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Abstract. This study was conducted to determine the antifeedant effect of essential oils from Eucalyptus globulus and Lavandula 
stoechas against adults of Tribolium castaneum in laboratory conditions. For this experiment I used sublethal doses of essential oils. 
On the other hand, in the first experiment the lethal concentrations of the essential oils killed 15% to 35% of the population (LC15 to 
LC35) afterwards these concentrations being used for antifeedant effects. The fumigation of sublethal doses was done for 24 h expo-
sure time. Surviving adults were removed and used for antifeedant assay with wheat flour. Decrease of flour weight was calculated 
after 48 h. Both oil considerably reduced the feeding of insect. The analysis of variance exhibited a significant effect of essential oil 
vapours on feeding deterrent. Moreover these oils had dose-dependent antifeedant activity and due to the increase of oil concentra-
tions, the feeding of T. castaneum was decreased. All treated groups with different doses of oils had lesser feeding than control 
groups. It can be concluded that the essential oil of E. globulus and L. stoechas have potential agents against T. castaneum and maybe 
other insect pests.  
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Introduction 

 
The red flour beetle, Tribolium castaneum (Herbst) is one of 
the major pests of stored grains and grain products. Control 
of this insect and other stored product pests relies heavily on 
the use of gaseous fumigants and residual insecticides 
(Mondal & Khalequzzaman 2006, Ogendo et al. 2008). Due to 
the problems associated with the indiscriminate use of syn-
thetic insecticides like insect resistance and impact on non-
target organisms, many scientists throughout the world have 
concentrated on the search for active natural products de-
rived from plants as ecologically safe alternatives, because 
globally there is growing awareness and desire to utilize 
natural and environment-friendly compounds for pest con-
trol (Isman 2000, Mehmet et al. 2003, Sahayaraj et al. 2003, 
Bughio & Wilkins 2004). Essential oils are volatile and can 
act like fumigants offering the prospect for use in contact 
and fumigant insecticides (Tapondjou et al. 2002, Lee et al. 
2004, Tapondjou et al. 2005), antifeedant (Abubakar et al. 
2000, Kathuria & Kaushik 2005, Han et al. 2006), repellent ef-
fects (Tripathi et al. 2000, Shakarami et al. 2003, García et al. 
2005) and may also affect some biological parameters such as 
growth rate and reproduction (Papachristos & Stamopoulos 
2002, Akhtar & Isman 2004, Chaubey 2007). 

In the present study, for importance of antifeedant activ-
ity in the integrated pest management, this effect was inves-
tigated by essential oils of E. globulus and L. stoechas grown 
in Iran against adults of T. castaneum, an important storage 
pest in the many countries.    
 
 
Material and Method 
 

Insects and essential oils 
Tribolium castaneum was reared in glass container (1 litter) containing 
wheat flour that was covered by a fine mesh cloth for ventilation. The cul-
tures were maintained in the dark in an incubator set at 27 ± 2 ºC and 60 ± 
5% RH. Parent adults were obtained from laboratory stock cultures main-
tained at the Entomology Department, University of Urmia, Iran. Adult 
insects of 7-14 days old were used for fumigant toxicity tests. All experi-
mental procedures were carried out under the same environmental condi-
tions as the cultures. Essential oils of leaves and flowers of L. stoechas and 

E. globulus were purchased from the company of Barij Essence (Kashan, 
Iran). This company had collected the L. stoechas and E. globulus from Ka-
shan and Kazeron, Iran, respectively. 
 

Antifeedant effects 
In order to calculate the LC15, LC20, LC25, LC30 and LC35 as sublethal dose 
for each essential oil, concentrations of 4 to 17 μl and 4 to 13 μl of L. 
stoechas and E. globulus oils respectively were dissolved in 200 μl acetone 
and applied to filter paper stripes (4 × 5 cm), which were dried in air for 2 
min. Treated filter papers 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 end covered with cloth 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 the filter paper was treated only with 
200 μl acetone. Mortality was determined after 24 h from commencement 
of exposure. When no leg or antennal movements were observed, insect 
was considered as dead. Each treatment was replicated three times. Per-
centage insect mortality was calculated using the Abbott correction for-
mula for natural mortality in untreated control (Abbott 1925). 

The fumigation of sublethal doses on insect was done as described 
above, using the method with concentrations viz. LC15 to LC35 for 24 h ex-
posure time. Survival adults were removed and used immediately for an-
tifeedant assay. In each petri dish (9 cm) was poured 12 gram of wheat 
flour and 50 treated insects with sublethal doses were transferred to it. 
The lids of petri dishes were pierced (1 cm diameter) and then covered by 
a fine mesh cloth for ventilation. Control groups were treated in the same 
way without oils. Petri dishes relocated to the incubator and then, kept 
under standard conditions (at 27 ± 2 ºC and 60 ± 5% relative humidity). 
Decrease of flour weight in each petri dish was calculated after 48 h. Each 
experiment was replicated for four times at both control and treated 
groups.  
 

Statistical analysis 
The experiments were arranged by completely randomize design and the 
data were subjected to analysis of variance (ANOVA) and probit analysis 
was used to estimate sublethal concentrations viz. LC15 to LC35 by SPSS 
software version 16.0. Differences between means were tested through 
Tukey test and values with P ≤0.01 were considered significantly defer-
ent. 
 
