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ABSTRACT 
 

Three essential oils extracted from German chamomile, Sweet marjoram and Bitter orange were 
tested at different concentrations to determine their insecticidal activity against Ephestia cautella 
(WLK). The insecticidal activity increased with the increase of concentration and period of exposure. 
The highest toxic essential oil was that of Bitter orange after 72 h exposure, but the most repellent one 
was that of German chamomile. The higher toxicity in the form of fumigation was in the right of 
essential oil of Bitter orange. The LC50 value against moths and larvae was the least (22.45 and 52.46 
mg/l, respectively) in the case of Bitter orange essential oil. 
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Introduction 
 

Date palm trees and their fruits are vulnerable to infestation by several insect pests, both in the 
field and in storage. The almond moth Ephestia cautella (Lepidoptera: Pyralidae) is a serious  insect 
pest of dried plant materials. It has been recorded from cereal grains and their products as dried fruits, 
nuts, oil seeds, pulses, and cacao (Arbogast et al., 2005). E. cautella causes substantial damage to 
dates held in storage (Al-Zadjali et al., 2006), with an average if appropriate control measures are not 
applied.  

Over the past 15 years, interest in botanical insecticides has increased as a result of 
environmental concerns and insect populations becoming resistant to conventional chemicals. 
Botanical insecticides are naturally occurring insecticides that are derived from plants (Isman, 2000).  

Essential oils from different plant species possess ovicidal, larvicidal, and repellent properties 
against various insect species and are regarded as environmentally compatible pesticides (Cetin et al., 
2004). Many plant spices including herbs, and their extracts, are known to possess insecticidal 
properties that are frequently present in the essential oil fraction (Shaaya et al., 1991).  

Most of the essential oil constituents are monoterpenoids, which are secondary plant chemicals 
and considered to be of little metabolic importance. The toxicity of a large number of essential oils 
and their constituents have been evaluated against a number of stored-product insects (Ayvaz et al., 
2008). 

The tropical warehouse moth, E. cautella (WLK) is a serious insect pest of dates either in the 
field or in the form of stored product. Also, this insect pest infests other stored products and causes 
high loss in all these fruits and cereal grains and their products. The conditional control of E. cautella 
in storage systems mainly depends on fumigants such as methyl bromide or phosphine. However, 
methyl bromide was banned in many countries starting in 2004, because of its ozone depleting 
properties (Hansen and Jensen, 2002). Many alternatives have been tested to replace methyl bromide 
fumigation for stored-product and quarantine uses. There is an urgent need to develop safe 
alternatives that have the potential to replace the toxic fumigants, yet are effective, economical and 
convenient to use (Ayvaz et al., 2008).  

Repellents are substances repel undesired organism through its taste or odour or are substances 
that act locally or at a distance, deterring an arthropod from flying to, landing on the largest under 
protection (Choochote et al., 2007). Usually, insect repellents work by providing a vapor barrier 
deterring the arthropod from coming into contact with the surface (Brown and Hebert, 1997). Among 
them, essential oils, complex mixtures of volatile compounds isolated from a large number of plants, 
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have been found to have these properties against various haematophagous arthropods, some of them 
being the basis of commercial repellent formulations (Curtis et al., 1989). Although used by 30% of 
the US population, it may cause environmental and human health risks; additionally, (Pitasawat et al., 
2003). Therefore, there has been an increase in search efforts for natural and eco-friendly repellents. 
Some plant-based repellents are comparable to, or even better than synthetics; however, essential oil 
repellents tend to being short-lived in their effectiveness, which depends on their volatility. 

In the present study, the chemical constituents of essential oils from Sweet marjoram (Majorana 
hortensis Moench), German chamomile (Matricaria chamomilla L.) and leaves (petitgrain) of Bitter 
orange (Citrus aurantium L.) were determined, and the insecticidal activity of these essential oils was 
tested against the 4th larval instar and adult stages of E. cautella. The essential oils were tested 
primarily on these stages to investigate the ability to prevent mass egg production and further 
damages from larvae.  
 
Materials and Methods 
 
Laboratory Experiments: 

 
A laboratory strain of Ephestia cautella (Walker) moths were obtained from a mass culture 

maintained at Stored Products Research Laboratory, Plant Protection Research Institute, Agricultural 
Research Center, El-Dokki, Giza, Egypt. Adults were maintained and reared at the stored product 
pest’s laboratory of the Plant Protection Dept. Faculty of Agric., Moshtohor, Benha University. 
 
