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ABSTRACT. African nutmeg, Monodora myristica (Gaertn.) Dunal, seed was extracted
using: methanol, ethanol, acetone. petroleum-ether. n-hexane or water. The extracts were tested
for insecticidal activity against cowpea seed bruchid, Callosobruchus maculatus (Fab.), at
ambient tropical conditions of temperature and relative humidity. Results showed that steam
distillate caused the highest percentage mortality (92.5 ± 0.80) at 4 days post-treatment
compared to 40.0 ± 0.8 - 68.8 ± 1.0 for other solvents. However, only acetone caused
significantly (P<O.OS) lower mortality. When the bruchids had choice of oviposition substrate,
they laid significantly fewer eggs (18.8 ± 0.8) on cowpea seeds treated with steam distillate
compared to 2: 32.8 ± 1.8 eggs laid on cowpea seeds treated with other solvent extracts.
Significantly lower number of adults emerged from seeds treated with extracts than from
untreated seeds. There was no adult emergence in seeds treated with steam distillate, therefore
suggesting that steam distillate was the most potent of all biopesticide tested for insecticidal
activity on C. maculatus.

INTRODUCTION
The importance of pulses and legumes as

the world's major source of plant protein is
rapidly increasing especially in the tropics
due to population explosion coupled with
food shortages (Ahmed and Aharnad,
1992). Food legumes occupy a prominent
place in the nutrition of Nigerian people
because their edible seeds form a cheap
alternative source of protein diets (Ofuya,
2001). The cowpea seed beetle,
Cal l os o bruch us m acul at us (F.), a
multivoltine, principal storage pest of
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cowpea in tropics, is responsible for about 30-
60% of the storage losses incurred on
cowpeas stored for 3-6 months in Nigeria
(Caswell, 1970). .

A large number of plant-derived substances
exert various physiological and behavioral
activities on stored product insects and
notable among these plants are various spices
and medicinal plants used traditionally for
protecting foodstuffs against insects (Ho et al..
1996). Steam distillates and organic extracts
of different aromatic medicinal plants have
been reported to be effective against several
insect species (Adedire and Ajayi, 2003;
Adedire and Lajide, 2003; Adedire et al.,
2003; Boussaada et aI., 2008; Ho et ot., 1995,
1996; Rahman and Talukder, 2006; Srivasta
and Gupta 2007).

Natural compounds of plant origin are
biodegradable, often of low toxicity and pose
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low danger to the environment if used in
small amounts (Keita et ot.. 2001). There are
encouragements on the use of plant-derived
biopcsticide such as plant powders and oils,
which are relatively cheaper and ecologically
more tolerable than conventional chemical
pesticides. Extraction of active components
in plants could be accomplished using polar
and non-polar organic solvents.

The African nutmeg, Monodora myristica
(Gaertn.) Dunal, is an aromatic seed with
nutmeg-like flavour used to season or tlavour
food. It is also used in native pepper soup and
salad in Nigeria (Adedire et al.. 2003: Ofuya
et al.. 1992). Pomade is made from powdered
seeds fried in oil while the powder is used as
dust for treatment of guinea worm and other
sores (Datziel, 1936). The potency of AI.
myristica powders. crude extracts, and
steam-distilled oil as antibacterial. antifungal
and insecticidal agents have been reported
(Ofuya et al.. 1992: Oparaeke and Dike.
2005: Tatsadjeuet al.. 2003).

This study examines the insecticidal
activities of the various extracts of African
nutmeg using adult mortality. oviposition,
oviposition deterrence. and adult emergence
as indices.

MATERIALS AND METHODS

Insect Culture
The insects used to establish a laboratory

colony of C. macula/lis came from a batch of
infested cowpea purchased at Akurc main
market, Nigeria. Beetles were reared
subsequently by replacement of devoured
and infested cowpea seeds with fresh
uninfested brown cowpea seeds in 2-L Kilner
jars covered with muslin cloth to allow air
circulation. Insect rearing and the
experiments were carried out at ambient
temperature of 28 ± 2 "c and relative
humidity of 75± 5 % RH. One-day-old
teneral adult bruchids were obtained by
sifting the stock culture a day before the
experiment.

