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Abstract 

   
Azadirachta indica is a source of highly effective botanical insecticides, with Azadirachtin A as the major active 

principle.  However, it has been contended that sun-drying reduces its Azadirachtin A content and insecticidal 

efficacy. This work investigated the Azadirachtin A content, fatty acid contents, adult toxicity, F1 progeny 

inhibition and damage reduction of A. indica oils from sun-dried kernels, shade-dried kernels, sun-dried seeds 

and shade-dried seeds, against Callosobruchus maculatus Fab. (Coleoptera: Chrysomelidae) and Sitophilus 

zeamais Motsch. (Coleoptera: Curculionidae), serious storage pest of cowpea and maize, respectively. Analysis 

by liquid chromatography-electrospray ionization-tandem mass spectrometry showed that the sun-dried seed, 

but not the sun-dried kernel oil gave less Azadirachtin A amount 2.89 ± 0.17 g/kg compared to the other drying 

regimes (3.09 ± 0.09 – 3.69 ± 0.16 g/kg). Gas chromatography equipped with a flame-ionisation detector 

analysis revealed the presence of palmitic acid, stearic acid, oleic acid and linoleic acid, as the major fatty acids in 

the oils, with similarity in their concentrations among the four drying regimes. The adult toxicity assay showed 

that C. maculatus was more susceptible to the A. indica oils than S. zeamais, but without differences linked to 

the drying regime.  All the oils completely suppressed progeny production and grain damage, irrespective of the 

drying regime and insect species. Our results disagree with the contention that sun-drying diminishes the 

Azadirachtin A content and insecticidal efficacy of A. indica. Therefore, sun-drying could be adopted by farmers 

because it may speed up processing of seeds and minimize attacks by aflatoxin producing fungi.  
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Introduction 

Over the past decades, synthetic chemical insecticides 

have played a significant role in modern agricultural 

pest management (Guo et al., 2014). Their repeated 

use over the years has led to the evolving of resistance 

in pest populations and fostered environmental and 

human health concerns. These problems have 

highlighted the need for the development of new 

types of selective insect-control alternatives (Lee et 

al., 2001). Currently, research efforts are being 

intensified on the use of botanicals as alternatives to 

commonly used synthetic insecticides because many 

plants demonstrate insecticidal activities against 

insect pests and plant products are more 

biodegradable, and thus pose fewer problems to the 

environment (Boeke et al., 2004; Isman, 2008; Yeon 

et al., 2011).  

 

Azadirachta indica A. Juss commonly called neem is 

toxic to over 500 insect species (Schmutterer, 1990; 

Athanassiou et al., 2005; Kavallieratos et al., 2007; 

Roy et al., 2010) including stored product insect pests 

of cowpea and maize (Bélanger and Musabyinama, 

2005; Iloba and Ekrakene, 2006; Debashri and 

Tamal, 2012).  However, research on the insecticide 

properties of A. indica is scanty in some African 

countries. The efficacy of Cameroonian A. indica seed 

powder and oil against S. zeamais, and only the seed 

powder against C. maculatus has been reported 

(Nukenine et al.,  2011a, 2011b, 2013, Tofel et al., 

2015).  More so, during harvesting or drying A. indica 

seeds may be contaminated with aflatoxins (Kausik et 

al., 2002). In developed countries, where regulations 

and facilities about the safety control of plant 

products exist, it is easy to minimize the risk of A. 

indica seed contaminations. In these countries, 

drying neem seed is therefore not a problem because 

equipment like oven which could be used to dry the 

seeds safely is present. This is not the case in 

developing countries where A. indica is wide-spread 

and fast-drying could mainly be achieved through 

sun-drying. However, many researchers have 

contended that sun-drying causes photo- and thermo-

degradation of plant materials including A. indica 

(Johnson et al., 2000; Najafian and Agah, 2012; 

Shahhoseini et al., 2013), which leads to a significant 

reduction in their bio-activity against pests and in 

humans. Thus, subsistence farmers and traditional 

doctors are advised to dry their plant materials in 

shade before mixing with grains in storage and use as 

medication, respectively, for better efficacy. 

Unfortunately, shade-drying of A. indica seeds may 

encourage the proliferation of fungi and the 

production of aflatoxins in these products, which 

would in turn attain humans causing serious health 

hazards.  

 

To promote the use of safer A. indica seed oil 

combined with good efficacy in crop protection 

including stored products, the mode of drying of the 

seeds needs to be re-examined. 

 

The cowpea weevil Callosobruchus maculatus F. 

(Coleoptera: Chrysomelidae) and the maize weevil 

Sitophilus zeamais Motschulsky (Coleoptera: 

Curculionidae) are widely distributed in tropical 

regions. They are known respectively as serious insect 

pests of legumes and cereals in storage. C. maculatus 

is responsible for about 30 to 60% weight losses of 

stored cowpea within six months (Adedire and Ajayi, 

2003; Ketoh et al., 2005) while 30 to 40% maize 

weight losses are common with S. zeamais 

infestations (Parugrug and Roxas, 2008; Yuya et al., 

2009). About 75% of harvested cowpea and maize are 

stored by farmers in Africa (Kumar, 1991). To reduce 

post-harvest losses, different methods of grain 

protection are used by small holder farmers as well as 

at the industrial level (Isman, 2006).  

