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ABSTRACT 
 
 Jatropha curcas shrubs were cultivated in Forest Farm, Faculty of Agriculture, Assiut, AL-Azhar 
University, Assiut, Egypt. The oil was extracted by petroleum ether (b.p. 40-60oC) using soxhlet system. Oil 
represented 62.4% of kernel. The oil was divided to two halves: first half was not treated as a crude oil (A); the 
second was de-toxified using methanol to remove phorbol esters (B). All the physico-chemical tests were 
carried out on crude oil (A). It looked like the vegetable oils nearly. The major fatty acids content were linoleic 
acid (47.3%), oleic (23.4), palmitic (11.3%) and stearic (10%). Main triglycerides were OOL (31.2%), LLO 
(19.8%) and PPO (12.5%). Each of (A) and (B) were stored for 0, 1, 2 and 3 months at room temperature. 
Wheat grains (100 g) were infested by (5 pairs) Sitophilus granaries in Petri dishes, then treated by the oil (A) 
and (B) by 0.0,  0.5, 1.0 and 1.5 (v/w). the crude oil (A) was effective as insecticidal agent and has LC50 0.5 ml. 
The oil had long time effect even 90 days of storage. The treated wheat grains were germinated by speed of 95% 
and ratio of 100%. The seedling height was 7 cm after 7 days of germination. The root was free of Aspergillus 
niger and Aspergillus flavus. 
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Introduction 
 
 Jatropha curcas is a nut belonging to the Euphorbiaceae family. It is cultivated in central and south 
America, Southeast Asia, India and Africa (Gübitz et al., 1999). J. curcas tree which can easily be propagated 
by cutting is widely planted as a hedge to protect the field’s erosion, as it is not browsed by cattle. J. curcas can 
grow well under such adverse climatic because of its low moisture demands, fertility requirements and tolerance 
to high temperatures (Kaushik et al., 2007). All parts of J. curcas plant have their own uses. Like many other 
Jatropha species, J. curcas is a succulent tree that sheds its leaves during the dry season. It is well adaptor to arid 
and semi-arid conditions and often used for erosion control. Fortunately, inedible vegetable oils, mostly 
produced by seed-bearing trees and shrubs can provide an alternative. With no competing food uses, this 
characteristic turns attention to Jatropha curcas, which grows in tropical and subtropical climates across the 
developing world (Openshaw, 2000). The fact that Jatropha oil can not be used for nutritional purposes without 
detoxification makes its use as energy or fuel source very attractive as biodiesel. The seeds of Jatropha contain 
viscous oil, which can be used for manufacture of candles and soap, in cosmetics industry, as a diesel/paraffin 
substitute or extender. This latter use has important implications for meeting the demand for rural energy 
services and also exploring practical substitutes for fossil fuels to counter greenhouse gas accumulation in the 
atmosphere. These characteristics along with its versatility make it of vital importance to developing countries 
(Kumar and Sharma, 2008). The leaves are used in traditional medicine against coughs or as antiseptics after 
birth, and the branches are chewing sticks (Gübitz et al., 1999). Each fruit contains 2-3 oblong black seeds 
which can produce oil. The seed kernel oil contained 40- 60% (w/w) oil (Makkar et al., 1997). The seed oil 
extracted is found useful in medicinal and veterinary purposes, as insecticide, for soap production and as fuel 
substitute (Gübitz et al., 1999). This made the oils suiTable for biodiesel production. However, the chemical 
compositions of the oil vary according to the climate and locality. Jatropha curcas seed contains kernels and 
shells with an average ratio 62.2: 37.7. The kernel has higher oil contents (54–58%) compared to the shell 
0.8−1.4% oil) (Makkar et al., 1998). The composition of J. curcas oil consists of main fatty acid such as 
palmitic acid (13%), stearic acid (2.53%), oleic acid (48.8%) and linoleic acid (34.6%) (Martínez-Herrera et al., 
2006). J. curcas oil contains high percentage of unsaturated fatty acid which is about 78- 84%. The plant 
contains terpenes among them; diterpenes from different species of Jatropha have shown a wide range of 
biological activities, for example, tumor-promoting, irritant, cytotoxic, antiinflammatory, antitumor, 
molluscicidal, insecticidal, and fungicidal activities. There are at least 20 diterpenes reported from Jatropha 
species. Among the diterpenes, a group of compounds having tigliane skeleton called phorbol esters are the 
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most toxic molecules in this Jatropha species. Six phorbol esters were identified in J. curcas (Haas et al., 2002). 
The concentration of phorbol esters varies from 2 to 3 mg/g kernel meal and from 2 to 4 mg/g oil in different 
provenances of J. curcas (Makkar et al., 1997). The phorbol esters are lipophilic, present mainly in oil, and 
when present in oil or kernel not affected by heat. In J. curcas the phorbol esters were present in kernels 2–6 
mg/g dry matter), (Makkar and Becker, 2009). Phorbol esters are amphiphillic molecules and have a tendency to 
bind phospholipids membrane receptors. Phorbol esters themselves do not induce tumors but promote tumor 
growth following exposure to subcarcinogenic doses of carcinogen. Phorbol esters are thus regarded as 
cocarcinogens (Goel et al., 2007). The saponin content in J. curcas kernel meal from different locations ranged 
between 1.8 and 3.4% (as diosgenin equivalent). Jatropha curcas saponins are nonhemolytic. In addition, the 
levels of saponins present in toxic and nontoxic varieties of J. curcas are almost similar. These observations 
suggest that J. curcas saponins are innocuous (Makkar et al., 1997, 1998). Aim of this work is fractionation of 
Jatropha curcas oil, its effect as insecticide and on germination. 
 