Preparation of Plants Extracts
Dry unshelled African nutmeg seeds

obtained from Akure main market, were
dehulled and pulverized to powder in
Binatone electric blender (model: BLG- 400).
The powder was extracted separately in a
soxhlet apparatus using methanol. ethanol,
acetone, petroleum-ether, or n-hexane as
solvent. The solvent was evaporated from the
extract in a rotary vacuum evaporator (model:
Resona type WB) under reduced pressure and
the extract was air dried and kept in a brown
bottle until ready for use. Steam distillate.
from 500 g of the African nutmeg powder, was
obtained using a steam distillation apparatus.

Bioactivity Tests
Contact toxicity
Twenty grammes of cowpea seeds (Ife brown)
which had been disinfested by freezing for 72
h and air-dried for 1-2 h, were placed in 9 ern
inner diameter Petri dishes. rubbed with 0.1
ml of each extract or steam distillate, and air-
dried for 1 h. An untreated control was
included in the experiment for comparison: all
treatments were replicated four times.
Thereafter, 20 C. m ac ul atu s adults
(irrespective of sex) were introduced into the
Petri dishes; the beetles were examined daily
for 4 days and those that did not respond to a
pin probe of the abdomen were considered
dead.

Oviposition and Adult Emergence
Effect of M. myristica seed extracts on C.
m a c u l a t us oviposition and adult
emergence

To 20 g of disinfested brown cowpea was
added an aliquot of 0.1m1 of 0.5% African
nutmeg extract or steam distillate in a 9 em
diameter Petri dish and stirred manually with
a glass rod to ensure uniform coating of seeds.
The seeds were air dried for 1 h before
introducing two copulating pairs of newly
emerged adults. Each treatment was
replicated four times. The number of eggs laid
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per replicate was counted daily until all
female insects died. After 35 days, the
number of adult bruchids that emerged was
counted and recorded.

Oviposition Deterrence: Dual-choice and
Multiple-choice Tests

The method of Adedire and Lajide (1999)
was used to compare extract-treated and
solvent-treated cowpea seeds as substrate for
oviposition by C. maculatus. The extract-,
treated/steam distillate-treated (0.1 1111 ot
0.5% /20g seed) and solvent-treated (0.1
ml/20g seed) seeds were arranged alternately
in a circle in a Petri dish coated with paraffin
wax. Four replicates were set up and two
copulating pairs of C. maculatus were
introduced into each for mating and
oviposition. After 7 days. the number of eggs
laid were counted and recorded.

In multiple-choice test. 20g of disinfested
brown cowpea seeds were treated with
nutmeg extracts or steam distillate as
previously described and air dried for 1 h.
Two copulating pairs of C. maculatus were
introduced into each of the four Petri dishes
and the number of eggs laid were counted
after 7 days and recorded.

Statistical Analysis
The data generated were subjected to

analysis of variance (ANOYA). Where
significant differences existed. means were
separated by Tukey's test.

RESULTS

Contact Toxicity
Toxicitv of the African nutmeg seed

extracts/oil distillate to adult bruchids is
presented in Table 1. The steam distillate
extract caused .58.8 ~'omortality which was
significantly higher (P<0.05) than the
mortality in other treatments (7.5-23.8 %) at
day 1 post-treatment. The latter mortality

Table 1. Effect of Monodora myristica seed
extracts/steam distillate on mortality of adult
Callosobruchus maculatus,

Extract
IlmlofO.5%
v/w]

'x Mortality (at indicated days posurcatmcnu"

2 3 4

Methanol
Ethanol

2~.)' "1 1.3 :11.Y' + IS 42.)"11 + I.S

2:;.~' + 2.0 3::-:.X" , 2.3 .~2.5"1' -I- ~.]