 

Therefore, the present study was proposed to extend 

the bio-efficacy assay of Cameroonian A. indica seed 

oil to C. maculatus and determine the Azadirachtin A 

and fatty acid contents as well as the insecticidal 

efficacy of oils extracted from A. indica seeds and 

kernels that were dried in the shade or in sun-light 

against S. zeamais on maize and C. maculatus on 

cowpea. Adult mortality, reduction of progeny 

emergence and reduction of grain damage were the 

parameters used to assess the insecticidal efficacy of 

the A. indica oils. 
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Materials and methods 

Insects  

Sitophilus zeamais was reared on maize and C. 

maculatus on cowpea in controlled temperature and 

humidity chambers (25 ± 1 °C and 60 ± 3% r.h.) in 

darkness. Adults of S. zeamais and C. maculatus were 

obtained from laboratory colony kept since 1968 and 

2011, respectively at the Institute for Ecological 

Chemistry, Plant Analysis and Stored Product 

Protection, Julius Kühn-Institute (JKI), Berlin, 

Germany. Insects aged 1 day for C. maculatus and 

between 7-14 days for S. zeamais were used for all 

bioassays with cowpea and maize as substrates, 

respectively. The maize variety was yellow Ricardino 

(KWS) harvested in an experimental field of JKI, 

Braunschweig, Germany in 2012. The organic cowpea 

(Black-eyed bean, Perou variety) was purchased in a 

tropical food store in Berlin, Germany. 

 

Collection of Azadirachta indica seeds and extraction 

of the oil  

Ripe seeds (de-pulped by birds) were collected on the 

ground under A. indica trees in the Meskine quarter 

(latitude 10°33.16’ N, longitude 14°815.04’ E and 

altitude of 356 m.a.s.l.) of Maroua, Far-North region, 

Cameroon in May 2011. The city of Maroua is in the 

Sudano-Sahelian agro-ecological zone (IRAD, 2007). 

This agro-ecology is characterized by two seasons: 

wet (June to September) and dry (October to May). 

Annual rainfall ranges between 800 and 1000 mm. 

Annual mean temperature is 29 °C, with a maximum 

of 39 °C in March and minimum of 17 °C in January. 

Average annual r.h. stands at 67%. 

 

The collected seeds were subjected to four different 

drying regimes: kernel in shade (Shade-dried kernel), 

kernel in sunlight (sun-dried kernel), seeds in shade 

(Shade-dried undehusked seeds) and seeds in 

sunlight (sun-dried undehusked seeds). The drying 

temperatures of the seeds and kernels were 27 ± 3 °C 

and 34 ± 4 °C in shade and in sunlight, respectively. 

The dried seeds were dehusked and together with the 

dried kernels were stored in a deep-freezer at -14 °C, 

until transported to Berlin, Germany (after 4 

months).  

The extraction of the oil was carried out using a 

mechanical press (CA59G Komet, Mönchengladbach, 

Germany). Two kilogram each of kernels from the 

four drying regimes were introduced into the press 

and crude A. indica oils were obtained, filtered and 

weighed for the determination of the yields in oil. 

 

Azadirachtin A content determination 

Extraction and cleanup of the A. indica seed oils from 

the different drying regimes were carried out using 

QuEChERS (Anastassiades, 2003). 100 µl of oil was 

weighed into a 50 ml polypropylene centrifuge tube 

and 100 µl of surrogate (Spinosyn A 100 g/l). 

Extraction was performed by adding 10 ml 

acetonitrile and 10 ml of water in every tube and each 

tube was shaken using a vortex-mixer for 45 min and 

then in an ultrasonic bath for 15 min. To cleanup, 

anhydrous MgSO4 (4 g) and NaCl (1 g) were added 

and the tubes were tightly capped and vigorously 

mixed with vortex for 1 min. The extracts were 

centrifuged at 3000 g × 5 min. After centrifugation, 

an aliquot of 100 µl from the upper layer of extract 

was transferred to a vial and then dried to evaporate 

water. The extract was diluted with 1 ml of 

methanol/water 1:1, (v/v) containing an internal 

standard Spinosyn L (used for quantification) at the 

concentration of 25 pg/µl and subsequently kept in 

the dark at 4°C until analyzed by LC/MS/MS. 

According to drying method each treatment was 

replicated thrice and for each tube two replications 

was done for a total of six repetitions. 

 

Liquid chromatography–electrospray ionization-

tandem mass spectrometry, in positive ion mode, was 

used to separate, identify, and quantify azadirachtin 

A. For the LC analysis, a Shimadzu Prominence 

UFLCXR HPLC system (Agilent Technologies, 

Darmstadt, Germany) with a binary pump was used. 

The analytical column employed was a reversed-

phase C18 of 50 × 3 mm and 2.6 µm particle sizes. 

The mobile phase A was methanol-water (90:10, v/v) 

with 0.1% acetic acid + 5 mmol Ammonium acetate. 

The mobile phase B was water with 0.1% acetic acid + 

5 mmol Ammonium  acetate. The gradient program 

started with 0% of A, constant for 2 min, followed by 
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a linear gradient up to 100% A in 3.5 min, and 

finishing with 100 % A constant for 3.5 min. After this 

5.5 min run time, 3.5 min of post-time followed using 

the initial 30% of B. The flow rate was set constant at 

0.9 ml/min during the whole process, and the 

injection volume was 5 µl. For the mass spectrometric 

analysis, a AB SCIEX QTRAP 4000 MS/MS system 

(AB Sciex Instruments) was used, equipped with a 

turbo ion spray source operating in positive ionization 

mode, set with the following parameters: Ion Spray 

(IS) voltage: 5500 V; curtain gas: 20 psi; nebulizer 

gas (GS1): 70 psi; auxiliary gas (GS2): 50 psi; source 

temperature: 550 °C. Nitrogen was used as the 

nebulizer and collision gas. Optimization of the 

compound was performed by flow injection analysis 

(FIA), injecting individual standard solutions directly 

into the source. AB SCIEX Analyst software 1.5.2 was 

used for data acquisition and processing. 

 

Fatty acid determination 

Crude oils were analyzed as methyl esters to 

determine the fatty acid composition. Fatty acid 

methyl esters (FAME) were obtained through a two-

step method with sodium methoxyde and HCl as 

catalysts, and then analyzed by capillary column gas 

chromatography (GC) (Hewlett Packard HP 6890) 

equipped with a flame-ionization detector (FID), as 

described in EN ISO 5509 and EN ISO 5508. 1 ml of 

the FAME sample was injected and GC separation 

was carried out in a HP-INNO Wax capillary column 

(Hewlett Packard; 30 m length, 0.25 mm i.d. and 0.25 

m film thickness). 