Rearing technique of E. cautella: 

 
For rearing the larvae of the moths of E. cautella, a number of media for the culture of stored 

product moths have been proposed in the literature (Boles and Marzke, 1966). One of the easiest to 
prepare, proposed by (Burges, 1956), for rearing with glycerol (relatively wet), which contain wheat 
groats 65%, glycerin 15%, dry yeast 10% and icing sugar 15%. This media used as the standard 
laboratory diet for rearing of E. cautella. For preparing this diet, the wheat was washed by water, 
excess moisture of grains was removed by using muslin cloth, then, left to dry for 2 weeks at room 
temperature. Wheat grains were treated by freezing at -18°C for two weeks before application for 
sterilizing and eliminating any possible infestation by any insect species. The quality of food eaten by 
larval insects is expected to affect traits such as gamete production, fat reserves, muscle bulk and 
body size on the adult. Moreover, larvae also depend on high moisture content in the diet for survival. 
In the absence of wheat-germ oil, growth is slow, the mortality high and the moths fail to emerge 
from the pupae (Ryne et al., 2004).  
 
Cultures for supplying the development of insect stages required for the tests: 

 
The diet was placed in glass jar (approx. 1000 cc) at rate of 250g/jar, then 25 pairs of adults were 

introduced to the diet in the glass jars for laying eggs and mass rearing. The top of each jar was 
covered with two layers of muslin fixed by rubber bands, and kept under controlled conditions of 
28ºC with 65±5% R.H. at the rearing room of the laboratory.  
 
Collecting larvae and adults: 

 
When the larvae became full-grown and before pupation, the 4th instar larvae of E. cautella 

started to wander over the walls of the rearing jar. These larvae were mass-trapped and placed in a 
plastic bag which was placed inversed over the top of the container. The wandering larvae tend to 
aggregate in this bag from which they were easily collected.  

During collection, the two sexes were easily separated since the male larvae are distinguished by 
their dark testes, easily seen through the body integument (Boles and Marzke, 1966). Larvae of each 
sex were placed in separate container, so virgin adults were obtained. 

For experimental purposes, individual adults are required, 2-3 days, all insects were separated 
from the food, and the jars were kept again at the controlled conditions in the rearing room. This 
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procedure was repeated several times in order to obtain large numbers of the adults needed to carry 
out the experiments during this study under laboratory conditions. The food in the jars was renewed 
whenever needed.  
 
Essential oils: 

 
Three essential oils, (Table, 1) from plant species belonging to different families; Asteraceae, 

Lamiaceae and Rutaceae were assayed. All the essential oils were bought from Al-Gomhuria 
Company of drugs, chemicals and medical supplies in Egypt.  
 
Table 1: The assayed essential oils. 

Scientific name Family Common name Used Part 
Matricaria chamomilla L. Asteraceae German chamomile Leaves 
Origanum majorana L 
Majorana hortensis Moench. 

Lamiaceae Sweet marjoram 
Leaves & 
flowers 

Citrus aurantium L. Rutaceae Bitter orange leaves 
 
Composition of german chamomil (Matricaria chamomilla L.): 

 
About 120 chemical constituents have been identified in chamomile as secondary metabolites, 

including 28 terpenoids, 36 flavonoids and 52 additional compounds with potential pharmaceutical 
activity (Mann and Staba, 1992). Components such as alpha-bisabolol and cyclic ethers are 
antimicrobial. Unibelfiferone is fungistatic, while chamazulen and alpha-bisabolol are antiseptic 
(Duke, 1985).  
 
Composition of sweet marjoram (Origanum majorana L): 

 
The composition of sweet marjoram oil was first investigated by Biltz (1899) who found it to 

consist of 40% monoterpene hydrocarbons, mostly terpinenes. Somewhat later, Wallach (1906) 
showed that sweet marjoram contains terpinenol-4 and ex-terpineol. After that, no further 
investigations into the aroma compounds of sweet marjoram were published until the sixties. Nicoletti 
and Baiocchi (1961) found that the oil of sweet marjoram contains monoterpene hydrocarbons, 
terpinenol-4, ex-terpineol, linalool, linalyl acetate and cissabinene hydrate, which had not previously 
been identified in natural oils. 
 
