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ABSTRACT: Three edible essential oils extracted from WestAfrican Black Pepper (WABP), Piper
guineense Schum and Thonn., Clove, Syzgium aromaticum (L.) Merril and Percy and Ethiopian
Pepper, Xylopia aethiopica (Dunn) A. Rich were investigated for their effectiveness in suppressing
the number and adult emergence of flat grain beetle, C. ferrugineus. Five pairs of adult C.
ferrugineus were treated with the three edible essential oils at the rates of 0.25, 0.5, 0.75 and 1.0
mg/1 0 g broken maize grain at 20% of 109 maze grains. The experiment was carried out as treatment
before infestation (TBI) in the laboratory in a completely randomized block design, replicated four
times. In comparison to the treatment and control (0.00 mg), the entire plant oil significantly (PS
0.05) reduced the population of C. ferrugineus by causing high mortality rates and completely
prevented subsequent adult emergence. Treatments with Ethiopian Pepper and WABP oil at the rates
of 0.25 ,0.5, 0.75 mg/l 0 g broken maize recorded up to 90% mortality while clove oil recorded 100%
mortality at all the dosage rates applied when compared with the control. The potential effectiveness
of all the three edible essential oils implies that maize stored as grits could be adequately protected
against C.ferrugineus, thus reducing their infestation and damage on maize grains.
Key words: essential oils, West African Black Pepper, Clove, Ethiopian Pepper, Flat Grain Beetle
(FGB), Cryptolestes ferrugineus, treatment before infestation

INTRODUCTION
Maize, Zea mays (L.) is a large, annual
monoecious grain of the small tribe Maydeae,
which belongs to the family Gramineae. Maize
is planted in wider range of climatic conditions
than rice and wheat due to its adaptability in
warm temperate
regions and the humid subtropical regions
(Olukosi and Raphael, 1997). Maize is the most
important cereal crop in Africa, and the world's
third most important cereal crop after rice and
wheat (David, 1985;Asiedu, 1989). The crop is
mainly grown for its grain, which is utilized for
human consumption and forms about 50- 70%
of the constituents of livestock feeds (David,
1985). It is relatively inexpensive and provides
many families with the much needed
carbohydrate. Maize provides in small amount
proteins, fats, vitamins and minerals (Kling and
Edmeades, 1997). It also provides raw
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ingredients for industries and supports a
worldwide business worth $40 million
annually (Ruskin, 1988). Kehinde (1999)
reported that maize is now the second most
important cereal crop inNigeria.
About 50 species exist and comprise different
colors, textures and grain shapes and sizes.
White, yellow and red are the most common
types. The white and yellow varieties are
preferred by most people depending on the
region (UTA, 2009). Most cereal crops are not
completely consumed after harvest as they are
stored for various reasons. The problem
farmers' face in Nigeria during postharvest is
enormous considering the level of literacy of
the peasant farmers.
Among these array of problems is pest
infestation and damage caused by stored
product pests such as, Sitophilus zeamais,
Rhyzopertha dominica, Prostephanus
truncatus, Sitotroga cerealella, Plodia
interpunctella which infest maize whole grain
(Hill, 2001); while secondary pests in the
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family Tenebrionidae and Cucujidae such as
Tribolium spp. and the Flat Grain beetle,
Cryptolestes ferrugineus infest and colonize
threshed or milled maize products (Haines,
1991).
The Flat Grain Beetle (FGB), c. ferrugineus
(Coleoptera : Cucujidae) is a worldwide
cosmopolitan pest of stored products;
particularly grains stored as grits and behave as
secondary pests following infestations of
stored grain by primary pests such as
Sitophilus spp. or Rhyzopertha dominica (Tuff
and Telford, 1964). However, C. ferrugineus
can attack apparently sound grain if damage
was caused by poor harvesting, storage and
handling which are sufficient enough to
facilitate entry of the pest (David, 2004). Grain
damage is caused by both larvae and adults of
the pest by feeding on the germ and endosperm.
Heavy infestation also contributes to grain
heating and the spread of fungal spores in the
stored grain (Anon, 2009).
The control measure of this pest is essentially
by the use of synthetic insecticides. Although,
the use of pesticides have attendant side
effects, such as high mammalian toxicity,
environmental pollution, insect resistance and
resurgence, high cost and unavailability at
critical periods which tends to discourage
farmers thus causing high losses during post
harvest (Schwab et al., 1995). This scenario
elicit the need to search for alternative to
synthetic insecticide worldwide (Ivbijaro,
1983).
Peasant farmers all over the world often claim
successful use of materials of plant origin in
insect control including the use of ash, dried
pepper, spices and powder from plant parts
(Lajide et al., 1998). There is therefore, the
need to test the efficacy of some the plant
products that are indigenous to the country. The
candidate plant extracts used for this study has
been previously used in the management and
control of some stored product Coleopterans
(Lale, 1992; Ajayi and Wintola, 2006;
Olonisakin et al. 2007). There are also reports
of their use as condiments and for culinary
,purposes in homes (Cobley and Steele, 1976;
Rehm and Espig, 1991).
The present study was undertaken to assess the

