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The insecticidal properties of African nutmeg oil, moringa seed oil and bitter leaf powder on 
Callosobruchus maculatus infesting cowpea were tested in the Agricultural Biology Laboratory, 
Usmanu Danfodiyo University, Sokoto. There were three levels of African nutmeg oil (0.15, 0.3 and 0.45 
ml/50g cowpea), moringa seed oil (0.75, 1.5 and 2.25ml/50g cowpea), bitter leaf powder (1.0, 2.0 and 
3.0g/50 cowpea) including two checks (Aluminium phosphide and Permethrin 2.0g/50g cowpea) and 
untreated control. Treatments were arranged in a Completely Randomized Design and replicated three 
times. Two pairs of insects were introduced into each treatment and mortality was recorded for seven 
days. Results show that insect mortality was 100% on the 1

st
 day in seed treated with 0.15ml and 

0.45ml/50g cowpea of African nutmeg oil and 0.75ml and 2.25ml/50g cowpea of moringa seed oil. The 
loss of viability in African nutmeg oil was highest (93.3%) which may be due to certain compounds that 
inhibited germination. The toxicity of bitter leaf powder was dose dependent with higher treatment of 
3.0g/50g cowpea seed having highest mortality after the oil. Moringa seed oil has the highest repellency 
percentage of 56.7% in 0.6ml. It is hereby concluded that 0.75ml of African nutmeg oil can give good 
control of the pest (C. maculatus) on cowpea.  
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INTRODUCTION 
   
Cowpea, Vigna unguiculata (L.) Walp is a major source of 
dietary protein that nutritionally complements staple low-
protein cereals and tuber crops. The crop is an important 
legume in many developing countries (Adam and Baidoo, 
2008). It is very popular and unique in that it produces 
food for man and fodder for livestock. It has high potential 
to increase income of both farmers and traders (Owolade 
et al., 2004). In Nigeria and other West African countries, 
Callosobruchus maculatus out competes other species of 
Callosobruchus and Bruchidius atrolineatus in storage 
and is therefore ranked as the principal post-harvest  pest 
of cowpea particularly in the West African sub-regions 
(Jackai and Daoust, 1986). Members of the family 
Bruchidae are serious field-to-store pests  of  pulses  in  
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tropical Africa and Asia and the level of infestation is a 
major factor that influences the bionomics of these 
bruchids (Ajayi and Lale, 2001). C. maculatus is the most 
destructive on account of its shorter life cycle and higher 
intrinsic rate of increase (Lale and Vidal, 2001). Natural 
compounds of plant origin are biodegradable and often of 
low toxicity and pose low danger to the environment if 
used in small amount (Keita et al., 2001). Peasant 
farmers traditionally use spices and other aromatic 
materials against insect pests of stored products (De 
Luca, 1980; Foua -Bi, 1993). 

The use of botanical pesticides to protect plants from 
pest is very promising because of several distinct 

advantages (Parugrug and Roxas, 2008). Many 
researchers have evaluated plant oils as botanical 
insecticides and grain protectants and found them to be 
effective against storage beetles (Oparaeke et al., 2001; 
Oparaeke and Bunmi, 2006).  Some  plant  extracts  have  



 
 
 
 
been tested for absorption capacity of cereals and grain 
legumes and positive results were obtained (Adedire and 
Akinkurolere 2005; Akinkurolere et al., 2006). The 
objective of this study was to screen moringa plant along 
with bitter leaf and African nutmeg for their insecticidal 
properties in the control of C. maculatus. This is because 
all the plant materials tested are either used as spices, 
African nutmeg or they are consumed as vegetables eg 
moringa and bitter leaf. 
 
 
MATERIALS AND METHODS 
 

Insect preparations and culture 
 
Insects (C. maculatus) for the experiment were sourced 
from a household in Sokoto and reared in the Agricultural 
Biology Laboratory of Usmanu Danfodiyo University, 
Sokoto. Microscope and small brush was used to identify 
the sexes using distinguishing characteristic described by 
Beck and Blumer (2007). The cowpea seeds (SAMPEA 
7) was obtained from Institute for Agricultural Research, 
Ahmadu Bello Univeristy, Zaria in Kaduna state. These 
were frozen for 24 hours to kill any insect egg that may 
be present to avoid contamination. The insect culture was 
raised in ten glass jars containing 100g seeds of 
SAMPEA 7 to breed significant number of insects. The F 

1 adults which emerged from the culture were used for 
the experiment in which four pairs of freshly emerged 
adults were introduced into each treatment and were 
allowed to oviposit for 24 hours, after which they were 
removed and discarded.  
 
