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Abstract Gas chromatography with simultaneous flame
ionisation and electroantennographic detection (GC-EAD)
and gas chromatography with mass spectrometry analysis
(GC-MS) of abdominal extracts of adult male Dermestes
haemorrhoidalis Kuster (Coleoptera: Dermestidae) revealed
the presence of electrophysiologically and behaviourally
active compounds to its conspecific males and females.
Isopropyl dodecanoate (3), isopropyl (Z)-9-tetradecenoate
(5), isopropyl tetradecanoate (6), isopropyl (Z)-9-hexadec-
enoate (7) and isopropyl hexadecanoate (8) were detected in
male abdominal extracts only. Analysis of collected male
headspace volatiles revealed the presence of six EAD-active
compounds (3), (5), (6) and isopropyl tridecanoate (4) plus
two unidentified compounds (1) and (9). Synthetic com-
pounds (3), (4), (5), (6) and (7) showed EAD activity with
antennae of both sexes in contrast to synthetic (8) which
showed EAD activity with female antennae only. Male and
female antennae of D. haemorrhoidalis reacted with high
receptor potentials to isopropyl (Z)-9-dodecenoate (2),
although this compound itself was detected in neither male
nor female abdominal extracts or headspace volatiles. Petri
dish bioassays indicated that male abdominal extracts and

R. R. Korada and F. C. Griepink contributed equally to this article.

R. R. Korada

Regional Centre, Central Tuber Crops Research Institute
(Indian Council of Agricultural Research), Dumduma HBC,
Bhubaneswar 751019, Orissa, India

e-mail: rajasekhararao.korada@gmail.com

F. C. Griepink (B<)

Plant Research International, Wageningen University

and Research Centre, P.O. Box 16, 6700 AA Wageningen,
The Netherlands

e-mail: frans.griepink@wur.nl

compounds (2), (3), (5) and (6) aroused and attracted con-
specific male and female beetles significantly (P < 0.05)
compared to female extracts. These results suggested the
presence of a male-produced aggregation pheromone in
D. haemorrhoidalis. Field assays with any of the described
compounds, however, did not result in attraction of this
beetle in significant numbers.
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Introduction

Many of the species belonging to the genus Dermestes are
pests in poultry production (Geden and Hogsette 2001),
museums (Linnie and Keatinge 2000), Egyptian mummies
(Adams 1990; Steffan 1982) and stored cocoons of silk-
worm Bombyx mori (Sahaf 2007). The black larder beetle,
Dermestes haemorrhoidalis Kuster (Coleoptera: Dermes-
tidae) is considered to be an important pest insect infesting
Dutch rearing facilities for pet food crickets. Some
Dermestid beetles feed directly upon decomposing prefer-
ably dried carrion (Schroeder et al. 2002). Dermestid
beetles were of significant importance in allergy medicine
research (Panzani and Ariano 2001; Ramachandran et al.
1997; Rustin and Munro 1984) and forensic science
(Greenberg and Wells 1998; Schroeder et al. 2002;
Sukontason et al. 2007). The natural distribution of Dermestid
beetles ranges from temperate regions (Sagvolden and
Hansen 2001; Jacob and Fleming 1984) to the tropics
(Adams 1980; Nair 1986). Dermestid beetles thrive on
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protein-rich media such as carcasses of dead birds and
rodents (Cloud and Collison 1986) and were able to tunnel
into wooden structures as well as soft thermal insulation
materials (Stafford et al. 1988; Axtell and Arends 1990). In
contrast to the potential damage they may inflict, these
beetles are useful to man when utilised for the rapid
decomposition and degradation of dead animals for pres-
ervation of their skeletons in museums (Hava and Votruba
2005).

