen-1-yl acetate (E8-12:Ac) 0
C: (Z)-8-dodecen-1-yl acetate (Z8-12:Ac) 237
D: 1-tetradecyl acetate (1-14:Ac)
E: 1-hexadecyl acetate (1-16:Ac)
Blank

Test 2 (n=4)
F: 1-octadecyl acetate (1-18:Ac)
G: 1-dodecanol (1-12:0H)
H: (E)-8-dodecen-1-0l (E8-12:0H)
1. (Z)-8-dodecen-1-0] (Z8-12:0H)
J: 1-octadecanol (1-18:0H)
Blank

Test 3 (n=5)
F: 1-octadecyl acetate (1-18:Ac)
G: 1-dodecanol (1-12:0H)
H: (E)-8-dodecen-1-0] (E8-12:0H)
I: (Z)-8-dodecen-1-0] (Z8-12:0H)
J: 1-octadecanol (1-18:0H)
Blank
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Table 6. Catches of male Cryptophlebia ombrodelta moths in traps baited with a red septum containing 1 mg of
Z-12:Ac with double bond at different sites in a turn table bioassay

Compound Total male moth catch % of total males caught
Z7-12:Ac 1 02+05
78-12:Ac 327 99.8 + 0.5
79-12:Ac 0 0
Blank 0 0
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Sinclair, 1980; Jones and Caprio, 1992;
Chang, 1995; Hung and Chiang, 2002) - fk
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Identification of Ester and Alcohol Components from the
Extract of a Female’s Abdominal Tip of the Macadamia Nut
Borer, Cryptophlebia ombrodelta (Lower), and its Attractiveness
to Males

Ming-Der Hung, Ching-Yi Hung Division of Pesticide Chemistry, Taiwan Agricultural Chemicals and Toxic Substances
Research Institute, COA, Wufeng, Taichung 41358, Taiwan
Chau-Chin Hung*, Wen-Lung Wang Division of Bio-pesticide, Taiwan Agricultural Chemicals and Toxic Substances Research
Institute, COA, Wufeng, Taichung 41358, Taiwan

ABSTRACT

Identification of ester and alcohol components from the extract of the
female’s abdominal tip of the macadamia nut borer (MNB), Cryptophlebia
ombrodelta (Lower), was conducted by GC, GC-EIMS, GC-CIMS, and DMDS
derivatives analyses. Ten compounds were identified as follows: (Z)-8-dodecen-
1-yl acetate (Z8-12:Ac), (E)-8-dodecen-1-yl acetate (E8-12:Ac), 1-dodecyl
acetate (1-12:Ac), 1-tetradecyl acetate (1-14:Ac), 1-hexadecyl acetate (1-16:
Ac), 1l-octadecyl acetate (1-18:Ac), (Z)-8-dodecen-1-ol (Z8-12:0H), (E)-8-
dodecen-1-o0l (£8-12:0H), 1-dodecanol (1-12:0H), and 1-octadecanol (1-18:0H).
Results of the turntable bioassay showed that fractional collections from the
extract of the female’s abdominal tip of the MNB have significant
attractiveness on the male MNB. However, when ten authentic compounds
identified form the extract of the female’s abdominal tip of MNB were further
tested by turntable bioassay, only Z8-12:Ac was found to be effective on the
male MNB. Consequently, Z8-12:Ac can be concluded to be a major
component of the sex pheromone of the female MNB.

Key words: Cryptophlebia ombrodelta, identification of sex pheromone,
(Z)-8-dodecen-1-yl acetate (Z8-12:Ac)
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