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ABSTRACT

The insecticidal activity of the essential oil from Melaletca bracteata, a
widely cultivated species in Egypt was investigated. The essential oil was exiracted
by steam distillation and its insecticidal activity against 5. /itforalis larvae was
determined in a laboratory bioassay. The larvae of §. littoralis were highly
susceptible to topical application of M. bracteata oil, with LCs of 1.84 pg/cm’.
Chemical analysis of the M. bracreata oil by Gas chromatography coupled to mass
spectroscopy (GC-MS) indicated that Methyleugenol is by far the major compound
of the oil (87.6%) and contributes significantly to the insecticidal activity of the oil.

INTRODUCTION

In recent years, investigations aiming at the development of new agents for
pest control have focused on the study of nawral products (Addor, 1995). The
discovery of active natural compounds that are more selective and less persistent
will be beneficial for both the enviromment and agricultural product consumers,
although naturat products cannot automatically be assumed to be without risk. Of
the studied namral products, essential oils of medicinal plants have been considered
as potential sources of commercial pest control agents or as lead compounds (Isman,
1999). Many plant essential oils and phytochemicals are known to possess effective
and selective insecticidal activity (Kim ef al., 2003).

Melalenca (Myrtaccac) is a large genus includes more than 250 species.
Some Melaleuca species are rich in essential oils and are used for medicinal purposes
and cosimetics (Yatagai et al,, 1998). Melalenca bracteata is widely cultivated species
in Egypt as omamental plant and has been reported to be extremely rich in essential oil
(Aboutabl er al., 1991). However, work on the anti-insect potential of essential oil of
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M. bracteata is negligible. In order to find new ways for wtilizing their oils and to
investigate the toxicity of M. bracieara against insects. the oil was extracted and its
insecticidal activities was studied on the cotton leafworm, Spodoprera litioralis as a
model insect species. Also the chemical components of the oil was examined to
identify the possible insect-active compounds.

MATERIALS AND METHODS
Collection of plant materials

Aerial parts (leaves and branches) of M. bracteata were purchased in local
omamental markets of Giza Governorate. Taxonomic identification of plants was
performed by botanists of the Egyptian National Botanical Institute Dokki. Giza,
Egypt, where voucher specimens are deposited.

Extraction of essential oils

Aerial fresh parts were cut into pieces and 150-200 g samples were
prepared. The essential oils were extracted from samples by steam distillation using
the method described by Duerbeck (1993). Following distillation for 4 h. pentane,
56 ml, was added 10 increase the volume of the oil obtained. which was then dried
over anhydrous sodium sulphate and the pentane evaporated at room temperature

{Ireland er al., 2002).
Purification of methyleugenol

Crude essential oil was subjected to fractionation on silica gel according
Degen ef al. (1999). One ml of oil was mixed with 1 gm of silica gel then
transferred onto the column (75 x 11 mm, silica gel 70-230 mesh, Merck Kieselgel
60). and eluied successively with 20-ml portions of 100% hexane. 5% diethyi ether
in hexane, 100% diethyl ether, and 100% methanol. The diethyl ether {raction
contained the pure methyleugenol (Degen ef af., 1999). Purity of compounds was
checked by GC-MS (purity >99%),

GC-MS analysis

Identification of compounds in essential oil extracted from M. bracteara
was carried out with a HP 5972A mass specuometer (MS) coupled to HP-6890 pas-
chromatography (GC) equipped with HP-5MS capitlary column (30 m x 0.32 1D,
0.25 pm film thickness). Electron impact (EI) mass spectra were obiained at 70 eV
and the instrument scanning from 35 to 700 amu. Helium was used as the carrier gas
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at a flow rate of I ml/min. Injector temperature was 250°C; detector temperature
was 280°C. and split was 20:1. Oven temperature was progranuned from 35°C (5
min) to 80°C at 10°C/imin and to 250°C at 4°C/min. Integration of pedks, driwing
calibration table, and standard curve were performed using HP-Chemstation soft-
ware. Identification of constituents present was based on computer matching against
the library spectra (Wiley275L). built up using pure substances and components of
known constituents. The percentage of essential oil composition was computed from
gas chromatography peak areas.

Contact Toxicity assay

To study the insecticidal properties of the tested compounds, the thin film
procedure adopted by Pascual-Villalobos and Robledo (1998) was foliowed using 4™
instar larvae of §. littoralis, as a model insect.