 

Adult toxicity test and F1 progeny production 

The volumes of 0.1, 0.15, 0.2, 0.25 and 3 ml of A. 

indica oils from sun-dried seeds, sun-dried kernels, 

shade-dried seeds and shade-dried kernels were 

separately pipetted to 50 g of maize or cowpea in 250 

ml glass jars to give the concentrations of 2, 3, 4, 5 

and 6 ml/kg of maize or cowpea. Controls consisted of 

grains without neem seed oil. Each jar was shaken 

with a bidimensional mixer (Gerhardt, Dreieich, 

Germany) for approximately 4 min to ensure uniform 

distribution of the oils to the entire grain mass. 

Groups of 20 S. zeamais and C. maculatus were 

separately added to glass jars containing the treated 

maize and cowpea, respectively. Control gas jars also 

separately received twenty insects each. All 

treatments were arranged in a completely randomized 

design on shelves in the laboratory (25 ± 1 °C and 60 

± 3% r.h.) and each treatment had four replications. 

Mortality was recorded 1, 3, 7 and 14 days after 

treatment for S. zeamais and 1, 3 and 6 days after 

treatment for C. maculatus. Insects were considered 

dead when no movement was observed after touching 

them carefully with entomological forceps. After the 

14-day and 6-day mortality recordings respectively for 

S. zeamais and C. maculatus, all the insects were 

separated from the grains and discarded. The grains 

were left inside the jars and all F1 progeny were 

counted (Nukenine et al., 2007). 

 

Damage on grains 

Similar dosages of each type of A. indica oil, as for the 

toxicity bioassay described above, were considered 

for100 g grains. A group of 30 adult insects of mixed 

sex were introduced into each jar containing treated 

or untreated grains. All treatments were replicated 

four times. After 10 weeks of storage, one hundred 

grains were randomly selected from each treatment of 

maize and cowpea (Udo 2005) and the number of 

damaged grains (grains with characteristic holes) and 

undamaged grains were counted and weighed. 

Percent weight loss (PWL) was computed using FAO 

(1985) method as follows: 

 

PWL = [(U×Na)- (Ua×Ne)]/ U (Na+Ne) ×100  

 

Where U is the weight of undamaged fraction in the 

sample, Ua is the weight of the damaged fraction, Na 

is the number of damaged grains in the sample; Ne is 

the number of undamaged grain in the sample. 

 

The Percentage grain damage (PD) was therefore, 

calculated using the formula: PD =B/A × 100 

 Where: B is number of grains with holes and A is the 

total number of grains. 

 

Data analysis 

The mortality counts were corrected with Abbott’s  
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(1925) formula. Data on % cumulative corrected 

mortality, % reduction of progeny production, % 

grain damage and % weight loss were transformed to 

the arcsine [(square root(x/100)] and the number of 

progeny produced was log-transformed, then 

subjected to the ANOVA procedure of the Statistical 

Analysis System (SAS Version 9.2). Tukey’s (HSD) 

mean separation test was employed with a 

significance of 95% (P = 0.05). The concentration 

required to kill 50% of insects (LC50) was estimated 

using probit analysis (Finney, 1971). 

Results 

Yield and Azadirachtin and fatty acid contents of 

Azadirachta indica oils from seeds exposed to 

different drying regimes 

The yield of the oils from A. indica seeds that were 

subjected to the four drying regimes ranged from 

28.30% (sun-dried seeds) to 34.42% (shade-dried 

kernels), with sun-dried seeds/kernels tending to 

produce lower quantities of oils than the shade-dried 

seeds/kernels (Table 1).  

 

Table 1. Azadirachtin A content and oil yields of Azadirachta indica seeds that were subjected to different drying 

regimes. 

Dryingregime Yield (% w/w) Azadirachtin† (g/kg) 

Shade-dried kernels 34.42 3.56 ± 0.14a 

Sun-dried kernels 28.60 3.09 ± 0.09 ab 

Shade-dried seeds 32.70 3.69 ± 0.16 a 

Sun-dried seeds 30.30 2.89 ± 0.17 b 

F (3, 8)
 ‡  7.06* 

† Means (± SE) in the same line followed by the same letter do not differ significantly (Tukey’s test; P < 0.05) 

‡ * P < 0.05. 

The oil from the sun-dried seeds had lower 

Azadirachtin contents compared with the oils from 

the other three drying regimes (shade-dried seeds, 

sun-dried kernels and shade-dried kernels), which 

had similar contents of the substance.  

 

The major fatty acids found in the A. indica seed oils  

in decreasing order were oleic acid >> linoleic, 

palmitic and stearic acids >>> Arachidic, behenic and 

lignoceric acids, regardless of drying regime (Table 

2). However, the contents of all the fatty acids were 

similar among the oils of the seeds subjected to the 

four drying regimes. 

 

Table 2. Fatty acid composition of Azadirachta indica crude oils from seeds that were subjected to different 

drying regimes.  

Fatty acid (%) Drying regime† 

Shade-dried 

kernels 

Sun-dried 

kernels 

Shade-dried 

seeds 

Sun-dried seeds F (3, 12)
 ‡  

Palmitic acid  16.00 ± 0.02c  15.86 ± 0.04c  16.84 ± 0.75b 16.41 ± 0.02b  1.37 ns  

Linoleic acid  16.66 ± 0.03b  16.75 ± 0.07b  12.21 ± 0.07b  16.38 ± 0.08b  1.08 ns  

Oleic acid  50.03 ± 0.06a  51.55 ± 0.25a  53.67 ± 0.49a  51.82 ± 0.11a  1.42 ns  

Stearic acid  15.45 ± 0.09d  14.48 ± 0.16d  15.32 ± 0.66b  14.05 ± 0.09c  1.07 ns  

