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Abstract

Essential oils were extracted from four West African plant species [Tagetes minuta (Family
Compositae), Hyptis suaveolens (Family Labiatae), white basil Ocimum canum (Family Labiatae), and
sweet basil O. basilicum (Family Labiatae)] by steam distillation. The oil of the pepper Piper guineense
(Family Piperaceae), was extracted from the fruits by hydro distillation and ethanol extraction. Mixed
essential oil and total ethanol extract was used. Kaolin powder (clay) was mixed (aromatized) with these
di�erent oils. Cowpea weevils were reared on chickpeas and newly emerged males and females were
deposited on uninfested seeds. Bioassays, i.e. fumigation with pure essential oils and aromatized kaolin
powders, were carried out on adults and eggs. Twenty four hours after fumigation, 99 and 0% adult
mortality were observed, respectively, as the result of treatments with Ocimum basilicum and the control.
The application of powders aromatized with the same oils to weevil pairs resulted in a complete lack of
oviposition, whereas 31, 56 and 76 eggs were laid in the controls after 24, 48 and 72 h, respectively.
Application of aromatized powders did not have a signi®cant e�ect on egg hatching (50 out of 110 with
O. canum, 100 out of 115 with O. basilicum and 100 out of 130 in the control sample) but did have a
signi®cant impact on adult emergence: 0% for the two treatments compared with 100% in the controls.
Our results suggest that plants of the genus Ocimum can be used as an alternative to synthetic
insecticides. 7 2000 Elsevier Science Ltd. All rights reserved.

Keywords: Cowpea; Bruchidae; Essential oils; Kaolin; Fumigation; Plant-based insecticide

Journal of Stored Products Research 36 (2000) 355±364

0022-474X/00/$ - see front matter 7 2000 Elsevier Science Ltd. All rights reserved.
PII: S0022-474X(99)00055-7

www.elsevier.com/locate/jspr

* Corresponding author. Tel.: +450-346-4494, ext. 202; fax: 450-346-7740.
E-mail address: vincentch@em.agr.ca (C. Vincent).



1. Introduction

Peas, including cowpea, Vigna unguiculata (L.) Walp. [Leguminosae], are an important
staple in the tropics and subtropics (Rajapakse and van Emden, 1997). A key pest of
cowpea is the cowpea weevil, Callosobruchus maculatus (F.), a bruchid that infests both
pods in the ®eld and seeds in storage (Stoll, 1988). According to Singh et al. (1978),
100% of cowpea seeds are infested after 3±5 months of storage in West Africa. Tanzubil
(1991) found that this insect can damage 100% of stored seeds causing weight losses of
up to 60%. After six months of storage, losses in terms of perforated seeds can reach
90% (Seck et al., 1991). Annual losses of cowpeas in Nigeria due to C. maculatus have
been estimated at 2900 tons (dry weight) (Caswell, 1973).
Synthetic insecticides are expensive for subsistence farmers and they may pose potential risks

owing to the lack of adequate technical knowledge related to their safe use. One alternative to
synthetic insecticides is insecticidal plants; Africans farmers are traditionally familiar with them
(Thiam and Ducommun, 1993). Oils extracted from plants have been extensively used in tropical
countries for crop protection (e.g. Singh et al., 1978; DabireÂ , 1993; Rajapakse and van Emden,
1997). The tropical ¯ora is a major source of plant-based insecticides (Arnason et al., 1989).
Aromatic species, particularly those in the family Labiatae (or Lamiaceae), are among the most
widely used plants in insect pest control (Lambert et al., 1985; Morton, 1981; Shaaya et al.,
1997; Lawrence, 1988). Among the most common species of Ocimum (Labiatae) in West Africa
are Ocimum basilicum L. (sweet basil) and Ocimum canum Sims. (white basil) (Berhaut, 1975).
Essential oils are volatile secondary metabolites that plants produce for their own needs

other than nutrition (i.e. protectant or attractant). In general they are complex mixtures
of organic compounds that give characteristic odour and ¯avour to the plants. The
essential oil composition of O. basilicum varies depending on the environment and the
chemotype. For example, samples from Fiji (Brophy and Jogia, 1986) have an essential oil
content of 0.2%, with 32 chemical components, including linalool (22.3%), methyl eugenol
(24.7%) and (E)-methyl cinnamate (23.6%). Pino et al. (1994) found that samples from
Cuba have an essential oil content of 1.9±2.5% and 30 chemical components, including
methyl chavicol (66.8%), 1,8-cineol (5.4%) and linalool (5%), whereas samples from
Burkina Faso (BeÂ langer et al., 1995) have an essential oil content of 0.7±1.8% with 25
chemical components, predominantly 1,8-cineol (60.2%), a-terpineol (6.5%) and b-pinene
(5.7%).
Mineral powders and sand have also been used successfully to control insect populations in