D. haemorrhoidalis tends to aggregate and hide in dark
places as does D. maculates De Geer (Rakowski 1988).
The aggregation behaviour of D. maculatus is mediated by
the presence of an aggregation pheromone (Rakowski et al.
1981; Rakowski 1988). The aggregation pheromone is
produced by males in the case of D. maculatus (Francke
et al. 1979; Levinson et al. 1978, 1981; Shaaya 1981) and
D. ater De Geer (Imai et al. 1990). The pheromone source
has been identified as an exocrine gland present on the
ventral abdomen (Levinson et al. 1978). Feeding adults of
D. maculatus utilize a system of both male-produced
aggregation pheromone (Levinson and Levinson 1995) and
a female-produced sex pheromone (Abdel Kader and Barak
1979). This male-produced pheromone of D. maculatus
consists of isopropyl (Z)-9-dodecenoate (2), isopropyl
(Z2)-9-tetradecenoate (5), isopropyl (Z)-9-hexadecenoate
(7) and isopropyl (Z)-9-octadecenoate (10) (Fig. 1), of which
the first two compounds (2) and (5) elicit high olfactory
receptor potentials (off-line) in D. maculatus and provoke
a behavioural reaction. The pheromone compounds of
D. maculatus have been shown to initiate behavioural
response also in other Dermestid species like D. lardarius
and D. ater (Levinson et al. 1978). Pheromone is thought to
be released from the gland but has been found in faecal
pellets as well (Rakowski 1988).

Pheromones causing sexual attraction or bisexual
aggregation in conspecific species inhabiting food stores
can range from one-component messengers to blends of
two or more compounds acting jointly on the deutocere-
brum of various species (Levinson and Levinson 1995).
Ultimately, the success of these compounds or pheromones
in field application varies with the procedures involved in

Fig. 1 Chemical structures of
the isopropyl esters discussed;
(2) isopropyl (2)-9-
dodecenoate, (3) isopropyl
dodecanoate, (4) isopropyl
tridecanoate, (5) isopropyl
(Z2)-9-tetradecenoate,

(6) isopropyl tetradecanoate,
(7) isopropyl (2)-
9-hexadecenoate, (8) isopropyl
hexadecanoate, (10) isopropyl
(Z)-9-octadecenoate

\/=\/\/\/\)CLOJ\ 2

WW)?\OJ\ 5
\/\/\/=\/\/\/\j\OJ\ 7 \/\/\/\/\/\/\/\io)\ 8
WV\MOJ\ 10

collection of volatiles and application in the diverse situ-
ations at field level. In this context, we have isolated,
identified and synthesized several electrophysiologically
and behaviourally active compounds for D. haemorrhoi-
dalis from abdominal extracts and headspace volatiles. The
identified compounds have been tested in lab and initial
field assays for their potential in trapping adult D. haem-
orrhoidalis beetles.

Materials and methods
Insects

Adults and grubs of D. haemorrhoidalis were collected
from Star Food, Barneveld, The Netherlands, a company
producing insects and animal feeds. Insects were kept in
cages (45 x 45 x 60 cm) at 24°C and 70% relative
humidity and with a photoperiod of 14L:8D. Beetles were
collected in glass test tubes, anaesthetized with 0.5 L/min
CO, for 10 s and separated into males and females, based
on the sexual dimorphism between male and female bee-
tles. Male beetles have two median exocrine glands, one
each on the third and fourth abdominal sternum surrounded
by 5-8 bristles which were absent in females.

Chemicals and standards

Reference chemicals for this study were synthesized at
PHEROBANK laboratories of Plant Research Interna-
tional, Wageningen, The Netherlands. The isopropyl esters
were synthesized from the corresponding aldehydes
according to Takeda et al. (1997). Aldehydes were dis-
solved in isopropyl alcohol (0.3 M) and cooled in an ice
bath. To this solution slowly one equivalent of 12 M HCl
and consequently one equivalent of 30% H,O, (in water)
was added. The cooling bath was removed and the light
yellow turbid reaction mixture was stirred overnight after
which all starting aldehyde was consumed. The reaction
mixture was extracted with ether, washed with NaHCOs,
dried over MgSOy, concentrated and purified over silica gel

\/\/\/\/\/\j\oj\ 3
/\/\/\/\/\/\ioj\ 4
\/\/\/\/\/\/\ioj\ 6
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to obtain the desired product in moderate yields (30—-50%
based on the aldehyde).

Insect extracts

One hundred beetles of each sex were used to make a
whole body extract. Insects were anaesthetized as descri-
bed before and the elytra, wings and legs were removed
from the body. The abdomen was separated with dissection
scissors and allowed to immerse in 10 ml of redistilled
hexane for 1 day. The obtained extract was filtered through
Whatman No. 1 paper and concentrated to 1 ml under
argon atmosphere. Extract were stored at —20°C prior to
use.

