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ABSTRACT 
 

The phytochemical screening and GC-MS analysis of the leaf of E. camaldulensis were carried out 
in the laboratory, using standard methods, while the extraction wascarried outwith n-hexane using 
Soxhlet extractor, and concentrated with vacuum evaporator. The extract was tested on 
Callosobruchus maculatus to evaluate the effects on mortality, oviposition and adult emergence. 
The extract of E. camaldulensis leaves was effective in controlling C. maculatus as it caused a 
significantly high mortality of the weevils. Weevil mortality increased with increased in number of 
days in which they were exposed to the treatments and extract dosage level. Weevil 100% was 
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achieved by 72 h when treated with 3% and 4% dosage level of the exract. The extracts 
significantly (P < 0.05) caused reduction in oviposition and adult emergence by the weevils. 
Oviposition and adult emergence decreased with increased in the dosage level of the extract. 
Oviposition was totally suppressed when insects were exposed to 4% extract dosage level, while 
there was no adult emergence on exposure to 3 and 4% extract dosage levels. The results 
obtained from the phytochemical analysis of E. camaldulensis indicated the presence of alkaloids, 
flavonoids, saponins, tannins, terpenoids, and phenol indicating the quantitative phytochemical 
composition of phenol to be highest (76.955 mg/100g), followed by alkaloids (33.025mg/100g), 
flavonoids (11.74 mg/100g), while saponins has the least value of 9.88mg/100g. The GC-MS 
analysis revealed arrays of bioactive substances that are responsible for the insecticidal and 
medicinal properties of E. camaldulensis. The leaf of E. camaldulensis is cheap, biodegradable, 
ecological friendly and very effective bioinsecticides and therapeutic medicine. Hence, can be used 
as alternative to the poisonous conventional insecticides and drugs.   
 

 
Keywords: Phytochemicals; Eucalyptus camaldulensis; Callosobruchus maculatus; oviposition; adult 

emergence; bioinsecticides. 

 

1. INTRODUTION 
 
“Cowpea (Vigna unguiculata L. walp) is an 
essential leguminous crop cultivated throughout 
all ecological zones of sub-Saharan Africa” [1].  
“As a major staple food, cowpea accounts for 
about 23-32% of the plant protein consumed by 
indigenous people in the tropics” [2]. Hiama et al. 
[3] reported that, “aside from the nutritional 
benefits of cowpea, it is an important means of 
soil fertility improvement in tropical soil through 
nitrogen fixation”. “In the tropics, infestation of 
cowpea seed by weevils is a major constraining 
issue in the longevity of cowpea seeds in 
storage” [4-6] “due to failure of small holder 
farmers to store seed using appropriate methods 
of storage” [7,8]. During storage the cowpea 
weevils causes heavy qualitative and quantitative 
losses. The damage seeds are unsuitable for 
human and animal consumption and they cannot 
be used for planting. Preservation of the quality 
of the seeds for the following planting season is 
one of the worrying problems of farmers.  
 
“The heavy post-harvest losses and the 
qualitative deteriorations caused by storage 
pests is a major problem facing agriculture in 
developing countries such as Nigeria” [9]. “The 
main field pests during the growing season are 
the aphids while the main storage pests are the 
bruchids. The primary insects causing losses to 
stored cowpeas in West Africa are the cowpea 
weevils, Callosobruchus maculatus. Infestation 
begins in the field at low level. After the crop is 
placed in storage, the insect population 
continues to grow until the cowpea is completely 
damaged” [10]. “Another bruchids pest of 
cowpea is Bruchidius atrolineatus. This insect 
causes losses primarily around harvest times 

and does not reproduce in storage” [11]. “A 
single female weevil can reproduce herself 20-
fold every 3-4 weeks. Harvested cowpea grains 
with a very light infestation will have a heavy 
infestation within 2-3 months” [12].  
 