Arachidic acid  1.53  ± 0.04e  1.11± 0.07e  1.44 ± 0.07c  1.37 ± 0.01d 0.84 ns  

Behenic acid  0.22 ± 0.07f  0.14 ± 0.08f  0.30 ± 0.01c  0.13 ± 0.08e  1.03 ns  

Lignoceric acid   0.06± 0.06f  0.11± 0.07f  0.13 ± 0.08c  0.06 ± 0.06e  0.33 ns  

F (6, 21)
 ‡ 90544.2*** 9522.00*** 104.23*** 60632.9***  

† Means (± SE) in the same line followed by the same letter do not differ significantly (Tukey’s test; P < 0.05) 

‡ ns P > 0.05; *** P < 0.001. 
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Toxicity tests 

All the A. indica seed oils generally caused significant 

mortality to adult C. maculatus and S. zeamais 

(Tables 3 and 4) compared to the control. Overall, no 

significant difference was observed among the oils 

derived from seeds that were subjected to the four 

drying regimes regarding the mortality they caused to 

S. zeamais and C. maculatus. Percentage mortality 

increased with increase of dose levels for the two 

insect species, but the rate of increase in mortality 

with days after exposure was lower for C. maculatus 

(Table 3) compared to S. zeamais (Table 4). 

 

Table 3. Corrected cumulative mortality of adult Callosobruchus maculatus exposed in cowpea grains treated 

with Azadirachta indica oils extracted from seeds that were subjected to different drying regimes. 

Exposure 

period (days) 

Dose (ml/kg) Drying regime / % Mortality (mean ± SE) †  

 

  Shade-dried kernels Sun-dried kernels Shade-dried seeds Sun-dried seeds F (3,  12) ‡ 

       

1 0 0.00 ± 0.00c 0.00 ± 0.00d 0.00 ± 0.00c 0.00 ± 0.00d  

 2 0.00 ± 0.00c 0.00 ± 0.00d 0.00 ± 0.00c 0.00 ± 0.00d – 

 3 7.50 ± 7.50bc 11.75 ± 3.13c 13.75 ± 5.15b 2.50 ± 1.44d 1.90 ns 

 4 25.00 ± 12.08b 15.00 ± 2.89c 32.50 ± 11.27b 21.25 ± 6.57c 0.53 ns 

 5 60.00 ± 5.77a 57.50 ± 9.68b 65.00 ± 5.00a 53.75 ± 3.75b 0.49 ns 

 6 77.50 ± 1.44a 83.75 ± 5.54a 81.25 ± 2.39a 76.25 ± 4.37a 0.84 ns 

 F (5, 18) ‡ 27.64*** 50.42*** 32.37*** 79.92***  

       

3 0 0.00 ± 0.00d 0.00 ± 0.00e 0.00 ± 0,00e 0.00 ± 0.00c  

 2 3.75 ± 2.39d 3.75 ± 2.39e 1.25 ± 1.25e 0.00 ± 0.00c 1.58 ns 

 3 13.75 ± 6.57cd 21.25 ± 4.73d 13.82 ± 4.23d 6.25 ± 3.15c 1.09 ns 

 4 37.50 ± 12.67bcAB 50.86 ± 10.65cA 33.75 ± 1.25cB 46.25 ± 9.87bA 2.65* 

 5 76.25 ± 5.15ab 83.75 ± 3.75b 83.49 ± 2.54b 71.25 ± 7.74b 1.34 ns 

 6 90.00 ± 4.08aB 100.00 ± 0.00aA 100.00 ± 0.00aA 100.00 ± 0.00aA 7.95* 

 F (5, 18) ‡ 34.99*** 175.51*** 80.81*** 63.96***  

       

6 0 0.00 ± 0.00 d 0.00 ± 0.00 d 0.00 ± 0.00 d 0.00 ± 0.00e  

 2 10.40 ± 2.15cB 21.45 ± 2.22cA 6.45 ± 2.45cdB 3.88 ± 2.51deB 5.79* 

 3 23.42 ± 5.53bc 38.95 ± 10.13bc 28.73 ± 8.48c 13.11 ± 3.32d 2.22 ns 

 4 41.84 ± 12.86b 63.36 ± 5.41b 73.54 ± 12.47b 57.41 ± 11.87c 1.54 ns 

 5 87.11 ± 3.20aB 96.05 ± 3.95aA 88.14 ± 2.55abB 86.86 ± 6.25bB 2.78* 

 6 98.69 ± 1.32a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 1.00 ns 

 F (5, 18) ‡ 47.10*** 41.35*** 46.76*** 58.71***  

† Means in the same column followed by the same lowercase letter within the same exposure period or in the same 

line followed by the same uppercase letter, do not differ significantly (Tukey’s test; P < 0.05) 

‡ ns P > 0.05; * P < 0.05; *** P < 0.001; – F value estimation is not possible due to equal variance. 

Generally, drying regime had no effect on the 

mortality of the two insect species caused by the A. 

indica seed oils. Nonetheless, the sun-drying of seeds 

and kernels led to a higher mortality of C. maculatus, 

3 (4 and 6 ml/kg) and 6 (2 and 5 ml/kg) days post 

exposure. The oil from the sun-dried kernels of A. 

indica caused greater mortality to S. zeamais than 

that from the shade-dried kernel only 7 days after 

treatment for the 4 ml/kg dose level. The highest 

tested dose (6 ml/kg) of A. indica oil achieved 

complete mortality of C. maculatus 3 days post 

exposure for all the drying regimes, except the shade-

dried kernels which caused a maximum mortality of 

98.69%, six days after exposure. Oils from the sun-
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dried kernels and seeds caused total mortality to S. 

zeamais 7 days after exposure with the respective 

doses of 5 and 6 ml/kg. For the shade dried kernels 

and seeds, the oil respectively caused a maximum 

mortality of 98.75% (6 ml/kg) and 100% (5 ml/kg) to 

the weevil, 14 days after exposure. 

 

Table 4. Corrected cumulative mortality of adult Sitophilus zeamais exposed in maize grains treated with 

Azadirachta indica oils extracted from seeds that were subjected to different drying regimes. 