effectiveness of West African Black pepper,
Piper guineense Schum and Thonn; Clove,
Syzgium aromaticum (L.) Merril and Percy and
Ethiopian Pepper, Xylopia aethiopica (Dunn)
A. Rich in the control of the Flat Grain Beetle,
Cryptolestes ferrugineus (Steph.) (Coleoptera:
Cucujidae) and determine the effective dosage
rates of oils obtained from these three edible
plants in causing mortality to adult C.
ferrugineus.

MATERIALS AND METHODS
Insect Rearing, Maintenance and
Preparation ofMaize Seeds
The initial stock of Flat Grain Beetle (c.
ferrugineus) used for the study were obtained
from an already infested maize seeds purchased
from Lafia market (Latitude 08.33°N and
Longitude 08.32° E), Nasarawa State, Nigeria.
From this stock, new generations were reared
over a period of five generations in the
laboratory on maize at ambient temperature
before they were used for the experiment.
Three kilogrammes of maize grains (var.
Makera) purchased from a local market in Lafia
was cleaned and sorted. The grains were
fumigated with one tablet of aluminium
phosphide (phostoxin®) in an air tight
container for a week in order to kill any insect
harboring in the grains. The grains were later
air dried for three days in the laboratory under
screen to allow dissipation of the fumigant
effect. The moisture content of the maize seeds
was determined at temperature of 105°C for
24hrs using hot air oven.
One kilogramme of the maize grains (var.
Makera) treated as above was weighed and 200
g of the grains was broken into grits and mixed
with the remaining 800 g, thus given 20%
broken maize grains used for the study.

Preparation of Oil Extracts
Dry seeds of clove, West African black pepper
and Ethiopian pepper were obtained in the
market at Lafia. A quantity of 500 g each of the
medicinal/spice plant seeds were separately
ground into powder and steam distilled in a
Clevenger glass apparatus. Distillation was
carried out for 5hrs in the Chemistry



of observation. The experiment was laid out in a
randomized complete block design and
replicated four times under ambient laboratory
environment.
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Laboratory of Nasa raw a State University Keffi,
Nigeria. The Process yielded on the average
0.83 % of P. guineense, 7.4 % S. aromaticum
and 1.2 % X aethiopica of ml of oiL The steam
distillates were collected into a 50 ml glass jar
and stored in the refrigerator at 4 °c until ready
for use.

Effect of essential Oils on Development of C.
ferrugineus
A quantity of 109 of 20 % broken maize seeds
were weighed into sixty 50 m1 glass jar bottles
using an electronic laboratory scale (PE Mx-
rady digital balance). Each 10 g of20% broken
maize in 50 ml glass jar was treated with 0.25,
0.50, 0.75 and 1.00 mg of West African black
pepper, Clove and Ethiopian pepper in a study
carried out as treatment before infestation. The
different dosage rates were carried in 0.2 ml of
acetone and applied onto the maize seeds in the
jars. After application, each of the contents in
each glass jar was stirred in order to have an
even spread of the oil over the maize seeds.
Seeds in the control jar (00.0 mg) were treated
with 0.2 ml of pure acetone alone. The treated
maize seeds in the glass jars were left open until
it was certain that the effect of acetone used as
carrier has completely evaporated. Thereafter,
five pairs of newly emerged unsexed Flat Grain
Beetles, C. ferrugineus were introduced into
each jar carrying treated maize seeds and the
control. The glass jars were then covered with a
lid bearing ten equidistant holes of 0.05 x 0.05
mm.
The beetles were allowed to mate and oviposit
for 20 days. The treated maize seeds infested
with C. ferrugineus in glass jars were checked
at seven days intervals for dead or live insects.
At each time of observations all dead insects
were removed and recorded. After 20 days of
post-infestation, all dead and live insects were
removed and recorded and the treatments were
thereafter checked daily for adult emergence .
and the number emerging in each treatment was
recorded for 20 consecutive days following
date of first emergence. All adults that emerged
were removed from each treatment at each time