“Awareness of the environmental health hazards 
posed by synthetic pesticides, development of 
resistance to these chemicals leading to 
recurrent pest outbreaks, danger of misuse and 
presence of toxic residues in food, has led to a 
search for safe and environmentally-friendly 
alternatives” [13-15]. “Several groups of 
insecticidal chemicals have been identified in 
plants. These compounds have different 
behavioural and physiological effects on insects” 
[16]. “Eugenol, isoeugenol and methyleugenol 
(benzene derivatives) exhibited contact toxicity 
towards weevils” [17]. “Efficacy of the 
meliacarpin derivatives, 1,3-dicinnamoyl-11-
hydroxymeliacarpin, 1-cinnamoyl-3-methacrylyl-
11- hydroxymeliacarpin and 1-cinnamoyl-3-
acetyl-11- hydroxymeliacarpin extracted from 
China-berry leaves, compared very well with that 
of the wel known azadirachtin. Many plant 
species synthesize their own chemicals in 
defense against attack by herbivores, pests and 
pathogens. Presently, efforts have shifted to the 
use of edible plants materials as protectants and 
the tropics are well endowed with these plants, 
thus limiting the reliance on synthetic chemicals 
for use in storage” [13,15]. These botanicals 
have become more relevant in the control of 
stored product insect pests because of their 
advantages over the synthetic pesticides. 
 
“Eucalyptus camaldulensis belong to the family 
Myrtaceae. They are highly exploited because of 
their wood and essential oil. These essential oil 
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are reported to have antimicrobial, antifungal, 
antiviral and insecticidal activities, especially in 
contact and fumigant insecticidal action against 
stored product pests and other insects”. (Mans 
and Kaufman, 2012). In this present study, 
Eucalyptus camaldulensis leaf extract was 
screened for it phytochemical and the insecticidal 
potential of the extract was evaluated on cowpea 
weevils. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection of Plant Materials      
 

The leaves of Eucalytus camaldulensis were 
collected from Ekiti State University campus, Ado 
Ekiti, Ekiti State, Nigeria. They were washed in 
distilled water and spread on the laboratory 
tables to air-dry for 4 weeks. Thereafter, the 
leaves were pulverized into fine powder with a 
Binatone blender (Model BL 400). The fine 
powder was kept inside an air tight sample 
containers and put inside the refrigerator before 
application.  
 

2.2 Preparation of Plant Extracts 
 

Two hundred grams (200 g) of the pulverized 
leaves of E. camaldulensis were measured and 
packed in thimble using muslin cloth. Then, 500 
mL of the n-hexane was measured with 
measuring cylinder and poured into the Soxhlet 
apparatus. The apparatus was then connected 
with water supply to the condenser. The 
temperature of the heating mantle was 
maintained at 68oC to 70oC for 3 h after which 
the thimble was removed from the unit and the 
solvent was recovered by redistilling in the rotary 
evaporator. The resulting extract was poured into 
a brown bottle to prevent photo-oxidation and 
stored as stock solution until required.     
 

2.3 Collection and Preparation of Insect 
Culture 

 

The parent stock of cowpea bruchids, 
Callosobruchus maculatus used for this work 
was obtained from naturally infested Vigna 
unguiculata seeds obtained from  Mojere Market 
in Ado Ekiti, Ekiti state, Nigeria. The infested 
seeds along with the weevils were put inside 
plastic container and taken to the laboratory. The 
insects were allowed to acclimatize to the 
laboratory condition for five days before they 
were used for experiment. On the fifth day, 500g 
of clean un-infested Ife Brown Variety of cowpea 
seeds were weighed into transparent plastic 
containers. Afterward, twenty (20) copulating 

pairs (20 males : 20 females) of C. maculatus 
were introduced into the plastic containers 
containing the disinfested cowpea seeds. The 
plastic was covered with muslin cloth held tightly 
in place with rubber band to enhance ventilation 
and to prevent the entry and escape of the 
insects; the insect culture was kept on the 
laboratory benches for 30 days for the insect to 
lay eggs and for the adults to emerge. The newly 
hatched beetles (0-24 h old) produced were used 
for subsequently experiments. 
 