stored products (Subramanyam et al., 1994; Banks and Fields, 1995). Pure kaolin, i.e. ®nely
powdered clay, is recognized by some traditional societies for its ability to control insect
populations. The use of such powders, aromatized with essential oils, has a twofold advantage
due to the combined e�ects of mechanical action, blocking the insects' articulations, ®lling
intergranular spaces at high dosages, and chemical action, acting primarily on glandular cells
(Ramaswamy et al., 1995).
Our study aimed at developing insecticides using materials (i.e. plants and soil) that are

economical, safe and locally available in West Africa with C. maculatus as a target. Kaolin
powder aromatized with essential oils was used as an insecticide carrier for the ®rst time
against this pest.
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2. Materials and methods

2.1. Plant material

The plant material was purchased at markets in Conakry or harvested and identi®ed (by the
authors) in natural stands across Guinea (voucher specimens were deposited in the herbarium
of the Environment Study and Research Center, University of Conakry-Guinea). The ®ve
species studied were Ocimum basilicum L., Ocimum canum Sims., Tagetes minuta (L.), Hyptis
suaveolens (Poit.) and Piper guineense (Schum and Thon). The essential oils of the ®rst four
species were extracted by steam distillation and oils from P. guineense fruits by ethanol
extraction. The oils were collected in sealed glass containers and refrigerated in the dark at 48C
until their use.

2.2. Distillation procedure

Leafy branches of each plant of the ®rst four species were gathered and dried in the shade.
Samples were dried, weighed and extracted gradually to reach the maximum yield, in terms of
essential oil, of each species. Essential oil was obtained by water vapour extraction using a
pressure cooker heated by an electric plate. Vinyl (i.e. ¯exible) tubing was used to facilitate
system cleaning and handling. The vinyl tubing was thick enough (3 mm) to resist several
hours at about 1108C. The oil of the pepper Piper guineense was extracted from the fruits. 500 g
of fruits was hydro distillated using the same alembic system. Fruits were then placed in 1 l of
ethanol 70% at local temperature (about 278C) for 3 days. The ethanol was evaporated, after
®ltration through Whatman paper No. 1, under vacuum. Finally, essential oil and ethanolic
extract were mixed.
During steam distillation, samples were dried, weighed and extracted gradually to reach the

maximum yield, in terms of essential oil, of each species.

2.3. Chromatography procedures

The essential oil was analysed by gas phase chromatography using a Varian model 8000
autosampler instrument ®tted with Polar SPB-12 [Supelco (Bellefonte, PA, USA) 30 m �
0.25 mm ID, 0.25 mm ®lm thickness, oven temp. max. 3208C] and Apolar RTX-WAX
[Chromatographic Specialities Inc. (Brockville, Ont., Canada) 30 m � 0.25 mm ID, 0.25 mm
®lm thickness, oven temp. max. 2508C] columns. Detector temperature was 2508C and injector
port temperature 2308C. The gases used were: helium carrier gas with a 1.5 ml/min ¯ow rate,
gas make up at 30 ml/min, gas at the hydrogen detector was 30 ml/min and air was at 250 ml/
min together with the split injectors at 30 ml/min. The pressure in the column was 2.9 kPa.

2.4. Entomological techniques

The insects were reared on chickpeas bought in Canada to avoid the presence of pre-infested
grains. The cowpea weevils were isolated with a modi®ed technique based on that of Bandara
and Saxena (1995) with a cranked clear-glass pipette (1 cm diameter) that allowed the cowpea
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weevils to move from the stock to an empty container. The ®rst polypropylene container (the
larger of the two) contained the infested stock; the second container was empty and had a
perforated lid covered with a piece of ®ne steel gauze. A polyethylene tube ran from the
bottom of the second to the lid of the ®rst. The apparatus was placed on a table, with the
second container under a light source. The cowpea weevils migrated in large numbers from the
stock to the empty container and were unable to go back. A stream of 75% CO2 was used for
about 30 s to anaesthetize the cowpea weevils for the purpose of the bioassays (Dawson, 1995).
To obtain newly emerged cowpea weevils of the same generation, the infested stock was passed
under a CO2 stream and passed through a sieve to separate the seeds from the cowpea weevils.
The seeds were returned to 500 ml glass containers to allow emergence at 30 2 18C and a
relative humidity of 70210%. Newly emerged adults were used for the tests. Insect eggs were
counted using a laboratory microscope. Small forceps to manipulate grains and a needle were
used to standardize the number of eggs across treatments.