Data Collection and Analysis
Data collected included the number of
mortality and number of adult emergence in
each glass jar and treatment. All data observed
as zero (0) and other values were transformed to
-,J 0.5 + x and data collected were subjected to
analysis of variance (ANOVA). Differences
between means were compared using the least
significant difference (LSD) test at P= 0.05.
The data was analyzed using Genstat Discovery
Edition 3

RESULTS
Table 1 showed that the plant oils
significantly reduced the population of C.
ferrugineus after 1 week of infestation under
treatment with the three edible plant product
oils; Clove, Ethiopian pepper and West
African Black Pepper. There were significant
differences (PSO.05) between the three plant
product oils and the dosage rates in causing
mortality to adult C. ferrugineus. Ethiopian
pepper and West African black pepper were
statistically similar (P=0.05) but differed
significantly (PSO.05) from Clove oil.
Mortality up to 90 % was recorded in broken
maize grain treated with Ethiopian pepper and
West African black pepper. It was also,
observed that beetle mortality in all the
treatment rates and the oil types were
significantly (PSO.05) different from the
control t. There were however, no significant
differences between the treatments and within
all the oil types at 0.75 and 1.0 mg/IO g
broken grains. Dosage rates of 0.25 and 0.50
mg/l0 g broken maize grain were
significantly (pSO.05) different from the
higher dosage rates of 0.75 and 1.0 mg,
respectively. There were however, no
significant differences (P~0.05) between the
reaction of the different essential oils and the
dosage rates when compared with each other.
The effect of three edible plant oils after two
weeks on C. ferrugineus infesting treated
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TABLE 1. Mean adult mortality of Cryptolestesferrugineus on broken maize grain treated with edible essential oils of
three (3) plant species after one (1) week.

Dosage of oil
Type of plant oil

(mg/IO g of broken grain)

Ethiopian
Clove pepper WABP* Dosage mean

0.25 5.96 6.71 6.96 6.54,

0.50 6.46 8.46 7.96 7.63

0.75 7.71 9.46 8.96 8.71

1.00 8.46 9.96 9.71 9.38

Control (0.00) 1.96 2.21 2.21 2.13

Oil type mean 6.11 7.36 7.16

SED LSD(o.o5)
Oil type 0.362 0.730
Dosage 0.467 0.942

0.81 NS**

** NS=not significant *WABP= West African Black pepper.

TABLE 2: Mean adult mortality of C.ferrugineus on broken maize grain treated before infestation with edible essential oils
of three (3) plant species after two (2) weeks.

Dosage of oil
(mg/IO g of broken grain)

Source of oil
Clove Ethiopian pepper WABP* Dosage mean

1.21 1.13

0.71 0.88

1.21 1.04

0.71 0.79

1.06

0.25 1.46 0.71

0.75 0.96 0.96

1.00 1.21 0.71

Control (0.00) 0.71 0.96

Oil type mean 1.06 0.86

SED
0.135
0.174
0.302

LSD(o.o5)
NS**
NS
NS

Oil Type
Dosage
Oil type=Dosage

** NS=not significant, *WABP= West African Black pepper.
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The Table shows that there were less number of
mortality after two weeks following date of
infestation and there were no significant

differences between the dosage rates and
among the plant oils.

