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Effects of Oils of Eight Different Plants against the Angoumois
Grain Moth, Sitotroga cerealella (Olivier)
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ABSTRACT. The efficacy of oils from eight indigenous plants against Angoumois grain
moth, Sitotroga cerealella (Olivier) infesting rice (Oryza sativa L.) was investigated in the
laboratory at ambient temperature and relative humidity (28±2°C, 75±5%RH). Oils extracted
from the seeds of Piper guineense Schum and Thonn, Monodora myristica Dunal, Tectona
grandis L, Ricinus communis L, Arachis hypogaea L, Elaeis guineensis, the bulb of Allium
sativum L, and the rhizome of Zingiber ojjicinale Roscoe, Jacq. were tested at 1- 3%
concentration. Results showed that the oils significantly (P<0.05) prolonged developmental
period for eggs, suppressed adult emergence and reduced longevity compared with effects on
similar parameters in the control. P. guineense had the highest insecticidal activity by totally
preventing adult emergence at 2% oil concentration. P. guineense, A. sativum andA. hypogaea
were able to prevent adult emergence at 3% oil concentration. At all concentrations, not more
than 10% adult emergence was recorded for M myristica, when compared with P. guineense
showing that it also exhibited a high level of insecticidal activity. Adult emergence was also
significantly higher (P<0.05) in the controls (46.7 and 48.3%) than in seeds treated with E.
guineensis. Developmental period was longest (39.0 days) in seeds treated withM myristica at
3% concentration. The adults in the controls lived longer than those in treated seeds while
females generally lived longer than the males. Seed germination was not affected by the oil

- treatments as the values were virtually at par with those obtained from untreated seeds.

INTRODUCTION
Rice, Oryza sativa L., is a staple food for a
large part of the world's human population,
especially in tropical Latin America and East,
South and Southeast Asia, making it the
second most consumed cereal grain (Jahn et
al., 1997). In Africa, rice has the potential to
improve nutrition, boost food 'security, foster
rural development and support sustainable
land care (Ashamo and Khanna, 2006). World

production of rice has risen steadily from
about 200 million tonnes of paddy rice in 1960
to over 607.9 million tonnes in 2004, 634.5
million tonnes in 2005 and 685 million tonnes
in 2008 when the top four producers were
China (32.7% of world production), India
(26.0%), Indonesia (10.2%) and Bangladesh
(7.5%) (FAO, 2010).

In spite of its potentials in providing food
for humans and as industrial raw material,
paddy rice is not spared by various pests
between harvest and storage. The most
economically important insect pests of stored
rice are the Angoumois grain moth, Sitotroga

*Correspondingauthor;
E-mail: oashamo@yahoo.com
Tel.: +234-8035019708

35

mailto:oashamo@yahoo.com


36 NIGERIAN JOURNAL OF ENTOMOLOGY VOL. 28, 2011

cerealella (Olivier), the rice weevils,
Sitophilus oryzae (L.) and S. granarius as well
as the lesser grain borer, Rhizopertha
dominica (F.) (Ashamo and Khanna, 2006).
Infestation by S. cerealella starts in the field
and may reach serious levels in the store. In
many developing countries such as Nigeria,
insect pests reduce the vigor and viability of
infested seeds because they mostly feed
preferentially on the germ of the grains
(Ivbijaro et al., 1985), they cause weight loss
and contamination of stored paddy (Ashamo
and Odeyemi, 2001).