Bioassays were conducted in standard Petri dishes (actual measured arca of
ca. 30 cin®), Tested exiracts were diluted with acetone to give concentrations of 15,
30. 60. 120 and 240 pg active ingredient /ml acetone. One ml acetone solution at
the selected concentration was spread in each dish using | ml pipette, with shaking
of the dish to ensure the chemical distribution. This gave concentrations of 0.5, 1. 2,
4, and 8 pg/cm’ dish bottom area. Control dishes received only one ml pure acetone.
Acetone was allowed to dry at room temperature for haif hour. Actively feeding 4™
instar larvae of S. littoralis were separated from laboratory mass rearing culture
(Pest Physiology Dept.. Plant Protection Research Institwie) and 10 larvae were
transferred to each dish. Five replicates (dishes) with ten larvae/replicate were
prepared for each concentration as well as control wreatment. After 24h at standard
conditions (27+2°C and 70+5% RH) (Dahi, 2005), mortality of larvae was recorded.

Statistical analysis

All toxicity data were corrected for comtrol mortatities according to
Abbott’s equation (Abbortt, t925), The LDs, probit analysis and 1-test were
estimated using a software package “LD-Pline”, Copyright of Ihab. M. Bakr, Plant
Protection Research Institute, Egypt.

RESULTS AND DISCUSSION

Figure | shows that the essential oil of M. bracteaia exhibited
concentration-dependant toxicity against larvae of S. littoralis with LCso of 1.84
pg,’cm2 (Table 1). Previous studies showed that solvent extracts and essential oil of
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certain Melaleuca species (M. alfernifolia, M. saligna, M. argentea, M.
symphyocarpa and M. acacoides) were toxic against Farroa mites (Sammataro e/
al., 1998), European house-dust mite, Dermatophagoides pteronyssinns (Yatagai ef
al., 1998) and the whitefly, Trialeurodes vaporariorum. (Choi et al., 2003). On the
other hand, Yatagai et a?. (1998) mentioned that essential oil of M bracteata has
contact miticidal effect on D. pleronyssinus with LDgo of 1.3 .84 pg/em”.

M. bracteata essential oil was subject to GC-MS analysis to identify the
compound(s) responsible for its toxic ecffect on S. lirtoralis. Results of
chromatographic analysis of M. bracteata oil are presented in Fig. 2 and Table 2.
Eleven components were identified, most of them are common plant secondary
metabolites and presented as minor constituents of the oil. However, the considered
compound was methyleugenol (86% of M. bracteata crude oil constituents).

TABLE (I)
Results of probit analysis for toxicity of M. bracteata essential oil and purified
methyleugenol on S. /ittoralis larvae

Probit analysis Oil Purified methyleugenol
LC;o (pg/em’) 1.84% 1.68*
Lower limit (pg/em® 1.14 1.17
Upper limit (ug/cm?) 2.79 2.66
Slope 3.47£1.14 2710383

* 95% confidence limit

Methyleugenol was reported to be very toxic against adult mite,
Tvrophagus putrescentiae (Kim et al., 2003), Tribolium castaneum and Sitophilus
zeamais (Ho et al., 1994). These reports, in addition to our observation in this study
on treated S. littoralis larvae showed uncoordinated behavior, loss of glossiness of
the cuticle and loss of body fluids before dying. Similar symptoms were reported for
methyleugenol treated insects (Kim er of., 2003) led us to suggested that
methyleugenol is the insect-toxic component of M. bracreata oil. To test this
suggestion, we isolated and purified methyleugenol from the oil using column
chromatography (Figs 3&4) and its effects were tested on 5. lirtoralis. Table |
showed that pure methyleugenol was highly toxic against larvae of S. littoralis with
LC:po0f 1.68 pgf’cmz {Table 1). There were no significant difference between LC:p of
essential oil and the purified methyleugenol (P> 005, T-test). These results
confirmed the suggestion that methyleugenol was the insect-active component of AM.
bracteata oil.
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Figure 1. Contact toxicity of different concentration of M. bracteata essential oil and
purified methyleugenol on S. litroralis larvae

TABLE (II)
Mean percent concentration and GC-retention time of all constituents identified by
GC-MS analysis of crude essential oil of M. bracteata

No. Compound Retention time | Area (%)*
1 Alpha-pinene 4.96 0.92
2 | Betal-pinene 5.59 1.25
3 Para-cymene 6.26 1.28
4 Limonene 6.32 0.89
5 1,8-Cineole 6.39 2.96
6 | Terpinolene 7.21 1.12
7 Delta-3-carene 7.32 1.39
8 | Alpha-terpineol 8.72 0.81
9 Methyleugenol 11.68 87.60
10 | Getmacrene-D 12.73 091
11 | Cis-calmenene 13.19 0.87