Table 3: Mean adult Mortality of C.ferrugineus in Broken Maize Grain Treated with Essential Oil of

** NS=not significant *WABP= West African Black pepper.

The effect of dosage and oil types was also not
significantly different (P~ 0.05) from each
other. The trend as was observed in Table 2 was
also observed in Table 3. Table 3 shows that
least number of mortality was recorded 20 days

after infestation when compared to the previous
weeks and it further revealed that there were no
significant differences (P~ 0.05) between the
different oil types and dosage rates.

TABLE 4: Mean Number of Adults of C.ferrugineus that emerged from broken Maize Grains Treated with Essential Oils of
three (3) Plant Species after One (1) Week.

Dosage of oil Source of oil

(mg/l0 g of broken grain)
Clove Ethiopian pepper WABP* Dosage mean

0.25 0.71 0.71 0.71 0.71
0.50 0.71 0.71 0.71 0.71

0.75 0.71 0.71 0.71 0.71

1.00 0.71 0.71 0.71 0.71

Control (0.00) 0.71 0.71 0.71 0.71

Oil type mean 0.71 0.71 0.71

SED LSD(o.05)
Oil type 0.00 NS**
Dosage 0.00 NS
Oil type x Dosage 0.00 NS

**NS=not significant *WABP= West African Black pepper

.:
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Table 4 presents the number of adult emergence
of C. ferrugineus from treated broken maize
grains with three (3) edible plant oils one (1)week
after twenty (20) consecutive days post-

infestation. The table shows that there were no
adult emergence in all the treatments and hence,
there were no significant differences (P~ 0.05)
between the different oil types and dosage rates.

TABLE 5: Mean number of adults of C.ferrugineus that emerged from broken maize grains treated witb essential oils of
tbree plant species after two weeks.

Dosage of oil Type of Plant oil
(mgll0 g of broken grain)

Clove Ethiopian pepper WABP* Dosage mean
,

0.25 0.71 0.71 0.71 0.71
0.50 0.71 0.71 0.71 0.71

0.75 0.71 0.71 0.71 0.71

1.00 0.71 0.71 0.71 0.71

Control (0.00) 1.71 1.21 1.46 1.46

Oil type mean 0.91 0.81 0.86

SED LSD(o.o5)
Oil type 0.061 NS**
Dosage 0.079 0.159
Oil type x Dosage 0.137 NS

**NS=not significant *WABP=WestAfrican Black pepper.

Table 5 presents the number of adults'
emergence of C. ferrugineus from treated
broken maize grains with three edible plant oil
two weeks after the twenty consecutive days
following date of infestation. The table shows
that there were significant differences between
the dosage rates and the control treatment. All
the dosage rates were able to suppressed
emergence of C. ferrugineus. However, the
effects of the different essential oils were not
significantly different (P~ 0.05) from each
other. So also was the effect of the different
dosages and the essential oils when compared

with each other Table 6 presents the number of
adult emergence of C.ferrugineus from treated
broken maize grains with three edible plant oils
twenty days after the twenty (20) consecutive
days following date of infestation. The table
shows that there were no significant differences
(P~ 0.05) between the essential oils. However,
there was significant differences (P~ 0.05)
observed among the dosage rates in the number
of adult emergence of C. ferrugineus,
Significantly (P~0.05) more number of adult C.
ferrugineus emerged from the control (0.0 mg)
compared with other dosage rates.
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TABLE 6: Mean Number of Adults of C.ferrugineus that emerged from Broken Maize Grains Treated with
Essential Oils of Three (3) Plant Species after Twenty (20) Days.

Type of plant oil

Clove Ethiopian pepper WABP* Dosage mean

1.21 0.96 0.96 1.04

0.96 0.71 0.71 0.79
.•.

0.71 0.71 0.71 0.71

0.71 0.71 0.71 0.71

3.21 2.96 2.96 3.04

1.36 1.21 1.21

SED LSD(o.o5)
0.159 NS
0.205 0.415
0.356 NS

Dosage of oil
(mg/l0 g broken of grain)

0.25

0.50

0.75

1.00

Control (0.00)

Oil type mean

Oil type
Dosage

* NS=not significant **WABP= West African Black pepper.

