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Abstract. Usage of synthetic insecticides has resulted in a polluted environment and increased the resistance of 
insects to insecticides. Therefore, employment of environmental friendly alternatives is warranted. Essential oils 
were introduced as low toxic agents on mammals and non-targeted insects to insect pests control programs. In the 
present study, the chemical composition of essential oils from flowers and leaves of Lavandula stoechas L. and 
Eucalyptus globules Labill were analyzed by GC-MS. 1,8-cineole (31.42%) and trans-3-carven-2-ol (10.10%) in the E. 
globulus oil and 1,8-cineole (7.02%) and Cadinene (5.33%) in the L. stoechas oil identified as main constituents. The 
toxic impact of essential oils against Lasioderma serricorne F. was evaluated through contact and fumigation methods. 
In the contact toxicity, L. serricorne to E. globulus (LC50= 0.216 μl/cm2) was more susceptible than L. stoechas (LC50= 
0.379 μl/cm2). On the contrary, in fumigation the L. serricorne to L. stoechas with LC50 3.835 μl/l air was more 
susceptible than E. globulus with LC50= 11.222 μl/l air at 24 h time of exposure. A direct relationship between 
mortality rate and dose was detected. The same trend was observed between mortality rate and exposure time as 
well. The findings of current study suggest that oil could also be used as insecticide against the cigarette beetle, L. 
serricorne.  
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Introduction 
Although effective fumigants and contact synthetic 
insecticides are available, there is a global concern about 
their negative effects such as ozone depletion, 
environmental pollution, and toxicity to non-target 
organisms, pest resistance and pesticide residues 
(Shaaya et al. 1997, Ogendo et al. 2003). Naturally 
occurring substances are an alternative to conventional 
pesticides and plant essential oils have traditionally 
been used to kill insects (Isman 2000). In recent years, 
essential oils have received a great deal of attention as 
pest control agents. The essential oils are the complex 
mixture of volatile organic compounds produced as the 
secondary metabolites that their functions are other than 
the nutrition. Plant essential oils are considered as 
insect-control agents because their bioactive chemicals 
are selective and have little or no harmful effect on the 
environment and non-target organisms (Zettler 1991). 

Iran is a country comprised largely of arid and semi-
arid areas, and contains many indigenous aromatic 
plants from different families. Lavandula stoechas L. and 
Eucalyptus globulus Labill are two ubiquitous medicinal 
herbs in Iran. 

The cigarette beetle is a serious pest of stored 
products. It occurs throughout the tropical and 
subtropical regions of the world, although it is restricted 
by low temperature and humidity, it occurs commonly 
in warm buildings throughout the temperate regions. It 
breeds on a wide variety of commodities, including both 
plant and animal materials and infest these commodities 
during storage, manufacturing and at the retail level 
(Howe 1957, Allotey 1988, Ashworth 1993). 

In this study, the toxicity of essential oils of L. 
stoechas and E. globules through contact and fumigation 
against cigarette beetle, L. serricorne, under laboratory 
conditions was investigated. 

 
 

Materials and methods 
 
Rearing of Insects 
 

L. serricorne was reared in glass container (1 litter) containing 
wheat flour that was covered by a fine mesh cloth for 
ventilation. The cultures were maintained in the dark in an 
incubator set at 27 ± 2 �C and 60 ± 5% RH. Parent adults were 
obtained from laboratory stock cultures maintained at the 
Entomology Department, University of Urmia, Iran. Adult 
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insects, 7-14 days old, were used for fumigation toxicity tests. 
All experiments were carried out under the same 
environmental conditions as the cultures. 
 
Plant materials and essential oils 
 

Essential oils of leaves and flowers of L. stoechas and E. globulus 
were purchased from the company of Barij Essence (Kashan, 
Iran). Primary plant material of L. stoechas and E. globulus were 
collected from Kashan and Kazeron, Iran, respectively. 
 
