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ABSTRACT 

 
The essential oils from six Egyptian plants, namely Citrus paradisi, Artemisia judaica, 
Astoma seselifolium, Citrus limon, Pituranthos tortuosus and Citrus sinensis were 
isolated by hydrodistillation. The chemical composition of the isolated oils was identified 
by gas chromatography/mass spectrometry (GC-MS). The major constituents of the 
isolated oils were dl-limonene (74.29%) in C. paradise, ȕ–thujone (49.83%) and 
chrysanthenone (10.88%) in A. judaica, sabinene (23.02%) and 4-terpineol (17.83%) in 
A. seselifolium, dl-limonene (56.30%) in C. limon, sabinene (32.09%) and 4-terpineol 
(20.31%) in P. tortuosus and dl-limonene (89.23%) in C. sinensis. The isolated oils were 
tested for their fumigant toxicity against two of the most destructive stored product 
insects Sitophilus oryzae and Tribolium castaneum. The oil of C. limon showed the 
highest toxicity against S. oryzae followed by the oil of C. sinensis with LC50 values of 
9.89 and 19.67 mg/L respectively, while the oil of A. seselifolium revealed the lowest 
toxicity. When tested against T. castaneum, the oils C. sinensis and C. limon were again 
the most potent toxicants, whereas the oil of A. judaica showed the weakest insecticidal 
activity. In general, the isolated oils were more toxic against S. oryzae than T. castaneum. 
The results of the present study suggested that the isolated oils, particularly of C. limon 
and C. sinensis could be used as potential natural products for control of S. oryzae and T. 
castaneum. 
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INTRODUCTION 

 
The stored grain losses caused by insect damage and other organisms vary from 10% to 40% 
in countries where modern storage technologies are yet to be fully adopted (Raja et al., 2001; 
Ogendo et al., 2003). The quantity of loss is dependent upon the insect species involved, 
storage duration and pest control methods among other factors. The rice weevil, Sitophilus 
oryzae (L.) (Coleoptera: Curculionidae), and the rust red flour beetle, Tribolium castaneum 
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(Herbst) (Coleoptera:Tenebrionidae), are among the most widespread and destructive stored 
product insects throughout the world. They cause significant losses of stored products, 
particularly in tropical and warm temperate regions (Hill, 1990). 

Control of stored product insects around the world relies heavily on use of 
organophosphorus and pyrethroid insecticides, and fumigants (i.e. methyl bromide and 
phosphine). However, continuous and heavy use of  these synthetic pesticides has created 
serious problems such as ozone depletion and environmental pollution (World Meteorological 
Organization, 1995), toxicity to non-target organisms such as parasitoids, predators, 
pollinators and fish, pest resistance (Mohan and Fields, 2002) and pesticide residues (Ogendo 
et al., 2003). Therefore, there is an urgent need to develop new, convenient and safer 
alternatives to synthetic pesticides. The extracts and secondary metabolites of plants are 
among the most promising alternatives. These botanical pesticides have the advantage of 
providing novel modes of action against insects that can reduce the risk of cross-resistance as 
well as offering new leads for the design of target-specific molecules (Isman, 2008). 

Essential oils and their major constituents, mainly monoterpenoids, attracted research 
attention in recent years as potential alternatives to synthetic insecticides (Aslan et al., 2004). 
The present study describes the isolation and chemical analysis of essential oils of six 
Egyptian plants. The fumigant toxicity of the isolated oils was evaluated against two major 
stored product insects S. oryzae and T. castaneum.    

 
MATERIALS AND METHODS 

 
Plant materials  
The fruits of the three Citrus plants: Citrus paradisi Macfad., Citrus limon (L.) Burm. f. and  
Citrus sinensis (L.) Osbeck were purchased from Alexandria Main Market for Vegetables and 
Fruits in February, 2011. The fruit peels were used as the source for essential oils. The aerial 
parts of three other plants: Artemisia judaica L., Pituranthos tortuosus (Desf.) Benth and 
Astoma seselifolium DC. were collected from Alhamam (west Alexandria) and Edko (east 
Alexandria) regions, Egypt, in April and May 2011. The plant materials were identified with 
guidance from the Student’s Flora of Egypt by Tackholm (1974) and confirmed by Prof. 
FathAllah Zaitoon of the Faculty of Agriculture, Alexandria University. Voucher specimens 
have been deposited in the Department of Pesticide Chemistry, Faculty of Agriculture, 
Alexandria University. 