DISCUSSION
The results of this study have shown that
broken maize grains protected with Clove,
Ethiopian pepper and West African Black
Pepper oils before infestation of the Flat
Grain Beetle (FOB), c. ferrugineus
significantly suppressed the population and
emergence (development) of C.ferrugineus.
The three edible plant oils significantly
reduced the number of C. ferrugineus by
causing mortality to adults of the beetles. The
FOB were rapidly killed and subsequent adult
emergence of the beetles were completely
inhibited (Tables 4,5 and 6). Suppression of
the FOB development might have been
achieved through the insecticidal effect of the
residual deposits of the oil on the surface of
the produce.
As seen in Tables 1, 2, and 3 the plant oils
significantly reduced the number of C.
ferrugineus. It can be deduced that all the
dosage rates of the three (3) edible plant oils
suppressed the population of C. ferrugineus
(Table 1). At dosage rate 1.00 mg/ 109 broken
grain, high mortality up to 90% was recorded
in glass jars treated with WABP and Ethiopian
pepper compared to the control (0.00 mg).

In toxicity studies involving products
obtained from plant species, it has been
reported that insect mortality was due to the
biologically active components of the plant
products. For instance, Su (1976) reported
that the toxic effect of lemon oil was due to
limonene contained in the oil. Isman (1993)
and Ladd et al. (1994) identified azadirachtin
as the major insecticidal component of neem
seed oil and powder. Don-Pedro (1990)
reported that different acids contained in
fixed vegetables oils were responsible for the
biological efficacy of this class of plant oils
and Obeng-Ofori and Reichmuth (1997) have
shown that eugenol was the major active
ingredient in the essential oil of Ocimum
Suave (Wild). It has been suggested that some
plant products release volatile oils when
crushed (Lale, 1992).
The volatile oils contained in the edible plant
products might be the sources of mortality
action in the edible essential oils used on the
FOB. Although, insecticidal constituents of
these oils were not investigated in this study
but earlier reports on the chemical
composition of the essential oils of the three
plants used showed that eugenol is the major
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constituents found in Syzgium aromaticum, ~
=phelladine, a-pinene and eucalyptol are the
major constituents found in X aethiopica
while limonene and a-piperine are the major
compounds found in P. guineense
(Olonisakin et al., 2005; Olonisakin et al.,
2006; Olonisakin et aI., 2007). Some of these
compounds are believe to be responsible for
the insecticidal activity of the three essential
oils in suppressing the FGB development in
treated grains.
The efficacy of Clove even at lower dosage
rate could be attributed to the presence of
eugenol as reported by Purseglove (1979).
This active constituent has earlier been
reported to contain insecticidal activity
against some stored product pests (Ajayi and
Lale, 2001). The result of this study also
showed that extracts of P. guineense yielded
oil which has been reported to be very potent
in protecting stored pulses against infestation
by C. maculatus (Olaifa and Erhum, 1988;
Ivbijaro, 1990; Mbata et al., 1995). The
efficacy of X aethiopica seems to be
consistent with previous findings of Orji
(1994) in which cowpea and maize grains
inoculated with weevils and treated with the
grounded seeds of X aethiopica were free
from infestation after 3 months.
The results obtained from this study are
consistent with previous reports of Ivbijaro
and Agbaje (1986), Olaifa and Erhum (1988),
Lale (1994), Mbata et aI., (1995) and
Olonisakin et al., (2007) which showed that
among other plant products used; clove,
WABP and Ethiopian pepper are effective in
protecting stored grains from infestation and
damage by stored product pests. In this study,
the use of edible plant product oil was able to
effectively control the ability of Cryptolestes
ferrugineus to perpetuate on broken maize
grain during storage. This is very important in
reducing damage caused by the pest in
storage. The results showed that treatment of
damaged maize grains before infestation
significantly suppressed the number or
population of the pest and adult emergence.
These plant products which form an
important component of diets in many
African and Asian countries can thus be

, t

readily accepted for use as bio-pesticide
without much problem to their acceptability.
Also, considering their ease of availability,
safety, low cost and low technological
requirement in processing as against
synthetic insecticides there is need for their
adoption for the preservation of stored crop
products especially when grains are stored in
form of grits and they are therefore
recommended for use.
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