In order to reduce infestation to the barest
minimum, various methods such as use of
conventional insecticides, biological control,
mechanical control, cultural control and
varietal resistance have been utilized, with
chemical control being most effective though
having adverse environmental, health and
economic hazards. These include pollution,
poisonous residue accumulation in foods,
development of resistance by target species
and high cost of insecticide application and
reapplication. As alternatives to synthetic
insecticides, vegetable oils (Lale, 1995;
Odeyemi and Daramola, 2000; Ashamo and
Odeyemi, 2001) and plant extracts (Adedire
and Ajayi, 1996; Iqbal, 2005; Ashamo and
Khanna, 2006; Rajendran and Sriranjini,
2008) have been used to reduce post-harvest
losses of cereals and grain legumes. However,
not much work has been done on the control of
S. cerealella using plant products. Therefore,
this present work investigated the efficacy of
oils of Piper guineense Schum and Thonn,
Monodora myristica Dunal, Tectona grandis
L., Ricinus communis L., Allium sativum L.,
Zingiber officinale Roscoe, Arachis hypogaea
L. and Elaeis guineensis Jacq against
Sitotroga cerealella in paddy rice. These
plants have been found to be effective in
protectingmaize from infestation by the maize.
weevil, Sitophilus zeamais Motsch. (Adedire
and Ajayi, 1996; Ashamo and Odeyemi,
2001).

MATERIALS ANDMETHODS

Insect Culture
S. cerealella male and female adults obtained
from existing culture in the Food Storage.
Technology laboratory of Department of
Biology, Federal University of Technology,
Akure were used to raise a culture of the insect
on rice paddy (FARO-52), obtained from
Agricultural Development Project (ADP),
Akure, Nigeria, in 2 Ljars capped with a piece
of muslin cloth which allowed ventilation but
prevented entry or exit of moths, other insects,
as well as foreign materials. The jars were kept
in insect cages and the culture was maintained
by replacing the infested grains with fresh,
uninfested grains. The environment for
cultured insects and for experimentation was
maintainedat28±2°e and 75±5% R.H.

Plant Materials
The plants whose parts were evaluated for
insecticidal activity (see Table 1) were
obtained from farms and markets in Akure,
Nigeria, sun-dried and pulverized using an
electric grinder.

The rice seeds (FARO ...52) used for the
experiments were disinfested by storing in a
deep freezer at -lOoe for 72 h and later air-
dried to prevent mouldiness. The moisture
content was equilibrated to 12.5-13.0%.

Table 1: Plants evaluated for insecticidal activity
against Sitotroga cerealella

Scientific name Family Common name Part used

Monodora myristica Dunal Annooaceae African Nutmeg seed

Piper guineense Schum, &Thonn. Piperaceae Black pepper seed

Ricinus ComJffllllis L. Euphobiaceae Castor plant seed

Tectona grondis L Lamiaceae Teak seed

AUiJua salivJuoI L LiIiIIcoae Garlic bulb

Zingiber ~ Rosl:oe ~ ', Ginger· ': .. rhizome

ArocIois~L Pap..•••••••• .urouoonut ~seec,

EIods~Jacq ......., Oil palm1<emel seed
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Experimental procedure
Twenty grammes of each pulverized plant
material were placed in a muslin cloth and
transferred into the thimble and extracted with -
petroleum ether in a Soxhlet apparatus. The
extraction, carried out for 3-4 h depending on
the plant material, was terminated when the
solvent in the thimble became clear. The
thimble was removed from the unit and the
solvent recovered by redistilling in the Soxhlet
extractor, The resulting extract was exposed to
air to further evaporate the volatile solvent.
From this main stock solution, 1%,2% and3%
oil concentrations were made when needed
using petroleum ether.

Adult moths (0-24h old), of-both sexes
were collected from the culture jars using an
aspirator and introduced into small glass tubes
3cm diameter and 9.5cm long for mating and
oviposition. Pleated black cardboard paper
pinned to the muslin cloth and hanging inside
the' glass tube provided for oviposition. The
paper was replaced every 24 h. The clustered
or singly laid eggs were carefully detached
using camel hair brush and the eggs were used
for the subsequent experiments.

