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Abstract

The Mediterranean fruit fly, Ceratitis capitata (Wiedemann) has a high economic importance
because of its rapid development and wide host range in the world. The chemical production of
synthesized sex pheromone, trimedlure (TML) is more expensive so there are new trends to reduce
the cost of TML. In this study, some of the fixed oils (sunflower oil, corn oil, and paraffin oil) were
used to dilute TML in two concentrations, 75% and 50% and tested in the field by Jackson trap for
one month in two areas ( Saheil-saliem and Elbadary) in Assuit Governorate. In the first district
(Saheil-saliem), no significant differences were found along the exposure of all treatments under
normal field conditions except at TML- C 50% which was the lowest response (relative
attractiveness of 11.92%). In the second district (Elbadary), TML-PF 75%, TML-SF 75% and TML-
SF 50% showed highly significant differences when compared with other treatments but no
significant differences among these three treatments were appeared. Infrared analysis (IR) and GC
analysis were achieved on TML before and after dilution. According to IR analysis, it was found
that there were no new function groups appeared after dilution with any fixed oils. Besides, no
changes in retention time of TML after dilution were detectedin GC analysis.
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1. Introduction

The Mediterranean fruit fly, Ceratitis capitata (Wiedemann) is the dangerous fruit pest because the
diversity of its hosts and its ability to tolerate cooler climates are better than most other species of
tropical fruit flies. Its life cycle is short and has heavy populations. Early detection of incipient
infestations of C. capitata is essential because it allows both the delimitation of the outbreak and
the implantation of control and eradication measures while the pest population is still small.A rapid
response not only limits crop damage but also reduces the programmatic costs incurred in the
eradication effort [ 1, 2]. Alternatives were investigated to reduce production costs and volatility of
trimedlure (TML) and capilure (CPL) containing TML plus extenders and enriched ginger root oil
(EGRO) containing the male attractant a-copaene, have been compared with TML[3].
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TML was used as sex pheromone to attract males of C. capitata. Regarding the latter, TML
is now the standard male medfly attractant in USA detection programs and is deployed in solid
dispensers (polymeric plugs) containing 2 g of the lure (and no toxicant) that are placed in Jackson
traps, which in turn are suspended within the canopy of host trees [4].

TML provides a successful monitoring program by timing pesticide sprays more
accurately. As TML is itself fairly expensive to be produced and also has high volatility, thus the
objective of this work is to reduce the high price of this synthetic pheromones by diluting pure crude
material by 50% with fixed oils. Three fixed oils were used in this experiment; corn oil, sunflower
oil, and paraffin oil. TML was diluted with these oils into two concentrations, 75% and 50%.
Comparison among different concentrations of TML was investigated under field conditions and
detection response of adult's males to these treatments was also recorded.

2. Materials and Methods

2.1 Study area and orchards

The experiment was carried out in Assuit Governorate, Egypt in two locations (with high infestation
by Ceratitis capitata, Mediterranean fruit fly or medfly or MFF): Saheil-saliem and Elbadary in
about two feddans in mandarin orchards.

2.2 Experimentation

Three fixed oils, i.e. sunflower oil, corn oil and paraffin oil, were mixed with crude TML in two
concentrations: 75% and 50%. A 2 cm-long wick was saturated with 2 ml of the treatments and
hanged in Jackson trap. Jackson traps were prepared to hang on the tree at the height of 1.5-2 m.
Three replicates were achieved for each treatment. The replicates were distributed randomly in the
field and the distance between two adjacent was about 35 m to avoid interactions among treatment.
A survey was done weekly for 5 weeks. A captured fly per trap per day (CTD) was weekly
calculated.

2.3 Data analysis

Statistical analysis was done by one-way ANOVA. Two types of chemical analysis were achieved
on TML and its dilutions. By using FTIR and GC analyses, a change of basic structure of TML is
recorded. The infrared absorption spectrum of TML (before dilution), TML with corn oil (1:1),
TML with sunflower oil (1:1) and TML with paraffin oil (1:1) was carried out.

