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Appendix 8: Male Sex Pheromonal Components in Bactrocera Species – Extraction of Rectal 
(Pheromonal) Gland for Chemical Analyses 
 
Jacentkovski in 1932 first demonstrated the existence of insect sex pheromone by using traps containing 
virgin gypsy moth females, which attracted and trapped many males, placed in gypsy moth infested 
woods. Only till 1959, Butenandt and coworkers after extracting from about half a million female 
silkworms, Bombyx mori, reported the first sex pheromone 'bombykol' was identified using traditional 
chemistry. We have come a long way since then, with the help of highly sensitive instrumentation and 
recording techniques, such as the gas chromatography-mass spectrophotometry (GC-MS) coupled to 
an electro-anntenograph (EAG), a scientist can now extract and identify an insect's sex pheromone from 
a few individuals. In the case of fruit flies, particularly those from the genus Bactrocera, (unlike the 
lepidopterans) males produce sex pheromone at sexual maturity. For many species, males make use of 
external sources of chemical (attractant) to produce sex pheromonal component(s).Therefore, a single 
male may be sufficient to confirm identity of the sex pheromonal component(s) after feeding on the 
specific attractant, provided proper procedure is followed. 
 
All Bactrocera species may be categorized into three groups based on their non-response (28 species 
confirmed and 258 species listed under “lures unknown”) or response to two very potent attractants – 
cue-lure (195 species) and methyl eugenol (ME) (ca 84 species) (IAEA 2000, 2005). Approximately a 
dozen of the ME responsive/sensitive species of Bactrocera including several putative sibling species of 
the Bactrocera dorsalis complex, such as B. carambolae Drew & Hancock, B. dorsalis (Hendel), B. 
invadens Drew, Tsuruta & White, B. occipitalis (Bezzi), B. papayae Drew & Hancock, and B. 
philippinensis Drew & Hancock form a group of serious polyphagous pests that currently cause high 
economic losses in the production of fruits. They are also very important quarantine pests that may 
interfere or disrupt international free and fair trade of fresh fruits and vegetables between exporting and 
importing countries globally. 
 
Credit must be given to Howlett who first demonstrated that male tephritid flies (Dacus spp.) were 
attracted to citronella oil in in 1912. He subsequently showed that the flies were actually attracted to ME 
in 1915. Since then, there were much speculations as to the actual role of ME in tephritid flies. 
  
Males of B. dorsalis and B. papayae are strongly attracted to and compulsively feed on the ME which 
acts as a sex pheromone precursor that is converted to two major components - E-coniferyl alcohol and 
2-allyl-4,5-dimethoxyphenol (Nishida et al. 1988; Tan and Nishida 1996, 1998). Nonetheless, the ME 
can also act as a booster component to complement endogenously produced sex pheromone as in B. 
carambolae in which it is converted only to E-coniferyl alcohol (Tan and Nishida 1996; Wee and Tan 
2007). Table 1 shows the male sex pheromone components of several Bactrocera species after feeding 
on an attractant ME or raspberry ketone in the case of the melon fly B. cucurbitae. In the male B. 
dorsalis/papayae, the consumed ME is biotransformed in the crop and its metabolites are then 
transported via the haemolymph to the rectal gland (Hee and Tan 2006), where they are sequestered via 
rectal papillae and temporarily stored before being released as sex pheromone (Fig. 1) (Khoo and Tan 
2005). 
  
Native males seek and ingest ME from natural sources (Tan 2009; Tan et al. 2002, 2006). There are ca 
350 plant species belonging to 61 families that possess ME, in varying quantities from trace amounts to 
>90% of essential oils, as a constituent component and/or release as a component of floral fragrance 
(Tan, compiled list unpublished). Consumption of the ME has been shown to improve significantly 
male mating performance and competitiveness of B. dorsalis (Shelly and Dewire 1994, 2000; Tan and 
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Nishida 1996), B. papayae (Tan and Nishida 1996, 1998) B. carambolae (Wee et al. 2007), B. correcta 
(Orankanok et al. 2009) and B. zonata (Quilici et al. 2004; Sookar et al. 2009).  
 
