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Abstract 
The aim of this study was to evaluate the insecticidal and repellent effects of essential oils extracted from 

leaves of Cynnamomum zeylanicum and flowerbuds of Syzygium aromaticum against the weevil of 

pigeon pea (Cajanus cajan L. Millspaugh). Chemical analysis by GC/MS of the essential oil of 

Cynnamomum zeylanicum led to the identification of 29 components, characterized by E) 

cinnamaldehyde (37.6%), cinnamyl acetate (23.7%), benzyl benzoate (2.4%), α-pinene (2.7%) and 

linalool (2.2%) as major components. Chromatography analysis of essential oil from flowerbuds of 

Syzygium aromaticum enabled the identification of 12 components, characterized by eugenol (91.3%), 

trans-ß-caryophyllene (4.4%) and eugenyl acetate (2.4%). The results of contact toxicity tests indicated 

that the from 0.4 µl.g-1 the mortality rate of pigeon pea weevil is 100% after 24 hours for the essential oil 

of Cynnamomum zeylanicum, while it is still at 20% for the essential oil of Syzygium aromaticum. 

Results also indicated that Cynnamomum zeylanicum oil has a high repellent activity, when compared to 

the essential oil of Syzygium aromaticum. The essential oil of Cynnamomum zeylanicum, with high 

insecticidal and repellent properties, offers a novel approach to the management of storage. Developing 

biocides from these essential oil would be contributive for a lasting solution to the many problems posed 

by the use of synthetic insecticides.  
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Introduction 

Each year, large amounts of stored products in the world was destroyed or contaminated due to 

the presence of arthropods and beetles, forming the largest group of organisms that attack food 
[1]. It is estimated that 35% of crops all over the world are destroyed by insect pests [2]. For 

their survival, insects need nutrients, air and water. In most cases, stored foodstuffs provide a 

place of choice for the survival and growth of these insect pests because of the availability of 

food, air and water. 

Pigeon pea (Cajanus cajan L. Millspaugh) is a perennial legume grown in many developing 

countries in the semi-arid tropics and subtropics [3]. It is one of the second most dietary legume 

crops. Its annual production, estimated at 3.1 million tons, accounts for about five percent of 

world seed legumes production. In developing countries, interest in the culture of pigeon pea is 

justified by the many opportunities it offers to rural populations [4]. Indeed, it is one of the 

most attractive crops for African agriculture, due to its simple low-cost production adapted to 

sub-Saharan climates, its nutritional value, its exceptional capacity for soil regeneration and its 

diversified uses in food products [5]. However, pigeon pea grain are affected by insect pests 

which lead to economic losses. Among these insect pests, Callosobruchus maculatus Fab. 

(Coleoptera: Chrysomelidae), is a major pest of important leguminous grains, such as pigeon 

pea. It is also reported to attack other legumes such as cowpeas and lentils [6, 7]. It causes 

substantial quantitative and qualitative losses manifested by seed perforation and reductions in 

weight, market value and germination ability of seeds [8].  

In order to reduce serious losses during storage, various techniques and control methods have 

been developed and more are still being developed. The use of chemicals insecticides as 

pesticides in crop protection have undesirable effects such as ozone depletion, environmental 

pollution, toxicity to non-target organism, pest resistance, and pesticide residues, in addition to 

direct toxicity to users. Therefore, there is a need to develop cheap, safe and easy methods of 

protecting stored cowpeas against cowpea weevil. Resource-poor farmers in Africa employ a 

range of traditional methods such as use of ash, sand, dry pepper and botanical extracts [9]. 
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Naturally occurring plant products have been used to protect 

agricultural products against pests for many years in some 

parts of the world, and aromatic plants have both medicinal 

and aromatic properties and contain a variety of volatile oils 

which have insecticidal, anti-feedant and repellent effects on 

insect pests [7]. The use of plant products may offer a 

sustainable, environmentally friendly and safer alternative to 

synthetic insecticides. Ethnobotanics studies and preliminary 

surveys revealed that Cynnamomun zeylanicum and Syzygium 

aromaticum are aromatic plants usually used in food 

preservation [10, 11]. The present work aims to evaluate the 

insecticidal and repellent effects of essential oils extracted 

from leaves of Cynnamomun zeylanicum and flowerbuds of 

Syzygium aromaticum in the control of pigeon pea weevils in 

postharvest systems in Benin. This study will also create 

awareness of the value of plant products as a control method 

for pigeon pea weevils in smallholder farmers’ storage 

facilities. 