3. Results and Discussion
3.1 The efficacy of TML and its response in the field before and after its dilution

3.1.1 The first district

Data presented in Tables 1 and 2 showed the response of MFF males to different TML
concentrations. In Table 1, the result was recorded throughout the period of exposure in the field,
by using L. S.D. test at probability 5% significant differences among all treatments in all
concentrations. The efficiency of MFF males attracted to traps was observed during each weeks of
exposure. When comparing TML as crude substance (98%) with TML diluted with paraffin oil
(TML-PF 50% and TML-PF 75%), TML diluted with sunflower oil (TML-SF 50% and TML-SF
75%), and TML diluted with corn oil (TML-C 50% and TML-C 75%) on the first week, there were
significance differences among TML 98% and other diluted TML with TML-SF 50% showed the
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lowest result (2.35). There were no significant differences among the exposure period on the 2™
week. The response in the 5% week was generally higher than other weeks. On an average, no
significant differences were recorded among the exposure of all treatments under normal field
conditions, except at TML-C 50% which was significantly lower than other exposures (3.62).

Among all concentrations used throughout the first three weeks of study, no significant
differences on the efficiency of MFF males attracted to traps were observed except for 98%
concentration in the 1% week, which was significantly higher (7.74) than other tested concentrations.
In the 4™ week of study, no significant differences on the efficiency of MFF males attracted to traps
were observed among all concentrations, except at TML-C 50%, which was significantly lower
(2.39) than other tested concentrations. In the fifth week of study, TML-C 75% was superior (8.92).

In Table 2, it shows the efficiency of TML- baited Jackson traps and its different
concentrations for five weeks. For TML aged one week, the attractiveness to MFF males was
31.63% but the efficiency gradually decreased to 14.12% after five weeks of exposure under normal
field conditions. For TML-PF 75%, it showed more or less the same percentage of efficiency along
the experiment procedure. However, the relative attractiveness of TML-PF 50% was higher when
compared to week one and reached the highest efficiency in the 4™ week at 19.55%. The high
efficiency of TML-SF 75% was in the 2™ week at 21.85% while the efficiency of TML-SF 50%
was 17.01% when the age of lure was in the 3™ week.

General means of males’ number of CTD over the tested period of study (5 weeks) were
5.51 for 98%, 4.04 for 75% and 4.77 for 50% (diluted by paraffin oil), 4.79 for 75% and 4.11 for
50% (diluted by sun flower oil), 5.67 for 75% and 3.62 for 50% (diluted by corn oil) (Table 1).
Values of average percentages of attracted males through 5 weeks were 18.06%, 13.05%, 14.61%,
15.88, 12.81, 14.83 and 10.93% for concentrations at 98%, TMC-PF 75%, TMC-PF 50%, TML-SF
75%, TML-SF 50%, TML-C 75% and TML-C 50%, respectively (Table2). These results indicated
that there was semi- equal of the efficacy of each treatment towards adult males of MFF along the
experiment and TML-C 50% was the lowest.

Table 1. Responses of MFF males to different concentrations of TML under field conditions in
mandarin orchards in Saheil-saliem district.

Concentration Oil Weeks of inspection* General
of TML 15t nd 3rd 4th 5th mean®
98% - 7.74* | 2.93* | 5.70* | 4.50* | 6.57* 5.51*
75% 3.46° 3.07¢ | 3.82% | 4.54% | 5.28° 4.04*
TML-PF
50% 221° | 275 | 6.00° | 6.39% | 6.50° 4.77*
75% 457° | 4.64% | 4.03* | 3.92* | 6.78° 4.79*
TML-SF
50% 1.75° | 3.21* | 571° | 4.61* | 525° 4.11*
75% 2.39° | 2.03* | 5.42* | 6.32* | 8.92° 5.67*
0, TML-C b a a b a b
50% 2.35 2.61 2.89* | 2.39° | 7.85 3.62
L.S.D 5% 3.13 2.82 2.51 | 2.63 | 2.98 1.55

Note: TML=Trimedlure PF=paraffin oil SF=sunflower = C=Cornoil p value <0.05
*Different superscript letters in the same column means significant different.
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Table 2. The relative attractiveness of MFF males captured into traps loaded with different TML
concentrations in Saheil-saliem district.