Exposure 

period (days) 

Dose 

(ml/kg) 

Drying regime / % Mortality (mean ± SE)  

 

  Shade-dried kernels Sun-dried kernels Shade-dried seeds Sun-dried seeds F (3, 12) ‡ 

       

1 0 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00d 0.00 ± 0.00b  

 2 1.25 ± 1.25c 1.25 ± 1.25c 0.00 ± 0.00d 1.25 ±  1.25b 0.33 ns 

 3 5.00 ± 2.04bc 3.75 ± 2.39bc 2.50 ± 1.44cd 5.00 ± 3.54ab 0.19 ns 

 4 7.50 ± 3.23bc 7.50 ± 1.44bc 8.75 ± 2.39bc 6.25 ± 2.39ab 0.30 ns 

 5 13.75 ± 2.30ab 17.50 ± 2.50ab 11.25 ± 1.25ab 17.50 ± 4.33a 1.20 ns 

 6 20.00 ± 4.56a 31.25 ± 6.57a 17.50 ± 2.50a 18.75 ± 4.27a 1.75 ns 

F (5, 18) ‡ 8.31*** 14.87*** 19.12 *** 6.92**  

   

3 0 0.00 ± 0 .00d 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00e  

 2 8.75 ± 5.54cd 5.00 ± 2.04d 7.50 ± 1.44cd 8.75 ± 3.75de 0.24 ns 

 3 16.25 ± 2.39bc 17.50 ± 6.29c 15.00 ± 2.04cd 16.25 ± 1.25 cd 0.10 ns 

 4 28.75 ± 7.18bc 37.50 ± 5.95bc 22.50 ± 2.50bc 30.00 ± 5.40 bc 1.29 ns 

 5 40.00 ± 4.56ab 47.50 ± 1.44ab 40.00 ± 4.08ab 40.00 ± 4.56 ab 0.99 ns 

 6 86.25 ± 7.74a 62.50 ± 7.22a 56.25 ± 7.47a 51.25 ± 3.15a 0.46 ns 

F (5, 18) ‡ 15.27*** 27.75*** 24.91*** 30.23 ***  

   

7 0 0.00 ± 0.00 d 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d  

 2 23.79 ± 9.44c 26.25 ± 6.88c 26.25 ± 10.68cd 23.75 ± 5.54c 0.03 ns 

 3 37.50 ± 6.61bc 65.00 ± 10.61b 50.00 ± 6.12bc 51.25 ± 9.00b 1.79 ns 

 4 72.50 ± 8.54abB 91.25 ± 5.15aA 71.25 ± 8.26abB 70.00 ± 3.54bB 3.02 * 

 5 95.00 ± 3.54a 100 ± 0.00a 95.00 ± 3.54a 93.75 ± 4.73a 0.85 ns 

 6 95.00 ± 2.89a 100 ± 0.00a 96.25 ± 2.39a 100.00 ± 0.00a 1.96 ns 

F (5, 18) ‡ 41.35*** 57.00*** 37.46*** 58.58*  

   

14 0 0.00 ± 0.00 d 0.00 ± 0.00c 0.00 ± 0.00 d 0.00 ± 0.00d  

 2 30.40 ± 7.08c  39.15 ± 9.97b 31.84 ± 10.85c 33.78 ± 8.20c 0.17 ns 

 3 77.38 ± 1.31b 74.80 ± 9.06a 74.15 ± 7.84b 71.70 ± 6.40b 1.73 ns 

 4 98.60 ± 1.40a 95.00 ± 3.54a 88.62 ± 6.57ab 88.41 ± 6.54ab 0.40 ns 

 5 97.50 ± 2.50a 100 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 1.00 ns 

 6 98.75 ± 1.25a 100 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 1.00 ns 

F (5, 18) ‡ 66.42*** 51.22*** 45.49*** 65.49***  

† Means in the same column followed by the same lowercase letter within the same exposure period or in the same 

line followed by the same uppercase letter, do not differ significantly (Tukey’s test; P < 0.05))  

‡ ns P > 0.05, * P < 0.05; ** P < 0.01, *** P<0.001;  – F value estimation is not possible due to equal variance.

The 3-day LC50 values were 3.89 ml/kg (sun-dried 

kernels), 3.89 ml/kg (shade-dried seeds)), 4.13 ml/kg 

(shade-dried kernels) and 4.16 ml/kg (sun-dried 

seeds) for C. maculatus, and the 7-day LC50 values for 

S. zeamais were 2.53 ml/kg for the sun-dried kernels, 

2.83 ml/kg for the shade-dried seeds, 2.86 ml/kg for 

the sun-dried seeds and 3.00 ml/kg for the shade-

dried kernels. 

 

F1 Progeny production 

In all the evaluated treatments, the application of A. 

indica seed oils completely suppressed F1 progeny 
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emergence in C. maculatus, regardless of the drying 

regime to which the seeds where subjected (Table 5). 

Except for maize treated with the lowest dose 2 ml/kg 

with Sun- and shade-dried kernels and sun-dried 

seeds, all dose levels of the oils from the seeds dried 

under the four regimes caused 100% reduction in S. 

zeamais F1 progeny emergency (Table 6). The oils 

from the seeds tended to reduce F1 progeny 

emergence in the weevil than those from the kernels, 

when maize seeds were treated with the lowest dose 2 

ml/kg.  

 

Table 5. Progeny production of Callosobruchus maculatus in cowpea grains treated with Azadirachta indica oils 

extracted from seeds that were subjected to different drying regimes. 

 Drying regime  

Dose (ml/kg) Shade-dried kernels Sun-dried kernels Shade-dried seeds Sun-dried seeds F (3, 12) ‡ 

      

Number (mean ± SE) of F1 adult progeny †  

0 436.50 ± 22.91a 432.25 ± 11.84a 460.75 ± 24.08a 473.75 ± 20.17a 0.94 ns 

2 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

3 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

4 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

5 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

6 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

F (5, 18) ‡ 362.98*** 1332.39*** 366.19*** 551.81***  

    

Percentage (mean ± SE) reduction in adult emergence relative to control †  

0  0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

2 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

3 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

4 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

5 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

6 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

F(5, 18) ‡ –*** –*** –*** –***  

† Means in the same column followed by the same letter do not differ significantly (Tukey’s test; P < 0.05)  

‡ ns P > 0.05; *** P < 0.001; – F value estimation is not possible due to equal variance. 