-;5'~ 1.0 12.5"1' ... 08 25.01\1 + 0.8
I:,(f~0.8 31.3,,1> :;: 1.0 -IS.d' +- 1.3

lof n..' ., IJ:l1,, I.] -Is.if j: 1.0-
::I.U 751)' ~.{J X2.S , I.X5X.,'

3Jr'+O.5 G.];! + 0.3 u.r j:0.5 23.8"'" 0.8

5X.SH + 2.5
(lI.Y"" ·t· 3.0

Acetone
Petroleum-ether
Ile.\~II1t:

Stcmu distillate

400'" ~ 0.8
600"b'~. 1.3
bR.R" c: 1.0
92.S" i n H

Untreated

"Each value is the mean of four replicates:
means in each column toilowcd by the same lcttcrts)
are not significantly different at 5~o level of probability
by Tukey' s test

values were not significantly different
(P>0.05) different from mortality in c0n.tr~l. At
day 2 post-treatment the steam distillate
ca~lsed 75% mortality which differed
significantly (P<0.05) from values for other
treatments (12.5-3 8.SCYo).At days 3 and 4 post-
treatment the steam distillate again caused the
highest mortality (82.5 and 92.5 %,
respectively). Whereas all other solvents
caused significantly lower mortalities at day 3
(25.0-45.0%), at day 4 only acetone gave
significantly lower mortality (40.0%).

Effect on Bruchid Oviposition and
Emergence

Table 2 shows the effect of different solvent
extracts of African nutmeg seeds on
oviposition and subsequent emergence of C
m acul atus adults. The untreated seeds
(control) had significantly (P<0.05) l:igher
number of eggs than the seeds treated WIthM.
tnyristica extracted with solvents (32.8-45.0)
or with the steam distillate (18.8). This itself
was significantly lower than the values for the
solvent extract. No adult insect emerged from
the cowpea seeds with the steam distillate
while seeds treated with solvent extracts had
low adult emergence (6.2-22.0%) whereas
emergence from untreated seeds (54.7% ) was
significantly higher than emergence in all
other treatments.
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Ta ble 2. Effect of Monodora myristica seed
extracts/steam distillate on oviposition and
emergence of Callosobruchus maculatus adults.

Extract Mean number of r: Adult emergence'
[ I rnl of ().5'~/o v/w] eggs laid"
Methanol 34.5 ' + 1.8 14.8" + 1.0
Ethanol 44.0' +-2.0 8.2"b +-1.8
Acetone 45.0' + 2.3 [07b + L3
Peuolcum-cther 39.8b'-+ 3.0 6.2"b +-1.8
Hexane 328b+-18 22(f+ 28
Steam distillate 18.8a ± 0.8 0.0' ± 00
Untreated 62.0d + 4.8 54.!!' + 6.5

"Each value is the mean offour replicates: means followed
by the same letter(s) are not significantly different at 5% level
of probability by Tukey's test.

Oviposition Deterrence: Dual-choice and
Multiple-choice Contradiction Tests
C maculatus laid fewer number of eggs on

seeds treated with extracts/steam distillate
compared to the solvent-treated seeds among
which acetone was the least effective
(Table3). In the multiple-choice tests,
untreated seeds had significantly (P<0.05)
higher number of eggs than treated seeds.
Among the latter, the steam distillate had

Table 3. Oviposition deterrent effect of Monodora
myristica extracts/steam distillate on female
Callosobruchus macula/lis in dual-choice test.

Extract [I ml Number of eggs laid on
0[0.5% v.w] Extract-treated/steam Solvent-treated seeds;' T =value''

disrillnte-rrentcd seeds ~

Methanol
Ethanol
Acetone
Petroleum ..

2.752:.0.75 9_00 ~ 0.50
3.75+ 1.00 10.00,1.00
5.00:!: 0.50 u .25 ± 0.75
3.25 + 1.25 ~.O() + 1.50

0.0003
O.OOOR"
0.0009"
0.0]91"

ether
Hexane ~.OO~ 125
Stearn distillate 0.75:;- 0.50

o.ous"
0.03348"

7.75:·1.25
5.00 ,175

a Each value is the mean of four replicates.
"t,=O.OI.

Table 4. Oviposition deterrent effect of Monodora
myristica seed extracts/steam distillate on female
Callosobrucltus maculatus in multiple-choice test.

