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Chapter 7

Chemical and electrophysiological analysis of
components, present in natural products that attract

houseflies

Summary

We identified some chemicals from chicken manure, pork meat and moistened bread,

which are attractive for houseflies, by gas chromatography-mass spectrometry combined

with EAG measurements. Furthermore, we made EAG dose-response curves for these

chemicals and for other chemicals present in manure, meat and bread. Based on the

sensitivity to these chemicals, expressed by the threshold dose, we identified the

chemicals that may contribute most to the attractive odour of the natural substances for

the housefly. The main components of the odour of manure are 2-methylpropanol,

dimethyldisulfide, 3-methylbutanoic acid, 3-methylphenol and skatole; meat-odour may

be formed by 3-methylbutanal, dimethyldisulfide, 3-(methylthio)-propanal, 3-

methylbutanoic acid, benzaldehyde, 1-octen-3-ol and skatole; and in odour of bread 2-

methylpropanol, 3-methylbutanal, 1,1-diethoxyethane, dimethyldisulfide and

benzaldehyde may be the most important odours.
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Introduction

The housefly (Musca domestica L.) is a cosmopolitan insect that occurs widespread near

human settlements. Due to its broad food preference, visiting many different food sources,

its potential of transmitting pathogens is large (Grübel et al., 1997; Tan et al., 1997). Even

a small number of flies can infest food in very short intervals of time with a large number

of bacteria (Ostrolenk and Welch, 1942). Houseflies are a serious pest in livestock and

poultry facilities (Hansens, 1963; Axtell and Arends, 1990) and therefore, several control

methods are used. Spraying of insecticides is the primary method of control, but this

becomes less popular, because it is not friendly for the environment, and loses effectivity

because of the development of resistance in housefly populations (Chapman, 1985).

Therefore, as an alternative control method, baits are developed to lure insects towards

locally poisoned food or into traps. In these baits, mixtures of chemicals are shown to be

more attractive than single chemicals (Brown et al., 1961; Mulla et al., 1977) and natural

products are most effective.

Many studies have focussed on the attractivity of different natural products on

houseflies. Behavioural studies, using two-choice olfactometers or counts of caught flies

showed attraction of houseflies towards different kinds of manure (Wiesmann, 1960;

Larsen et al., 1966; Frishman and Matthysse, 1966; Cossé and Baker, 1996), meat (Mulla

et al., 1977; Pickens et al., 1994), moistened bread (Morrill, 1914; Richardson, 1917) and

other products, e.g. fish, blood, milk, cheese, honey etc. (Brown et al., 1961; Wiesmann,

1960; Frishman and Matthysse, 1966; Mulla et al., 1977; Künast and Günzrodt, 1981).

The use of these natural products as baits in traps is inconvenient and not economical due

to the high frequency of bait-replacement and trap maintenance (Ashworth and Wall,

1994). It would therefore be more convenient to use a well formulated chemical mixture

that mimics the odour of these products as a bait in traps. So far, few studies have been

done to identify the active key components that make up the odour responsible for

attracting houseflies. Cossé and Baker (1996) identified 9 electrophysiologically active

odour components in pig manure. They showed that two mixtures, one comprised of 7 of

these EAG-active components and a second containing butanoic acid, 3-methylindole

(= skatole) and dimethyltrisulphide, were capable of attracting female flies at a rate

slightly less than that of pig manure.

In a previous study we showed that out of 25 natural products, flies were most

attracted to chicken manure, pork meat and soaked bread (Smallegange et al., 1999). In

this study we investigate which chemicals, present in the odour of these products, elicit

electrophysiological responses of the olfactory system. These chemicals may be

responsible for the attraction of houseflies and might be used to prepare synthetic baits.
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Materials and methods

Insects. Pupae of the Musca domestica WHO strain Ij2 were obtained from the Danish

Pest Infestation Laboratory (Lyngby, Denmark) or collected in a pig stable in Pesse (The

Netherlands). Cultures were kept in the laboratory at 25°C and 75% RH. Larvae were

reared in an aquous jelly of agar, yeast and skim milk powder (1:5:5 by weight), and

allowed to pupate in wood curls on top of the jelly. Flies were fed a mixture of milk

powder, sugar and autolysed yeast (5:5:1 by weight) and had access to tap water. The

experimental flies were mature (4-18 days old).