Damage on grains 

The infested cowpea (C. maculatus) and maize (S. 

zeamais) grains that were previously treated with A. 

indica oils extracted from seeds that were subjected 

to the four drying regimes had no damaged grains 

and recorded no weight loss, ten weeks after 

infestation, when the dose level was ≥ 3 ml/kg (Tables 

7 and 8). When treated with 2 ml/kg of the A. indica 

seed oils, both cowpea and maize grains recorded very 

little damage and weight losses compared to the 

control,  although the value for these parameters were 

higher for maize (2.25 – 4.50% damage and 0.33 – 

0.75 % weight loss) than cowpea (0.00 – 0.75% grain 

damage and 0.00 – 0.06% weight loss). For this 

dosage level, the damage caused by C. maculatus to 

cowpea seeds and S. zeamais to maize seeds, as well 

as the resulting weight losses, were similar across the 

four drying regimes. 

 

Discussion 

The results of A. indica oil yields in the present study 

showed that sun-dried kernels produced lower 

quantity of oil (28.60% w/w) than the other drying 

regimes. Faye (2010) reported that dehusked neem 

seeds (kernels) gave lower oil quantity than 

undehusked seeds. In the same line, Soetaredjo et al. 

(2008) observed that when the exposure temperature 

of neem seeds increased, the yield of oil decreased 
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from 32% at room temperature to 18% at 80°C. They 

noticed that drying seeds in sunlight reduces their 

moisture contents and leads to the attachment of the 

oil to the proteins within the seed structures. Kumar 

and Parmar (1996), Munoz-Valenzuela et al. (2007) 

and Jadega et al. (2011), screened A. indica seeds 

from different regions in India and Mexico and found 

that the yield of the oil ranged from 15.4 to 54%, the 

range of 28.60% to 34.42% for the present study is in 

accordance with their findings. These authors found 

that variation in yield of the oil was independent on 

the age of the trees and the origin of the seeds but 

dependent on rainfall, humidity and temperature of 

the area.  

 

Table 6. Progeny production of Sitophilus zeamais in maize grains treated with Azadirachta indica oils 

extracted from seeds that were subjected to different drying regimes. 

Dose (ml/kg) Drying regime  

 Shade-dried kernels Sun-dried kernels Shade-dried seeds Sun-dried seeds F (3, 12) ‡ 

Number (mean ± SE) of F1 adult progeny †  

0 48.50 ± 7.35a 46.50 ± 8.87a 44.50 ± 3.69a 42.50 ± 2.33a 0.14 ns 

2 7.25 ± 0.48bA 5.25 ± 1.93bA 0.00 ± 0.00bB 3.25 ± 2.29bAB 6.32 ** 

3 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b – 

4 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b – 

5 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b – 

6 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b – 

 F(5, 18) ‡ 41.69*** 54.28*** 61.09*** 99.01***  

    

Percentage (mean ± SE) reduction in adult emergence relative to control †  

0  0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c  

2 84.28 ± 2.15bB 88.71 ± 4.10bAB 100.00 ± 0.00bA 92.75 ± 4.94bA 7.73 ** 

3 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

4 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

5 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

6 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a – 

F(5, 18) ‡ 2087.73*** 2143.36***     –*** 230.11***  

† Means in the same column followed by the same lower case letter or in the same line followed by the same upper 

case letter, do not differ significantly (Tukey’s test; P < 0.05).   

‡ ns P > 0.05, ** P < 0.01, *** P < 0.001; – F value estimation  is not possible due to equal variance. 

Unsaturated fatty acids (oleic acid and linoleic acid) 

were higher (68%) than saturated fatty acids (palmitic 

acid, stearic acid, arachidic acid behenic acid and 

lignoceric acid) in our A. indica seeds for all the four 

drying regimes. The presence of unsaturated fatty 

acids in A. indica seed oil is an important indicator of 

the quality of the oil (Kaushik, 2002) and it reduces 

the degradation rate of azadirachtin A (Johnson et al., 

2000), which is the main compound in A. indica oil 

reputed for insecticidal efficiency. Kaushik and Vir 

(2000), Djenontin et al. (2012) and Tomar et al. 

(2012), recorded similar results to that of the present 

study, with respect to the type of fatty acids and the 

patterns of the saturated and unsaturated  fatty acids 

found in A. indica seed oils from India and Nigeria. 

Also, the diversity and quantity of the fatty acids in 

this study are close to those obtained with the edible 

oils of the oleic type such as that extracted from 

groundnut (Kapseu and Parmentier, 1999).  

 

 It is widely reported that the sun-drying of plant 

materials has an effect on their chemical composition 

and therefore reduced their efficacy when used as 

medications or insecticides (Caboni et al. 2009; 

Najafian and Agah, 2012; Shahhoseini et al., 2013). 

Johnson et al. (2003), Rembold (2004) reported that 
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Azadirachtin is extremely labile in light with 

photolysis half live ranging from 48 min to 3.98 days 

in thin films, under UV light. The Azadirachtin A 

content in the oil obtained from the sun-dried seeds 

in the present study was less compared to other 

drying regimes. Sidhu et al. (2003) studied the 

variation of Azadirachtin A of A. indica oil of 43 

provenances in India. They recorded a range from 

0.55 to 3.03 g/kg of Azadirachtin A, with only those 

from four provenances reaching the rate 2.00 g/kg, 

thus even the sun-dried kernels and sun-dried seeds 

oil in the present study had higher Azadirachtin A 

contents compared to theirs. This difference in 

Azadirachtin content may be explained by the 

variation of the geographical locations (Ermel et al., 

1986). Soils and climate may influence the 

Azadirachtin A contents in plants (Sidhu et al., 2003; 

Gupta et al., 2010). 