Collection of headspace volatiles

A 6-glass jars parallel volatile collection unit (VCU) fitted
in an incubator (Elbanton, Kerkdriel, The Netherlands) was
used for beetle headspace volatile collections. One hundred
male and female D. haemorrhoidalis beetles were kept
separately in 2.5-L glass jars (Rundrand-Glas 100, WECK
2700) which were fitted in the VCU. Air (100 ml/min)
passed through activated charcoal was released into the
jars. The headspace volatiles from the jars were collected
onto adsorption tubes (Gerstel TDS 2/A (OD 6.0 mm) fil-
led with 100 mg 80/100 mesh SuperQ (Alltech Associates,
Inc, Deerfield). Both sides of the tube were fitted with
quartz wool (Interscience BV, Breda, The Netherlands).
All flows were checked with a Digital Flow Check (Alltech
Breda, The Netherlands). Headspace volatiles were col-
lected at 24-h intervals for four consecutive days.
Adsorption tubes were changed every day in the morning at
9.00 am. and the absorbed volatiles were extracted
immediately with 5 ml of redistilled hexane. Extracts were
pooled and concentrated under argon to 200 pl. Adsorption
tubes were cleaned with 5 ml of acetone (2 times) and
dried at 240°C for 30 min while being purged with purified
nitrogen gas (20 ml/min). Cleaned tubes were reused for
volatile collection.

Coupled gas—chromatography electroantennographic
detection (GC-EAD)

Antennal responses of male and female D. haemorrhoi-
dalis to collected abdominal extracts and headspace
volatiles were studied by gas chromatography with electro-
antennographic detection (GC-EAD) (Trace GC-2000,
Interscience, Breda, The Netherlands) equipped with a
cold on-column injector. The GC was equipped with an
Alltech 30 m AT-5 (5% phenyl, 95% polydimethylsilox-
ane) fused silica column, 0.25 mm ID and 0.5 pm film
thickness or an Alltech AT-aquawax (100% polyethylene

glycol) fused silica column, 0.25 mm ID and 0.25 pm
film thickness. Conditions were: carrier gas, helium
(constant flow 2.5 ml/min); temperature programming:
80°C (0.8 min hold) to 280°C (10 min hold) at 10°C/min
(AT-5 column), or 50°C (0.8 min hold) to 250°C (4 min
hold) at 10°C/min (AT-aquawax column); detector tem-
perature: 250°C; the temperature of the transfer line
(Syntech Laboratories, Hilversum, The Netherlands)
between the GC and EAD followed the oven temperature.
The injected sample (1 pl) was equally split between a
flame ionisation detector (FID) and the electroantenno-
graphic detector (EAD). Over the antenna, a flow of
purified and humidified air was maintained at a flow rate
of 80 cm/s. Antennae were mounted between two glass
electrodes filled with Ringer solution (6.4 mM KCl,
12 mM MgCl,-6H,0, 9.6 mM KOH, 12 mM NaCl,
20 mM KH,PO,4, 1 mM CaCl, and 354 mM glucose in
deionised water. The EAD plus peripheral equipment
were manufactured by Syntech Laboratories, The Neth-
erlands. Antennae were removed from the insect head
with surgical scissors. One-fourth of the distal segment of
the antenna was cut with a 1-mm sapphire blade (World
Precision Instruments, Inc, Sarasota, USA). To distinguish
EAD responses from noise, 10-12 GC-EAD runs were
carried out with each sample. Each GC-EAD run was
followed by two consecutive cleaning runs (5 pl redis-
tilled hexane injected). Every day 1 pl of an alkane
mixture (C;—C,7; 0.05 mg/ml) was injected to test the
system performance and to function as reference for
Kovats indices calculations.