 
Collection and preparation of plant materials 
 
The plant materials were obtained from different 
locations. African nutmeg was obtained from Sokoto 
central market. This was unshelled using mortar and 
pestle and shade dried for ten days and moringa seeds 
were purchased from a market in Zamfara State. The 
seeds were unshelled using mortar and pestle and 
ground into fine powder, sieved using 1mm diameter 
sieve. Fresh bitter leaves were sourced from Sokoto 
central market and washed with distilled water in order to 
remove dirt. The leaves were shade dried for three days 
and ground into powder using mortar and pestle. The 
powder was sieved using a 0.05mm sieve. Oils from the 
plant powder were extracted using soxhlet apparatus 
(Udomporn, 2009).  
 
 
Treatment combinations 
 

The experiment consisted of three levels each of bitter 
leaf, African nutmeg oil and moringa seed oil including 
two checks (Permethrin 0.60% and Aluminium phosphide 
56% at 2.0g) and control and were repeated three times.   
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The checks were used at 2.0g similar to the application of 
Actellic 2% (Pirimophos-Methyl) by Ojiako and Adesiyun, 
(2008). African nutmeg was used at 0.15,0.3 and0.45ml, 
moringa was at 0.75, 1.5 and 2.25ml and bitter leaf was 
at 1.0, 2.0 and 3.0 g. The rates applied were based on 
previous findings and in this experiment; the rates were 
applied in the ratio of 1:2:3. Each treatment contained 
50g of cowpea seeds (SAMPEA 8) obtained form IAR, 
Samaru Zaria, which were placed in glass jar. The two 
checks were sourced from the Sokoto Central Market. 
The glass jars were arranged on a Laboratory bench 
using Completely Randomized Design (CRD). 
 
 
Viability test 
 
Seeds were tested for their viability in the Laboratory 
before and after the experiment. Fifty seeds were 
counted and placed on a filter paper on the petri dishes. 
They were watered regularly and seeds that emerged 
daily were counted and recorded. 
 
 
Data collection 
 
Data were collected on insect mortality, weight loss, 
repellency and number of holes after months of storage. 
Adult mortality was taken after 24 hours daily by sieving 
the insects gently in each of the Kilner Jars, weight loss 
was taken both before and after the experiment, similar to 
the viability test. Number of holes and progeny were 
taken after one, two and three months of storage. The 
repellency test was conducted by placing Whatman No 1 
filter paper into two halves. The powder was dissolved 
into the different concentration of a solvent, acetone. 
Each rate was applied to one half of the filter paper using 
pipette uniformly and the other half was not treated. In 
the control, both the filter paper halves were left 
untreated. Both the treated and untreated halves were 
rejoined using clear adhesive tape and placed in a Petri 
dish. 10 adults of C. maculatus were placed in the center 
of the Petri dish and covered. The number of insects on 
both the treated and untreated halves was recorded after 
30 minutes. Percentage repellency (P R) values were 
calculated by the formula below as given by Hassan et al. 
(1990) quoted by Boateng and Kusi (2008), as shown: 
 
          Number of insect in untreated half – Number of insect in treated half   
PR =                                                                                                                 × 100                                                                                                                             
                             Total number of insects introduced  
 
 
Data analysis 
 
Data collected were subjected to Analysis of Variance 
and means found to be significantly different were 
separated using Duncan

’
s New Multiple Range Test 

(DNMRT) at 5% or 0.05 level of probability. 
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Table1. Toxicity of African nutmeg oil, Moringa seed oil and Bitter leaf against C. maculates 

 

Treatments/50g 
seeds 

Rates Mean Mortality  (DAT) Loss of viability 

1 2 3 4 5 6 7 

African nut meg oil(ml) 0.15 4.00
a 

0.00
b 

0.00
b 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

93.3 

0.3 3.33
ab 

0.67
b 

0.67
b 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

 

0.45 4.00
a 

0.00
b 

0.00
b 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

 

          

Moringa seed oil(ml) 0.75 4.00
a 

0.00
b 

0.00
b 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

74.04 

1.5 3.67
a 

3.33
b 

0.00
b 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

 

2.25 4.00
a 

0.00
b 

0.00
b 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

 

          

Bitter leaf(g) 1.0 1.00
cd 

0.00
b 

1.00
b 

0.00
b 

1.00
a 

0.67
a 

0.33
b 

44.52 

2.0 0.67
cd 

0.33
b 

0.67
ab 

1.00
a 

0.33
ab 

0.00
a 

0.33
b 

 

3.0 1.33
cd 

0.00
b 

0.33
b 

0.00
b 

0.67
ab 

0.67
a 

1.00
a 

 

          

Aluminium 
phosphide(g) 

2.0 2.00
cd 

2.00
a 

0.00
a 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

35.52 

          

Permethrin(g) 2.0 1.67
c 

0.33
b 

2.00
a 

0.00
b 

0.00
b 

0.00
a 

0.00
b 

35.52 

          

Control 0.0 0.00
d 

2.00
a 

1.33
ab 

0.33b 0.00
b 

0.00
a 

0.00
b
 26.63 

SE±  0.142 0.100 0.127 0.056 0.079 0.039 0.062  
 

DAT= Days after treatment 
Means with the same letter(s) in column are not significantly different using Duncan’s New Multiple Range Test (DNMRT) at 5% level. 

