
Introduction
Insects constitute 85% of all the known animal species
(Richards and Davies, 1977), nearly one thousand species of
which are associated with stored products (Banks, 1999);
majority of them belong to Coleoptera (beetles) and
Lepidoptera (moths) (Rees, 2004).

Production of cowpea, Vigna unguiculata, the most widely
consumed and affordable source of protein in the tropics, is
plagued by the field and storage insect pest infestation; some
of them include Aphis cracivora (K). Mealurothrips sjostedti
(T), Maruca virata (testulalis) (Fab), Clavigralla tormento-
sicolis, Riptortus dentipes and Ootheca mutabilis (Singh
et al., 1990; Booker, 1965).

Dry cowpea seeds are infested by field-to-storage insect
pests; damage by one of them i.e., Callosobruchus maculatus
often leads to deterioration both in the quantity and quality
of the produce. Caswell (1981) reported an annual cowpea
damage of 24,000 tonnes due to infestation by C. maculatus.
One hundred percent damage can be recorded within six
months of the storage (Seek, 1993).

The most effective means of controlling this notorious pest is
the use of synthetic insecticides (Obeng-Ofori and Dankwah,
2004; Anyim, 2003), continuous usage of which has produced
some undesirable effects through inhalation of insecticidal
dusts and residues. Apart from the high cost, chemicals also
have adverse effects on non-target micro- and macro-fauna
components of both aquatic and terrestrial ecosystems
(Elhag, 2000).

In a bid to curtail the adverse effects of these synthetic insec-
ticides, the activities of some cheap and environmentally
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friendly botanicals have been evaluated and found effective
(Ogunleye, 2004; Tapondjou, 2002; Keita et al., 2001; Ogunleye,
2000). Linalool is a natural occurring terpene alcohol found as
a major constituent of the essential oils of Citrus sinensis
(Rutaceae) and Occimum basilicum (Lamiaceae) among
others. It is also used by professionals as a flea and cockroach
insecticide (Wikipedia, 2008a).

Plant-derived-oils have been used as repellant and antifeedant
on insect pests by Akou-Edi (1985). According to him, labora-
tory trials in Togo using red corn treated with neem oil at
concentrations of 1, 2, 3, 4 and 5 ml/kg infested with confused
flower beetles and corn weevils showed significant difference
between the treated and untreated samples. Addition of a little
vegetable oil to stored rice or legumes for protection against
stored insect pests has been established by researchers.
Modes of action, appropriate dosage and duration of efficacy
of oils on storage insect pests have been investigated by
various workers (Rahman and Talukder, 2006; Singh, 1993).
Mwaiko (1992) reported that Citrus peel oil extracts was
successfully used as mosquito larvae insecticides. Present
study was made of the oils of ripe and unripe fruits of three
citrus species namely Citrus sinesis, C. paradisi and
C. aurantifolia with reference to their effect on cowpea
bruchid Callosobruchus maculatus.

Materials and Methods
Collection of samples. Seeds of ripe and unripe fruits of
C. sinensis, C. paradisi and C. aurantifolia were collected
from a farm land in Okitipupa local government area of Ondo
State, in western Nigeria. The collected seeds were spread on
the laboratory tables under ambient conditions of temperature
37 °C and humidity 51%, for a period of 3 months for complete
air drying. They were then grinded with a Kenwood blender to
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powder form. Powders, moisture content of which was 13.00%,
were kept separately in glass beakers and labelled appropri-
ately. Temperature of the powders rose sharply to 50 °C during
the process of grinding. They were then kept on the labora-
tory table to assume normal room temperature of 37 °C before
the experiment.

Extraction of oil. Two hundred grams (200 g) of each sample
of the ground seeds were measured in 500 ml conical flasks
separately. To each of these conical flasks were added 450 ml
of petroleum ether and thereafter, the mixture was shaken
thoroughly at regular intervals for 3 days to extract the oil
content of the material. An aluminum foil was used to cover
the conical flasks to avoid evaporation of the solvent. After
3 days, the solution from each container was decanted and
later filtered into separate 250 ml conical flasks. Conical flasks
were left open to allow for escape of the solvents, leaving
behind the oil.

Insect culture. Pure culture of Callosobruchus maculatus
was maintained in the laboratory. Clean uninfested seeds of
brown cowpea were kept in kilner-jar like container. Twenty
randomly selected species of C. maculatus were introduced
into the cowpea containers and left on the laboratory table
under ambient environmental conditions of 32 °C and 60%
relative humidity (RH). The insects multiplied in the contai-
ners within six weeks. All the insects used for this experiment
were taken from these containers.

Bioassays. Fifty grams (50 g) of cowpea seeds were measured
separately into kilner-jars with a Metler balance. The extracted
oils were added separately to the jar in the quantities of 0.5 ml,
1.0 ml and 1.5 ml with the aid of hypodermic syringe. The
experiment was replicated 3 times. The oil was properly mixed
with the cowpea seeds by shaking the containers vigorously
to ensure its even distribution on the seeds.

Twenty (20) newly emerged adults of C. maculatus (without
sexing) were introduced into each kilner-jar with treated
and also in untreated (control) cowpea containers. Insect
mortality was noted every 24 h for a period of 3 days.