 
Table 1. Sex pheromone after feeding on methyl eugenol or raspberry ketone 
 
B. carambolae - E-coniferyl alcohol (CF) (endogenously produced - 6-oxo-1-nonanol + N-3 

methylbutyl acetamide + 1,6-nonanediol + ethyl benzoate) 
B. dorsalis - 2-allyl-4,5-dimethoxyphenol (DMP) + CF + 3,4-dimethoxycinnamyl alcohol (DCA)   
B. papayae - DMP + CF + DCA 
B. umbrosa - DMP + DCA + 3,4-dimethoxy-hydroxyallyl-benzene   
B. cucurbitae - Raspberry ketone (endogenously produced - 1,3-nonanediol + methyl, ethyl & propyl 

4-hydroxybenzoate + N-3-methylbutyl methoxyacetamide) 
 
 
Figure 1.  Male rectal gland of B. dorsalis showing the presence of auto-fluorescent compounds during sequestration of sex pheromonal chemicals from the haemolymph at 10 to120 minutes after feeding on methyl eugenol. (Adapted from Khoo and Tan (2005). White arrows – the chemicals 
detected within 1 hour. 
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Figure 2. Male rectal glands extracted from sexually mature males (15 days old) – deprived of ME (left) and fed with ME ( right - one day post-feeding) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
With highly sensitive instrumentation such as the GC-MS that uses fine capillary column to analyze sex 
pheromonal components, it is very important that samples injected into the column must not contain 
contaminants (especially non-volatile compounds and macromolecules ) that will clog up the column. It 
is also important to note that sex pheromonal compounds are usually volatile and exist in microgram or 
submicrogram levels. Therefore, it is pertinent to follow proper rectal gland extraction procedure, before 
preserving it for future chemical analyses.   
 
 

1. Solvent for extraction preferably pure ethanol – redistilled (N.B. This solvent is very 
hygroscopic - so do not expose to atmospheric air for long periods, especially in the humid 
tropics). If this solvent is not available, then, absolute alcohol (ethanol) is suitable (N.B. Please 
provide a 1 ml sample for solvent check for possible impurities).    

2. Prepare glass vials (1 or 2 ml with teflon lined screw-caps) for preservation of gland – fill each 
vial with 250 microlitre (0.25 ml) of the solvent and tighten the screw cap until use. (N.B. One 
vial for preservation of one rectal gland). 

3. Fine pointed forceps – Firstly, wash and clean with a detergent; and secondly, rinse the tips with 
a few drops of the solvent just before use. 

4. Immobilize a male fly, preferably without the use of carbon dioxide, by transferring the fly into a 
small clean plastic bag or cleaned container, making sure that the fly cannot escape, and then 
place it in either a refrigerator for 20-30 minutes at < 15o C or a freezer < - 5o C for 1-2 minutes. 

5. Rectal gland removal - Place the immobilized fly ventral side up on the stage of a dissecting 
microscope (Fig. 3). One may hold the fly in place either with a pair of forceps or with one's fore 
finger and thumb. Then, with a pair of cleaned fine pointed forceps grip firmly the base of the 
aedaegus (Fig. 3A), and simultaneously pull it gently away from the fly's abdomen until the 
rectal gland is completely exposed (Fig. 3B & C) – due care should be taken, by avoiding sudden 
jerks, to ensure that the rectal sac does not burst especially when it is bloated. Then cut the hind 
gut at approximately 1 mm from the rectal gland (Fig 3 D). The freshly removed gland (Fig. 4) 
on the forceps tip is immediately introduced into a vial containing pure alcohol. After that, the 
teflon lined screw-cap is replaced and tightened (finger tight) to the vial. To avoid possible 
leakage during transportation (especially drastic climatic changes), the narrow gap between rim 
circumference of the screw-cap and the glass vial is tightly sealed by simultaneously stretching 
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and wrapping a parafilm strip (ca 1.5 cm x 5 cm) several times around it . After labeling the vial, 
store the extracted rectal gland in a refrigerator until dispatch for chemical analyses. 

6. For comparison of sexually mature flies fed with and deprived of of an attractant, e.g. methyl 
eugenol (ME) – item 5 needs to be repeated for rectal gland removal from the ME-fed and the 
ME-deprived (as controls) flies. 

 
 

  Figure 3. Removal of rectal (pheromone) gland under magnification. Steps A-D.    A       B 
 
           C       D 
 
         Figure 4. Freshly removed male rectal gland and associated aedeagal apparatus.              
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