Composition of Bitter orange (Citrus aurantium L.). 

 
The qualitative composition of both petitgrain oils (obtained from young and old leaves) was 

similar. Sixteen compounds were common, among which the major components were: linalool 
(58.21%–36.03%), α-terpineol (7.11%–12.89%), geranyl acetate (4.49%–8.70%), neryl acetate 
(2.18%–4.46%) and trans-β-ocimene (4.08%–3.11%). α-Pinene, α-humulene and (E)-β-farnesene 
(amounting to 0.42%) were detected only in the young-leaf oil, whereas terpinyl acetate and nerolidol 
E (cumulative 0.21%) were detected in the old leaf oil (Sarrou et al. 2013) 
 
Preparation to toxicity activity test: 

 
This experiment was carried out on adults only. Three jars for each concentration were taken in 

each treatment. Inside each jar, one filter paper was inserted at the bottom. Then one ml. from each oil 
concentration of the different prepared concentrations (62.5, 125, 250, 500, and 1000 ppm) was taken 
and added to every glass jar on a filter paper. Inside the jars, twenty-five adults were placed inside 
each one to contact the treated filter paper. The jars well closed and incubated at 28ºC with 65±5% 
R.H. The same steps were followed in the control treatment. Mortality was recorded after 24, 48, and 
72 hours of exposure to the essential oils. 
 
 



Middle East J. Agric. Res., 6(1): 13-23, 2017 
ISSN 2077-4605 

16 

Preparation of fumigant toxicity test: 
 
To determine the fumigant toxicity of the tested oils on the adults and 4th instar larvae of E. 

cautella at 28ºC with 65±5% R.H., a weight of  ten grams of each pure oil was diluted with 50 ml. 
acetone to obtain 20% (w/v) stock concentration which was diluted to obtain (20; 10; 5; 2.5 and 1.25 
% w/v) concentrations. In this experiment, 200 ml glass jars with tied covers were used as fumigation 
chambers for the oils. The tested dosages of each oil inside the jars were 62.5, 125, 250, 500, and 
1000 mg/l air. Filter papers were used in this experiment (Whatman no. 1), and cut into strips (2 cm 
diameter pieces), then impregnated with an appropriate concentration of the desired essential oil, 
which  were left to dry in air for 5 min. The impregnated filter papers were then placed in small glass 
tubes (25x50 mm) with open ends covered with 40 mesh copper mesh, then attached to the 
undersurface of the jar.  Twenty-five individuals from each stage were placed at the bottom of 1 L 
glass jars. Three replicates were prepared for each treatment including a control without any essential 
oil, and were kept under the same environmental conditions described for the rearing. Mortality was 
recorded after 1, 2, 3, 5 and 7 days of exposure. Time-mortality data for each experiment were 
analyzed via the method developed by Finney (1971) with time as the explanatory variable to 
determine the fumigant toxicity of the oils and the exposure times required to kill 50 and 95% of the 
insects (LT50 and LT95 values).  
 
Repellency tests: 

 
The repellent effects of the EO΄s and some of their individual components against E. cautella 

were tested using the new (first record) design apparatus (Fig. 1) which consists of two glass pots (5 
cm diameter) connected by a tube, 15 cm (length), 3 cm (diameter) and 7 cm (height), both ends of 
the tube installed in both glass pots surrounded by rubber tire. 

 
Fig. 1: First record design apparatus which used in Repellency Tests 

 
To determine the repellent effect, 5 cm Whatman no.1 filter papers were used. In all cases, a 

volume of 1 ml was applied on a filter paper disk, as uniformly as possible (using acetone as solvent), 
the treated and control disks were air-dried for 10 min to evaporate the solvent. Inside every pot one 
filter paper was inserted at the bottom.  

Twenty-five adults of E. cautella were released at the center of each filter paper disk in each pot 
of the replicates. The apparatus was placed in the laboratory at 28ºC with 65±5% R.H. Three 
replicates were run for each tested concentration, so that 75 adults were assayed per concentration. 

A choice bioassay system was used to evaluate repellency of the EO΄s. The numbers of E. 
cautella present on the treated and untreated media in the apparatus were counted and recorded for 
each glass pot after 2 and 4 h of exposure. Percentage of repellency (PR) for a given exposure time 
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was computed as a number of the insects which escaped from the treated one to the untreated one as a 
result of the repellency effect. 
 