 
 
RESULTS 
 
Toxicity evaluation of African nutmeg oil, Moringa 
seed oil and Bitter leaf against C. maculatus 

 
Results indicate that African nutmeg oil and moringa 
seed oil were found to be more effective than bitter leaf 
powder (Table 1). African nutmeg oil and moringa seed 
oil at all doses were statistically similar in causing death 
of insects but statistically different (P<0.05) from other 
treatments including the two checks on the first day after 
treatment. Bitter leaf powder was not statistically different 
from the two checks. On the third day, there was no 
significant difference (P>0.05) between all the plant 
materials and control, but bitter leaf at 2.0g and control 
are statistically similar. 

Also Table 1 reveals that on the fourth day, there was 
no significance (P>0.05) between all treatments except 
for bitter leaf at 2.0g. On the fifth day, the highest 
mortality was in bitter leaf which were statistically the 
same but statistically different from all other treatments. 
On sixth and seventh days, all insect have died living 
those treated with bitter leaf only. 

Loss of viability before and after the experiment is in 
Table 1. This indicates that African nutmeg oil treated 
seeds has the highest percentage loss in viability 
(93.3%). The loss of viability in the control (26.63%) was 
lower than that in the bitter leaf and moringa seed oil, 
which  were  44.52  and  74.04%,  respectively.  The  two  

checks (Aluminium phosphide and permethrin) had 
35.52% loss in viability each. 

Table 2 shows that one month after storage, there was 
no significant difference (p>0.05) in number of holes 
except bitter leaf at 2.0g and moringa oil at 0.75ml. Two 
months after storage, there was no significant difference 
between all the treatments in number of holes. The 
number of progenies that emerged after months of 
storage indicates that after one month, the highest 
number was in the control, though statistically similar to 
moringa seed oil and bitter leaf powders. Similarly, two 
and three months after all the treatments are statistically 
similar (p=0.05).  

It can be stated that even though there were no holes 
observed on the 2.25ml of moringa seeds one month 
after storage, yet there was progeny emergence, this 
could probably be that the holes were not very visible. 
Two months after storage, 2 and 3.0 g of the bitter leaf 
powder produced number of holes, but there was no 
progeny emergence, probably the insects have all died 
within the seed. There was no significant difference 
between all the treatments and the control in the 
percentage repellency as indicated in Table 3. 
 
 

DISCUSSION 
 
It is clear from the results that the African nutmeg oil, 
moringa seed oil and bitter leaf powder  have  insecticidal  
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Table 2. No of holes and progeny emergence of C. maculatus after one, two and three months of storage. 

 

Treatments Rates 
No of holes/seed (MAT) No. of Progeny emerged  (MAT) 

1 2 3 1 2 3 

African nutmeg oil 0.15ml 0.00
b 

0.00
a 

1.00
a 

0.00
b
 0.00

a 
0.67

a 

 0.3ml 0.00
b 

0.00
a 

3.33
a 

0.00
b 

0.00
a 

1.33
a 

 0.45ml 0.00
b 

0.00
a
 2.00

a 
0.00

b 
0.00

a 
1.00

a 

        

Moringa seed oil 0.75ml 1.00
ab 

0.67
a 

0.67
a 

0.67
ab 

0.33
a 

0.33
a 

 1.5ml 0.00
b 

0.00
a 

0.33
a 

0.00
b 

0.00
a 

0.33
a 

 2.25ml 0.00
b 

0.00
a 

1.00
a 

0.67
ab 

0.00
a 

1.00
a 

        

Bitter leaf 1.0g 0.67
b 

0.67
a 

0.33
a 

0.67
ab 

0.33
a 

0.00
a 

 2.0g 1.00
ab 

1.67
a 

1.00
a 

0.67
ab 

0.00
a 

1.00
a 

 3.0g 0.67
b 

1.00
a 

3.00
a 

0.33
b 

0.00
a 

0.67
a 

        

Check(ALP) 2.0g 0.00
b 

0.00
a 

1.00
a 

0.00
b 

0.00
a 

0.33
a 

Check(PERM) 2.0g 0.00
b 

0.00
a 

1.00
a 

0.00
b 

0.00
a 

0.33
a 

Control 0.0g 2.67
a 

1.33
a 

2.33
a 

2.00
a 

1.33
a 

0.67
a 

SE±  0.173 0.176 0.329 0.133 0.0156 0.142 
 
MAT= Months after treatment 
Means with the same letter(s) in column are not significantly different using Duncan’s New Multiple Range Test (DNMRT) at 
5% level. 