ExperimentI: Toxicity of Plant Oils
To 20g of the rice seeds in 250ml plastic
containers 2 ml of each oil type were added
and a glass rod used to stir seed and oil to
ensure uniform coating. After the 30 min
allowed to vaporize the solvent 50 eggs (0 to
24h old) were collected and introduced into
the treated seeds. The plastic containers were
covered and air space was created by cutting a
portion of the cover and replacing it with
muslin cloth. Each oil concentration and two
control treatments (paddy seeds treated with
petroleum ether and untreated paddy seeds)
were arranged in a completely randomized .
design replicated six times. Twenty days after
the introduction of the eggs the plastic
containers were examined daily for adult

emergence. Adult emergence was monitored
until day 50 when no more adults emerged
after four consecutive days. The adults that
emerged were immediately isolated in-plastic
vials and the mean ~()ngevitydetermined.

Experiment IT: Seed Viability Test
Ten grammes of rice seeds were put into each
Petri dish and J ml of each oil extract
concentration was added. The seeds in the
disheswere mixed thoroughly with a glass rod
for uniformity' and left for 40 days in the
laboratory. Twenty wholesome seeds were
selected randomly.fromeach dish and planted
in moist cotton. wool which served as the
.medium of growth -.in the laboratory.
Germination was observed and recorded after
3 to 4 days and left on a cage near the window
in the laboratory. Two control treatments
(paddy seeds treated with petroleum ether and
untreated paddy seeds) were also set up.

Data analysis ..: .,
All the data. collected were subjected to
analysis of variance and where significant
differences existed, treatment means were
compared using New Duncan's Multiple
Range Test (Steel and Torrie, 1980) at 5% level
ofprobability.

RESULTS

Toxicity of Plant Oils
Tables 2-4 show the developmental period
(days), adult emergence and longevity of S.
cerealella in rice seeds treated with 1, 2 and
3% oil concentration, respectively. The oils
delayed or totally prevented or reduced adult
emergence and prolonged developmental
period. Significant differences (P<0.05)
existed in adult longevity and the females
generally lived longer than the males. At 1%
oil concentration, the mean developmental
period in the controls (25.0 to 25.7days) were
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Table 2: Mean developmental period (days),
percentage adult emergence, longevity and sex
ratio of Sitotroga cerealella in paddy
treated with 1% oil extract (Mean:!:: S.E).

Source of oil Developmental Adult Adult Longevity (days)
period (days)a emergence (%) Male Female

M. myristica 30.0±1.6c IO.0±5.8a 9.9±3.3ab 11.7±O.9b

P. guineense 30.0±0.6c 6.7±3.3a 10.7±1.3bc \3.0±0.Ob

R. communis 34.0±5.6d IO.0±1.3a 8.9±3.3a 10.3±O.3a

T. grandis 33.7±l.3d \3.3±3.3a 9.0±1.3a 10.0±1.3a

A. sativum 27.0±2.0b 23.3±3.3b 9.3±3.3ab 9.3±3.3a

Z. officinale 26.7±2.3ab 36.7±3.3c 8.9±O.7a 10.0±0.6a

A. hypogaea 29.3±O.3c 13.3±3.3a 8.3±O.7a 9.0±0.6a

E. guineensis 27.0±0.6b 43.3±6.7cd 9.0±2.3a 9.9±1.7a

Control (Petroleum 25.0±3.6a 46.7±3.3d 11.0±3.7c 12.3±6.7b
ether)

Control (Untreat<d) 25.7±6.7a 48.3±3.3d 10.7±1.3I> \3.OO.3b

'Means followed by the same letter along the columns are not
significantly different from each other (P>0.05) by New Duncan's
Multiple Range Test

Table 3: Mean developmental period (days),
percentage adult emergence, longevity and
sex ratio of Sitotroga cerealella in paddy treated
with 2% seed oil extract (Mean±S.E).

Sourceof oil Developmental Adult emergence
period (daysr (%)

Adult Longevity (days)

Male Female

9.lWl.3OO 12.0±1.5cd

O.Oa 0.0.