2.4 Phytochemical Analysis 
 

Phytochemical screening of the crude extract of 
E camaldulensis leaves were carried out using 
the procedure as described by Harbone [18]. The 
presence of alkaloids, flavonoids, tannins, 
terpenoids, phenol, and saponins were tested. 
GC-MS Analysis of Bioactive Compounds of 
leaves of E. camaldulensis was also carried out 
to allow for the separation of components in a 
gas mixture.  
 

2.5 Effect of E. camaldulensis Extracts on 
the Mortality of Adult C. maculatus 

 

An aliquot of 1.0ml of 1, 2, 3 and 4 % of n-
hexane extracts of E. camaldulensis leaves was 
measured using graduated syringes and mixed 
with 20 g cowpea seeds inside Petri dishes. They 
were thoroughly mixed together manually by 
shaking. The Petri dishes were left opened for 1 
h to allow the solvent to dry off.  afterward, 20 
newly emerged (0-24 h old ) adult C. maculatus 
were introduced into each of the Petri dishes and 
covered with Petri plates, Untreated seeds were 
set up to serve as the control experiment. Each 
treatment was replicated four times and arranged 
in Completely Randomized Design in a wooden 
cage. The number of dead weevils were sorted, 
counted and recorded at 24 h interval for a 
period of 96 h. The weevils were confirmed dead 
when there was no response to probing with 
sharp pin at the abdomen. 
 

2.6 Effect of E. camaldulensis Extracts on 
Oviposition and Adult Emergence of 
C. maculatus 

 

An aliquot of 1.0 mL of 1, 2, 3 and 4 % of n-
hexane extracts of E. camaldulensis leaves was 
measured using graduated syringes and mixed 
with 20 g clean un-infested cowpea seeds of Ife 
brown variety inside Petri dishes. They were 
thoroughly mixed together manually by shaking 
for 2 minutes to enhance uniform coating of the 
extracts on the seeds. The Petri dishes were left 
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opened for 1 h to allow the solvent to dry off.  
Thereafter, 2 copulating pairs (2 male : 2 
females) adult C. maculatus (0-24 h old) were 
introduced into each of the Petri dishes and 
covered with Petri plates. Untreated seeds were 
set up to serve as the control experiment. The 
Petri experiment was left on the shelf for 7 days 
for oviposition to take place. The number of eggs 
laid for every extract dosage was counted and 
recorded.  The experiment was kept inside 
wooden cage for another 30 days to allow for the 
emergence of the first filial (F1) generation. The 
number of adults that emerged from each 
replicate was counted and recorded. Percentage 
adult emergence was calculated using the 
method of Odeyemi and Daramola [19]. 
 

2.7 Data Analysis  
 

Data obtained were subjected to Analysis of 
Variance (Anova), while Turkey test was used in 
separating the means. 
 

3. RESULTS and DISCUSSION 
 

Result of the qualitative phytochemical 
composition of E. camaldulensis is shown in 
Table 1. It indicated the presence of alkaloids, 
flavonoids, saponins, tannins, terpenoids, and 
phenol. Result of quantitative phytochemical 
composition of E. camaldulensis is shown in 
Table 2. The results showed that the total phenol 
has the highest composition of 76.955mg/100g, 
followed by alkaloids (33.025mg/100g), 
flavonoids(11.74mg/100g), while saponins has 
the least value of 9.88mg/100g. 

The list of bioactive compounds identified in the 
leaf extracts of E. camaldulensis is presented in 
Table 3. Results revealed the presence of some 
volatile compounds in the leaf extracts. These 
include, hexanal, octanoic acid, 6-octen-1-ol,3,7-
dimethyl-, 4-Hexen-1-ol, methyl-2-(1-
methylethenyl)-,(R)-, caryophyllene oxide, 
hexadecanoic acid  methyl ester, 2-
pentadecanone, 6,10,14-trimethy, n-
Hexadecanoic acid, phytol, 12-Octadecadienoic 
acid (z,z)-, 11-octadecenoic acid, methyl ester, 
Isopropyl stearate, and squalene. 
 