2.5. Preparation of the kaolin powder

Dry lumps of kaolin purchased in the markets of Conakry were re®ned and puri®ed. The
lumps were crushed in boiling distilled water and then homogenized. The preparation was left
to cool at 298C. It was then ®ltered through a 53 mm mesh sieve, a piece of 45 mm ®ne steel
gauze and a piece of cotton fabric (25 mm of ®ne-knit). The resulting suspension, called ``kaolin
milk'', was left undisturbed for 3 days and protected from dust with a ®ne steel gauze. The
particulates were recovered by draining o� the water and they were placed in the sun to dry
(still under the steel gauze). The dried material was crushed in a porcelain mortar and the
powder was sifted (53 mm mesh) and stored in a container away from moisture.

2.6. Aromatization of the kaolin powder with essential oils

The kaolin stock was placed under vacuum in a Pyrex desiccator with calcium sulphate
pellets for about 1 h. For each plant extract 2 g of kaolin were transferred to a 100 ml ¯ask
and 250 mg of essential oil in 5 ml of pentane were added. The mixture was shaken with a
vortex mixer. Pentane was then evaporated away using a rotary evaporator. Aromatized
powder was kept in coloured vials (to prevent photodegradation) tightly closed using
aluminium foil under a cap (to exclude moisture).

2.7. Bioassay procedures

2.7.1. Fumigation
Glass vials (6.5 cm long by 1.7 cm in diameter), capped with polypropylene stoppers, were

used for the bioassays. Cowpea weevils were transferred to the vials in groups of 10 adults.
The vials were covered with ®ne steel gauze secured with adhesive tape. For each oil type, 40 ml
of oil was placed in similar vials. The vials containing the insects were then turned upside
down over the vials containing the oil such that the oil vapours saturated the atmosphere of
the containers containing the cowpea weevils. The control consisted of a similar setup but
without essential oil. This procedure was replicated 10 times for the ®ve plant species. The vials
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were placed at 30218C with a photoperiod of 16 h light/8 h dark. Mortality counts were made
12, 24 and 48 h after treatment. Another bioassay was done using only O. basilicum at three
concentrations (i.e. 10, 40 and 90 ml). Ten adults were used per concentration and the
experiment was replicated nine times. Controls consisted of empty vials. Mortality counts were
made at 24, 48 and 72 h.

2.7.2. Dusting with powder
The e�ect of dust on adult longevity and egg laying was investigated. Newly emerged male

and female adults (i.e. a pair of bruchids sexed according to Bandara and Saxena (1995)) were
placed in a tube on two uninfested chickpeas. Then 0.5 g of aromatized powder with an
essential oil in stock formulation (1 g of kaolin powder+150 ml of essential oil) was applied by
rolling the tube in all directions to cover the seeds and insects with the powder. Two types of
control were done i.e. (1) insects without powder and (2) insects dusted with non-aromatized
kaolin. This experiment was repeated 10 times (i.e. 10 replicates). Egg number and adult
mortality were assessed 24, 48 and 72 h after the treatment.

2.8. E�ect of dust on egg hatching and adult emergence

Newly emerged male and female adults were placed on uninfested chick peas. After 48 h, the
insects were removed and the numbers of eggs per seed were counted. The number of eggs in
each of the 10 replicates was standardized to 10 with forceps. Powdering treatment (0.5 g of
above stock per ten eggs, i.e. replicate) and controls were done as described in the previous
section i.e. 10 eggs/replicate � 10 replicates. We assessed the number of hatched eggs 7 days
later and the emergence of adults 30 days after dusting.

2.9. Data analysis

The variables (i.e. % adult mortality and number of eggs laid) were analysed with a one-way
ANOVA followed by Sche�eÂ 's tests to compare e�ects among treatments (SPSS for Windows
7.0, 1995).

