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ABSTRACT

Volatile oils play an important role as natural insecticides for protection of stored food products. Members of the Myrtaceae have been
used traditionally as insecticides and insect repellents. In this work we have examined the chemical composition of Eugenia javanica leaf
oil, which was obtained in 0.63% yield, and the activity of the oil as a contact insecticide against the maize weevil, Sitophilus zeamais. E.
Jjavanica leaf oil was composed largely of o-terpineol (14.1%), terpinen-4-ol (7.2%), (E)-caryophyllene (6.6%), a-cadinol (12.2%),
caryophyllene oxide (9.6) and 1-epi-cubenol (6.0%). The oil showed notable contact toxicity to S. zeamais (100% mortality after 96 h).
The insecticidal activity of E. javanica oil is likely due to relatively high concentrations of known insecticidal components o-terpineol,
terpinen-4-ol, and caryophyllene oxide, and is consistent with the traditional use of this plant family as an insecticide and insect repellant.
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INTRODUCTION

The maize weevil, Sitophilus zeamais (Motschulsky) is a
serious insect pest of stored grains throughout the world
(Rees 2008). Current control protocols involve the use of
fumigants such as methyl bromide or synthetic insecticides
such as organochlorines and organophosphates. Subsis-
tence farmers have utilized aromatic plants and essential
oils to both protect stored food products from insect pests,
and represent effective alternatives to environmentally ad-
verse synthetic pesticides (Regnault-Roger et al. 2012). The
rose apple (Eugenia javanica Lam., Myrtaceae) is indige-
nous to the East Indies and Malaya and is cultivated and
naturalized in many parts of India, Southeast Asia and the
Pacific Islands. This exotic fruit is very popular in Thailand.
Its plantation in Thailand covers an area of 9,634 hectares,
producing rose apple fruit with a market value of 31.5
million US $§ (Department of Agricultural Extension 2003).
Rose apple is a rich source of vitamins and minerals with
the most popular variety being ‘Thongsamsri’ (Tungjatu-
pohn 2000). Members of the Myrtaceae, e.g., Eugenia aro-
matica syn. Syzygium aromaticum and Eucalyptus spp.
(Maia and Moore 2011; Pohlit ef al. 2011), are still exten-
sively used in the traditional way throughout the com-
munities in the tropics as insect repellent against mos-
quitoes (Barnard 1999). In our search for viable alternatives
to synthetic pesticides, we have examined the leaf essential

oil of E. javanica for insecticidal activity against S. zeamais.

MATERIALS AND METHODS
Plant material
Fresh samples of Fugenia javanica leaves were collected from a

single vegetative plant (about 15 years of age) in September, 2011,
from Alimosho, Lagos state, Nigeria. The plant was taxonomically

identified and authenticated at the Herbarium of the Department of
Botany of the University of Lagos with a voucher specimen num-
ber LUH 4200. A sample (500 g) of E. javanica was subjected to
hydrodistillation in a Clevenger-type apparatus (British Pharmaco-
poeia 1980) for 4 h. The yield of oil was 0.63% on a fresh weight
basis. The oil was dried over anhydrous sodium sulfate and stored
in a sealed vial under refrigeration prior to analysis.

Gas chromatographic — mass spectral analysis

The volatile oil sample was subjected to GC-MS analysis on an
Agilent system consisting of an Agilent model 6890 gas chroma-
tograph, an Agilent 5973 mass selective detector (EIMS, electron
energy = 70 eV, scan range = 45-400 amu, and scan rate = 3.99
scans/sec) and an Agilent Chemstation data system. The GC
column was a HP-5ms fused silica capillary with a (5% phenyl)-
methyl polysiloxane stationary phase, film thickness 0.25 um,
length 30 m, and internal diameter of 0.25 mm. The carrier gas
was helium with a column head pressure of 7.07 psi and a flow
rate of 1.0 mL/min. Inlet temperature was 200°C and MSD detec-
tor temperature was 280°C. The GC oven temperature program
was used as follows: 40°C initial temperature, hold for 10 min,
increased at 3°C/min to 200°C, increased 2°C/min to 220°C. The
sample was dissolved in dichloromethane and a splitless injection
technique was used. Identification of the constituents of the vola-
tile oil was achieved based on their retention data (retention indi-
ces) determined with reference to C;,-C4g n-alkane homologous
series, and by comparison of their mass spectral fragmentation
patterns with those reported in the literature (Adams 2007) and
stored on the MS library [NIST database (G1036A, revision
D.01.00) / ChemStation data system (G1701CA, version
C.00.01.08)]. The chemical composition of E. javanica essential
oil is summarized in Table 1.
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Table 1 Chemical composition of the leaf essential oil of Eugenia javanica from Nigeria.
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RI” Compound % RI Compound %
941 a-Pinene 1.1 1524 5-Cadinene 34
978 B-Pinene 1.0 1526 Zonarene tr
1024 p-Cymene 1.1 1544 a-Calacorene 0.3
1028 Limonene 0.3 1570 Caryolan-8-ol 0.5
1058 y-Terpinene 1.3 1574 Spathulenol 0.1
1088 Terpinolene 0.3 1583 Caryophyllene oxide 9.6
1100 Linalool 0.7 1586 Gleenol 0.9
1112 endo-Fenchol 2.6 1594 Cubeban-11-ol 0.6
1144 neo-Isopulegol 0.6 1602 Rosifoliol 0.6
1146 Camphene hydrate 0.5 1610 Humulene epoxide 11 0.4
1176 Terpinen-4-ol 7.2 1613 Unidentified 2.7
1189 a-Terpineol 14.1 1615 1,10-di-epi-Cubenol 0.7
1227 Citronellol 0.3 1616 Unidentified 0.6
1353 Citronellyl acetate 0.2 1622 Unidentified 1.0
1375 a-Copaene 0.7 1628 1-epi-Cubenol 6.0
1418 (E)-Caryophyllene 6.6 1631 Unidentified 1.9
1453 a-Humulene 0.6 1635 Caryophylla-4(12),8(13)-dien-5-ol 0.4
1476 B-Chamigrene 0.3 1641 1-Cadinol 2.3
1477 y-Muurolene 1.2 1643 Cubenol 2.9
1486 B-Selinene 3.8 1645 a-Muurolol (= Torreyol) 1.4
1494 a-Selinene 42 1650 B-Eudesmol 0.7
1497 Indipone tr® 1653 a-Eudesmol tr
1501 a-Muurolene 0.2 1655 B-Cadinol 12.2
1515 y-Cadinene 0.4 1658 Selin-11-en-4a-ol 1.0
Total Identified 93.4