The GC-MS spectra of the identified compounds 
are shown in Fig. 1 to 11. The figures revealed 
the structure of active volatile compounds in the 
leaf extracts of the plant samples. 
 

3.1 Mortality of C. maculatus Treated with 
E. camaldulensis N-hexane Leaf 
Extracts 

 
The extract of E. camaldulensis leaves is 
effective in controlling C. maculatu as it caused a 
significantly high mortality of the weevils as 
revealed by Table 4. Weevil mortality increased 
with increased number of days in which they 
were exposed to the extract and the dosage 
level. There was no significant different (P < 
0.05) in weevil mortality when exposed to 1 and 
2 % extract concentration by 24 h of exposure. 
One hundred percent (100%) weevil mortality 
was achieved by 72 h when treated with 3 % 
dosage of the extract. 

 

Table 1. Qualitative phytochemical constituent of E. camaldulensis 
 

Parameter  Occurrence 

Alkaloids  ++ 
Flavonoids  + 
Tannins  ++ 
Terpenoids  + 
Phenol  ++ 
Saponins  + 

Means in the same column followed by the same alphabet(s) are not significantly different at p < 0.05 using Tukey’s test 
 

Table 2. Quantitative phytochemicals estimation of E. camaldulensis 
 

Parameter (mg/100g) Occurrence 

Alkaloids 33.025 ± 0.12b 

Flavanoids 11.74 ± 2.83c 

Total phenol 76.96 ± 7.07a 

Saponin 9.88 ± 2.83d 

Means in the column followed by the different alphabet(s) are significantly different at p < 0.05 using Tukey’s test 
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Table 3. The bioactive compounds of E. camaldulensis revealed by GC-MS analysis 
 

Peak # RT 
 

Compound Detected 
 

Molecular 
Formula 

MW Peak 
Area (%) 

Structures 

1 10.00 Hexanal C6H12O 100 2.84 

 
2 11.61 Octanoic acid  C8H16O2 144 3.66 

 
3 17.46 6-Octen-1-ol,3,7-

dimethyl- 
 C10H20O 156 10.09 

 
4 19.50 4-Hexen-1-ol,5-methyl-

2-(1-methylethenyl)-, 
(R)- 

C10H18O 154 1.83 

 
5 20.50 Caryophyllene oxide C15H24O 220 10.08 

 
6 22.00 Hexadecanoic acid, 

methyl ester 
C17H34O2 270 5.32 

 
7 23.50 2-Pentadecanone, 

6,10,14-trimethy 
 C18H36O 268  2.75 

 
8 24.83 n-Hexadecanoic acid C16H32O2 256 20.69 

 
9 27.00 Phytol C20H40O 296 3.85 

 
10 27.48 9,12-Octadecadienoic 

acid (Z,Z)- 
C18H32O2 270 10.01 

 
11 32.25 11-Octadecenoic acid, 

methyl ester 
C19H36O2 296 4.96 
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Peak # RT 
 

Compound Detected 
 

Molecular 
Formula 

MW Peak 
Area (%) 

Structures 

12 35.92 Isopropyl stearate  C21H42O2 326 20.94 

 
13 43.50 Squalene C30H50 410 2.93 

 
RT-: Rotation Time 

Mw-: Molecular weight 

 

 
 

Fig. 1. Structure of Hexanal, identified in methanoic extract of E. camaldulensis 
 

 
 

Fig. 2. Structure of Octanoic acid identified in methanoic extract of E. camaldulensis 
 

 
 

Fig. 3.  Structure of 6-Octen-1-ol, 3,7-dimethyl-, identified in methanoic extract of E. 
camaldulensis 
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Fig. 4. Structure of 4-Hexen-1-ol, 5-methyl-2-(1-methylethenyl)-,Identified in methanoic extract 
of E. camaldulensis 

 

 
 