 

Material and methods 

Collection of plant leaves 

Plant materials used for essential oil (EO) extraction were 

leaves from Cynnamomun zeylanicum Blume and dried 

flowerbuds of Syzygium aromaticum. They were identified at 

the Benin national herbarium, where voucher specimens are 

deposited. 

 

Essential oil extraction 

The essential oils (EOs) tested were extracted by the hydro-

distillation method using Clevenger-type apparatus. The oils 

recovered were dried over anhydrous sodium sulfate and 

stored at 4 °C [12].  

 

Gas chromatography–mass spectrometry analysis  

The EOs were analyzed by gas chromatograph (Perkin Elmer 

Auto XL GC; Waltham, MA, USA) equipped with a flame 

ionisation detector, and the GC conditions were EQUITY-5 

column (60 m x 0.32 mm x 0.25 µm); H2 as the carrier gas; 

column head pressure 10 psi; oven temperature program 

isotherm 2 min at 70 °C, 3 °C/min gradient 250 °C, isotherm 

10 min; injection temperature, 250 °C; detector temperature 

280 °C. Gas chromatography–mass spectrometry (GC-MS) 

analysis was performed using a Perkin Elmer Turbomass GC-

MS. The GC column was EQUITY-5 (60 m x 0.32 mm x 0.25 

µm); fused silica capillary column. The GC conditions were 

injection temperature, 250 °C; column temperature, 

isothermal at 70 °C for 2 min, then programmed to 250 °C at 

37 °C/min and held at this temperature for 10 min; ion source 

temperature, 250 °C. Helium was the carrier gas. The effluent 

of the GC column was introduced directly into the source of 

MS and spectra obtained in the EI mode with 70 eV ionisation 

energy. The sector mass analyzer was set to scan from 40 to 

500 amu for 22 s. The identification of individual compounds 

is based on their retention times, retention indices relative to 

C5 – C18 n-alkanes, and matching spectral peaks available in 

the published data [13].  

 

Insects and rearing conditions 

Insects were directly collected from infested pigeon pea 

samples. They were reared in laboratory at 25 ± 1 °C, with a 

photoperiod of 12 h/12h. The adults obtained were put in 

separate insect cages and identified in the Department of 

Environmental Engineering of Polytechnic School of 

Abomey-Calavi University and the International Institute of 

Tropical Agriculture (IITA), (Benin).  

Contact Toxicity Tests  

Bioassays were performed using the method described by 

Adjallian et al., [14]. The temperature of the test medium 

ranged from 25 °C to 31 °C and relative humidity was 80%. 

Six concentrations (0.05, 0.1, 0.2, 0.3, 0.4 μl/g) of each EO 

were tested. Pigeon pea grains were treated with the essential 

oil. After 24 h, 5 males and 5 females of C.maculatus, aged 0 

to 24 h, were deposited on the treated plant material. Overall, 

6doses × 3repeats x 2EO = 36 experimental units (containers) 

were implemented. Adult mortality was monitored 24 h after 

exposure to the essential oil. Then the insects were separated 

from the grains. The emergence of new insects was then 

observed at intervals of 24 h in the experimental units to the 

50th day after infestation. 

 

Repellency Tests 

Repellency tests were performed as described by Aïboud [15]. 