Concentration QOil Weeks of inspection General
of TML 1% 2nd 3rd 4t 5th mean
98% - 31.63% | 13.79% | 16.98% | 13.77% | 14.12% | 18.06%
75% TML- | 14.14% | 14.45% | 11.41% | 13.89% | 11.35% | 13.05%
50% PF 9.43% | 12.95% | 17.87% | 19.55% | 13.27% | 14.61%
75% TML- | 18.78% | 21.85% | 12.00% | 11.99% | 14.76% | 15.88%
50% SF 6.42% | 15.11% | 17.01% | 14.11% | 11.41% | 12.81%
75% TML-C | 9.96% | 9.56% | 16.15% | 19.34% | 19.16% | 14.83%
50% 9.61% | 12.37% | 8.61% 7.32% | 16.76% | 10.92%
Total 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%

3.1.2 The second district

The results for the second district was presented in Table 3. In the first week, there were no
significant differences among all different concentrations in captured C. capitata with L.S.D 5% of
2.90 except at TML-PF 50% with the lowest response of 1.17 whereas at TML-SF 50% gave the
highest response of 9.46 in comparation with other treatments ( Table 3). For lures aged 2 weeks,
TML-SF 75% baits resulted in significantly higher trap captures (9.85) than others. In the 3™ week,
TML-PF 75% had highly significant trap captures (5.21) whereas TML-C 50% had the lowest
significant in the number of male medflies (2.28). In the 4" week, there were no significant
differences among TML-SF 50%, TML-C 75% and TML-C 50%. Also, there were no significant
differences among these three concentrations in the 5" week. In general, along with the exposure of
all treatments under normal field condition, TML-PF 75%, TML-SF 75% and TML-SF 50% had
highly significant differences in comparison with other treatments followed by crude substance at
98%.

Table 4 showed the percentage of the attractiveness of each treatment. Within the
experiment, the percentage of attracting of adult males of MFF varied from week to week. For the
lure aged 1 week, TML-SF 75% and TML-SF 50% gave higher efficiency than other lures with the
efficiency of 20.61% and 32.13%, respectively. In the 2™ week, TML-SF 75% still showed higher
efficiency than other lures (19.63%). For lures aged 3 weeks, TML-PF 75% and TML-SF 75% had
higher efficiency at 21.37% and 19.77% in capture males of C. capitata. In the 4™ week, TML
(98%) and TML-PF 75% were superior than other treatments with the efficiency of 32.63% and
26.30%, respectively. In the 5" week, TML-PF 75% and TML-PF 50% had the higher efficiency at
28.17% and 20.26%, respectively. A high percentage of attracting the pest was TML 98% in the 4"
week with 32.63% whereas TML-C 75% and TML-C 50% showed the lowest attractive along the
exposure. Generally, TML-PF 75%, and TML-SF 75% were higher attractiveness to MFF adult
males with 20.95% and 17.69%, respectively and TML-C 75% and TML-C 50% had the lowest
attraction of 7.10% and 8.51%, respectively.
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Table 3. Responses of MFF males to different concentrations of TML under field conditions in
mandarin orchards in Elbadary district.

Concentration Oil Week of inspection* General
of TML 1ot ond 3rd 4t 5th mean*
98% - 2.82b 7.828b¢ 3.18¢ 3.76* 0.46° 3.59%0
75% TML- 3.78% 7.92#® 5.21# 3.03% 1.532 4.30*
50% PF 1.17¢ 5.32° 3.50%¢ 1.42b¢ 1.10% 2.51°
75% TML- 6.07° 9.85° 482 1.75b 0.75%® 4.56*
50% SF 9.46* 8.00% 2.67% 0.86° 0.53° 4.31*
75% TML- 3.32b¢ 5.82ab 2.71b¢ 0.35¢ 0.53° 2.35°
50% C 2.82b 5.43° 2.28¢ 0.35¢ 0.53° 2.39°
L.S.D 5% 2.90 2.89 1.98 1.80 0.76 1.20

Note: TML=trimedlure PF=paraffin oil ~SF=sunflower oil C=corn oil p value<0.05
* Different superscript letters in the same column means significant different.

Table 4. The relative attractiveness of MFF males captured into traps loaded with different
concentrations of TML in Elbadary district.