Test insects 
 Colonies of the rice weevil, Sitophilus oryzae (L.), and the rust red flour beetle, Tribolium 
castaneum (Herbst), were reared in our laboratory over 10 years without exposure to 
insecticides on sterilized whole wheat and wheat flour mixed with yeast (10 : 1, w/w, 
respectively). Insect rearing and all experimental procedures were carried out at 26±1°C and 

65±5% rh and in a 12: 12 light: dark photoperiod. Adults used in fumigant toxicity studies 
were 2 weeks post-eclosion. 

Isolation of essential oils 
The aerial plant parts were partially dried at room temperature (26±1°C) for five days and the 

fruit peels were used fresh. Essential oils were extracted by hydrodistillation in a Clevenger-
type apparatus for 3 h. The oils were dried over anhydrous sodium sulfate, and stored at 4°C 

until used for biological activity tests and GC-MS analysis. 
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Analysis of essential oils 
Essential oils were diluted in diethyl ether and 0.5 ȝO� ZDV� LQMHFWHG� LQWR� the gas 
chromatography (Hewlwett Packard 5890)/mass spectrometry (Hewlwett Packard 5989B) 
(GC-06��DSSDUDWXV��7KH�*&�FROXPQ�ZDV�D����P�������PP�L�G���ILOP�WKLFNQHVV������ȝP��+3-
5MS (5% diphenyl) dimethylpolysiloxane capillary column. The GC conditions were as 
IROORZV��LQMHFWRU�WHPSHUDWXUH������&��FROXPQ�WHPSHUDWXUH��LVRWKHUPDO�DW����&�IRU���PLQ��WKHQ�
SURJUDPPHG� WR� ����&� DW� ��&�� PLQ� DQG� KHOG� DW� WKLV� WHPSHUDWXUH� IRU� �� PLQ�� LRQ� VRXUFH�
WHPSHUDWXUH������&��GHWHFWRU� WHPSHUDWXUH������&��+HOLXP�was used as the carrier gas at the 
rate of 1 ml/min. The effluent of the GC column was introduced directly into the ion source of 
the MS. Spectra were obtained in the EI mode with 70 eV ionization energy. The sector mass 
analyzer was set to scan from 40 to 400 amu for 5 s. 

Fumigant toxicity assay 
The toxicity of essential oil vapors was tested against S. oryzae and T. castaneum adults by 
using a modified fumigant toxicity assay as described by Huang et al. (2000). Glass jars (1 L) 
were used as fumigation chDPEHUV��(VVHQWLDO�RLOV�ZHUH�DSSOLHG�WR�ILOWHU�SDSHU�SLHFHV���î��FP��
attached to the undersurface of the screw caps of jars at: 1, 2.5, 5, 10, 20, 30, 40, 60, 80 and 
100 mg. The inner side of the jar's neck was painted with vaseline to prevent direct contact of 
insects with essential oils. Caps were screwed tightly on the jars after adding 20 adults of S. 
oryzae or T. castaneum to each. Control insects were kept under the same conditions without 
application of essential oils. Three replicates of each treatment and control were set up. The 
number of dead insects was counted after 24 h of treatment, and the mortality percentages and 
median lethal concentrations (LC50 values) were calculated according to Finney (1971).  

RESULTS AND DISCUSSION 

Chemical composition of the isolated essential oils 
The major components of essential oils identified from the 6 plants are given in Table 1 and 
Fig. 1. The major constituents of the essential oils were ȕ- thujone (49.83%), chrysanthenone 
(10.88%) and Į-thujone (8.21%) in Artemisia judaica, sabinene (23.02%), 4-terpineol 
(17.83%), Ȗ-terpinene (8.97%) and germacrene D (8.27%) in Astoma seselifolium, dl-
limonene (56.30%), ȕ-pinene (8.81%) and Ȗ-terpinene (6.42%) in Citrus limon, dl-limonene 
(74.29%), L-linalool (4.61%) and linalool oxide (4.18%)  in C. paradisi, dl-limonene 
(89.23%) and linalool (2.98%) in C. sinensis, sabinene (32.09%) and 4-terpineol (20.31%) in 
Pituranthos tortuosus. Some major components were found in more than one plant, such as 
dl-limonene, sabinene, 4-terpineol and Ȗ-terpinene but others were specific to the plant 
species. The major constituents of the essential oils mainly belonged to three groups: 
oxygenated monoterpenes (Į-thujone, chrysanthenone, 4-terpineol, L-linalool and linalool 
oxide), monoterpene hydrocarbons (dl-limonene, sabinene, Ȗ-terpinene, ȕ-pinene) and 
sesquiterpene hydrocarbons (germacrene D). 
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Fig. 1- Chemical structures of major compounds of the isolated oils. 