Filter paper discs of 9 cm in diameter were cut into two equal 

parts of 31.80 cm² of surface. Five concentrations of each EO 

(0.03, 0.06, 0.15, 0.23, 0.31µl/cm2) were prepared by dilution 

with acetone. Then 0.5 ml of each concentration was spread 

on the half of the filter paper disc, while the other half 

received only 0.5 ml of acetone. After ten minutes, the two 

halves discs were tight and placed in a petri dish with 10 of 

non-sexed adult insects. The orientation of the tape is changed 

in each repetition to avoid the effect of any directional 

stimulus which could affect the orientation of insects. After 

half an hour, the number of insects present on part of disc 

treated with acetone was determined and the percentage of 

repulsion (PR) is calculated by using the formula PR = [(A-

B)/(A+B)] x100 where 𝐴 is average number of insects present 

in the untreated portion (insects repelled) and 𝐵 is average 

number of insects in the treated (not repelled insects) part. 

The average percentage of repulsion for the essential oils was 

calculated and assigned to one of several repulsive classes 

ranging from 0 to V: class 0 (PR < 0,1%), class I (PR = 0,1– 

20%), class II (PR= 20,1–40%), class III (PR= 40,1–60%), 

class IV (PR = 60,1–80%), and class V (PR = 80,1–100%). 

 

Statistical Analysis.  

The differences among the fumigant activities of essential oils 

tested were determined according to analysis of variance 

(ANOVA) test by using SPSS 13.0 software package. 

Differences between means were tested through Duncan tests 

and values with p<0.05 were considered significantly 

different. 

 

Results and discussion 

By hydrodistillation, fresh leaves of Cynnamomum 

zeylanicum yielded 1.1 % of EO. Chemical analysis by GC 

and GC-MS analysis of EO enabled the identification of 29 

components, (Table 1) representing 80.8 % of the EO. This 

EO has chemical composition characterized by E) 

cinnamaldehyde (37.6%), cinnamyl acetate (23.7%), benzyl 

benzoate (2.4%), α-pinene (2.7%) and linalool (2.2%) as 

major components of the essential oil. The hydrodistillation of 

flowerbuds of Syzygium aromaticum yielded 4.76 % of EO. 

Chromatography analysis (GC and GC-MS) of this EO 

enabled the identification of 12 components, (table 2) 

representing 98.7% of the essential oil. The chemical 

composition was characterized by eugenol (91.3%), trans-ß-

caryophyllene (4.4%) and eugenyl acetate (2.4%). These 

results differ from those obtained with samples from India [16]. 

Cinnamomum zeylanicum from India showed high content of 

eugenol while coumarin and cineole were minority 
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compounds. This results indicated that, essential oils of 

Cinnamomum zeylanicum have heterogeneity chemical 

composition depending on the geographic location of 

harvesting sites. 

The results of contact toxicity tests (Table 3) indicated that 

the from 0.4 µl.g-1 the mortality rate is 100% after 24 hours 

for the essential oil of Cynnamomum zeylanicum, while it is 

still at 20% for the essential oil of Syzygium aromaticum. The 

present study also indicated that the essential oil of 

Cynnamomum zeylanicum has a high repellent activity, when 

compared to the essential oil of Syzygium aromaticum. 

Indeed, the results of repellency tests (Table 4) indicated that 

from a concentration of 0.06 µl.cm-2, the EO of Cynnamomum 

zeylanicum has a percentage of repellency of 100%, in 

opposite to the essential oil of Syzygium aromaticum. The 

average percentage of repellency of the EO of Cynnamomum 

zeylanicum in the concentrations range used, indicated that 

this essential oil belongs to the high repellency class (V). 

These results underlined the strong insecticidal and repellent 

properties of the essential oil of Cynnamomum zeylanicum. 

Several studies have also reported the insecticidal effect of 

EO of Cynnamomum zeylanicum against parasites, such as 

Anopheles gambiae [17]. This high insecticide and repellent 

effects could be due to the presence in this essential oil of 

compounds with high insecticidal and repellent properties, 

such as cinnamaldehyde and cinnamate. Indeed, on evaluating 

the insecticidal effect of essential oil of the leaves of C. 

zeylanicum on Anopheles tessellatus, Culex quinquefasciatus 

and Aedes aegypti, Radhika et al. [18] reported that its toxicity 

is due to the toxic potentiality of cinnamaldehyde. Moreover, 

other authors have demonstrated the insecticidal properties of 

this molecule [19]. The repellent property of cinnamate 

molecule present in the oil, could also be a factor boosting the 

toxic potential of this EO. The repellent property of cinnamate 

molecule was demonstrated on Ceratitis capitata pests [20].  