Concentration oil Weeks of inspection General
of TML 1%t 2nd 3rd 4th 5th mean

98% 9.66% | 15.59% | 13.04% | 32.63% | 8.47% 15.88%

75% 13.14% | 15.78% | 21.37% | 26.30% | 28.17% 20.95%

50% TML-PF | 397% | 10.61% | 14.36% | 12.32% | 20.26% 12.30%

75% 20.61% | 19.63% | 19.77% | 15.19% | 13.28% 17.69%

50% TML-SF | 32.13% | 15.95% | 10.95% | 7.46% 9.76% 15.23%

75% 11.27% | 11.61% | 11.12% | 3.03% 9.76% 7.10%

50% TML-C | 9.57% | 10.82% | 9.36% 3.03% 9.76% 8.51%
Total 100% 100% 100% 100% 100% 100%

3.2 The chemical structure of TML before and after dilution with some fixed oils

From IR and GC analysis, it was found that the infrared absorption spectrum of each solution
showed the same characteristic of maximum absorption bands as presented in Figures 1-4 and there
were no new function groups appeared after dilution.

The characteristic band at 2,957.16 cm™! was corresponding to aliphatic cyclohexane, ester
group forming 1,780.73 cm was corresponding to carbonyl group band and C-O group at 1,280.21 cm™,
methyl group band at 1,457.20 cm™! and chlorine group occurred at 845.70 cm™'. All these functional
groups occurred after dilution with any oil used in this study.
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Figure 1. IR spectrum of TML before dilution
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Figure 2. IR spectrum of TML after dilution with paraffin (1:1) showing no new function group
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Figure 3. IR spectrum of TML after dilution with corn oil (1:1) showing no function group
appeared compared to reference
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Figure 4. IR spectrum of TML after dilution with sunflower oil (1:1) showing no function groups
appeared compared to reference

Another chemical analysis was achieved through GC analysis of each solution; TML
before and after dilution, and analysis of each oil. For TML after dilution with each oil, it was found
that there was no change in retention time approximately to any diluted solution that appeared at
0.395, 1.415, 1.400, 1.400, 1.395, 1.400 and 1.395 min of TML, sunflower oil, corn oil, paraffin
oil, TML-PF 50%, TML-SF 50%, and TML-C 50%.

TML has retention time at 0.395 min. Disappearance of TML retention time after dilution
may be due to the composition of new unstable hydrogen bonds between the oil and TML that make
them miscible together. However, no change in the main chemical structure of TML or TML was
broken at the beginning of injection at boiling point temperature (104-134°C) lower than that used
in diluted solution (200-250°C).

The reasons of dilution of TML with these oils can be summarized as follows:

1) Paraffin oil, corn oil and sunflower oil were fixed oils and used as carrier oil. Unlike
essential oils, they do not contain concentrated aroma, have mild distinctive smell and do not
evaporate. The use of carrier oils should be as natural and clear as possible. Carrier oils can be easily
blended to combine their properties of viscosity, acceptability, lubrication, absorption, and aroma
and so forth [5].

2) TML has ester group and the tested oils also have ester group, that means high
miscibility without any change in basic structure of TML, as shown in Figures 1-4.

3) Each oil used in this study is cheap and available in markets.

3.3 Discussion

The pheromone is a complex medley having three to five major components that attract females
[6, 7] plus at least 50 minor components whose function has not been elucidated [8]. Gas
chromatograph and IR spectrum analyses indicated that there are changes in the main chemical
structure of TML. Because of its high cost and its high volatility, recent researches focused attention
on several alternatives that were effective male lures towards the medfly. Ceralure, an iodinated
analogue of TML, was shown to be 4-9 times as attractive to male medflies as TML
[9, 10]. Capilure, that replaces a portion of TML with proprietary extenders that evaporate [ 11, 12],
was used for C. capitata detection [3, 4, 13-15]. In addition to these TML-based alternatives,

108



Current Applied Science and Technology Vol. 19 No.2 (May - August 2019)

enriched ginger root oil (Zingeber officinale L.), which contained a-copaene, was used as attractant
to male medflies [3, 16-19] that may be more superior than TML.