 
Table 1. Major constituents of the essential oils isolated from Egyptian plants 

 
Plant oil  Major constituents (%) 
Artemisia judaica ȕ –Thujone (49.83) 
 Chrysanthenone (10.88) 
 Į- Thujone (8.21) 
 1,8-Cineole (4.91) 
 L-Camphor (3.0) 
Astoma seselifolium Sabinene (23.02) 
 4-Terpineol (17.83) 
 Ȗ-Terpinene (8.97) 
 Germacrene D (8.27) 
 Į-Pinene (6.20) 
 ȕ-Myrcene (3.64) 
Citrus limon dl-Limonene  (56.30) 
 ȕ-Pinene (8.81) 
 Ȗ-Terpinene (6.42) 
 Į-Citral (4.96) 
 ȕ-Citral (3.83) 
 Į-Terpineol (3.38) 
Citrus paradisi dl-Limonene  (74.29) 
 L-Linalool (4.61) 
 Linalool oxide (4.18) 
 ȕ-Citral (2.66) 
Citrus sinensis dl-Limonene (89.23) 
 Linalool (2.98) 
 ȕ-Myrcene (1.77) 
 Octanal (1.28) 
Pituranthos tortuosus Sabinene (32.09) 
 4-Terpineol (20.31) 
 Myristicine (6.84) 
 Dillapiole (5.72) 
 Ȗ-Terpinene (4.16) 
 Į-Pinene (3.25) 
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The oil composition of A. judaica from Alhamam in this study differed from that 
isolated from A. judaica growing in Sinai Peninsula, Egypt (Mohamed and Abdelgaleil, 2008) 
and the oil isolated from A. judaica growing in Algeria (Charchari, 2002). Interestingly, 
piperitone, a major constituent of many A. judaica oil samples, was absent in the isolated oil 
while ȕ-thujone, the major compound isolated, had not been previously reported.  

The oil of A. seselifolium was analysed for the first time in this study. The chemical 
compositions of the isolated essential oils from the three Citrus species are in accordance with 
those previously reported (Lota et al., 2001; Ahmed et al., 2006; Viuda-Martos et al., 2009). 
Some of the major constituents of the essential oil of P. tortuosus were similar to those 
previously reported for the oil isolated from plants growing in Egypt (Singab, 2003). 
However, the percentages of constituents differed. The differences in essential oil 
compositions could be due to several factors, such as geographical location, season, 
environmental conditions, nutritional status of the plants and other factors (Perry et al., 1999). 
�

Insecticidal activity of essential oils against Sitophilus oryzae   
The six isolated oils showed pronounced fumigant toxicity against the adults of S. oryzae. The 
values of LC50, 95% confidence limits and other parameters generated from the concentration-
mortality regression lines are shown in Table 2. The oil of C. limon revealed the strongest 
fumigant toxicity, followed by C. sinensis and C. paradise. The LC50 values of these oils were 
9.89, 19.67 and 24.13 mg/L, respectively. In contrast, the oils of A. seselifolium and P. 
tortuosus were the less effective among the tested oils. 

Many essential oils have been reported to possess fumigant toxicity against S. oryzae. 
Of the many oils tested only those of Mentha microphylla, Asiasarum sieboldi and Carum 
copticum showed higher activity than those tested here (Sahaf, et al., 2007; Mohamed and 
Abdelgaleil, 2008; Kim and Park, 2008; Chaubey, 2011).  