 

Table 1: Chemical composition of investigated EO from 

leaves of Cynnamomum zeylanicum 
 

Component RI (Adams) (%) 

α-pinene 932 2.7 

camphene 946 1.5 

benzaldehyde 952 0.7 

β-pinene 974 1.1 

myrcene 988 0.1 

α-phellandrene 1002 0.2 

p-cymene 1020 0.3 

limonene 1024 1.0 

β-phellandrene 1025 0.8 

benzyalcohol 1026 0.3 

trans-β-ocimene 1044 0.4 

linalool 1095 2.2 

ethyl benzoate 1169 0.8 

terpinen-4-ol 1174 0.1 

α-terpineol 1186 0.1 

(Z)-cinnamaldehyde 1219 0.2 

(E)-cinnamaldehyde 1267 37.6 

(E)-cinnamic alcohol 1303 0.2 

eugenol 1359 0.1 

dihydrocinnamyle acetate 1388 1.0 

α-copaene 1374 0.8 

(E)-β-caryophyllene 1421 1.2 

cinnamyl acetate 1443 23.7 

(E)-ethyl cinnamate 1465 0.2 

caryophyllene oxyde 1582 1.0 

humulene epoxide II 1608 0.1 

benzyl benzoate 1759 2.4 

Total  80,8 

 

Table 2: Chemical composition of investigated EO from flowerbuds of Syzygium aromaticum 
 

Components RI (Adams) (%) 

6-methyl hept-5-en-one 981 Tr 

hept-2-yl acétate 1036 Tr 

nonan-2-one 1087 Tr 

Linalool 1095 0,1 

Perillène 1103 Tr 

benzyl acétate 1173 Tr 

ethyl benzoate 1173 Tr 

Eugénol 1359 91,3 

trans-β-caryophyllène 1417 4,4 

α-humulène 1452 0,5 

eugenyl acetate 1521 2,4 

caryophyllène oxide 1582 Tr 

Total  98,7 

Tr : Traces 

 
Table 3: Results of contact toxicity tests (%) 

 

Essential oils 
Concentrations (µl/g) 

0.05 0.1 0.2 0.3 0.4 

Syzygium aromaticum 00a 10a 10a 10a 20a 

Cynnamomum zeylanicum 00a 10a 20b 80b 100b 

Values are mean (n = 3) ± SE. The means followed by same letter in the same column are 

not significantly different according to ANOVA and Tukey’s multiple comparison tests. 

 
Table 4: Results of repellency tests 

 

Essential oils 
Concentrations (µl/cm2) Average percentage 

of repulsion (%) 

Repellence 

class 
Propriety 

0.03 0.06 0.15 0.23 0.31 

Syzygium aromaticum 00a 60a 40a 80a 80a 52 III Low repellency 

Cynnamomum zeylanicum 10a 100b 100b 100b 100b 82 V High repellency 

Values are mean (n = 3) ± SE. The means followed by same letter in the same column are not significantly different according 

to ANOVA and Tukey’s multiple comparison tests. 
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Conclusion 

This research underlined that the essential oil of 

Cinnamomum zeylanicum is rich in E) cinnamaldehyde, 

cinnamyl acetate, benzyl benzoate, α-pinene and linalool 

(2.2%) while essential oil of Syzygium aromaticum is 

characterized by eugenol, trans-ß-caryophyllene and eugenyl 

acetate. Together with minority compounds, the major 

compounds of the EO of Cinnamomum zeylanicum possess 

interesting insecticidal and repellent properties against the 

weevils of pigeon pea. Developing biocides from these 

molecules would be contributive for a lasting solution to the 

many problems posed by the use of synthetic insecticides. 
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