 

Table 7. Grain damage and weight loss of cowpea caused by Callosobruchus maculatus in grains treated with 

Azadirachta indica oils extracted from seeds that were subjected to different drying regimes and then stored for 

10 weeks. 

Damage and 

doses (ml/kg) 

Drying regime  

Shade-dried kernels Sun-dried kernels Shade-dried seeds Sun-dried seeds F (3, 12) ‡ 

      

Mean (± SE) grain damage (%) † 

0 97.25 ± 0.75a 97.25 ± 0.48a 97.00 ± 0.41a 97.25 ± 0.48a 0.35 ns 

2 0.25 ± 0.25b 0.00 ± 0.00b 0.75 ± 0.00b 0.25 ± 0.25b 0.41 ns 

3 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

4 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

5 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

6 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

F(5, 18) ‡ 1594.95*** 466.90*** 946.09*** 2153.73***  

0  28.52 ± 1.19aB 39.68 ± 1.84aA 36.29 ± 2.59aAB 42.86 ± 2.80aA 8.07 ** 

2 0.04 ± 0.04b 0.00 ± 0.00b 0.06 ± 0.06b 0.01 ± 0.01b 0.45 ns 

3 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

4 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

5 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

6 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

F(5, 18) ‡ 570.00*** 95.97*** 196.36*** 234.48***  

† Means in the same column followed by the same lower case letter or in the same line followed by the same upper 

case letter, do not differ significantly (Tukey’s test; P < 0.05).   

‡ ns P > 0.05, ** P < 0.01, *** P < 0.001; – F value estimation of is not possible due to equal variance. 

The increase in adult mortality of C. maculatus and S. 

zeamais with increasing dose and time post exposure, 

irrespective of the drying regime suggests that the 

toxicity of the botanicals to the insects depends on the 

quantity of the active ingredients, which were not 

generally related to the drying regime. Mbaiguinam et 

al. (2006) obtained 100% mortality of C. maculatus 

with 5 ml/kg of A. indica seed oils from Chad, while 

Wadehi et al. (2013) reported that A. indica seed oil 

from Egypt at the same rate caused 100% mortality to 

S. zeamais. The complete mortality of C. maculatus 

and S. zeamais achieved in our study when cowpea 

and maize were treated with A. indica seed oil from 

the sun-dried kernels (6 ml/kg) within 3 and 7 days 

after exposure, respectively is similar to those of the 

previous authors. However, Obeng-Ofori and Amiteye 

(2005) obtained better efficacy with groundnut and 

soybean oil from Ghana at the rate of 5 g/kg, which 

caused 93% mortality to S. zeamais within 24 h of 

exposure. This difference in results for S. zeamais 

mortality among the vegetable oils may highlight the 

fact that A. indica oil as opposed to other vegetable 

oils has antifeedant properties, caused by its 

limonoids constituents like azadirachtin, nimbin, 

salanin, nimbidin and meliantriol (Schumutterer, 

1990; Addea-Mensah, 1998). Antifeedancy leads to a 
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slower rate in mortality. Azadirachtin activates 

deterrent cells in the chemoreceptors of the 

mouthparts, interferes with other taste 

chemoreceptors, and blocks firing of “sugar” receptor 

cells which are responsible for stimulating feeding. 

These combined effects may result in death by 

anorexia (primary antifeedancy) (Rukmini, 1987; 

Schmutterer, 1990; Petit, 2008; Anuradha and 

Annadurai, 2008). The limonoid compounds also 

inhibit peristalsis, reduces the production of digestive 

enzymes as food moves through the gut, restrain mid-

gut cell replacement and food intake (secondary 

antifeedancy) (Mordue and Blackwell, 1993; Koul et 

al., 2004; Pamela, 2009).  

 

Table 8. Grain damage and weight loss of maize caused by Sitophilus zeamais in grains treated with 

Azadirachta indica oils extracted from seeds that were subjected to different drying regimes and then stored for 

10 weeks. 

Damage and 

doses (ml/kg) 

Drying regime †  

 Shade-dried kernels Sun-dried kernels Shade-dried seeds Sun-dried seeds F (3, 12) ‡ 

Mean (± SE) grain damage (%) † 

0 50.00 ± 1.73aA 45.50 ± 2.84aA 39.75 ± 3.90aAB 37.75 ± 1.93aB 4.13 * 

2 3.25 ± 1.25b 4.50 ± 0.29b 2.25 ± 1.03b 2.25 ± 1.44b 1.30 ns 

3 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00b – 

4 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00b – 

5 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00b – 

6 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00b – 

F(5, 18) ‡ 458.91*** 245.95*** 95.10*** 97.35***  

    

Mean (± SE) weight loss (%) † 

0 17.12± 2.75aA 10.05 ± 0.75aB 12.09 ± 1.50aAB 10.77 ± 1.10aB 3.58 * 

2 0.56 ± 0.16b 0.75 ± 0.21b 0.61 ± 0.29b 0.33 ± 0.21b 0.93 ns 

3 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

4 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

5 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

6 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b – 

F(5, 18) ‡ 38.21*** 163.20*** 61.78*** 91.62***  

† Means in the same column followed by the same lower case letter or in the same line followed by the same 

uppercase letter do not differ significantly (Tukey’s test; P < 0.05).   

‡ ns P > 0.05, * P < 0.05, *** P < 0.001; – F value estimation of is not possible due to equal variance. 

Like all bruchids, adult C. maculatus does not feed, 

while adult S. zeamais feeds on maize grains, but the 

A. indica seed oil caused greater mortality to C. 

maculatus than S. zeamais, and this was remarkable 

from the first day after infestation. Vegetable oils are 

known to penetrate the cuticle of insects (Ibrahim et 

al., 1999) and also block the spiracles, which will in 

turn prevent respiration, leading to the death of the 

insect by asphysiation (Don-Pedro, 1989; Iloba and 

Ekrakene, 2006). The sclerotization of insect cuticles 

increases with age and the cuticle becomes hardened 

and darkened, as a result of additional wax layers, 

leading to less permeability with age (Odeyemi et al., 

2010). The 1-d old C. maculatus were much younger 

than the 7 to 14-d old S. zeamais in the present study. 