Gas chromatography—mass spectrometry (GC-MS)
analyses of extracts and headspace volatiles

GC-EAD active compounds were identified by mass
spectrometry by injecting the same extracts used for
GC-EAD on a GC-MS system under comparable condi-
tions. GC-MS analyses were carried out on a Hewlett
Packard 5973 mass selective detector (70 eV) coupled to a
Hewlett Packard 6890 gas chromatograph equipped with a
split/splitless injector. The gas chromatograph was equip-
ped with an Alltech 30 m AT-5 fused silica column,
0.25 mm ID and 0.25 pm film thickness or an Alltech 30 m
AT-aquawax fused silica column, 0.25 mm ID and
0.25 pum film thickness run in constant flow mode (1.3 ml/
min helium). Temperature programming: 50°C (2 min
hold) to 300°C (20 min hold) at 15°C/min (AT-5 column)
or 50°C (0.8 min hold) to 250°C (4 min hold) at 10°C/min
(AT-aquawax column); transfer line temperature, 300°C;
injector temperature, 230°C. One microlitre of extract or
concentrated headspace volatiles were injected manually
into the GC-MS system for analysis. Injections were done
in splitless mode only (1 pl).
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Analysis and identification of GC-EAD active peaks

Synthetic standards were mixed with C;—C,; alkanes and
injected into the GC-EAD and GC-MS and chromato-
grams were overlaid with those of the extracts in order to
identify the compounds of interest. MSD Productivity
ChemStation software was used for the analysis of com-
pounds in the extracts and headspace volatiles. The
compounds of interest were identified using standard and
own mass spectral libraries and subsequently confirmed by
comparison with authentic synthetic samples.

Dimethyl disulphide (DMDS) derivatisation

The position and configuration of the double bond in the
isopropyl esters were determined by derivatisation with
DMDS followed by mass spectrometric analysis (Griepink
et al. 1996). One millilitre of male D. haemorrhoidalis
beetle gland extract (100 beetle equivalent) was concen-
trated to 20 pl under argon and added to 100 pl freshly
distilled DMDS. To this solution a crystal of iodine was
added and the mixture was heated for 2 h at 60°C in an
oven. The reaction was subsequently quenched by adding a
few drops of aqueous saturated Na,S,O; (until the red
colour of the iodine faded). To the reaction mixture 200 pl
diethyl ether was added. The organic layer was collected,
passed through a small column filled with NaCl and con-
centrated to 10 pl. About 1 pl was injected (splitless mode)
into the GC-MS for analysis.

Behavioural assays

A filter paper was put at the bottom of a Petri dish (15 cm
diameter). Thirty beetles of each sex of D. haemorrhoidalis
beetles starved for 1 day were released on the filter paper in
the Petri dish after which the insects were left for 1 h. In
the centre of the Petri dish a 1.5-cm diameter paper disc
was placed, impregnated with either 10 pl abdominal

Fig. 2 Responses of male
and female Dermestes
haemorrhoidalis antennae to
their conspecific male

extract (1 beetle equivalent) or 0.05 mg/ml synthetic
standards (0.5 pg/compound). When the beetles raised
their antenna, head and thorax and began to walk, this was
considered as an ‘arousal responses’ (Vick et al. 1970). The
behavioural responses were observed and classified into
two categories (1) arousal/searching (including preliminary
recognition) and (2) physical touching the impregnated
paper in the middle of the Petri dish. Behaviour (1) was
observed after 30 s and behaviour (2) was recorded after
30 min. Each test was repeated three times.

Statistical analysis

Response data of male and female beetles was transformed
into Arc Sin values. Two-way analysis of variance
(ANOVA) followed by Duncan’s multiple range test
(DMRT) was conducted to compare the means.

Results

GC-EAD analyses of male abdominal extracts of D.
haemorrhoidalis revealed three compounds, namely iso-
propyl dodecanoate (3), isopropyl (Z)-9-tetradecenoate (5)
and isopropyl tetradecanoate (6) that provoked a response
from male as well as female antennae (Fig. 2), whereas
female abdominal extracts did not elicit any electrophysio-
logical response neither in male nor female antennae. In
all cases female antennae showed a higher response than
did male antennae. Electroantennograms of male and
female antennae obtained with male headspace volatiles
showed compounds (3), (5) and (6) plus isopropyl tride-
canoate (4) as well as two unidentified compounds (1) and
(9) (Fig. 3). Again all compounds elicited less receptor
potential in males compared to female antennae.