# RI = “Retention Index” on an HP-5ms column based on a homologous series of n-alkanes.

bt = “trace” (< 0.5%).
Table 2 Insecticidal activity (% mortality) of Eugenia javanica leaf essential oil to Sitophilus zeamais.”
Concentration (%) 24 h 48 h 72 h 96 h 120 h
control 0.0+0.0 0.0+0.0 17.6+0.3 36.8+£0.3 543+0.9
5 33403 6.7+0.3 20.0+£0.3 56.7+0.3 70.0+0.6
10 6.7+0.3 13.3+0.3 30.0+0.0 66.7+0.3 80.0 £0.6
20 13.3+£0.3 16.7+0.3 36.7+0.0 73.3+£0.3 83.3+0.3
50 16.7+0.3 20.0+0.6 63.3+0.3 83.3+0.3 100.0+ 0.0
75 20.0 £ 0.0 30.0+0.5 70.0 +0.6 100.0 +0.0 100.0 £ 0.0
100 30.0+£0.6 53.3+0.9 96.7+0.7 100.0 £ 0.0 100.0 + 0.0

* Averages and standard deviations based on triplicate determinations of10 insects each.

Insecticidal activity

The insecticidal activity of E. javanica essential oil against Sito-
philus zeamais (maize weevil) was investigated. Insects were
obtained from infested maize and cultured in the laboratory for
seven days. Insecticidal activity was determined by treatment of
Whatman No 1 filter paper discs (7 cm diameter) with the oil in
several dilutions (5, 10, 20, 50, 75 and 100%, w/v) in hexane. The
essential oil solution (1 mL) was applied to the filter paper disc;
hexane alone was used as a negative control. The solvent was
allowed to evaporate from the filter paper, which was then placed
into a Petri dish. Ten well-fed live adult S. zeamais were added
and the Petri dish was covered. Control experiments were set up as
described above without the aliquots essential oil. Each treatment
was repeated three times. Insect mortalities were investigated by
observing the recovery of immobilized insects after a 24-h interval
for up to 120 h to monitor the insecticidal activity of the essential
oil, summarized in Table 2.

RESULTS AND DISCUSSION
Essential oil composition

Analysis of E. javanica (Table 1) resulted in the identifica-
tion of 44 components comprising 93.4% of the composi-
tion. The oil was found to be dominated by a-terpineol
(14.1%), terpinen-4-ol (7.2%), (E)-caryophyllene (6.6%), a-
cadinol (12.2%), caryophyllene oxide (9.6) and 1-epi-
cubenol (6.0%). The oil was characterized by the predomi-
nance of oxygenated monoterpenoids (26.2%) and oxyge-
nated sesquiterpenoids (40.4%). Monoterpene and sesqui-
terpene hydrocarbons comprised 5.0% and 21.8% of the E.
Jjavanica oil, respectively. A previous examination of FE.
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Jjavanica from Thailand revealed the leaf oil to be composed
largely of y-terpinene (28.5%), a-pinene (18.2%), and p-
cymene (13.7%) (Suksamrarn and Brophy 1987). Thus, E.
Jjavanica from Nigeria is a completely different chemotype.

Insecticidal activity

The insecticidal bioassay (Table 2) of the volatile oil of E.
Jjavanica against S. zeamais (maize weevil) showed that the
activity of the oil was both dose dependent and exposure
dependent. Thus, 75% of the essential oil gave 73.3% mor-
tality after 72 h and 100% mortality after 96 h of exposure,
while a dose of 100% of the oil gave 100% mortality after
96 h. Therefore, E. javanica essential oil may be considered
to be a useful alternative to synthetic insecticides.

Essential oils and essential oil components have shown
insecticidal activity against Sitophilus zeamais (Chu et al.
2010; Kerdchoechuen et al. 2010; Liu ef al. 2010; Mendesil
et al. 2012). Both terpinen-4-ol and o-terpineol have shown
insecticidal activity against Sifophilus oryzae (Lee et al.
2001) and Sitophilus granarius (Kordali et al. 2006). In
addition, caryophyllene oxide, but not (£)-caryophyllene,
has demonstrated larvicidal activity toward Aedes aegypti
(Silva et al. 2008). (E)-Caryophyllene was also inactive
against the human head louse, Pediculushumanus capitis
(Yang et al. 1009), but did exhibit some activity against
adult mosquitoes Anopheles tessellatus and Culex quinque-
fasciatus (Samaraskera et al. 2008). The concentrations of
terpinen-4-ol, o-terpineol, and caryophyllene oxide in the
essential oil of E. javanica along with the previously de-
monstrated insecticidal activities of these compounds, sug-
gest that they contribute to the insecticidal activity of E.
Jjavanica oil.
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