¢ Relative intensity of m/z.
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Figure 2. Gas chromatogram of compounds detected in crude essential oil of M.
bracteara .
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Figure 3. Gas chromatogram of methylcugenol purified from crude essential oil of
M. bracreata. f

Melaleuca bracteata, is widely avuilable ptant species in Egypt with high
yield of essential oil (Aboutbl er o/, 1991). There fore. it might present a promising
agent for insect control alternative 1o chemical pesticides in Egypt and merit further
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study as potential patural insecticide. However, aithough methyleugeno! is a food
flavoring agent and appcars on the Flavor and Exiract Mamufacture's Generally
Regarded as Safe (GRAS) list, there are several reports recorded adverse effects on
yeasts. bacieria and raws (Kim er of., 2003). Thus further research should be conduct
on safety issues of this compound for human health before any artempts 1o use in
any insecticidal formulation,
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Figure 4. Mass spectrum of methyleugenol purified from crude essential oil of M.
hracreata in comparison with authentic methyleugenol.

REFERENCES

ABOUTBL, E. A, S, F. EL. TOHAMY, H. L. DE POOTER. and L. F. DE
BUYCK (1991): A comparative study of the essential oils from three
Melaleuca species growing in Egypt. Flavor and Fragrance J. 6. 139-141.




178

ABBOTT, W.S, (1925): A method of computing the effectiveness of an insecticide.
(J. Econ. Entomol., 18: 265-267).

ADDOR, R, W, (1995): Insecticides. In: Godfrey, C. R. A. (Ed}, Agrochemicals
from Naturat Products. (Marcel Dekker Inc., New York. pp. 1-63).

CHOI, W.I., EH. LEE, BR.CHOI , HM. PARK and Y.-J. AHN (2003):
Toxicity of plant essential oils 10 Trialewrodes vaporariorum (Homoprera:
Aleyrodidae). (J. Econ. Entomol. 96, 1479-1484).

DAHI, H.F. (2005): Egyptian cotton leafworm Spodoptera littoralis development
on artificial diet in relation to heat unit requirement. Egypt. (J. Agric. Res.,
83¢1): 199-209).

DEGEN, T., B. HANS-RUEDI and E, STADLER (1999); Patterns of oviposition
stimulants for carrot fly in leaves of various host plants. ¢/. Chem. Ecol, 25
(1): 67-87).

DUERBECK, K. (1993): The distillation of essential oils. (Manufacturing and
plant construction handbook. Protrade: Department of Foodstuffs and
Agricultural Products, Eschborn, Germany).

HOQO, S.H., L.P. CHENG, Y, SIM and H.T. TAN (1994): Potential of cloves
(Svzygium aromaticum (L.) Merr. And Perry as a grain protectant against
Tribolium castaneum (Herbst) and Sitophilus zeamais Motsch. Postharvest
Biol. (Technol. 4: 179-183).

IRELAND B.F., D.B. HIBBERT, J.C. GOLDSACK RJDORAN and J.I
BROPHY (2002): Chemical variation in the leaf essential oil of Melaleuca
quinguenervia (Cav)) $.T. Blake. (Biochemical Systematics and Ecology 30:
457-470).

ISMAN, M. B. (1999): Pesticides based on plant essential oils. (Pestic. Quitlook, 68-72).

KIM E., KIM H,, D. CHOI and Y. N. AHN (2003): Acaricidal activity of clove
bud oil compounds against Tyrophagus puirescentiae (Acari. Acaridae).
{Appl. Enfomal. Zool. 38 (2): 261-266).

PASCUAL-VILLALOBOS, M.]. and A, ROBLEDO (1998): Screening for anti-insect
activity in Medilerranean plants. (Industrial Crops and Products 8: 183-194).

SAMMATARO, D., G. DEGRANDIHOFFMAN, G. NEEDHAM, and G.
WARDELL (1998): Some volatile plant oils as potential control agents for



179

Varroa mites (Acari, Varroidae) in honey bee colonies (Hymenoplera.
-Apidae). (Am. Bee J. 138, 681-683). '

YATAGAI M., T, OHIRA and K. NAKASHIMA (1998): Composition. miticidal
activity and growth regulation effect on radish seeds of extracts {rom
Melaleuca species. (Biochemical Systematics and Fcology 26: 713-722).