GC-MS analysis of the abdominal extracts
revealed compounds (3), (5), (6) plus two related homo-
logues isopropyl (Z)-9-hexadecenoate (7) and isopropyl

(3‘ - EAD response

e (\Jm M Q - EAD response

abdominal extract (AT-5 1.0 mV I
column)
3 56
6 abdominal extract - FID response
_J
—_——— —— 77—
5 10 15 20 25 30

Retention time (minutes)
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Fig. 3 Responses of male and
female Dermestes
haemorrhoidalis antennae to
conspecific male headspace
extract (AT-5 column);

(1) unknown, (3) isopropyl
dodecanoate, (4) isopropyl
tridecanoate, (5) isopropyl
(Z)-9-tetradecenoate,

(6) isopropyl tetradecanoate,
(9) unknown

s

WMWWMWN‘W (3‘ - EAD response

1.0 mV I offline stimuli—

Q - EAD response

3 456 9

6‘ - headspace extract - FID response

Fig. 4 GC-MS total ion count
profile of male and female
Dermestes haemorrhoidalis
abdominal extracts (AT-5
column); (3) isopropyl
dodecanoate, (5) isopropyl
(Z)-9-tetradecenoate,

(3‘ abdominal extract - FID response

\
15 20 25 30

Retention time (minutes)

(6) isopropyl tetradecanoate,
(7) isopropyl (2)-
9-hexadecenoate, (8) isopropyl
hexadecanoate

9 abdominal extract - FID response

hexadecanoate (8) (Fig. 4). The isopropyl esters were
found exclusively in male abdominal extracts and not in the
corresponding abdominal extracts of female beetles. Peaks
were identified based on spectral similarity and comparison
of their Kovats indices with synthetic standards on both
polar AT-aquawax and apolar AT-5 columns (Table 1).
The position and configuration of the double bonds in the
monounsaturated isopropyl esters were determined by
DMDS derivatisation and subsequent analysis of the
methylthio derivatives (Vincenti et al. 1987; Griepink et al.
1996; Attygalle 1998).

Analysis of male D. haemorrhoidalis headspace vola-
tiles revealed the presence of (3), (5) and (6) which
compounds were also found in the abdominal extract. A
very minute EAD-active peak corresponding to isopropyl
(Z)-9-dodecenoate (3) was observed in the headspace
extract on a polar aquawax column, but its presence could
not be confirmed with GC-MS. In addition, another EAD-
active compound (1) was observed in all GC-EAD mea-
surements. When examining the same time window (based
on Kovats indices) with GC-MS, only peaks with typical
spectra of methyl- and ethyl-benzenes showed up. Differ-
ent benzene type compounds, viz. 1,2,3-trimethyl benzene,

\
10 15 20 25
Retention time (minutes)

Table 1 Retention indices (Kovats indices) of EAD-active com-
pounds of Dermestes haemorrhoidalis Kuster beetles and head space
extracts

Compound name Kovats index (column type)

AT-5 AT-Aquawax
Unknown 1 994 1381
Isopropyl (Z)-9-dodecenoate (2) 1625 1865
Isopropyl dodecanoate (3) 1625 1814
Isopropyl tridecanoate (4) 1726 1917
Isopropyl (Z)-9-tetradecenoate (5) 1814 2054
Isopropyl tetradecanoate (6) 1822 2018
Isopropyl (Z)-9-hexadecenoate (7) 2014 2248
Isopropyl hexadecanoate (8) 2028 2222
Unknown 9 2214 2434

1,3,5-trimethyl benzene, 2-ethyl-1-hexanol and phenol
were tested for their EAD responses in antenna of both
sexes but none of them elicited a EAD response. Small
GC-EAD responses in male and female antennae were
observed in headspace extracts corresponding to isopropyl
tridecanoate (4). A later eluting GC-EAD active compound
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Table 2 Bioassay (Petridish) of

Treatment Tested sample % D. haemorrhoidalis ~ % D. haemorrhoidalis adults

male and female Dermestes

S . adults aroused touched the central paper
haemorrhoidalis to conspecific . . .
. (5 min) disc (30 min)