Materials and Methods 

 
Sample Preparation: 
 
 Jatropha curcas L. seeds were collected at September, 20, 2009 from Jatropha forest, Experimental Farm, 
Faculty of Agriculture, Assiut, AL-Azhar University, Assiut, Egypt. The seeds were air dried at room 
temperature for three months. The dried seeds were de-husked and de-shelled.  
 
Oil Extraction: 
 
 The kernels were milled to fine powder and exposed to oil extraction by two methods. About 500 g of seed 
powder were extracted by Soxhlet using petroleum ether (b.p. 40-60oC) for 18 hours. The obtained oil (300 ml) 
was divided to two halves. The first let as crude oil and assigned as A. The second portion was treated by 
methanol in separatory funnel to separate phorbolester in aqueous layer. The petroleum ether layer rotated on 
rotary evaporator under reduced pressure (Devappa et al., 2009). The oil residue was assigned as B. All of the 
fractions were applied if directly or stored at different storage periods (0, 1, 2 and 3 months) by different doses 
(0.5, 1.0, 1.5 and 2.0 ml / 100 g wheat grains). 
 
Determination of Chemical and Physical Properties of J. Curcas Oil: 
 
 Iodine value, saponification value, peroxide value, free fatty acid and refractive index were determined 
according to AOAC (1980). 
 
Methylation of Fatty Acids: 
 
 The fatty acids were converted to methyl esters according to the method of Kates (1964). Where 3.5 mg. of 
oil were treated with 4.5 ml. of 2.5% methanolic - HCl, the mixture was heated under reflux for 2 hours. Then, 
0.5 ml. of distilled water was added followed by addition of 5 ml methanol: water (9:1 v/v) mixture. The methyl 
esters were extracted by petroleum ether (b.p. 40 - 60C). The solvent was evaporated and the extract was dried 
over anhydrous sodium sulfate. The fatty acid methyl esters were identified by gas chromatography (GC). 
 Fatty acids methyl esters derived from crude oil were analyzed with Hewlett Packard (HP) 6890 series GC 
system with capillary column (BP-70), length =60 m, diameter = 320 ìm and film thickness = 0.25 ìm equipped 
with (FID) detector and the detector temperature was 300oC. Temperature program was 70oC with initial time 2 
min. Separation rate was (4 and 40 min.) with final temperature at (120 and 220oC) and final time at (2 and 10 
min.), respectively. The inlet temperature was 250o C (splitless), with flow rate 2 ml/ min. Carrier gases were N2 
with 30 ml/min., H at 30 ml/min. and air at 300 ml/min. Fatty acids percentage were expressed as percentage of 
total fatty acid methyl esters. The authentic samples of fatty acids methyl esters were also injected under the 
same condition for the identification of fatty acids. 
 