8.9±3.3c 9.7±O.3c

9.0±1.3OO 9.lWl.6b

4.9±2.3b 6.7±1.3b

7.5±O.3bc 8.5±3.3b

6.3' 7.3'

8.7±O.3c 9.0±1.7b

11.OO.7d 12.3±6.7cd

IO.7±1.3d 13.OO.3d

M.myristica 28.9±3.lcd

O.lWl.Oa

6.7±3.3ab

O.lWl.OaP.guinemse

R. commUllis 38.OO.6e

30.0±2.8d

13.3±3.3bc

T. grandis 20.0±5.8c

6.7±3.3ab

23.3±6.7c

3.3±O.3ab

33.3±3.3d

A. sativum 27.3±8.6o

28.0±2.3cZ oificinale

A. hypogaeQ 29.5±6.7OO

E. guineensis . 27.6±1.5c

Control (petroleumether) 25.0±3.6b 46.7±3.3e

Control (Untreated) 25.7±6.7b 48.3±3.3e

'Means followed by the same letter along the columns are not
significantly different from each other (p>O.05) by New Duncan's
Multiple Range Test.
*Replicates less than three therefore could not be statistically analyzed.

significantly shorter (P<O.05) than in those
treated with oils among which R. communis
most prolonged developmental duration. The
adult emergence was also significantly higher
(P<O.05) in the controls (46.7 and 48.3%) than
others except in seeds treated with E.
guineensis which was not significantly
different. The lowest adult emergence was

Table4: Mean developmental period (days), percentage
adult emergence, longevity and sex ratio of Sitotroga
cerealella in paddy treated with 3-/0 seed oil extract
(Mean±S.E).

Source of oil Developmental Adult Adult Longevity (days)
period (days)" emergence (%)

Male Female

Mmyristica 39.0 ±4.7e 3.3±O.3ab 10.5* 1\.0'

P. guineense O.O±O.Oa O.O±O.Oa Oa Oa

R. communis 34.OO.6d 6.7±0.7ab 8.5± I.3b 8.3±\.Ob

T. grandis 33.3<3.6d 10.0.±3.3bc 7.9±l.lb 9.0±3.3b

A. sativum O.()I,().Oa O.O±O.Oa Oa Oa

Z. officinale 29.3±O.7c 16.7±3.3c 7.OW.9b 7.6±1.3b

A. hypogaea O.O±O.Oa O.O±O.Oa Oa Oa

E. guineensis 28.0±0.3c 33.3±3.3d 7.'lH.Ob 8.0±2.3b

Control 25.0±3.6b 46.7±3.3e II.OO.7c 123±6.7c
(Petroleum etha)

Control 25.7±6.7b 48.3±3.3e 10.7±1.3c 13.0±3.3c
(Untreated)

"Means followed by the same letter along the columns
are not significantly different from each other (P<O.05)
by New Duncan's MUltipleRange Test.
*Replicates less than three therefore could not be
statistically analyzed.

Table 5: Effect of seed oil extracts on the water
absorption and germination of paddy grains ."

Extracts from Concentration (%) Germination (%)

M myristica I
P. guineense I
R communis
T. grandis
A. sativum
Z. officinale
A. hypogaea

80.0
79.0
78.0
72.0
80.5
78.0
74.0
66.0
77.0

76.0
70.5
80.0
69.0
75.5
70.0
65.0
74.5
68.5

70.5
69.0
72.0
76.0
74.5

60.0
73.5

E. guineensis
M myristica ..•• 2
P. guineense 2
R communis 2
T. grandis 2
A. sativum 2
Z. officinaJe 2
A. hypogaea 2
E.guineensis 2
M. myristica 3
P. guineen.se 3
R. CQII'UfaI1Iis 3
T. grandis 3
A. sativttm 3
Z. officinole 3
A. Irypogaea 3
E. gttineDIsis 3
c-mI (l'droIcum.•...)
c-mI (Untreated) 75.0
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obtained in seeds treated with P. guineense
(6.7%)but not significantly different (p>O.05)
from those treated with M myristica, R.
communis, T.grandis andA. hypogaea.At2%
oil concentration, there was no adult
emergence in seeds treated with P. guineense
while developmental period was longest
(38.0days) in seeds treated withR. communis.
At 3% seed oil concentration, there was no
adult emergence in seeds treated with P.
guineense, A. sativum and A. hypogaea while
adult emergence was significantly reduced in
seeds treated with other oils (Table 4). Adult
longevity was affected with the adults in
controls living longer than those in treated
seeds.