The elytras of C. maculatus partially covers the dorsal 

abdomen, while with S. zeamais the dorsal abdomen 

is completely covered by the elytras. More so, C. 

maculatus is more mobile than S. zeamais, which 

could lead to a greater contact of the oil with the 

former than the latter.  Therefore, because of the 

preceding reasons, more A. indica oil may have 
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penetrated the body of C. maculatus than S. zeamais 

and the blocking of spiracles would have been more 

evident with C. maculatus, which could explain the 

higher susceptibility of C. maculatus than S. zeamais 

to the A. indica seed oils.  

 

The similarity in the insecticidal effectiveness of the 

oils from the sun-dried kernels and seeds, as well as 

the shade-dried kernels and seeds against C. 

maculatus and S. zeamais is at variance with the 

findings of Radwan and El-Shiekh (2012) where A. 

indica oil from seeds that were exposed to sunlight 

compared to those indoors, caused less mortality to 

the cotton leafworm, Spodoptera littoralis Boisduval. 

(Lepidoptera: Noctuidae). The similarity in the fatty 

acid composition among the oils from seeds that were 

subjected to the different drying regimes in the 

present study could explain why sun-drying had no 

influence on insecticidal efficacy. Lienard et al. (1993) 

reported that oils with higher contents of fatty acids 

are more toxic to insects than those with lower levels 

of the acids. Notwithstanding, further studies are 

needed to clarify the relationship among fatty acids, 

limonoid componds and insecticidal efficacy of A. 

indica seed oil (Gauvin et al., 2004).  

 

One of the basic characteristics of an effective grain 

protectant is its ability to reduce progeny production 

in treated grains (Khoshnoud et al., 2008). Results of 

inhibition of progeny production showed that oils 

extracted from A. indica seeds that were subjected to 

the four drying regimes completely inhibited progeny 

emergence of C. maculatus and S. zeamais, showing 

their enormous ability to control both insects. The A. 

indica oils might have acted physically or chemically 

on eggs or immature stages, depending on the insect 

species. Suppression of emergence in C. maculatus 

could be related to physical action of the A. indica 

seed oil. The coating of the seeds by A. indica oil may 

prevent the eggs from adhering unto the seeds. 

Therefore, it was not possible for the eggs to hatch in 

the grains and death ensues. Similar explanations 

were advanced by other researchers, where A. indica 

seed oil completely inhibited the progeny production 

of S. oryzae and C. maculatus (Bamaiyi et al., 2007; 

Kemabonta and Falodu, 2013; Ilesanmi and Gundula, 

2013). In addition, A. indica oil, like other vegetable 

oils, penetrates the chorion of bruchid eggs via the 

micropyle and the oil might occlude the egg funnel, 

which blocks exchange with the outside, leading to 

the asphyxiation of the developing insect, then death 

follows (Copping and Menn, 2000). 

 

Azadirachta indica seed oils could also inhibit 

progeny production by non-mechanical mechanisms, 

especially with S. zeamais. Female maize weevil lays 

eggs inside the grain. If, on treated grains oviposition 

is not deterred by the presence of the oil, then the 

development of immature stages could be affect 

chemically. As the oil has the ability to infiltrate the 

grains, the larvae of S. zeamais, which feed inside the 

grain would ingest some quantity of azadirachtin and 

other compounds like nimbin and salanin in A. indica 

oil. These compounds have growth regulatory effects 

on larvae, such as, disruption of moulting, growth 

inhibition, malformation, which may block the 

developmental stages of the weevils or cause 

mortality of immature stages (Isman, 2006). Udo 

(2005) stated that, there is a relationship between F1 

progeny emergence and adult mortality. His 

statement is confirmed by the report of Fekalu et al., 

(2012) who found that Gossypium hirsitum and 

Brassica carinata seed oils reduced adult emergence 

of S. zeamais. But it was not the case in the present 

work, since there were living S. zeamais 14 days (5 

ml/kg) after infestation and offspring were recorded 

at the dosage level of 3 ml/kg. 

 

Cowpea and maize suffer heavy damage and losses 

during storage due to C. maculatus and S. zeamais, 

respectively. In the control treatment, within 10 

weeks of storage, 98% and 45% of cowpea and maize, 

respectively, were damaged. A. indica oil protected 

well maize and cowpea from the damage and the 

consequent weight loss caused respectively by S. 

zeamais and C. maculatus. Adult mortality and the 

inhibition of progeny emergence must, at least in 

parts, be responsible for the little or no damage on the 

commodities. A. indica seed oil and Moringa seed oil 

protected cowpea for 60 days without damage 
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(Ilesanmi and Gundula, 2013). Cashew kernel oil 

offered 100% protection of maize grains against S. 

zeamais after 90 days (Adedire et al., 2012). Niber 

(1995) concluded that the action of A. indica oil to 

reduce seed damage was chemical rather physical. 

Ogemah (2003) observed also reduced seed damage 

on A. indica seed oil treated maize against 

Prostephanus truncatus Horn. 

 

Sun-drying compared to shade-drying of A. indica 

seeds and kernels had no significant negative effect 

on the bio-efficacy of the oil against C. maculatus and 

S. zeamais on cowpea and maize grains, respectively. 

All the oils obtained from A. indica seeds following 

the different drying regimes greatly protected the 

grains against the infestation of their respective pest 

insect, although, the oil from the sun-dried kernels 

tended to show slightly higher bioactivity against the 

two insects. Because A. indica grows in countries 

where high temperatures around 40°C are common, 

sun-drying of the seeds could be a suitable method for 

farmers to obtain safer and cheaper botanicals for the 

protection of cowpea and maize grains against insect 

attacks during storage. 
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