Methanol 40,b + 1.0
Ethanol 7 0" + 1.5
Acetone 7.3b:;: 1.3
Petroleum-ether 5.O,b+ 1.8
Hexane 38'"! 1.8
Stearn distillare 0.5" + OJ
Untreated 14.5' + 1.0

'Each value is a mean of four replicates ± standard error
of the mean: means followed by the same lcucrts) arc 1101

significantly different at 5% level of probability by
Tukey's test.

fewer eggs than other treatments (Table 4).
Cowpea seeds treated with acetone extracts
were the most preferred for oviposition
followed by those treated with ethanol.

DISCUSSION

Previous studies by Adedire (2002) and
Adedire et al. (2003) have shown insecticidal
activity in M tenufolia L. and M fragans
Houtt., close relatives ofM monodora. In the
present study, the steam distillate of M
monodora seeds was the most toxic to adult
bruchids (>90% mortality at 4 days post-
treatment). The efficacy may be ascribed to its
high volatility, high concentration of essential
oils, monoterpenes and other active
ingredients which have characteristic
distinctive pungent odours (Adedire et al.,
2003; Boeke et al., 2001). Ourresults showing
greater effectiveness of non-polar extracts
over polar extracts are in agreement with those
obtained by Ho et al. (1994, 1995) in studies
with clove and star anise for controlling
Tribolium castaneum Herbst. and Sitophilus
zeamais Motschulsky. The acetone extract
was the least effective of all treatments
apparently because polarity of acetone is
intermediate between polar (methanol,
ethanol) and non polar (hexane, petroleum
ether) solvents and it may not be able to extract
all of the polar or the non-polar constituents of
powdered M myristic a seeds. Mohrig (1999)
and Su (1989) have similarly reported
ineffectiveness of acetone as solvent. Acetone
extracts ofM. fragnans has also been shown to
be less effective against C. maculatus,
Lasiodertna serricorne Fab., and T confusum
Jac. Du Val. though they were found to be
moderately toxic and strongly repellent to S.
oryzae L. (Su, 1989).

Powders and crude ether extracts of M
myristica have been reported to be effective
grain protectants against C. maculatus (Ofuya
et al., 1992: Oparaeke and Dike, 2005).
Powders and volatile oil of M. tnyristica
contain some active principles which have
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insecticidal properties, repellent, and
antifcedant activity (Onyenckwc et al., 1993:
Oparaeke and Dike, 2005). Adults, eggs, and
larvae of C maculatus treated with M.
tenuifolia oil were suffocated as a result of
volatile components in the oil (Adedire et al..
2003). Steam distilled oil of garlic was
effective in killing adult T castaneum after
24 h but did not prevent oviposition by insect
(Ho et al., 1996). There were reductions in
oviposition of C. tnaculatus on seeds treated
with powders of LV£. myristica at high
concentrations compared with onion bulb
powders (Oparaeke and Dike, 2005). The
powder, extracts, and oil of aromatic
medicinal plants have been shown to reduce
oviposition and adult emergence of C
maculatus and C. chincnsis (Adcdire, 2002:
Rahman and Talukder, 2006; Srivasta and
Gupta, 2007).

In this study, no adult emerged from steam
distillate of nutmeg seeds apparently because
the oil prevented egg hatch: the hexane
e xtracts significan tly red uced adult
emergence. Emergence of C maculatus
adults from cowpea seeds treated with .H
myr istica and M. ten u ifol i a at 1011"

concentrations has been shown to be higher
compared to emergence at higher
concentrations (Adedire et al.. 2003:
Oparaeke and Dike, 2005). Reduction in
oviposition and progeny development may
be due to early mortality' and partial or
complete retardation of embryonic
development (Dike and Mbah, 1992).

When bruchids had choice of oviposition
substrate, the least preferred were seeds
treated with steam distillate. This could be
because the distillate has toxic, repellent,
fumigant and/or oviposition suppression
activity. Plants belonging to Annonaceae
family are known to be active against stored
grain insects because they contain high
molecular weight fatty acid. Eugenol. one of
the components found in M. myrist ;C({. is
known to have insecticidal activity against

I

pests (Gendo et al.. 2008).
This study has revealed the potential of

African nutmeg extracts/steam distillate for
use as protectant of cowpea seeds against C
macula/us infestations during storage with the
steam distillate being the most potent.