Collection of volatiles. Chicken manure was gathered from a chicken house in the

morning and used the same day in the experiments. Pork meat was bought and left for one

or two days at room temperature to allow some decomposition and the production of taint

odours. Bread was bought and used the same day. Flavours from these substrates were

collected by different methods. The first two methods aimed at the collection of only

volatiles.

The natural product was put into a glass jug (bread was soaked with demineralized

water first). A Solid Phase Micro Extraction fiber (SPME, Supelco, Inc., Bellefonte,

Pennsylvania) coated with 100 µm of polydimethylsiloxane was extruded from the syringe

and inserted into the jug above the substrate for different time periods at room

temperature, after which it was retracted and immediately inserted into the splitless

injector port of a Shimazu GC-17A gas chromatograph (Kyoto, Japan) where trapped

volatiles were thermally desorbed. Alternatively, volatiles were collected by sucking air

through a glass tube filled with 250 mg pre-cleaned tenax, placed between two glass wool

plugs. The trapped volatiles were washed out in 1-2 ml hexane or ethanol (HPLC-grade)

and the sample was concentrated to ca. 300 µl with a charcoal-filtered pressured airflow.

The third method was to shake the natural product with 10-30 ml hexane or ethanol for

about one hour. The solvent was then filtered and concentrated to 0.5-1 ml. Using this

method, higher concentrations of chemicals of both volatile and non-volatile nature were

obtained.

Gas Chromatography and Mass Spectrometry. Gas chromatography (GC) analyses were

performed using a Shimazu GC-17a with a 15 m x 0.32 mm, film thickness 0.25 µm

CP-Sil-5 CB column (Chrompack, The Netherlands) or AT-1 column (Alltech, The

Netherlands). The injector port was set at 250°C and set either splitless (using SPME) or

at a split ratio between 2:1 and 20:1 (for extracts). The flame ionisation detector (FID)

was set at 300°C and an oven programme of 2 min at 50°C, and subsequently 10°/min to
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300°C was used. The linear gas velocity (He) was kept at 20 cm/s by an initial pressure

of 23 kPa for 2 min, subsequently increasing with 0.4 kPa/min till the end of the run. Gas

chromatography-mass spectrometry was done with a Unicam 610/Automass 150 GC-MS

system, using a 25 m x 0.25 mm WCOT fused-silica CP-Sil-5 CB column, film thickness

0.25 µm (Chrompack) and the same temperature settings. Linear gas velocity (He) was

30 cm/s; a split ratio of 12:1 was used. Ionisation energy was 70 eV; ion source

temperature was 250°C; interface temperature was 280°C. A scan speed of 2 scans/s with

a mass range of 34-500 u was used.

Electrophysiology. EAG-recordings were made by inserting a glass micropipette/Ag-AgCl

electrode into the head of an intact fly, immobilized in a plastic pipette. The tip of a glass

recording electrode contacted the distal end of one of the antennae. The electrodes were

filled with Beadle-Ephrussi saline and connected to a high-impedance DC-amplifier

(Syntech, Hilversum, The Netherlands).

Stimuli. To examine the electrophysiological responses to components from the natural

product extracts, extra make-up gas was added to the column flow and a splitter was

placed after the column in the GC. Half of the effluent was led to the FID and half of the

effluent was continuously fed out of the CG into a 3 ml/s flow of charcoal-filtered,

moistened air, directed over the antennae through a steel tube (i.d. 7 mm). Alternatively,

the effluent was collected in a Pasteur pipette. The pipette was replaced every minute and

immediately flushed (in 0.2 s) into the airstream through an aperture in the tube, 8 cm

from the outlet.

To determine the antennal sensitivity to single chemicals, 5 serial decadic dilutions

in silicon oil were prepared and 25 µl of each solution was pipetted onto a filter paper in

a Pasteur pipette. This pipette served as an odour cartridge and contained 0.001, 0.01 0.1,

1 or 10 mg of a chemical. Solutions of phenol, 3-hydroxy-2-butanone, phenylethanol and

4-methylphenol were made in demineralized water. Due to low solvability of some

chemicals, solutions were well shaken before pipetting the solution onto the filter papers.