Analysis of essential oils 
 

The oil compositions were analyzed by gas chromatography–
mass spectrometry (GC–MS). GC– MS analysis was performed 
by using a Thermofinnigan Trace GC 2000, equipped with a MS 
fused silica capillary column (30 m × 0.25 mmi.d, film thickness 
0.25 μm). For GC–MS detection, an electron ionization system 
with ionization energy of 200 eV was used. Carrier gas was 
helium at a flow rate of 1.5 ml/min. Injector and MS transfer 
line temperatures were set at 250 and 200 �C, respectively. The 
oven temperature was programmed from 80 to 250 �C at 8 
�C/min, then held isothermal for 10 min and finally raised to 
350 �C at rate of 10 �C/min. The relative percentage of the oil 
constituents was expressed as percentages by peak area 
normalization. The identification of individual compounds of 
essential oils was based on the comparison of their relative 
retention times with those of authentic samples on DB-225 
capillary column, and by matching of their mass spectra of 
peaks with those obtained from authentic samples. 
 
Bioassay 
 

The contact toxicity of both oils against adult of L. serricorne 
was evaluated on filter paper discs (7 cm diameter, surface at 
38.465 cm2) which were treated with the substances diluted in 
acetone. The filter papers (Whatman No. 1) were placed in 
glass Petri's dishes (7 cm diameter).  Concentrations of 9, 11, 15, 
19 and 25 μl of L. stoechas oil and 3, 5, 7, 11 and 18 μl of E. 
globules oil diluted in 0.5 ml of acetone was applied to the filter 
paper discs. The acetone was allowed to evaporate for 2 min 
prior to the introduction of 20 adults of L. serricorne and these 
were kept in darkness in the incubator at 27 ± 2 �C and 60 ± 5% 
RH. In the control groups only acetone applied on filter papers. 
Each treatment was replicated three times. Insect mortality was 
recorded after 24 h.  

For fumigant toxicity, concentrations of 0.25 μL to 2.24 μL 
and 1.8 μL to 6 μL of L. stoechas and E. globulus respectively, 
were dissolved in 200 μL acetone and applied to Whatman No. 
1 filter paper stripe (4 × 5 cm), which was dried in the air for 2 
min. Treated filter paper were placed at the bottom of 280 ml 
glass jars. Twenty adults were placed in small plastic tubes (3.5 
cm diameter and 5 cm height) with open ends covered with 
clothes mesh. The tubes were hung at the geometrical centre of 
the glass jars, which were then sealed with air- tight lids. In the 
control groups filter paper treated only with 200 μL acetone. 
Mortality was determined after 24, 48 and 72 h from the 
commencement of exposure.  

When no leg or antennal movements were observed, insect 
was considered dead. Percentage of insect mortality was 
calculated by using the Abbott correction formula for natural 
mortality in untreated control (Abbott 1925). 
 

Statistical analysis 
 

The experiments were arranged by completely randomize 
design and the data were analysis of variance (ANOVA) and 
probit analysis was used to estimate LC50 values by SPSS 
software version 16.0. Differences between means were tested 
through Tukey test and values with p < 0.05 were considered 
significantly different. 

 
 

Results 
 
Chemical constituents of the essential oils 
 

The chemical constituents of the different oils were 
identified by retention time and mass spectrum in 
comparison with those of standard synthetic 
compounds. The results of chemical analysis revealed 
that major components of oil of L. stoechas were 1,8-
Cineole (7.02%), �-Cadinene (5.33%), T-Cadinol (5.07%), 
p-Mentha-1-en-8-ol (5.02%) and Caryophyllene (5.01%). 
1,8-Cineole (31.42%), trans-3(10)-Caren-2-ol (10.10%), 
3,7-dimethyl-2-Octen-1-ol (9.37%) and trans-Pinocarveol 
(7.91%) were identified as major components in the 
essential oil of E. globules, too (Table 1).  
 
Bioassay 
 

At the contact toxicity test, both essential oils were very 
toxic on adult of L. serricorne. According to the results of 
ANOVA, both oils were significant at P < 0.01 (Table 2). 
Probit analysis show that essential oil of E. globules 
(LC50= 0.216 μl/cm2) was more toxic than essential oil of 
L. stoechas (LC50= 0.379 μl/cm2). From the probit 
analysis, the calculated regression line equations were 
�= 3.973 � + 6.672 for L. stoechas and �= 2.082 � + 6.382 
for E. globules (Table 3). Percentage of mortality was 
intensified due to excess of oil concentrations (Fig. 1-A). 