 
Results and Discussion 
 
Probit analysis showed that sublethal concentrations viz. 
LC15 to LC35 were obtained 13.61, 16.64, 19.77, 23,09 and 
26.66 μl/l air for L. stoechas and 12.161, 14.45, 16.75, 19.13 and 
21.63 μl/l air for E. globulus after 24 h exposure time. These 
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values were used for antifeedant experiments. According to 
the results of ANOVA, essential oils of E. globulus (F5, 18= 
467.34, P ≤0.000) and L. stoechas (F5, 18= 9706.38, P ≤0.000) had 
significant antifeedant effects on adults of T. castaneum. On 
the other hand, decrease of feeding happened when both of 
the two essences were utilized and statistical difference was 
found between control and treated groups. Feeding of insect 
decreased relevant to an increase of oil concentrations and at 
less doses (12.161 μl/l and 13.61 μl/l for E. globulus and L. 
stoechas respectively) the smaller flour mass remained. 
Weight flour mass in the control groups was less than these 
values in the treated groups (Fig 1). Results of Tukey test 
showed that data obtained from different concentrations of 
essential oils were at the different groups. 
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Figure 1. Antifeedant activity of E. globulus (A) and L. stoechas (B) es-
sential oils against adults of T. castaneum by fumigation method. 
Vertical bars indicate the standard error of the means. 

 
 

There are studies that demonstrate T. castaneum is sensi-
tive to essential oil of plants (Abubakar et al. 2000, Clemente 
et al. 2003, García et al. 2005, Chaubey 2007, Ogendo et al. 
2008, Ebadollahi et al. 2010a). The present study supported 
previous studies mentioned above.  

Several products from members of Myrtaceae and La-
miaceae families have been reported to be active against in-
sects (Papachristos & Stamopoulos 2002, Peterson et al. 2002, 
Clemente et al. 2003, Lee et al. 2004, Yang et al. 2004, Ta-
pondjou et al. 2005, Negahban & Moharramipour 2007, Eba-
dollahi et al. 2010c). Our earlier studies demonstrated that 
essential oils of E. globulus (Myrtaceae) and L. stoechas L. 
(Lamiaceae) have strong insecticidal activity (Ebadollahi et 
al. 2010a,b) but antifeedant effects of these oils have not been 

evaluated. In the present study, antifeedant effect of essen-
tial oils of E. globulus and L. stoechas was proved for the first 
time. 

The major constituents from aromatic plants, primarily 
monoterpenes, are of particular interest to industrial markets 
due to their other potent biological activities, in addition to 
their toxicity to insects (Isman 2000). Monoterpenoids are 
typically volatile and rather lipophilic compounds, which 
can rapidly penetrate into insects and interfere with their 
physiological functions. 1,8-cineol is one of these monoter-
penoids. It is the principal component in the essential oils of 
E. globulus and L. stoechas (Yang et al. 2004, Ebadollahi et al. 
2010a,b). There are numerous reports regarding the insecti-
cidal activity of 1,8-cineol against stored-product insects 
(Aggarwal et al. 2001, Lee et al. 2004, Yang et al. 2004, Kor-
dali et al. 2006). In fact, among the various components of 
experimental oils in the present study, 1,8-cineol is largely 
responsible for a variety of its pesticidal properties.  

The studies on the antifeedant effects of plant essential 
oils on T. castaneum have been recently reported. Huang et 
al. (1997) investigated toxic and antifeedant action of nutmeg 
oil against Tribolium castaneum (Herbst) and Sitophilus zea-
mais Motsch. Nutritional studies showed that nutmeg oil 
significantly (P ≤0.05) affected the growth rate and food con-
sumption of both insect species, depending on the concen-
trations used, but the antifeedant activity was more pro-
nounced against S. zeamais than against T. castaneum. Huang 
& Ho (1998) evaluated toxicity and antifeedant activities of 
cinnamaldehyde as a major component in Cinnamomum aro-
maticum Nees against T. castaneum. Cinnamaldehyde had no 
antifeedant action against T. castaneum adults at concentra-
tions of up to 13.6 mg/g food. However, this compound sig-
nificantly (P ≤0.05) reduced food consumption, growth and 
dietary utilization in T. castaneum larvae, and had obvious 
antifeedant action against the larvae at concentrations of 27.2 
and 54.4 mg/g food. Antifeedant action was observed to in-
crease with increasing Cinnamaldehyde concentrations. 
Huang et al. (2000) tested bioactivities of essential oil from 
cardamom, Elletaria cardamomum (L.) Maton to T. castaneum 
and Sitophilus zeamais Motschulsky. Feeding deterrence stud-
ies showed that cardamom oil did not have any growth in-
hibitory or feeding deterrence effects on either adults or lar-
vae of T. castaneum. However, it significantly reduced all the 
nutritional indices of the adults of S. zeamais, but with very 
slight feeding deterrence (27%) at a concentration of 1.44 × 
104 ppm. These studies demonstrated that T. castaneum is 
sensitive to plant essential oils for feeding deterrence and in 
the present study achieved same results, too. Tripathi et al 
(2001) isolated 1,8-Cineole from Artemisia annua and tested it 
against T. castaneum for contact toxicity, fumigant toxicity, 
and antifeedant activity. The adults of T. castaneum were 
more susceptible than larvae to both contact and fumigant 
toxicity of 1,8-cineole. The compound 1,8-cineole applied to 
filter paper at a concentration of 3.22–16.10 mg/cm2 signifi-
cantly (P ≤0.05) reduced the hatching of T. castaneum eggs. 
Feeding deterrence of 81.9% was achieved in T. castaneum 
adults by using a concentration of 121.9 mg/g food. Accord-
ing to this study, 1,8-cineole maybe is main agent for bioef-
fect of these plant essential oils. Based on the present and 
other results, E. globulus and L. stoechas oils and its 1,8-
cineole could be suggested as potential agents for use in the 
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sustainable pest management in the stored products. How-
ever, further studies also need to be conducted to evaluate 
the cost, efficacy and safety of these essential oils on wide 
range of pests in commercial store.  
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