Analysis of Triglycerides: 
 
 Triglycerides profile of Jatropha curcas oil was determined by using high performance liquid 
chromatography (HPLC) equipped with ELSD 800 detector. The Triglycerides of the oil was separated using 
commercially column, inert sil ODS 3 (250mm x 4.6mm). The mobile phase was a mixture of acetonitrile: 
dichloromethane (60:40) set at a flow rate of 0.8 ml/min, with pressure 2.3 bar. TAG peaks were identified 
based on the retention time of available commercial triglycerides standard. 
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Insect Culture and Maintenance: 
 
 Sitophilus granaries (5 pairs of each) used in this study were derived from field infested wheat grains. 
Wheat grains (100g) were carried out in each jar at fluctuating ambient temperature and relative humidity. The 
jars were covered with muslin cloth held tightly in place for adequate aeration of the culture and precluded entry 
or exit of insects.  
 Jatropha oil was applied with 0, 0.5, 1.0, 1.5 and 2% (v/w). The wheat grains were thoroughly coated with 
the oil using a glass rod and then allowed to air-dry for about 1 h prior to the extraction solvent. Each 
experimental plate was infested with a copulating pairs of male and female Sitophilus granaries of about 0-24 h 
old. Each treatment was prepared in triplicates. After 2 days when the insects have died, the seeds were counted 
and recoded. 
 
Germination Test: 
 
 Seed of wheat (Triticum aestivum) c.v. Giza 168 were collected from field during year 2010 and stored in 
gunny bags until used. Effect of crude and de-toxified Jatropha oil were tested on seeds on moistened bottlers in 
Petri dishes by following ISTA (1966) procedure in each separately Petri dish. Ten seeds were sown and 
regularly irrigated. Seeds treated with crude oil and de-toxified. Final value was taken as means of three 
replications for treatments and control. Seed germinated in tap water was served as control for comparison. The 
percent seed germination and seedling growth as (length cm, weight shoot, root, shoot % and root % of wheat 
was recorded after 7 days from sowing. 

 
Results and Discussions 

 
 Jatropha curcas seed is rich of oil as its kernel contains 62.4% oil to dry weight as shown in Table (1). This 
percentage is much higher than those recorded for most oil-rich seeds (Esuoso and Bayer, 1998; Esuoso et al., 
1998). This would therefore be an advantage in terms of the exploitation of the oil. This oil is inedible oil 
because its high content of antinutritional diterpene called phorbol esters which represent 2-4 mg/ g oil (Makkar 
et al., 1997). Oil have been found to be toxic to mice (Adam, 1974), rats (Liberalino et al., 1988), calves, sheep 
and goats (Ahmed and Adam 1979), humans (Mempane et al., 1987) and chickens (El Badwi et al., 1992 and El 
Badwi et al., 1995). Hence, its use as a food or feed source is presently limited. The oil from these seeds can 
serve as fuel for diesel engines, indicating its potential as a renewable energy source (Heller 1996). Solvent 
extraction of oil reduces phorbol ester content by 72% from meal, but found as oil components (Makkar et al., 
1997). Jatropha oil also contains unknown hydrocarbons (4.8%) which may cause toxicity. Phytosterols are 
found in the oil which acts as antioxidants, antimicrobial, antifungal and antimicrobial agents (Adebowale and 
Adedire 2006). Phospholipids represent 2% of oil. The main constituent of oil is the triglycerides (88%). These 
data are in line with those obtained by (Adebowale and Adedire 2006). These triglycerides are fractionated and 
identified as shown in Table (4). 
 Unsaponifiables constituents (3.8%) may have an advantage for use as natural insecticide. The 
unsaponifiables contains sterols and terpene alcohols which are responsible for the insecticidal properties of 
fixed oils (Haftmann, 1970). Shankaranarayana et al., (1980) have shown the insect growth-inhibiting properties 
and chemosterilant activity of a pentacyclic triterpenoid(urs-12-ene-3β palmitate) extracted from the bark of 
Santalum album. In addition the anti-feedant activities of pentacyclic triterpene acids have been demonstrated 
(Shukla et al., 1996; Jagdeesh at al., 1998; Uppuluri et al., 2003; Makonjuola, 1989). 

 
Table 1: Composition of Jatropha curcas oil fractions. 