Fig. 5. Structure of Caryophyllene oxide identified in methanoic extract of E. camaldulensis 
 

 
 

Fig. 6. Structure of Hexadecanoic acid, methyl ester, identified in methanoic extract of E. 
camaldulensis 

 

    
 

Fig. 7. Structure of 9,12-Octadecadienoic acid (Z,Z)- , identified in methanoic extract of E. 
camaldulensis 
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Fig. 8. Structure of n-Hexadecanoic acid, identified in methanoic extract of E. camaldulensis 
 

 
 

Fig. 9. Structure of Isopropyl stearate, Identified in methanoic extract of E. camaldulensis 
 
 

 
 

Fig. 10. Structure of 11-Octadecenoic acid, methyl ester, identified in methanoic extract of E. 
camaldulensis 

 

 
 

Fig. 11. Structure of Squalene, identified in methanoic extract of E. camaldulensis 
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3.2 Effect of E. camaldulensis N-hexane 
Leaf Extract on Oviposition and Adult 
Emergence of C. maculatus 

 
The extract significantly (P < 0.05) caused 
reduction in oviposition and adult emergence by 
the weevils as revealed by Table 5. Oviposition 
and adult emergence decreased with increased 
in the dosage level of the extract. Oviposition 
was totally suppressed when insects were 
exposed to 4 % extract dosage concentration. 
While there was no adult emergence on 
exposure to 3 and 4 % extract dosage 
concentrations.  
 
The present studies on the evaluation of leaf 
extract of E.  camaldulensis on Callosobruchus 
maculatus showed that the extract                  
adequately protected the cowpea seeds from the 
weevils’ attack. The results obtained is in 
consonant with Adedire et al. [15] who                 
obtained 100 % weevil mortality and total 
suppression of oviposition and and emergence 
on treatment of stored cowpea seeds with 
Cashew kernel oil at the dosage rate of 1.0 
mL/20g. The high  mortality of the extract-treated 
weevils may be ascribed to the extract              
blocking the spiracles which must have led to 
difficulty in gaseous exchange and                     
consequent respiratory activities which caused 
suffocation and death of insects                        
[15]. 
 

“The fact that extract caused the complete 
inhibition of oviposition by female coleopteran 
pests and mortality of the developmental stages 
had been reported by a number of authors and 
fairly well documented” [20]. “The ability of the 
extract to reduce oviposition by C. maculatus 
could be linked with respiratory impairment, 
which probably affects the process of metabolism 
and consequently other systems of the body of 
the beetles” [21]. “The extract possibly inhibited 
locomotion; hence the beetles were unable to 
move freely thereby affecting mating activities 
and sexual communication” [22]. “The inability of 
the eggs to stick to the cowpea seeds due to the 
presence of the extracts which affected egg 
hatchability and survival subsequently reduced 
adult emergence” [15]. “It has been reported that 
one of the main mechanism of action of plant 
extracts is their ability to penetrate the chorion of 
bruchid via micropyle and cause the death of 
developing embryos through asphyxiation” [23]. 
 

It has been reported by various authors that most 
plant species possess phytochemicals such as 
terpenoids, tannins, saponins, flavonoids and 
alkaloids among others which are reasonably 
toxic to insect pests [24]. The insecticidal 
activities of saponins have been connected with 
its cholesterol which results in impaired steroid 
hormones (ecdysteroid) production in insects. 
Yang et al. [25] reported the insecticidal activities 
of alkaloids against stored product insects. 