 
Table 2. Fumigant toxicity of essential oils against the adults of Sitophilus oryzae 

 

Compound LC50
a
 

(mg/L) 

95% confidence 
limits (mg/L) Slopeb 

± SE 
Interceptc 

± SE �Ȥ2)d 
Lower Upper 

Artemisia judaica 29.97 25.21 36.14 1.72±0.25 -2.54±0.37 3.34 
Astoma seselifolium 44.43 36.36 59.77 1.99±0.30 -3.29±0.45 1.26 

Citrus limon 9.89 7.23 13.85 3.74±0.28 -3.72±0.28 9.57 
Citrus paradisi 24.13 19.23 29.59 7.17±0.59 -9.92±0.83 13.97 
Citrus sinensis 19.67 13.60 33.93 5.39±0.44 -6.97±0.57 26.31 

Pituranthos tortuosus 41.01 38.49 44.36 4.97±0.60 -8.01±0.94 1.97 
aThe concentration causing 50% mortality. 
bSlope of the concentration-mortality regression line ± standard error. 
c
Intercept of the regression line ± standard error. 

dChi square value. 
 

Insecticidal activity of essential oils against Tribolium castaneum  
Fumigant toxicity of the isolated oils against the adults of T. castaneum in terms of LC50 
values is summarized in Table 3. The essential oils of C. sinensis (LC50 = 24.57 mg/L) and C. 
paradisi (LC50 = 25.52 mg/L) were the most potent toxicants. The oil of A. judaica showed 
the lowest toxicity.  The value of LC50 for this oil was greater than 50 mg/L. The oils of P. 
tortuosus and A. seselifolium revealed similar insecticidal activity against T. castaneum. 
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All of the tested oils were more effective fumigants against S. oryzae than T. castaneum. 
This finding is in agreement with our previous studies on the fumigant toxicity of some 
essential oils and monoterpenes in which S. oryzae was more susceptible than T. castaneum 
(Mohamed and Abdelgaleil, 2008; Abdelgaleil et al., 2009). 
 

Table 3. Fumigant toxicity of essential oils against the adults of Tribolium castaneum 
 

Compound LC50
a
 

(mg/L) 

95% confidence 
limits (mg/L) Slopeb  

± SE 
Interceptc  
± SE �Ȥ2)d 

Lower Upper 
Artemisia judaica >50 - - - - - 
Astoma seselifolium 46.55 42.17 53.95 4.29±0.63 -7.15±0.97 0.11 
Citrus limon 25.52 20.17 35.64 3.55±0.31 -4.99±0.42 9.33 
Citrus paradisi 30.06 20.16 63.70 5.38±0.43 -7.95±0.63 29.63 
Citrus sinensis 24.57 14.76 97.93 4.84±0.37 -6.73±0.50 39.01 
Pituranthos tortuosus 45.31 34.02 158.70 3.50±0.42 -5.80±0.64 13.16 
aThe concentration causing 50% mortality.  
bSlope of the concentration-mortality regression line ± standard error. 
c
Intercept of the regression line ± standard error. 

dChi square value. 
 

The essential oils of the three Citrus species showed strong insecticidal activity against 
the adults of S. oryzae and T. castaneum. This potent toxicity could be attributed to the major 
constituent, dl-limonene. In fact, limonene showed relatively less insecticidal activity than 
these three oils. The LC50 values of limonine on S. oryzae and T. castaneum were 29.92 and 
33.37 mg/L, respectively (Abdelgaleil et al., 2009). It has often been found that some 
essential oils have a greater insecticidal activity than their isolated major constituents as 
observed with the essential oil of Asiasarum sieboldi against S. oryzae (Kim and Park, 2008), 
indicating the beneficial effect of combined action of the different components.  

It is well recognized that the insecticidal activity of essential oils are mainly attributed 
to their monoterpenoidal contents (Huang et al., 1998; Garcìa et al., 2005; Abdelgaleil et al., 

2009). Monoterpenes act as neurotoxicants against different insect species (Coats et al., 
1991). They have been shown to inhibit acetylcholinesterase (AChE) isolated from different 
insect species (Ryan and Byrne, 1988; Abdelgaleil et al., 2009). 

In conclusion, this study shows that the essential oils tested, especially those obtained 
from Citrus species, have remarkable fumigant toxicity against the adults of S. oryzae and T. 
castaneum. The huge consumption of the Citrus fruits generates tons of waste peels. 
Converting these waste products to safer natural insecticides is highly recommended. Based 
on the insecticidal activity of the Citrus oils demonstrated in this study, these oils could be 
used in integrated pest management (IPM) programs of S. oryzae and T. castaneum.   
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