Composition Percentage 
Oil 62.4 
Unsaponifiable 3.8 
Hydrocarbons 4.8 
Triglycerides 88.2 
Sterols 2.2 
Phospholipids 2.0 

 
 The physico-chemical parameters of J. curcas oil are presented in Table (2). The high iodine value (102) 
indicates a preponderance of unsaturated fatty acid. The fatty acids, acid value and peroxide values are relatively 
high compared with most seed oils. 
 Fatty acid composition is presented in Table (3) Linoleic acid constitutes the dominant fatty acid (47.3%). 
In their studies, Khan et al., (1983) reported that the insect repellant activity of fixed oil of Annona Squamosa 
and Polyalthes longifolia were due mainly to the presence of high molecular weight fatty acids among other 
active agents. 
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Table 2: Physicochemical properties Jatropha curcas oil. 
Composition Percentage 

Colour Golden Yellow 
Specific gravity 0.90171 
Refractive index 1.4735 
(%)Free fatty acids   2.65 ± 0.02 
Saponification value 192.9 ± 0.03 
Iodine value  102.62 ± 0.06 
Peroxide value  1.95 ± 0.02 

 
Chemical and Physical Properties: 
 
 The data collected from the study of the physical and chemical properties of the test samples showed oil 
content of jatropha kernel was determined at 62.4%. Oil content of jatropha kernel was found higher than 
linseed, soybean, and palm kernel which is 33.33%, 18.35% and 44.6%, respectively (Gunstone, 1994). High oil 
content of Jatropha Curcas indicated that Jatropha Curcas are suitable as non-edible vegetable oil feedstock in 
oleochemical industries (biodiesel, fatty acids, soap, fatty nitrogenous derivatives, surfactants and detergents, 
etc). Currently, Jatropha Curcas can produce 2000 liter/ha oil per annual (Azam et al., 2005). 
 The iodine value is a measure of the unsaturation of fats and oils. Higher iodine value indicated that higher 
unsturation of fats and oils (Knothe, 2002; Kyriakidis and Katsiloulis, 2000). The iodine value of Jatropha oil 
was determined at 102.62g I2/100g. The iodine values of Jatropha curcas look like the semi-drying oil group. 
High iodine value of Jatropha is a result of high content of unsaturated fatty acid such as oleic acid and linoleic 
acid. Jatropha oil seed oil consists of 73.4 % unsaturated fatty acid. 
 The usual method of assessment hydroperoxides (primary oxidation products) is by determination of 
peroxide value (Gunstone, 2004). Peroxide value of jatopha seed oil showed a low value (as crude seed oil) of 
1.95 meq /kg. The high iodine value and oxidative stability shows that the seed oil upholds the good qualities of 
semidrying oil purposes (Eromosele et al., 1997).  
 Saponification value of the studied oil was 192.9. High saponification value indicated that oils are normal 
triglycerides and very useful in production of liquid soap and shampoo industries. Experimental result showed 
that Jatropha seed oil has FFA content 2.65%.  
 Viscosity defined as resistance liquid to flow. Viscosity increased with molecular weight but decreased with 
increasing unsaturated level and temperature (Nouredini et al., 1992). The viscosity of Jatropha oil seed was 
very low compared to vegetable oils.  
 The density of a material is a defined as the measured of its mass per unit volume (e.g. in g/ml). The density 
vegetable oil lower than of water and the differences between vegetables oil are quite small, particularly 
amongst the common vegetable oils. Generally, the density of oil decreases with molecular weight, yet increase 
with unsaturation level (Gunstone, 2004). From the experiment was conducted, the density of jatropha seed oil 
were 0.90171 g/ml.  
 
Table 3: Fatty acids methyl esters of Jatropha curcas oil. 

Composition Percentage 
Palmitic acid (C16:0) 11.3 
Palmitoleic acid (C16:1) 0.7 
Stearic acid (C18:0) 10.0 
Oleic acid (C18:1) 23.4 
Linoleic acid (C18:2) 47.3 
Linolenic acid (C18:3) 0.2 
Arachidic acid (C20:0) 4.7 
Arachidoleic acid (C20:1) 1.8 
Behenic acid (C22:0) 0.6 

 
Fatty Acid Composition: 
 