REFERENCES

Adedire, C. 0, 2002, Use of nutmeg Myristica
fragrans (Houtt) powder and oil for the
control of cowpea storage bruch id,
Callosobruclius niacul atus Fabricius.
Journal of Plants Diseases and Protection
109:193-199.

Adedire, C. O. and Ajayi, O. E. 2003. Potential of
sandbox, H:II'G crepitans L., seed oil for
protection of cowpea seeds from
Callosobruchus maculatus Fabricius
(Coleoptera: Bruchidae) infestation. Journal
of Plant Diseases and Protection 110: 602-
610.

Adedire, C. O. and Lajide, L. 1999. Toxicity and
oviposition deterrency of some plant
extracts on cowpea storage bruchids
Call osobr uchus macula/us Fabricius.
Journal of Plants Diseases and Protection
106:647-653.

Adedire, C. O. and Lajide, L. 2003. Ability of
extracts of ten tropical plant species to
protect maize grains against infestation by
the maize weevil, Sitophilus zeatnais. during
storage, Nigerian Journal of Experimental
Applied Biology 4: 175- I 79.

Adedire, C. Oi.Adebowalc, K,o. and Dansu, 0,
M. 2003. Chemical composition and
insecticidal properties of Monodora
tenuifolia seed oil (Annonaceae). Journal of
Tropical Forest Products 9: 15-.25.

Ahmed, S. M, and Ahamad.A. 1992. Efficacy of
some indigenous plants as pulse protectants
against Callosobruchus chine usis (L)
infestation. International Pest Control
34:54-56.



94 NIGERIAN JOURNAL OF ENTOMOLOGY VOL.27, 20 I0

Boeke, S. J., van Loon, .r, .T.A., van Huis, A.,
Kossou and Dicke, M. 2001. The use of
plant material to protect stored leguminous
seeds against seed beetles: a review. (van
der Maesen, L. J. G., Bos, 1., and Backhuys,
W. eds.) 108 pp. Backhuys publ ishers,
NetherIands.

Boussaada, M. B., Ben Halima Kamel, M.,
Ammar, S., Haouas, D., Mighri, Z, and
Helal A, H, 2008. Insecticidal activity of
some Asteraceae plant extracts against
Tr ib 0 I i1I III C () nfu s U 1Il . Bull e tin 0 f
lnsectology 61 :283-289.

Caswell, Go H. 1970. The storage of cowpea in
the Northern States of Nigeria. Samaru
Research Bulletin 120:4-6.

Daziel, J. M. 1936. The Useful Pants of West
Africa, Walmoughs Ltd. London, UK. pp.
5-6

Dike,M. C. and Mbah, O. 1.1992. Evaluation of
lemon grass (Cvmbopogon aculate Staph)
products in the control of Callosobruchus
maculatus F. (Coleoptera: Bruchidae) on
stored cowpea. Nigerian Journal of Plant
Protection 14:88-91.

Gendo, J. 0., Kostyukovsky, M., Ravid, U.,
Matasyoh, J. C., Deng, A. L., Omolo, E.
0., Kariuki, S. T. and Shaaya, E. 2008.
Bioactivity of Ocimunt gratissium L. oil
and two of its constituents against five
insect pests attacking stored food products.
.Journal of Stored Products Research
44:328-334.

Ho, S. H., Cheng, L. P. L., Sim, K. Y. and Tan,
H. T. W. 1994. Potential of cloves
(Svz,lgiul1I arotnaticum (L.) Merr. And
Perry) as a grain protectant against
Tr ibol ium c ast an e um (Herbst) and
Sitopliilus zeaniais Motsh. Post Harvest
BiologyTechnology4: L 79-183.

Ho, S. H., Ma, Y., Goh, P. M. and Sim, K. Y.
1995. Star anise 1//ici1l1111'('/'I/l1I Hook F as a
potential grain protectant against Tribolium

castane um (Herbst) and Sitophilus zeamais
Motsh. Post Harvest Biology Technology.
6:341-347.