Skatole and indole could not be dissolved at a concentration of 10 mg/25 µl silicon oil,

therefore a decadic dose range of 0.0001 to 1 mg was used.

Chemicals. Methanethiol (pure); acetic acid, propanoic acid, butanoic acid, 1-propanol,

2-methylpropanol, hexane (all >99.5 %); 2-methylpropanal, benzaldehyde,

dimethylsulfide, indole, skatole, phenylacetic acid, 2,3-butanedione, 4-methylphenol

(>99%); 3-methylphenol, 3-methylbutanol, 3-methylbutanal, dimethyldisulfide, pentanoic

acid, 3-phenylpropanoic acid, 1-octen-3-ol (>98%); 3-hydroxy-2-butanone, 4-ethylphenol,
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1,1-diethoxyethane (>97%); phenylethanol (96%); 3-(methylthio)-propanal (technic) and

phenylacetaldehyde (50% in phthalate) were obtained from Fluka Chemica, Switzerland.

3-Methylbutanoic acid (>99%) was purchased from Sigma, The Netherlands. Ethanol P.A.

(>99.8%), used both as stimulus and extracting solvent for the natural products, was

bought from Merck, Germany.

Analysis. Simultaneous CG- and EAG-traces were recorded on a computer with the

software package GC-EAD Electro Antenno Detection (Syntech). EAG responses to pure

chemical stimuli were recorded on computer with the programme Syntech Electro

Antennography (Syntech). Responses were normalized using 1 mg 1-octen-3-ol as a

reference stimulus. Responses of the experiments were averaged and multiplied by the

mean response to the reference stimulus, to express them in mV.

Results

GC-analyses of the SPME-collected headspace of the natural products were inconclusive:

only small peaks were found, and the chromatograms of different extracts of the same

product were not consistent. Also the extracts of the volatiles, collected on tenax could

not be used for EAG-analysis, because the concentrations of the trapped volatiles

appeared to be too low.

Therefore we used the whole-product washes for GC analysis. The hexane washes

contained more components with long retention times than the ethanol washes, which

contained more early eluting components. Thus, the most volatile components of the

natural products appear to be polar chemicals, as they dissolve best in ethanol. In 7 GC

runs of manure-extract, 12 runs of tainted pork extract and 8 runs of bread extract, 1 min

fractions of GC-effluent were collected and tested on their EAG-activity (Fig. 1). The

fractions that elicited the largest EAGs were found in the first parts of the runs. To

determine the chemicals present in the EAG-eliciting fractions, the extracts were analysed

using gas chromatography - mass spectrometry (GC-MS). The chemical nature of some

peaks in the EAG-active fractions could be elucidated: In chicken manure GC- peaks of

acetic acid, 3-methylbutanoic acid, phenol and indole were found (indicated in Fig. 1).

Especially the spectra of phenol and indole (Fig. 2) were easy to recognize, as they were

well separated from other components and their peaks were not disturbed by background

presence of other chemicals. In pork meat also 3-methylbutanoic acid, phenol and indole
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Figure 1. Gas chromatograms (upper traces) and EAG signals (lower traces) to the compounds
present in 1 min samples of the effluent of ethanol extracts of A) chicken manure, B) tainted pork
meat and C) bread. Vertical bar in A represents 10 mV (GC traces) or 0.1 mV (EAG traces). First
(A, B and C) and last (B) EAG peaks are responses to the vapour of the whole extract. Some
identified GC peaks are indicated with a number corresponding to the compound number in
Table 1.
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Figure 2. Mass spectrum of phenol and indole from the chicken manure extract. The spectrum
shows the relative abundancy and the masses of the molecule and pieces (ions) from it (indicated
by their mass number), after breakage in the mass spectrometer. m/z range 34-150.

could be identified. The large peaks found after 15 min were identified as being esters of

long (>C16) fatty acids. Single ion monitoring showed these were aliphatic as well as

branched. These esters elicited only small EAGs.