The effects of fumigation of essential oils of E. 
globules and L. stoechas were very toxic on adult of L. 
serricorne. The test results of essential oil vapors of these 
plants were toxic to entire development stages. 
According to the results of ANOVA, while the effect of 
doses and exposure time interactions of the essential oils 
obtained from E. globules and L. stoechas were very 
significant at P < 0.01 (Table 2). Table 3, showed that L. 
serricorne is more susceptible to L. stoechas (LC50= 3.835 
μl/l air) than E. globules (LC50= 11.222 μl/l air) at the 24 
h of exposure time. As increasing exposure time and 
dose of L. stoechas and E. globules vapors, insect 
mortality are increased (Fig. 1-B) and LC50 values 
obtained are 2.345 μl/l air and 6.532 μl/l air for L. 
stoechas and E. globules within 72 h, respectively (Table 
3). 
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Table 1.  Major components of essential oils of L. stoechas (A) and E. globulus (B) grown in Iran. Components in less 

than 1.00% are not reported. RT = retention time on the DB-225 column. 
 

A 

component RT 
(min) 

Percentage 
  % 

7,7-Dichloro-2-heptanone 1.69 1.01 

(+)-�-Pinene      4.17 2.71 

(-)-�-Pinene 4.87 2.35 

1,8-Cineole 6.59 7.02 

�-Terpineol   6.79 4.11 

Alcanfor 8.32 4.16 

Borneol 9.11 4.87 

p-Mentha-1-en-8-ol 9.28 5.02 

2-Ethenylidene-6,6-dimethylbicyclo[3.1.1]heptane  9.62 4.98 

1,3,3-Trimethyl-2-vinyl-1-cyclohexene 9.94 4.76 

Cuminyl alcohol 10.03 2.53 

Geranial acetate 10.92 3.64 

Caryophyllene 11.58 5.01 

Cedrene 11.62 2.91 

Cubenol 11.78 2.85 

Isoledene 11.98 1.57 

Nerolidyl acetate     12.42 2.92 

�-Cadinene    12.71 5.33 

Caryophyllene oxide   13.12 2.80 

T-Cadinol                  14.26 5.07 

�-Cadinol         14.35 1.44 

�-Bisabolol     14.55 3.23 

2-methylene-5�-Cholestan-3�-ol       16.02 1.47 

2,6,10-Trimethyltetradecane 16.54 2.31 
 

B 
components RT 

(min) 
Percentage  

 % 

Cyclopropane, (methoxymethyl)- 1.61 2.42 

Chloroform 2.00 4.24 

p-Mentha-1(7),3-diene 4.80 2.15 

1,8-Cineole 7.33 31.42 

Limonene oxide, cis- 7.67 1.07 

trans-3(10)-Caren-2-ol 8.03 10.10 

trans-Pinocarveol 8.63 7.91 

2-Octen-1-ol, 3,7-dimethyl- 8.87 9.37 

Cis-p-Menth-2,8-dienol 9.07 6.33 

Citronellyl formate 9.34 4.67 

1,7,7-Trimethylbicyclo heptane-2,5-diol 9.84 4.52 

5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-2-ol 10.76 5.72 

Caryophyllene 11.29 1.61 

Cyclohexene, 1,5,5-trimethyl-6-acetylmethyl- 11.87 1.69 
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Table 2.  The results of analysis of variance (**indicate significant difference at P< 0.05) 

 

 Fumigant Toxicity   Contact Toxicity  

 Source DF MS F  Source DF MS F 

E. globulus Time 2 2314.455 777.925**  Between 4 1.73 87.187** 

 Dose 4 2567.420 862.95**  Within 10 0.2  

 Time × Dose 8 86.784 26.169**  Total 14   

 Error 30 2.975       

 Total 44        

L. stoechas Time 2 216.584 51.9043**  Between 4 1.963 190.134** 

 Dose 4 1918.643 459.803**  Within 10 0.01  

 Time × Dose 8 16.967 4.0662**  Total 14   

 Error 30 4.173       

 Total 44        
 
 
 

Table 3.  LC50 and 95% Confidence Limits calculated for mortality of L. serricorne at fumigant and contact toxicity 
with L. stoechas and E. globules oils. (**A heterogeneity factor is used in the calculation of confidence limits. *No 
heterogeneity factor is used in the calculation of confidence limits.) 