body extracts and synthetic

reference compounds (0.5 pg/ Male Female Male Female

compound) (30 beetles in each

replication; 3 replications) 1. Male beetle extract 73.33e 71.11 g 4444 g 47.77e
2. Female beetle extract 12.22b 8.88b 4.44bc 1.11a
3. Isopropyl (Z)-9-dodecenoate (2) 42.22d 14.44¢ 21.10e 8.88¢
4. Isopropyl dodecanoate (3) 36.66d 19.99d 15.55d 19.99d
5. Isopropyl tridecanoate (4) 1.11a l.11a 1.11a I.11a
6. Isopropyl (Z)-9-tetradecenoate (5) 31.10c 11.11bc 21.10e 7.77bc
7. Isopropyl tetradecanoate (6) 11.11b 21.10d 1.11a 1.11a
8. Isopropyl (Z)-9-hexadecenoate (7) 1.11a 2.22a 1.11a 1.11a
9. Isopropyl hexadecanoate (8) 1.11a 1.11a 1.11a 1.11a
10. Treatment 3 + 4 37.77d 34.44e 23.33e 22.21d
11. Treatment 6 + 7 42.22d 39.99f 28.88f 23.33d
12. Treatment 8 + 9 1.11a l.11a 1.11a 1.11a
13. Treatment 5 + 10 + 11 9.99b 9.99b 6.66¢ 5.55b

Means followed by same letters 14. Control (hexane) 1.11a 1.11a 3.33b 1.11a

are not 51gn1ﬁcantly different by SEM=+ 1.413 1.638 1.493 1.333

DMRT, P < 0.05

(9) could not be detected by GC-MS and as a consequence
could not be unambiguously identified.

Bioassays of extracts and synthetics

Laboratory Petri dish bioassays revealed that male
D. haemorrhoidalis abdominal extract significantly aroused
and attracted both sexes compared to a female abdominal
extract (Table 2). Of the synthetic compounds tested,
treatments with compounds (2), (3), (5) and (6) either pure
or mixed showed significant behavioural reactions com-
pared to other treatments (P < 0.05). Approximately 70%
of the males and females showed an ‘arousal response’ and
half of the beetles touched the central paper disc impreg-
nated with D. haemorrhoidalis male extract. Pure
compounds, viz. (7) and (8), and mixtures thereof did not
evoke any significant behavioural responses. Compound
(4) alone did not evoke a significant behavioural reaction as
well, although it was found to be EAD active. Interestingly,
addition of this compound to mixtures containing com-
pounds (2)—-(3) and (5)—(6) inhibited the arousal or
attraction in these bioassays.

Discussion

In spite of its economic importance in storage of food
stuff and animal feeds worldwide, no information other
than the studies of Levinson et al. (1978) are available
pertaining online electrophysiological studies with regard
to D. haemorrhoidalis in particular, and to the genus

Dermestes in general. The present study suggests that
adult male D. haemorrhoidalis abdominal extract contains
compounds (3), (5) and (6) capable of producing high
olfactory receptor potential as well as behavioural chan-
ges in both sexes. The female D. haemorrhoidalis extract
does not produce any response either in conspecific
female or male antennae indicating that these three
compounds are exclusively conserved in males. Based on
the high receptor potentials of female antennae to the
compounds described, it is obvious that female antenna
are more sensitive and are believed to have highly
developed receptors in its sensilla compared to its con-
specific counterpart.