The results of our experiments confirm the finding of El - Abbassi and El - Metwally [20]
who tested the efficiency of different concentrations of sex attractant trimedlure (TML) diluted with
paraffin oil on attractant males of the Mediterranean fruit fly, C. capitata (Wiedemann). They found
that 75% concentration of TML was superior to 98% concentration throughout 8 weeks and
especially in guava orchards. Data obtained from these trials are in agreement with results reported
by Jang
etal. [10] who found that doses of (-) ceralure Bl of 87.5% and 75% were as effective as 98%
concentration in attracting med fly. Jang et al. [9] also found that in outdoor olfactometer cage and
in field tests, there were no significant differences in medfly male capture into traps loaded with
10.0 pg and 1.0 pg of TML. Moreover, in the second week captures at traps baited with 10 mg TML
decreased drastically and they were not significantly greater than control. Our results were also in
alignment with data obtained by Khrimian et al. [21] and Khrimian [22] who developed an easier
synthesis of the racemic ceralure B1, and subsequent studies showed that >75% optically pure
(-)-ceralure B1 could be as effective as the 98% (-)-ceralure B1, and the racemic ceralure B1 was
also attractive. The results of our experiments confirm the finding of Nabih [23] who mentioned
that no significant differences between ginger oil of purity 100% and ginger oil 75% in attracting
MFF males.

Early detection of incipient infestations of C. capitata is essential because it allows both
the delimitation of the outbreak and the implantation of control and eradication measures while the
pest population is still small. A rapid response of C. capitata to TML not only limits crop damage
but also reduces the programmatic costs incurred in the eradication effort [1, 2].

The chemical structures of trimedlure or TML before and after dilution do not
change. There are no change in chemical structures of main compound (TML) in comparison to
TML before dilution and no new function groups appear in any treatment comparative to target
material (TML). Thus, the efficacy of TML after dilutions was not affected. This work is the first
time of applying diluted TML which indicates the economic importance for the application in the
field because it can give similar result as crude TML (98%).

4. Conclusions

In conclusion, dilution of trimedlure or TML with some of the fixed oils as carriers to avoid the
interaction between TML and the diluted substances can also be used for attracting adult males of
MEFF besides the use of pure TML. This procedure will reduce the cost of TML by diluting 11 of
TML to 21 with fixed oils like paraffin oil, sunflower oil and corn oil. These oils are cheap, available
and not volatile for a longer period that enable TML to keep its effectiveness in the field for a long
time without renewal preparations.

References
[1] Lace, D.R. and Gates, D.B., 1994. Sensitivity of detection trapping systems for Mediterranean

fruit flies (Diptera: Tephritidae) in southern California. Journal of Economic Entomology, 87,
1377-1383.

109



Current Applied Science and Technology Vol. 19 No.2 (May - August 2019)

[2] Papadopoulos, N.T., Katsoyannos, B.I., Kouloussis, N.A., Hendarichs, J., Carey, J.R. and
Heath, R.R., 2001. Early detection and population monitoring of Ceratitis capitata (Diptera:
Tephritidae) in a mixed fruit orchard in northen Greece. Journal of Economic Entomology,
94(4), 971-978.

[3] Shelly, T.E., 2013. Detection of male Mediterranean fruit flies (Diptera: Tephritidae) :
performance of trimedlure relative to capilure and enriched ginger root oil. Proceedings of the
Hawaiian Entomological Society,45, 1-7.

[4] International Atomic Energy Agency, 2003. Trapping Guidelines for Area-wide Fruit Fly
Programmes., Vienna: IAEA.

[5] Thomas, D.B., Holler, T.C., Heath, R.R., Salinas, E.J. and Moses, A.L., 2001. Trap-lure
combinations for surveillance of Anastrepha fruit flies (Diptera: Tephritidae) . Florida
Entomologist 84(3), 344-351.

[6] Heath, R.R., Landolt, P.J., Tumlison, J.H., Chambers, D.L. Murphy, R.E., Doolihle, R.E.,
Dueben, B.D., Sivinski, J. and Calkins, C.O., 1991. Analysis, synthesis, formulation, and field
testing of three major components of male Mediterranean fruit fly pheromone. Journal of
Chemical Ecology,17(9), 1925-1940.

[71 Jang, E.B., Light, D.M., Binder, R.G., Flath, R. A. and Carvalho, L. A., 1994. Attraction of
female Mediterranean fruit flies to the 5 major components of males produced pheromone in
a laboratory flight tunnel. Journal of Chemical Ecology, 20, 9-20.

[8] Jang, E.B., Light, D.M., Dickens, J.C., McGovern, T.P. and Nagata, J.T., 1989.
Electroantennogram responses of Mediterranean fruit fly, Ceratitis capitata (Diptera:
Tephritidae) to trimedlure and its trans- isomers. Journal of Chemical Ecology, 15,2219-2231.