 Fatty acid composition was another important character carried out on this study. The properties of the 
triglyceride are determined by the amounts of each fatty acid that are present in the molecules. Chain length and 
number of double bonds determine the physical characteristics of both fatty acids and triglycerides (Mittelbach 
and Remschmidt, 2004). Fatty acid composition of Jatropha oil was compared with other vegetable oils such as 
palm oil, sunflower oil, palm oil and soybean oil. There are three main types of fatty acids that can be present in 
a triglyceride which is saturated (Cn:0), monounsaturated (Cn:1) and polyunsaturated with two or three double 
bonds (Cn:2,3). Vegetable oils that rich in polyunsaturated such as linoleic and linolenic acids, such as soybean, 
sunflower. The predominant fatty acid in the studied oil consists of polyunsaturated (47.5%), followed by 
unsaturated fatty acid (26.6%) and monounsaturated fatty acid (25.9%). Monounsaturation of Jatropha seed oil 
was higher than other vegetable oil as palm kernel, sunflower and palm oil (Table 3). The major fatty acids in 
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Jatropha seed oil were the linoleic, oleic, palmitic and the stearic fatty acid. linoleic acid showed the highest 
percentage of composition of 47.3% followed by oleic acid with 23.4%. Thus, Jatropha seed oil can be 
classified as linoleic–oleic oil. Compared to others vegetable oil (Table 3), Jatrhopa seed oil has highest linoleic 
acid content than palm oil, palm kernel, sunflower, coconut and soybean oil.  
 

Table 4: Triglycerides types of Jatropha curcas oil. 

Composition PPO PLP SOP POO POL SOO OOO OOL LLO LLL POO U.I. 

Percentage 2.7 1.5 2.0 12.5 10.0 3.3 0.4 31.2 19.8 10.7 3.5 2.4 

 
Triglycerides Composition: 
 
 The triglycerides profile of Jatropha seed oil, was characterized by reversed phase HPLC where the 
mechanism in separating the triglycerides involves the chain length and degree of unsaturation of the fatty acids 
(Gutierrez and Barron, 1995). The identified triglycerides of Jatropha seed oil were concluded by comparing the 
retention time of standard triglycerides peak chromatographs obtained under same analytical condition. 
Triglycerides content of Jatropha oil seed is showed on Table 4. The most prominent triglycerides were OOL 
(31.2%), followed by LLO (19.8%), POO (12.5%), LLL (10.7%), POL (10.0%), POO (3.5%), SOO (3.3%), 
+PPO (2.7%), SOP (2.0%), PLP (1.5%), OOO (0.4%) and unidentified triglycerides (2.4%). 
 The composition of triglycerides is presented in Table (4) OOL (1,2,-dioleoyl-3- linleoyl-rac - glycerol) and 
LLO (1,2-dilinoleoyl-3-oleoyl rac-glycerol) were the dominant triacylglcerol species. 
 The insecticidal properties of the J. curcas oil are presented in Tables (5). J. curcas oil has long being 
implicated in traditional medicine and also used as an insect repellent, a molluscide and a rodenticide. The oil 
significantly reduced the number alive Sitophilus granaries. All the Jatropha oil concentrations tested totally 
were antifeeding, indicating that the oil exhibited mortality. Mortalities were probably due to suffocation and or 
lethal chemical poisoning of the oil. This observation is in agreement with that of Jadhua and Jadhua (1984). 
The insecticidal activity of this seed oil could be due to the presence of several sterols and terpene alchohols 
which have been known to exhibit insecticidal properties (Heftmann, 1970). In plants, saponins may serve as 
anti-feedants or help in protecting the plant against microbes and fungi. However, saponins are often bitter in 
taste, and thus, when present in high concentrations would reduce plant palatability in livestock (Sen et al., 
1998).  
 
Table 5: Number of died wheat weevils (Sitophilus granaries) from 10 weevils treated by J. curcas oil types along storage periods. 

Fraction Dose 
Oil storage periods (months) 

0 1 2 3 

A (crude oil) 

0.5 ml 5 5 5 5 

1.0 ml 8 8 8 8 

1.5 ml 10 10 10 10 

B (de-toxified oil) 