Unfortunately, peaks very often consisted of several chemicals with similar
retention times. The MS-spectra were then also added up, making determination of the
chemicals very difficult. We, therefore, searched the literature for chemical components
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Table 1. Chromatographic and mass spectral properties of chemicals, present in manure (man),
tainted meat (meat) and bread (br). RI: Retention Index relative to C5-C14 n-alkanes on an
Alltech AT-1 column; MW: molecular weight; BP: Base Peak, i.e. the most abundant MS-ion m/z
(100% rel. int.). The compounds are sorted corresponding to their gas chromatographic elution
sequence.

No Name RI MW BP present in
1 acetaldehyde <500 44 44 br2

2 ethanol <500 46 45 br2,3

3 methanethiol <500 48 48 meat1

4 dimethylsulfide 538 62 62 meat1

5 1-propanol 553 60 42 br2,3

6 2-methylpropanal 582 72 43 meat1, br2,3

7 acetic acid 584 60 43 br3, man5,6,7,9

8 2,3-butanedione 603 86 43 meat1,4, br2,3, man5

9 2-methylpropanol 625 74 43 br2,3, man6

10 3-methylbutanal 639 86 45 meat1, br2,3

11 3-hydroxy-2-butanone 700 88 45 meat1,4, br3, man5,6

12 3-methylbutanol 727 88 55 br2,3, man5,6

13 1,1-diethoxy ethane 727 118 45 br2

14 propanoic acid 732 74 74 br3, man5,6

15 dimethyldisulfide 732 94 94 meat1, br2,3, man5,6,7

16 butanoic acid 809 88 60 man5,6,7

17 3-(methylthio)-propanal 879 104 48 meat1

18 3-methylbutanoic acid 900 102 60 meat9, man5,6,7,9

19 pentanoic acid 931 102 60 man5,6,7

20 benzaldehyde 947 106 77 meat1,4,8, br2

21 1-octen-3-ol 984 128 57 meat1,4,8

22 phenol 986 94 66 meat9, man6,7,9

23 phenylacetaldehyde 1018 120 91 meat1, br2

24 phenylethanol 1083 122 91 man6,7

25 3-methylphenol 1090 108 108 man7

26 4-methylphenol 1090 108 107 man6,7

27 4-ethylphenol 1170 122 107 man6,7

28 phenylacetic acid 1252 136 91 man6

29 indole 1282 117 117 meat1,9, man5,6,7,9

30 3-phenylpropanoic acid 1350 150 91 man6

31 skatole 1374 131 130 meat1, man5,6,7

1 Mottram, 1991; 2 Grosch and Schieberle, 1991; 3 Seitz et al., 1998; 4 Mottram et al., 1982;
5 Burnett, 1969; 6 Yasuhara et al., 1984; 7 Cossé and Baker, 1996; 8 Mottram, 1985; 9 present

study.

present in our products (Table 1). Roughly the same volatile components are found in pig

and poultry house air (O’Neill and Phillips, 1992), so we included literature data

concerning both poultry and pig manure odours. The most important chemicals

contributing to the odour of manure, meat and bread were tested for retention times and
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tried to fit into our chromatograms. Indeed some chemicals had similar retention times,

so that they overlapped in the chromatogram. The mixed MS-spectra of these synthetic

compounds were printed, but could not easily be recognized in the analyses of the natural

products.

Dose-response curves of all single chemicals from Table 1 were measured to

determine their EAG activity (Fig. 3). All odours except phenylacetic acid elicited

significant EAG-activity at some dose. Methanethiol, 2-methylpropanol,

dimethyldisulfide, 1-octen-3-ol and 3-methylphenol were active already at the lowest dose

tested (0.001 mg). 3-methylbutanal, 1,1-diethoxyethane, 3-(methylthio)-propanal,

3-methylbutanoic acid, benzaldehyde and skatole induced significant higher EAGs than

control at doses of 0.01 mg and up. The threshold dose for the other chemicals was higher

than 0.01 mg. The responses to the different alcohols and aldehydes varied. The aliphatic

alcohols and aldehydes induced smaller EAGs than the branched or unsaturated ones.