Statistical analysis. All the data were subjected to analysis
of variance and means were separated using Fisher’s least
significant difference (LSD) at 5% level of significance
(Wikipedia, 2008b).

Results and Discussion
Results of the effect of different doses of seed oil from the
ripe and unripe fruits of Citrus sinensis on C. maculatus, for
3 days are given in Table 1.

At 0.5 ml dose of the seed oil application, mortality rate of
C. maculatus ranged from 85% to 100% during 3 days. At
1.0 ml dose, mortality was 93.8% on the first day and 100% on
the second day. The highest dose of 1.5 ml resulted in 100%
mortality within 24 h, post application. Gradual increase in the
effectiveness of the oil, with increase in the rate of application,
corroborates the findings of Akou-Edi (1985) that the effect of
plant-derived oil increased at higher concentration. Mortality
rate for the control was 0% on the first day and 1.25% on the
second and the third day. In the case of application of oil of
unripe fruits, at the doses of 0.5 ml, 75%, 88.8% and 100%
mortality was obtained on 3 consecutive days. At 1.0 ml dose,
insect mortality reached its peak on the second day and at
1.5 ml dose after 24 h of application.

Statistical analysis revealed that there were significant diffe-
rences between the treatments and the control at 5% level of
probability using Fisher’s least significant difference. This
indicates effectiveness of the test materials even at the lowest
rate.

Ortuno et al. (2006) reported that the level of heptamethoxy
flavone is high in C. sinensis which in vitro acted as the defense
mechanism of Citrus sp., against the fungus, Penicillium
digitatum.

Table 2 presents the percentage mortality of C. maculatus
treated with ripe and unripe Citrus aurantifolia seed oil.
Mortality ranged from 75.0% - 100% for the least dosage of the
ripe fruit oil from the 1st to the 3rd day. At higher application
rates, mortality increased with increase in dosage. In the
present experiment involving unripe C. aurantifolia, all the
doses of seed oil produced 100% mortality from the 1st day to
the 3rd day except the smallest dose which produced insect
mortality of 75% and 92.5 on the 1st and the 2nd day and 95% at
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Table 1. Effect of the seed oil of ripe and unripe C. sinensis on
C. maculatus
Treatment           Mean percentage mortality

(Days)

1 2 3
Ripe C. sinensis

0.5 ml 85±4.1a 87.5±8.5a 100±0a

1.0 ml 93.8±2.5a 100±0a 100±0a

1.5 ml 100±0a 100±0a 100±0a

Unripe C. sinensis
0.5 ml 75±4.1a 88.8±8.5a 100±00a

1.0 ml 81.3±2.5 100±00a 100±00a

1.5 ml 100±00a 100±00a 100±00a

Control 0±0b 1.25±0b 1.25±0b

Means followed by the same letters are not significantly different at
5% level using Fisher’s LSD
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1.0 ml dose on the 1st day. The mortality of insects in the
control experiment remained at zero level. C. aurantifolia
oil, at a dosage of 7 ml/kg, caused 100% mortality in adult
C. maculatus after one hour exposure (Don-Pedro, 1996).

Four coumarines were isolated, purified and identified from
C. aurantifolia, which are limonene, bergapten, imperatin
and isopimpinellin (Tasneem, 1995). The effectiveness of
this seed oil might be the result of the presence of these
phytochemicals in species of Citrus. Isman (2000) reported
that plant essential oils were effective in pest and disease
management.

The result of the experiment with C. paradisi is presented in
Table 3. At 0.5 ml application, mortality was between 58.8%,
and 100% during three days. At 1.0 ml application, mortality
was 100% after 48 h while the dose of 1.5 ml resulted in 100%
mortality even after 24 h.

In the case of unripe C. paradisi, except the dose of 0.5 ml,
which produced mortality of 75% and 96.3% on the 1st and the
2nd day, all the other treatments resulted in 100% mortality,
Whereas the control showed none.

C. paradisi is reported to contain the flavonoid, diglycoside,
(Pelt et al., 2003). According to Fenaroli (1995), the main
constituents of the essential oil obtained by cold expression
of the fresh peels of redblush grapefruit (C. paradisi) was
limonene (90%), while 2 to 3% volatile fraction contained
oxygen compound and sesquiterpenes. These findings
were corroborated by the research findings of Njoroge et al.
(2005), according to whom, the volatile constituents of this
oil contained limonene (91.1%), terpene (1.3%) and sesquiter-
pene hydrocarbons (0.4%). This might explain the level of
effectiveness.

There were no significant differences in the level of effective-
ness of the ripe and unripe seed oils of the three Citrus
species. It can also be inferred that the mechanism of action
of these oils is by contact with the body, through preventing
enough oxygen from getting into the internal organs.

Apart from the smallest dosage rate of C. paradisi, all other
doses of seed oil of ripe and unripe fruits of the three plant
species used in the present work were effective against
C. maculatus. Therefore its use against this notorious pest
species is recommended. Furthermore, since the oils are
potent at the dose of 0.1 ml per 50 g of cowpea seeds, farmers
are encouraged to employ this application rate to reduce
costs to the minimum. Oils of either ripe or unripe seeds could
be used. The comparative effectiveness of ripe vis a' vis unripe
seed oils for insecticidal activities has not been reported in
literature.
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