Ho, S. H., Koh, L., Ma, Y., Huang, Y., and Sim,
K. Y. 1996. The oil of garlic Allium sativutn
L. (Amarylhdaceae), as a potential grain
protectant against Triboliutn castaneum
(Herbst) and Sitophilus zeamais Motsh.
Post Harvest Biology Technology 9:41-48.

Keita, S. M., Vincent, C., Schmit, J.P., Amason,
J. T. and Belanger, A. 2001. Efficacy of
essential oil of Ocimum basiliutn L. and 0.
gratissium L. applied as an insecticidal
fumigant and powder to control
Callosobruchus maculalus(F.) (Coleoptera:
Bruch idae). Journal Stored Product
Research 37:339-349.

Mohrig, J. R., Hammond C. N., Morrill, T. C.,
and Neckcrs D. C. 1999. Experimental
Organic Chemistry: A Balanced Approach:
Macroscale and Microscale. W. H Freeman
and Company, London, pp. 636 - 637.

Manzoomi, N., Ganbalani, G. N., Dastjerdi,
H. R.,and Fathi, S. A. A. 2010. Fumigant
toxicity of essential oils of Lavandula
officinalis, Artemisia dracunculus and
Hcraclcutn persicum on the adults of
Callosobruchus tnaculatus (Coleoptera:
Bruchidae). Munis Entomology and
Zoology 5 (l): 118-122.

Ofuya, T. I. 2001. Biology, ecology and control of
insect pests of stored food legume in
Nigeria. In: Pests of Stored Cereals and
Pulses in Nigeria (Ofuya, T. I. and Lale, N.
E. S. eds. pp. 24-58. Dave Collins
Pu b lications, Akure, Nigeria.

Ofuya, r.r., Okoye, B. C. and Olola,A. S. 1992.
Efficacy of crude extracts from the seeds of
Monodora invristica as a surface protectant
against Callosobruclius niaculatus (F.)
attacking legume seeds in storage.
Zectschriftfur Pflanzeukran-Kheiten and
Pflazzenschutz 99:528-532.



~IKOSUN & ADEDIRE: COWPEA BRUCHID CONTROL WITH Monodora niyristica SEED EXTRACT 95

Onyenekwe, P. c.,Ogbadu, G. H., Deslauriers,
B., Gagnson, M. and Collin, G. J. 1993.
Volatile constituents of essential oil of
MOI7()(/oro myristica (Gaertn) Dunal.
Journal of Food and Agriculture 6:379-381.

Oparaeke, A. M. and Dike, M. C. 2005.
Monodora mvristica (Gaertn.) Dunal
(Myristicaceae) and Allium cepa L.
(Liliaceae) as protectants against cowpea
seed bruch id Callosobruchus niaculatus
(F.) infesting stored cowpea seeds.
Nigerian Journal of Entomology 22: 84- 92.

Rahman, A. and Talukder F. A. 2006
Bioefficacy of some plant derivatives that
protect grain against the pulse beetle,
Callosobruchus maculatus. Journal of
Insect Science/ »rvc»: insectscience.org
6(03):1-10.

Srivasta, M. and Gupta, L. 2007. Effect of
formulation of Solanum surant ensc
(Family: Solanaceae) an Indian desert plant
on oviposition by the pulse beetle
Callosobruchus chincnsis Linn. African
Journal of Agricultural Research 2:552-554.

Su, H. C. F. 1989. Effects of Myristica fragrans
fruit (Family: Myristicaceaei to four species
of stored product insects. Journal
Entomological Science 24:317-320.

Tatsadjieu, L. N., Essia Ngang J. J., Ngassoum,
M. B. and Etoa, F. X. 2003. Antibacterial
and antifungal activity of Xyl op ia
a e t h i o p ic a . Mo n o d o r a myr ist i ca,
Zan f hoyxlutn z an thoxvl 0 ides an d Z.
leprieuirii from Cameroon. Fitoterapia
74:469-472.

(Accepted August 25, 2010)

-
j

:k
)ist

NES~

019

D/28