Sulphur compounds all elicited relatively large responses, whereas the responses to all

phenols were rather low. The dose response curves of the acids first showed an increase

EAG amplitude, but at high doses (1 and 10 mg) of the stronger acids, the EAG decreased

or even reversed. This is an artificial chemophysical reaction of the acids with the

electrodes that counteracts the physiological EAG-reaction of the antenna to these odours,

as explained in Chapter 6. The stronger the acid, the stronger this artifact. Thus we can

only interpret the EAGs to the lower doses as being physiological. A threshold dose of

0.1 mg acetic acid, propanoic acid, butanoic acid and pentanoic acid can still be

determined. Changes in responses to phenylated compounds, compared to their “parent”

chemical differed: the EAGs to phenylethanol were larger than to ethanol, but the EAGs

to phenylacetaldehyde, phenylacetic acid and phenylpropanoic acid were smaller than to

acetaldehyde, acetic acid and propanoic acid.

Discussion

The attractiveness of natural products or single chemicals for houseflies has been

frequently studied (Morrill, 1914; Richardson, 1917; Brown et al., 1961; Larsen et al.,

1966; Frishman and Matthysse, 1966; Mulla et al., 1977), but the determination of the

actual chemical components of natural products that cause their attractiveness has

received little attention. Cossé and Baker (1996) could successfully identify several

attractive components of pig manure headspace using GC-EAG analyses. Our study aimed

at analysing the main attractive components from chicken manure, meat and moistened
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Figure 3. Dose-response curves of chemicals present in manure, meat and bread, sorted by
chemical nature: A) alcohols (2 = ethanol; 5 = 1-propanol; 9 = 2-methylpropanol;
12 = 3-methylbutanol; 21 = 1-octen-3-ol; 24 = phenylethanol), B) aldehydes (1 = acetaldehyde;
6 = 2-methylpropanal; 10 = 3-methylbutanal; 20 = benzaldehyde; 23 = phenylacetaldehyde),
C) sulphur compounds (3 = methanethiol; 4 = dimethylsulphide; 15 = dimethyl disulphide;
17 = 3-(methylthio)-propanal), D) phenols (22 = phenol; 25 = 3-methylphenol; 26 =
4-methylphenol; 27 = 4-ethylphenol), E) acids (7 = acetic acid; 14 = propanoic acid;
16 = butanoic acid; 18 = 3-methylbutanoic acid; 19 = pentanoic acid; 28 = phenylacetic acid;
30 = 3-phenylpropanoic acid) and F) miscellaneous (8 = 2,3-butanedione; 11 = 3-hydroxy-2-
butanone; 13 = 1,1-diethoxyethane; 29 = indole; 31 = skatole). Averages ± SEM of several
experiments (number is given) per compound are plotted.
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bread, the three most attractive natural products for houseflies from a list of 25

compounds tested in a previous study (Smallegange et al., 1999).

Although our method of collecting volatiles with SPME was not essentially

different from that of Cossé and Baker (1996), the collection of headspace of manure,

meat and moistened bread by sampling on a solid sorbent (SPME or tenax) did not yield

amounts of volatiles high enough for inducing electrophysiological responses to the

components. Another drawback of the collection of volatiles from headspace on SPME

was that different samples from the same substrate did not produce consistent

chromatograms. This may be explained in part by a change of the composition of the

headspace due to microbial activity (Mackie et al., 1998). For an analysis of the

components with both GC and MS, a more stable extract with a relatively high

concentration was needed. Therefore, we made whole-product washes in ethanol and

hexane.

The technique of splitting the effluent of a GC column for both analysing the

extract with a GC-detector (usually FID) and recording EAGs from an antenna was for

the first time used to detect sex pheromones of moths (Moorhouse et al., 1969; Arn et al.,

1975). Male moths are extremely sensitive to sex pheromones of conspecific females;

most sensilla on the male antennae are specialized to sense the female sex pheromone. A

single pheromone molecule is sufficient to elicit a nerve impulse (Kaissling, 1996) and

very low concentrations of female moth sex pheromone already trigger behavioural

responses of male moths. Too high concentrations even stop attraction behaviour of male

moths (Baker et al., 1988). Therefore, small or even invisible peaks in the effluent of the

GC, directly led over the male moth antennae can already elicit EAGs (Baker et al.,

1991).