Males of D. haemorrhoidalis beetle possess one gland
on each on the third and fourth abdominal sternite with an
exogenous pore surrounded by 6-8 bristles, whereas such
glands and structures are absent in females. These exocrine
glands have been found also in males of other Dermestes
species (Levinson et al. 1978; Imai et al. 1990). The
abdominal extracts of male D. haemorrhoidalis elicits,
arouses and attracts its conspecific males and females in
Petri dish bioassays, indicating the presence of an aggre-
gation pheromone in the male abdominal extracts. The
three identified isopropyl esters, viz. (3), (5), (6), and the
unidentified compounds (1) and (9) are believed to play an
important role in chemical communication among them.
Compounds (7) and (8) have been found in male abdominal
extract but did not elicit any EAD response, whereas their
synthetic standards in higher concentrations could only
evoke very minute receptor potentials in the order of 0.01
and 0.04 mV, respectively.
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Female antennae of D. haemorrhoidalis beetles appear
much more sensitive to male headspace volatiles and
antennae of both sexes produce higher receptor responses
to compound (5) when compared to compound (6) (Fig. 2).
In male headspace volatile extracts, however, the concen-
tration of compound (6) is higher than compound (5) and
GC-EAD responses are about the same (Fig. 3). This
would suggest that the insect is more sensitive to the
unsaturated isopropyl (Z)-9-tetradecenoate (5) when com-
pared to the saturated isomer. EAD peaks (2) and (3) co-elute
on apolar column like the AT-5 column used in this
research. Their identification has been consolidated by
changing from apolar AT-5 to a polar wax type column. On
the wax column, the saturated C;, compound (3) elutes
before its unsaturated isomer (2). The reaction of (E)- and
(Z)-monounsaturated pheromones with DMDS proceeds
stereospecific, yielding each one unique DMDS-adduct
which are easily separated using GC (Attygalle 1998).
Therefore, the (Z)-conformation for all identified unsatu-
rated isopropyl carboxylates could be unambiguously
appointed due to their clear difference in GC retention time
when compared to the (reference) (E)-DMDS adducts. The
EAD-active peaks 1 and 9 could not be identified due to the
fact that with GC-MS, no EAD-active peaks could be
detected in the expected time frame where EAD activity
has been determined with GC-EAD. However, in case of
compound (9), comparison of the Kovats indices with those
of the identified isopropyl esters (Table 1) suggests that
compound (9) could well have been isopropyl octadece-
noate. This has not been further examined. Another EAD-
active peak which elutes between C;, and C;4 isopropyl
carboxylate esters in the male headspace volatiles has been
identified as isopropyl tridecanoate (4). The fact that we
could not detect this compound in the extracts cannot be
explained other than that this compound is produced only
from living and active male beetles. Our reference iso-
propyl tridecanoate (4) has been synthesized only after we
already had identified this compound, therefore contami-
nation can be excluded. Francke et al. (1979), Levinson
et al. (1978) reported that 11 males produced isopropyl
carboxylates occurring in the pheromone blend of
D. maculatus of which compound (2) elicited high receptor
potentials in male D. maculatus antenna. Our results indi-
cate that this compound is also EAD active in both the
antenna of D. haemorrhoidalis. The present studies also
reveal the differences in perception of the compounds by
the antenna of male and female D. haemorrhoidalis. 1t is
significant to note that isopropyl (Z)-9-dodecenoate (2) has
been detected neither in male nor in female extracts or
headspace volatiles, whereas synthetic (2) produces strong
electrophysiological responses comparable to those of the
identified compounds. It is presumed that this compound is
an important pheromone compound in Dermestes species

in general. Evolutionarily, this compound is probably not
used by D. haemorrhoidalis anymore, but still this insect is
able to respond electrophysiologically, perhaps to be able
to avoid related species of Dermestes.

Female D. maculatus extracts appear not to be attractive
to conspecific females (Shaaya 1981) similar to our
observation with D. haemorrhoidalis. However, other
behavioural studies indicate that D. maculatus possesses a
male-produced aggregation pheromone as well as a female-
produced sex pheromone (Shaaya 1981; Rakoswki and
Cymborowski 1986; Jaskulska et al. 1987). Our Petri dish
bioassays also suggest the presence of a male-produced
aggregation pheromone, since male abdominal extracts
attract significant numbers of males and females rather than
abdominal extracts of female D. haemorrhoidalis.

Therefore, it is concluded that males of D. haemor-
rhoidalis dominate the females in terms of pheromone
production. Compounds (3), (5), (6) produced in male
abdominal glands present on the abdominal sternum are all
physiologically and behaviourally active to both the sexes.
Compound (4) which has been detected in male head space
volatiles only, did not show any behavioural response in
bioassays on its own except for being EAD active. The
electrophysiologically active unidentified compounds
(1) and (9) are not tested in the behaviour assays. Although
not every compound that is electrophysiologically active
will stimulate behavioural responses in the insect (Blatt
et al. 1998), it is most likely that the unidentified com-
pounds play an essential role in the behaviour of this
species. Compounds (2), (3), (5), (6) have elicited significant
behavioural changes in male and female beetles thus
making these compounds possible aggregation pheromone
candidates. A compound like isopropyl (Z)-9-dodecenoate
(2), although not detected in any extracts of D. haemor-
rhoidalis, could perhaps be applied as repellent or as sexual
masking agent. Because isopropyl tridecanoate (4) dimin-
ishes the response of D. haemorrhoidalis when combined
with other potential aggregation pheromone candidates,
this compound may have potential as a mating disruptant.
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