Table 4. Mortality of C. maculatus treated with E. camaldulensis n-hexane leaf extracts 
 

Dosage (%) Percentage Mortality at  h Post-treatment  

 24 48 72 96 

1.0 15.20±0.45c                   18.20±0.81d                20.40±0.72d           24.34±1.14d                                               

2.0 17.35±0.33c                       22.15±1.25c                                   28.15±1.34c                   37.15±2.20c 

3.0 26.18±1.18b                       38.35±2.15b                  57.22± 2.13b                  77.25±2.34b                 

4.0 42.25±2.31a                        73.20±2.39a                   100.00±0.00a            100.00±0.00a            

0.0 (control) 0.00±0.00e                   0.00±0.00e                   0.00±0.00e                   0.00±0.00e                   
Means in the same column followed by the same alphabet(s) are not significantly different at p < 0.05 using Tukey’s test 

 
Table 5. Effect of E. camaldulensis n-hexane leaf essential extract on oviposition and adult 

emergence of C. maculatus 
 

Dosage (%) Mean number of egg laid                     Percentage adult emergence                                       

1.0 24.25 ±1.13b                                                                23.25±2.14b 

2.0 18.15 ±1.35c                                                                    10.40±0.62c 

3.0 6.42±0.62d                                               0.00±0.00d 

4.0 0.00±0.00e                                               0.00±0.00e                                               

0.0 (control) 65.25 ±1.85a                                                               87.30±3.17a 
Means in the same column followed by the same alphabet(s) are not significantly different at p < 0.05 using Tukey’s test 
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“Apart from the insecticidal activities of the 
phytochemical, they are also of medicinal 
benefits. Alkaloids have been used for several 
hundreds of years in medicine and even today it 
is still a prominent drug. In most of the human 
history, alkaloids from plant extracts have been 
used as ingredients in liquid medicine and 
poison. Ancient people used plant extracts 
containing alkaloids to treat a large number of 
ailments including snake bite, fever, and insanity” 
[26]. “Flavonoids are important class of natural 
products, particularly they belong to a class of 
plant secondary metabolites having a 
polyphenolic structure, widely found in fruits and 
vegetables” [27]. “They have favourable 
biochemical and antioxidant effects associated 
with various diseases such as cancer, 
Alzheimer’s disease (AD), and atherosclerosis” 
[28]. “Saponins have antifungal, antihelminthic, 
immune stimulant, cytotoxic, anti-inflamatory, 
hypocholesterolemic, hypoglycemic, and 
abortifacient properties” [29]. “Saponins possess 
foaming, pharmacological, medicinal, and 
hemolytic properties and also find a place in 
cosmetic, beverage, and confectionery 
industries. In pharmaceutical industries, saponins 
are widely considered as precursors for the 
synthesis of steroidal drugs” [30]. “Terpenoid is a 
natural compound with various medicinal 
properties, and found in both plants and animals. 
They have antimicrobial properties, which has 
the ability to ll or stop growth of microorganisms 
and are commonly used in traditional and 
modern medicine” [31]. “Phenols exhibit a wide 
range of physiological properties, such as anti-
allergenic, anti-artherogenic, anti-inflammatory, 
anti-microbial, antioxidant, anti-thrombotic, 
cardioprotective, and vasodilatory effects” [32]. 
“They have antioxidant properties due to their 
high redox potential, which allows them to act as 
reducing agents and singlet oxygen quencher” 
[33].  
 
“Tannins have shown remarkable antioxidant 
properties that justify their use as food additives 
to improve food shelf-life and safety, an issue 
that has made several tannins undergo trials for 
their legal approval as such additives. 
Furthermore, their precipitation accounted for 
their decade-long use as clarification agents in 
the beverage industry” [34]. 
 
E. camaldulensis contains phytochemicals which 
are used as insecticides. These phytochemicals 
are eco-friendly, easily biodegradable and non-
toxic to non-target species. The botanical 
insecticides are having certain bioactive 

compounds which act against the major pests of 
wheat, rice, maize and soya bean. These active 
compounds act on the system of the pests and 
can kill the pests and at the same time medicinal 
[35]. 
 

4. CONCLUSION 
 

The extracts of E.  camaldulensis used in this 
finding were effective in the control of cowpea 
weevil, Callosobruchus maculatus. The potency of 
the extracts caused adult mortality, suppressed 
oviposition and adult emergence. Therefore, these 
extracts can be used as sustainable substitute to 
conventional insecticide in the control of C. 
maculatus. 
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