In the case of the housefly, we could not show clear EAGs when the GC effluent

was led directly over the antennae. The olfactory hairs on the antennae of houseflies are

not specialized to a few odours (Kelling and Den Otter, 1997; Getz and Akers, 1995) and

relatively high concentration steps are needed to elicit detectable EAGs. The reason for

the apparently low sensitivity may be caused by the experimental procedure. The peaks

of a chromatogram have a Gaussian shape and thus the concentrations of the chemicals

in the effluent of a GC first slowly increase before they reach the top, during which the

sensilla on the antennae of the fly already may have become adapted to the odour

(Marion-Poll and Thiéry, 1996). A large concentration step induces a larger EAG than a

smaller concentration step, even if the total amount of odour is the same (Kelling and Den

Otter, 2000, Chapter 6). Therefore, we collected the effluent and presented it in a short

puff. Despite the lower temporal resolution, this sampling method gives better information

about which fractions contain EAG-active compounds. Pulsed effluent presentation
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techniques have been successfully used for identification of attractive odours for other

non-Lepidoptera, e.g. the cockroach Periplaneta americana (Selzer, 1981) and the

screwworm Cochliomyia hominivorax (Cork, 1994). With a short-pulsed cold trapping

and heat desorbing modulation technique the sensitivity of the biological detector could

be improved with at least a factor ten while keeping the temporal resolution of the CG

(Gouinguené et al., 1998). Nevertheless, distinct EAGs to chemicals using the continuous

effluent of a GC were reported for the carrot fly Psila rosae (Guerin et al., 1983), the fruit

fly Ceratis capitata (Cossé et al., 1995) and even the housefly (Cossé and Baker, 1996).

We could identify few odours with mass spectrometry. Better analyses might have

been obtained using a long polar column, but due to logistic problems it was not possible

to change the setup of the MS-system. We, therefore, also tested odours, indicated in the

literature as the main components of our products. Fatty acids, 4-methylphenol, indole,

skatole, 2,3-butanedione (=diacetyl) and ammonia are reported to be the most important

components of livestock house air (O'Neill and Phillips, 1992). Although the sensitivity

of houseflies to most fatty acids is not very high, we believe that they are important in

attracting flies because of their abundance in manure odour. Houseflies appear to be

attracted to acetic acid (Richardson, 1917; Brown et al., 1961; Frishman and Matthysse,

1966), 3-methylbutanoic acid and butanoic acid (Cossé and Baker, 1996) or repelled by

butanoic acid, but probably the latter observation is due to testing a different

concentration (Brown et al., 1961).

Considering the phenols, 4-methylphenol is present in the highest concentration

in manure and urine. It is remarkable that the sensitivity of houseflies to 4-methylphenol

is lower than to 3-methylphenol, whereas in tsetse flies both the EAG-responses and

attractivity to 4-methylphenol are higher (Bursell et al., 1988). In tsetse flies one class of

olfactory receptor cells responds more strongly to 3-alkylphenols than to 4-alkylphenols,

a second class responded stronger to 4-alkylphenols than to 3-alkylphenols, and two other

classes respond similarly to both alkylphenols (Den Otter and Van der Goes van Naters,

1993). Remarkably, Cossé and Baker (1996) found no EAGs in houseflies to either 3-

methylphenol or 4-methylphenol, even though the latter was the major compound of pig

manure. Interestingly, 4-methylphenol could not increase catches of Stomoxys spp. in

traps, but catches of non-biting muscids were enhanced by addition of both 4-

methylphenol and 3-n-propylphenol (Holloway and Phelps, 1991).