 
 
 

Table 3. Repellency of African nutmeg oil, moringa seed oil and bitter leaf against C. maculates. 
 

Treatments Rates Mean mortality Repellency (%) 

African nutmeg oil 0.5ml 3.8333
a 

50 

 1.0ml 4.8333
a 

-10 

 1.5ml 4.8333
a 

10 

    

Moringa seed oil 0.3ml 3.8333
a 

50 

 0.6ml 3.5000
a 

56.7 

 0.9ml 3.8333
a 

30 

    

Bitter leaf 1.0g 3.1667
a 

10 

 2.0g 2.6667
a 

13.3 

 3.0 4.8333
a 

3.3 

    

Control 0.0g 3.0000
a
 50 

SE±  0.203  
 

Means with the same letter(s) in column are not significantly different at 5% level using Duncan’s New Multiple 
Range Test (DNMRT). 

 
 
 
and feeding deterrent effects on C. maculatus on stored 
cowpea and this tends to increase with increase in 
dosages. African nutmeg oil was more effective even at 
lower rates of 0.15ml/50g cowpea. This is similar to 
findings of Ketoh et al. (2000) who found the effective-
ness of the essential oils of Cymbogon schoenanthus (L.) 
and Seri-Kouassi (2004) who studied the effectiveness  

of nine essential oils on the same cowpea beetle, C. 
maculatus. Bamaiyi and Zarafi  indicated  that  there  was  
100% mortality of C. maculatus at 24 hours after 
treatment with seed oil of mahogany at 1, 2 and 3 mls/ 
100g of cowpea. Also Nut (1995) and Keane and Ryan 
(1999) who studied the insecticidal activity of essential 
oils tested in adult of C. maculatus by intoxication which  
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could cause the blocking of the transmission of the nerve 
impulse by inhibition of the hydrolysis of acetylcholine. 
The effect on the nerve impulse caused the paralysis and 
the death of the insects. 

Moringa seed oil was effective at lower and higher 
rates of 0.75ml and 2.25ml/50g seeds and mortality was 
more than 90% after 24 hours, which is in conformity with 
the findings of Boateng and Kusi (2008) who reported 
that Jatropha seed oil was toxic to C. maculatus even at 
lower doses of 0.5ml/150g cowpea grain. The mortality of 
insects in bitter leaf was dose and time dependent in 
which the toxicity was due to presence hydrocyanic acid 
and oxalic acid (Kabeh and Jalingo, 2007). This agrees 
with the findings of Al- Moajel (2004) who tested various 
botanical powders for protecting wheat grains against 
Trogoderma granarium. 

The percentage loss in viability after three months of 
exposure of cowpea to treatments was highest in cowpea 
treated with African nutmeg oil (93.3%) which may be 
due to presence of certain substances in the oil that 
inhibited germination. The loss of viability in untreated 
seeds may continue with time if measures are not taken 
as seen in the control treatments. The loss of viability in 
the two checks was similar and lower than African 
nutmeg oil, because the oil would have affected the 
embryo. The lowest percent loss was in the control with 
26.63%. The number of holes and progeny emergence in 
the treatment was dose dependent in which African 
nutmeg oil and moringa seed oil has the lowest, which is 
in conformity with the findings of Dike and Mbah (1992) 
that cowpea treated with African nutmeg may have been 
protected from damage due to the oil content of the 
material, which could have blocked or interfered with the 
respiratory tracts of the insects resulting in increased 
mortality, reduced oviposition and infertility of the egg. 
The non significant difference observed between all the 
treatments may be due decline in persistency of the 
treatments as it was reported by Boateng and Kusi 
(2008) that the potency of Jatropha seed oil declined 
from 15 to 60 days. 
 
 
Recommendations 
 
In view of the aforementioned, it is hereby recommended 
that African nutmeg oil and moringa seed oil should be 
used in the storage of cowpea seeds to reduce 
infestation by C. maculatus at higher rates. However the 
use of bitter leaf powder is always better for the farmers 
as it does not require any technology, unlike the oil which 
has to be extracted and have deleterious effect on the 
viability of the seeds. The use of these botanicals 
reduces the harmful effects of synthetic insecticides to 
man and his environment. However, the palatability of 
seeds treated with the oil and the overall toxicity of the 
seed oil when consumed should be further studied before 
it can be recommended for long term storage of cowpea.  
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