[9] Jang, E.B., Holler, T., Cristofaro, M., Lux, S., Raw, A.S., Moses, A.L. and Carvalho, L. A.,
2003. Improved attractants for Mediterranean fruit fly, Ceratitiscapitate (Wiedemann) :
responses of sterile and wild flies to (-) enantimer of ceralure B1. Journal of Economic
Entomology, 96, 1719-1723.

[10] Jang, E.B., Kharimian, A., Holler, T.C., Cassana-Giner, V., Lux, S. and Carvalho, L.A., 2005.
Field response of Mediterranean fruit fly (Diptera: Tephritidae) to ceralureB1: evaluations of
enantiomeric B1 ratios on fly captures. Journal of Economic Entomology, 98, 1139-1143.

[11] Leonhardt, B. A., Rice, R. E., Harte, E. M. and Cunningham, R.T., 1984. Evaluation of
dispensers containing trimedlure, the attractant for the Mediterrancan fruit fly
(Diptera:Tephritidae). Journal of Economic Entomology, 77, 744-749.

[12] King, J.R and Landot, P.J., 1984. Rates of loss of trimedlure from cotton wicks under South-
Florida field conditions. Journal of Economic Entomology, 77, 221-224.

[13] Baker, P.S., Hendrichs, J. and Liedo, P., 1988. Improvement of attractant dispensing systems
for the Mediterranean fruit fly ( Diptera: Tephritidae) sterile release program in
Chiapas,Mexico. Journal of Economic Entomology, 81, 1068-1072.

[14] Nackagwa, S., Harris, E.J. and Keiser, I., 1981. Performance of capilure in capturing
Mediterranean fruit flies in Steiner plastic or cardboard sticky traps. Journal of Economic
Entomology, 74, 244-245.

[15] Rice, R.E., Cunningham, R.T. and Leonhardat, B. A., 1984. Weathering and efficiency of
trimedlure dispensers for attraction of Mediterranean fruit flies (Diptera: Tephritidae). Journal
of Economic Entomology, 77, 750-756.

[16] Flath, R. A., Cunningham, R. T., Mon, T. R. and John, J. O., 1994. Additional male
Mediterranean fruit fly (Ceratitis capitata Wied.) attractants from Angelica seed oil (Angelica
archangelica L.). Journal of Chemical Ecology, 20, 1969-1984.

[17] Flath, R.A., Cunningham, R.T., Mon, T.R. and John, J.O., 1994. Male lures for Mediterranean
fruit fly (Ceratitis capitata Wied.): structural analogs of a-copaene. Journal of Chemical
Ecology, 20, 259-2609.

110



Current Applied Science and Technology Vol. 19 No.2 (May - August 2019)

[18] Mwatawala, M., Virigilio, M., Quilici, S., Dominic, M. and De Meyer, M., 2012. Field
evaluation of the relative attractiveness of enriched ginger root oil (EGO) lure and trimedlure
for African Ceratitis species (Diptera: Tephritidae). Journal of Applied Entomology, 137 (5),
321-400.

[19] Shelly, T.E. and Pahio, E., 2002. Relative attractiveness of enriched ginger root oil and
trimedlure to male Mediterranean fruit flies (Diptera: Tephritidae). Florida Entomologist, 85
(4),545-551.

[20] El-Abbassi, T.S. and El-Metwally, M. M., 2013. Response of the Mediterranean fruit fly,
(Ceratitis capitata Wied.) males to different concentrations of trimedlure under field
conditions in Egypt. Bullitin of the Entomological Society of Egypt (unpublished data).

[21] Khrimian, A., Margaryoan, A.K. and Schmidt, W.F., 2003. An improved synthesis of ethyl
cis-5-iodo-trans-2-methyl cyclohexanecaroboxylate, a potent attractant for the Mediterranean
fruit fly. Tetrahydron, 59,5475-5480.

[22] Khrimian, A., 2004. Method of the Synthesis of Ceralure B1. U.S. Patent6, 777,573.

[23] Nabih, S.A., 2013. Extraction and Analysis of Some Fruit Flies Attractants. MSc. Mansoura
University.

111