Indole and skatole are often found to be attractive to houseflies (Brown et al.,

1961; Frishman and Matthysse, 1966; Mulla et al., 1977; Cossé and Baker, 1996) and

other Diptera, such as Musca vetustissima (Mulla and Ridsdill-Smith, 1986), Lucilia

sericata and Lucilia cuprina (Ashworth and Wall, 1994). These chemicals are strongly

related to the odour of manure, but they are also part of putrefactive odours, responsible
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for the tainting odour of meat (Mottram, 1991). The same is true for sulfides, being

present in both manure and meat as degradation products. Sulfides are present in bread

in minute concentrations only (Seitz et al., 1998), but because of their low odour

threshold for man, they do contribute to the bread flavour (Grosch and Schieberle, 1991).

Sulfur-rich volatiles attract Lucilia species (Ashworth and Wall, 1994). Cossé and Baker

(1996) found dimethyltrisulfide and dimethyltetrasulfide to attract houseflies. In their

experiments, dimethylsulfide elicited EAGs, but they did not test dimethyldisulfide nor

dimethylsulfide in behavioural experiments.

Much literature is dedicated to 1-octen-3-ol. This substance, isolated from ox

odour, appears to be a major attractant for tsetse flies (Hall et al., 1984; Vale and Hall,

1985). It is also attractive to horse flies, Tabanidae spp. (French and Kline, 1989) and

stable flies, Stomoxys spp. (Holloway and Phelps, 1991). The large EAGs to 1-octen-3-ol

in our experiments suggest that it may also be attractive to houseflies. Large

electrophysiological responses to 1-octen-3-ol were also measured in mosquitoes:

Anopheles spp. (Van den Broek and Den Otter, 1999). 1-Octen-3-ol is found in high levels

in pork volatiles, becoming less abundant when pork is heated or cooked (Mottram, 1985).

Furthermore, it is present in the odour of mushrooms and various plant materials and in

small quantities in the aroma of bread.

No behavioural data on attractiveness or repellency of the other chemicals tested

in our study exists, so further research is necessary.

In this study only some chemicals could be identified using the GC-EAG

technique. Improved techniques could reveal other compounds, as the temporal resolution

of our technique of measuring the EAGs to a fractionated GC-effluent is low. The

continuous exposure of the antenna to the effluent of the GC strongly reduces the

detection level of EAGs. Furthermore, only a part of the population of olfactory cells may

contribute to the EAG response to some odour and hence the EAG will be small even

when a few cells show a high response. Single sensillum recording therefore may be more

sensitive and could reveal a number of chemicals, overlooked by GC-EAG recording. GC-

single sensillum recording was first described by Van der Pers and Löfstedt (1983) and

used for detection of plant volatiles in Lepidoptera (Wibe and Mustaparta, 1996). Because

the sensilla on the antennae of houseflies have different response spectra, they do not all

respond to all stimuli and multiple analyses should be done to cover most sensillum types

and reveal the most important chemicals.

The dose-response curves show different sensitivities for the odours tested. When

trying to compose an attractive blend of chemicals, mimicking a natural product, some

chemicals may be omitted. The sensitivity to phenylacetic acid, propanol, 3-hydroxy-2-

butanone, 3-phenylpropanoic acid and phenol is rather low. The possibility to use
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methanethiol is limited. Flies are very sensitive to it, and so are humans. However,

methanethiol is extremely volatile, and, having a boiling point of only 32°C, it can hardly

be stored. A blend of the chemicals to which flies are most sensitive may already be

attractive. Based on our EAG data, we may choose the chemicals with the lower threshold

doses. A possible attractive manure-mimic could consist of 2-methylpropanol,

dimethyldisulfide, 3-methylbutanoic acid, 3-methylphenol and skatole. Cossé and Baker

did not find 2-methylpropanol in their analyses. Furthermore, they included butanoic acid

and phenylethanol in their main mix, two components that did not have very low threshold

doses in our results. A meat-like mixture could contain 3-methylbutanal,

dimethyldisulfide, 3-(methylthio)-propanal, 3-methylbutanoic acid, benzaldehyde,

1-octen-3-ol and skatole; and for a bread-like attractant one could mix 2-methylpropanol,

3-methylbutanal, 1,1-diethoxyethane, dimethyldisulfide and benzaldehyde. Several

chemicals are present in more than one of the three natural products tested. Possibly a

mixture of these chemicals would also produce an attractive blend. Further behavioural

assays should be done to investigate the attractiveness of these mixtures.
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