3. Results and discussion

The 5 kg of raw kaolin yielded 2.3 kg of re®ned powder, the remainder being sand with
some calcareous debris (approximately 2.5 kg) and other plant debris (0.2 kg). The ``kaolin
milk'' had a pH of 7.01.
Essential oil vapours (by fumigation) of Ocimum caused the highest (i.e. 94%) mortality

followed by P. guineense, T. minuta and H. suaveolens in that order. Adult mortality in the
control was 0% (Fig. 1). There were signi®cant di�erences (P < 0.05 level) between responses
at 12 (F=250.5), 24 (F=330.0) and 48 h (F=259.3). There were no signi®cant di�erences (P
e0.05 level, Sche�eÂ test) between H. suaveolens and O. basilicum (12±48 h); O. canum (12±24 h)
and (12±48 h); P. guineense and T. minuta (12±24 h); (12±48 h) and (24±48 h).
Fewer eggs were laid on average after treatment with O. canum (0.6 eggs) and O. basilicum
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(0.8 eggs) in comparison with 14 eggs (P. guineense ), 15.2 eggs (H. suaveolens ), 17 eggs
(T. minuta ), 37 eggs with the kaolin control and 55 eggs with blank control (Fig. 2). There
were signi®cant di�erences (P < 0.05 level, Sche�eÂ test) between Ocimum and all other
treatments including the controls. Pure kaolin alone a�ected egg laying because there were
signi®cant di�erences between control and treatment with kaolin, but in combination with
essential oils of some species of plants, especially those of the Ocimum genus, the e�ect was
much greater.
The kaolin powders aromatized with the essential oils of Ocimum dusted directly onto the

adults had a very signi®cant e�ect with 100% adult mortality in 48 h (Fig. 3). At the same
time, T. minuta caused 62% and P. guineense 48% mortality. There were no signi®cant
di�erences between control and kaolin, control and Hyptis, kaolin and Hyptis.
With the essential oil of O. basilicum, at a concentration of 90 ml, 96% mortality was

observed after 48 h, compared with 4% in the control. Regardless of exposure duration,
there were signi®cant di�erences (P < 0.05) between most of the treatments with mortality
increasing with doses (Table 1). Essential oils of H. suaveolens and T. minuta exerted greater
ovicidal activity and the oils of all plant species had a signi®cant e�ect on adult emergence
(Table 2).

Fig. 1. Callosobruchus maculatus adult mortality when fumigated for 12, 24 and 48 h using 40 ml of essential oil of
each of ®ve species of plants (n=10 adults/replicate� 10 replicates).

S.M. KeÂõÈta et al. / Journal of Stored Products Research 36 (2000) 355±364360



Fig. 2. Number of eggs laid by bruchids after 24, 48 and 72 h (n=10 pairs/replicate� 10 replicates).

Table 1
Percentage mortality (2standard deviation) of adult cowpea weevils fumigated with essential oil of Ocimum

basilicum L. (n=10 insects/replicate� 9 replicates)

Essential oil doses (ml)

0 10 40 90

Duration (h) of exposure to oil Mortality

24 020.0a� 43.328.7a 71.123.1b 94.427.3d

48 4.420.73a 61.129.3b 83.3212.2c 95.625.3d

72 14.421.13b 67.826.7b 93.327.1c 98.923.3d

�Means in columns with the same letters are not signi®cantly di�erent at the 5% level by the Sche�eÂ test.
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Fig. 3. Bruchid mortality after applying kaolin powder aromatized with di�erent plant essential oils after 12, 24 and
48 h (n=10 adults/replicate� 10 replicates).

Table 2
Egg hatch and adult emergence after application of kaolin powder aromatized with essential oils (150 ml/g) of ®ve
plants and adult emergence (n=10 insects/replicate� 10 replicates)

Treatment Number of eggs
treated

Number of eggs hatched
after 5 days

Average % of adult emergence
after 30 days

Tagetes minuta 111 0 0
Hyptis suaveolens 120 0 0
Ocimum canum 112 53 0

Ocimum basilicum 116 101 0
Piper guineense 141 25 0
Control 1 (without kaolin) 132 102 99.8
Control 2 (kaolin) 153 101 79.7
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4. Conclusions

Two advantages of using kaolin as a carrier for essential oils are that it is cost-e�ective and
the application of the insecticide is easy. The use of essential oils in combination with a non-
toxic mineral powder to protect cowpea stocks should provide farmers with a natural
insecticide that is compatible with their culture. The advantage of this formulation is that it
can be prepared on site with local materials. Furthermore, most of these oils (except those
from Tagetes minuta and Hyptis suaveolens ) are believed to be innocuous to humans as they
have been traditionally used for decades as food ingredients by the people of Guinea.
Moreover, farmers could become involved in the manufacture of such insecticides. While oil
used alone can e�ectively protect cowpeas from cowpea weevils, it can leave a persistent odor
that can be unpleasant when eating the seeds (Pierrard, 1986). The use of kaolin as a support
for such oils eliminates that adverse e�ect and also exerts a mechanical e�ect on the pests.
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