 

Slope 
[b]  

Intercept 
[a]  

P �2 
(df= 3) 

95% Confidence 
Limits 

LC50 
μl/l air 

Time 
[h] 

Essential 
oils 

Toxicity 

2.788 2.072 0.785* 1.066 (9.834 – 12.732) 11.222 24 E. globulus Fumigant  

3.923 1.541 0.219* 4.425 (6.568 – 8.473) 7.613 48   

5.425 0.578 0.447* 2.661 (5.644 – 7.202) 6.532 72   

1.444 -3.43 0.656* 1.616 (3.024 – 5.184) 3.835 24 L. stoechas  

1.773 -3.49 0.227* 4.335 (2.468 – 3.715) 3.011 48   

1.892 4.3 0.09** 6.48 (1.236– 3.881) 2.345 72   

2.082 6.384 0.594* 1.896 (0. 183 – 0.261) 0.216 24 E. globules Contact  

3.973 6.672 0.327* 3.452 (0.347 – 0.416) 0.379 24 L. stoechas  
 
 
 
 
Discussion 
 
Essential oils are selective to pests which have no or 
little harmful action against non-target organisms and 
the environment, act in many ways on various types of 
pest complexes and may be applied to the plant in the 
same way as conventional insecticides. The most 
promising botanical groups are Meliaceae, Rutaceae, 
Asteraceae, Annonaceae, Lamiaceae, Aristolochiaceae 
and Malvaceae (Regnault-Roger 1997). Some of these 
groups are characterized as aromatic plants. Lavandula 
stoechas L. is one species of the Meliaceae plants. In 
comparison with other investigations applying essential 
oils and from Lamiaceae family plants, our results 
reveal more significant fumigant activity against stored-
product insects (Mishra & Kumar 1983, Shaaya et al. 
1997, Papachristos & Stamopoulos 2002) but no pre-

vious study to estimate toxicity of L. stoechas on insect 
pests have been performed. Genus Eucalyptus and 
family Myrtaceae was identified as botanical 
insecticides (Papachristos & Stamopoulos 2002, 
Papachristos & Stamopoulos 2004, Negahban & 
Moharramipour 2007). However toxicity of essential oil 
of E. globules has not been evaluated on L. serricorne. 

Monoterpenoids are typically volatile and rather 
lipophilic compounds, which can rapidly penetrate into 
insects and interfere with their physiological functions 
(Lee et al. 2002). 1, 8-cineol is one of these monoterpene. 
It is the principal component in the essential oils of L. 
stoechas and E. globulus. There are numerous reports 
regarding the insecticidal activities of 1, 8-cineol against 
stored-product insects (Lee et al. 2004, Tripathi et al. 
2001, Yang et al. 2004). 
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This study reveals that contact and fumigant toxicity 
of essential oils of L. stoechas and E. globulus against L. 

serricorne are encouraging and they are applicable for 
managing coleopteran insects including L. serricorne. 

 
 

A.)

0

20

40

60

80

100

0.233 0.285 0.389 0.493 0.649
Dose

M
or

ta
lit

y%

 C.) 

0

20

40

60

80

100

0.078 0.129 0.181 0.285 0.467

Dose

M
or

ta
lit

y%

 
 

B.)

0
10
20
30
40
50
60
70
80
90

100

0.9 1.7 2.8 4.7 8
Dose

M
or

ta
lit

y 
%

24 h
48 h
72 h

 D.) 

0
10
20
30
40
50
60
70
80
90

100

6.42 8.57 11.78 15.71 21.42
Dose

M
or

ta
lit

y 
%

24 h

48 h

72 h

 
 

Figure 1. Mean mortality (%) ± SE of L. serricorne exposed to contact and fumigant toxicity of essential oils of L. stoechas (A 
and B) and E. globules (C and D), respectively. 
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