0.5 ml 4 4 4 4 

1.0 ml 6 6 6 6 

1.5 ml 8 8 8 8 

 
 Jatropha curcas oil also showed anti-oviposition and ovicidal effects on Sitophilus granaries in wheat at 
various serial dilutions ranging from 0 to 1.5 % (v/w) to determine long-term protective ability as an insecticide. 
This petroleum ether extract of Jatropha curcas was not deteriorated till 90 days of storage and still protect 
wheat grains against weevils and its ova. The LC50 of crude oil was determined to be 0.05 % (v/w). Adebowale 
and Adedire (2006) reported that J. curcas oil offered 12-week protection for treated cowpea seeds. J. curcas oil 
was used as an emulsifiable concentrate (JEC) it produced toxicity toward insects S. zeamais (on corn) and 
Callosobruchus chinensis (on mung bean), inhibiting their oviposition when sprayed on them. With a 
prophylactic pyrethroid spraying at 84 and 97 days after planting, cotton sprayed with the JEC at 800 and 1250 
ml crude oil/ha had comparable number of bolls to that sprayed with either deltamethrin (12.5 g active 
ingredient/ha) or profenofos (400 g active ingredient/ha). The seed cotton yield was highest in profenofos-
treated cotton, followed by that sprayed with deltamethrin, with the latter comparable to that sprayed with 800 
ml crude oil/ha. Solsoloy (1995) suggested that the product effectively controlled a variety of pests. In another 
study, the J. curcas oil and its ethanol extract demonstrated high insecticidal activity toward Lipaphis erysimi 
(Kaltenbach), Preris rapae, S. oryzae L., and S. zeamais (Motschulsky). Seed oil showed potent contact toxicity 
(LC50, 0.73%) and antifeedant activity (AFC50, 0.23%) against L. erysimi. Although no contact toxicity was 
detected toward P. rapae, significant stomach toxicity and antifeedant activity with LC50 and AFC50 of 2.25 and 
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1.9%, respectively, were observed. Sitophilus orzo L. and S. zamias that were fed with J. curcas oil-treated food 
displayed high mortalities within 14 d with LC50 of 0.48 and 0.53%, respectively. Overall, the ethanol extract of 
J. curcas oil demonstrated more potent insecticidal activity compared to the original seed oil. When evaluated 
by comparing LC50, contact toxicity of the ethanol extract to L. erysimi was 2.76-fold higher than that of J. 
curcas oil, while antifeedant activity was 1.26-fold higher, stomach toxicity to P. rapae 5.96-fold greater, and 
antifeedant activity 7.23-fold higher. Field experiments showed that 0.25% ethanol extract of J. curcas oil was 
effective in controlling L. erysimi (Jing, 2005). 
 
Table 6: Germination parameters of treated wheat grain seeds after 7 days. 

 Germ. ratio Germ. speed Plant wt (g) Root wt (g) Shoot wt (g) Length (cm) % shoot % root 
Control 50 70 0.060 0.021 0.039 5 65 35 
B 0.25 30 10 0.068 0.022 0.046 5.5 76 32 
B 0.50 80 81 0.055 0.016 0.039 5.7 70 24 
B 1.00 80 94 0.050 0.010 0.040 4.5 80 20 
A 0.25 100 90 0.041 0.010 0.073 5.7 78 24 
A 0.50 100 95 0.071 0.010 0.060 7.00 84 14 
A 1.00 90 90 0.044 0.014 0.030 6.7 86 31 

 
 Results in Table (6) show that there was an increase in seed germination of that treated with crude oil at rate 
of 0.25 and 0.50 ml over control in wheat. Crude oil at rate of 0.25 and 0.50 ml gave 100% of seed germination 
while, control had 50% of seed germination as regarded to the seedling growth i.e. plant weight, length, shoot,% 
and root%. It was found that there was an increasing in seedling treated with crude oil over control. This may be 
due to the composition of oil of Jatropha curcas which contains terpenes. These terpenes play an important role 
in primary processes such as photosynthesis, stability of cell membrane and as a source of compounds for 
several plant hormones. Also, observation of some Petri dishes contain seeds treated with crude oil at rate 0.25 
and 0.50 ml had not any fungi growth on seeds while, control and de-toxified oil treated had fungus growth 
(Aspergillus niger and Aspergillus flavus). This may be due to Jatropha oil contain unknown hydrocarbons 
(4.8%) which cause toxicity. Phytosterols are found in the oil which act as antioxidants, antimicrobial and 
antifungal (Adebowale and Adedire 2006) 
 It is obvious that the crude oil concentrations caused significant increments at all germination parameters. 
Jatropha curcas seed extracts were found to inhibit and control maize weevil (Sitophilus zeamais) in the stored 
maize grains, and treatment did not adversely affect germination (Ohazurike et al., 2003). 
 
Recommendation: 
 
 In this study we can use the oil as insecticidal agent for the stored grains for germination but, still need 
more research for milling and pasting wheat. 
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