Seed viability
Table 5 shows the effect of oil treatment on
germinability of the seeds. Majority of the
treated seeds and the control had viability
(60.0-80.5%) indicating that the oil did not
hamper germination capacity.

DISCUSSION
This present study has revealed that oil
obtained from some plants have insecticidal
activity againstS.cerealella. Adult emergence
was delayed or totally prevented,
developmental period (days) was prolonged
and adult longevity was reduced in S.
cerealella reared onoil-treated seeds. Oil from
P. guineense, A. sativum and A. hypogaea
prevented adult emergence at 3% oil
concentration which was the highest in this
study. Oil from the other plants such as M
myristica, R. communis and Z. officinale also
had insecticidal effect on S. cerealella since
they significantly prolonged developmental
period and significantly reduced adult
emergence. A good way of controlling
lepidopterous and coleopterous insect pests of
stored cereals and grain legumes is by coating
such seeds with plant oil because of their

persistence and insecticidal action against
virtually all stages in the life cycle of insects
(Lale, 1995). Plants have evolved elaborate
chemical defenses against pest attack and
these chemicals have been used since ancient
times. Many indigenous medicinal plant
specieshave alsobeen tested for their ability to .
serve as pest control agents. Ashamo 'and
Odeyemi (2001) reported the use of oil from
some indigenous plants to protect maize
against infestation by S.zeamais. Oils fromP.
guineense and A.. hypogaea were effective
against the weeviland protected maize grains
. for over 28 days. Ivbijaro et ai. (1985)
observed that oils of coconut, groundnut and
African palm, when admixed with maize
grains at ratio 5 and lOinl1kgkilled 67-100%
adults of S. zeamais within 24 hours and that
the oil prevented infestation for more than 90
days.

Xanthoxylin extracted from Zanthoxylum
btingeanum Maxim had been reported as a
good potential candidate for controlling S.
cerealella because it deterred oviposition and
adversely affected larval feeding' (Xionsong
andWeston, 1995)..

In this study, theoil of P. guineense was
particularly effective at high concentrations
and this corresponds to the submission of
Ashamo and Odeyemi (2001). The biological
activity of P. guineense has been ascribed to
the presence of chavicine and piperine (an
unsaturatedainide) (Lale, 1992).

Castor oil from seeds of R. communis has
been utilized since ancient times formedicinal
purposes. Castor oil is rich in ricinoleate
(90%). This 12- hydroxy-oleate is the major
medicinal component of the oil (Me Keon et
al., 2000). It is likely that this same active
compoundwhich served ashumanmedicine is
also responsible for its insecticidal action.
Apparently, these extracts acted mainly
through fumigant and contactmodes of action
which are similar to those of synthetic
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organochlorines and organophosphates
(Ashamo and Odeyemi, 2001). It should also
be noted that the efficacy of plant products
varies according to the solvent and method
used for their extraction. A bad extraction
method might cause the inclusion of more
powder in the extractrather than oil.

It was more evident that the treatment of
rice seeds with oil affected the moths'
physiological processes by increasing their
developmental period as well as reducing the
longevity of the emerged adult moths. In all
treatments the females lived longer than
males. Ashamo and Khanna (2006) in their
work on varietal resistance to S. cerealella in
paddy observed that females generally lived
longer than males. The treatment of the rice
seeds with oil had no effect on the viability of
the seeds.

The use of plant products especially oils is
an aspect of biological control utilizable as a
component of integrated pest management.
The oils used in this study are harmless to
mammals at least at the dosage being reported
and efforts shouldbe intensified towards their
production, packaging and application on a
large scale asbotanical insecticides.
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