Statistical analyses:  

 
In this context, insect samples were exposed to the treatments for varying periods of exposure. 

After the desired exposure, time-mortality assessment was performed and corrected by Abbott's 
formula (1925) as follows: 

 
 
Corrected mortality % = 

% Mortality in treatment - % Mortality in control  
X 100 

100 - % Mortality in control 
 
Statistical analysis was carried out using ANOVA with three factors under significance level of 

0.05 for the whole results using SPSS (ver. 22). Data were treated as complete randomization design 
according to Steel et al. (1997). Multiple comparisons were carried out applying LSD values.  

 

Results and Discussion 

 

Toxicity effects:  

 

Results of toxicity effects of the essential oils showed significant differences between the 
different used concentrations against adults of E. cautella (Table 2).  
 
Table 2: Toxicity (mean±SE) of German chamomile, Sweet marjoram and Bitter orange essential oils against 

adults of E. cautella at different exposure periods (24, 48 and 72 hours). 

Oil 
Conc. 
(mg/l. air) 

Corrected mortality percentages 
after period (hr) Mean 

24 48 72 

German 
chamomile 

1000 49.33±2.67aC 72.00±2.31aB 85.33±1.33aA 68.89±5.37a 
500 45.33±1.33bC 56.00±2.31bB 70.67±1.33bA 57.33±3.77b 
250 36.00±0.00cC 49.33±1.33cB 60.00±2.31cA 48.44±3.56c 
125 28.00±2.31dC 28.00±2.31dB 37.33±1.33dA 31.11±1.86d 
62.5 20.00±0.00eC 25.33±1.33eB 24.00±2.31eA 23.11±1.11e 
Control 0.00±0.00fC 0.00±0.00fB 0.00±0.00fA 0.00±0.00f 
Mean 29.78±4.05C 38.44±5.73B 46.22±7.04A  

Sweet 
marjoram 

1000 40.00±0.00aC 53.33±1.33aB 72.00±2.31aA 55.11±4.70a 
500 37.33±3.53bC 48.00±2.31bB 61.33±1.33bA 48.89±3.70b 
250 30.67±1.33cC 40.00±0.00cB 48.00±2.31cA 39.56±2.62c 
125 18.67±1.33dC 26.67±1.33dB 30.67±1.33dA 25.33±1.89d 
62.5 12.00±0.00eC 20.00±0.00eB 21.33±1.33eA 17.78±1.51e 
Control 0.00±0.00fC 0.00±0.00fB 0.00±0.00fA 0.00±0.00f 
Mean 23.11±3.51C 31.33±4.41B 38.89±5.94A  

Bitter orange 

1000 53.33±2.67aC 72.00±2.31aB 96.00±2.31aA 73.78±6.29a 
500 46.67±1.33bC 60.00±2.31bB 72.00±0.00bA 59.56±3.74b 
250 42.67±4.81cC 52.00±0.00cB 68.00±2.31cA 54.22±4.01c 
125 28.00±2.31dC 45.33±1.33dB 56.00±0.00dA 43.11±4.15d 
62.5 21.33±1.33eC 26.67±1.33eB 33.33±1.33eA 27.11±1.86e 
Control 0.00±0.00fC 0.00±0.00fB 0.00±0.00fA 0.00±0.00f 
Mean 32±4.45C 42.67±5.74B 54.22±7.45A  

Means of oils 
German 

chamomile 
Sweet 

marjoram 
Bitter 
orange  

38.15±3.38C 31.11±2.82B 42.96±3.62A  
a, b & c: There is no significance (P>0.05) between any two means, within the same column having the same superscript 
letter. 
A, B & C: There is no significance (P>0.05) between any two means for the same attribute, within the same row having the 
same superscript letter. 
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Highest mortalities were observed in E. cautella populations treated with German chamomile 
essential oil, followed by Sweet marjoram and Bitter orange, which recorded (38.15±3.38, 31.11±2.82 
and 42.96±3.62 %), respectively (Table 2). 

The three essential oils tested were strongly toxic to E. cautella, and the concentration response 
analyses were significant (Table, 2). The toxicity activity of the essential oils was significantly 
influenced by the concentration applied and, interestingly, the activity was also increased when 
insects were exposed for a longer time (24, 48 and 72 hours). Essential oils showed higher toxic 
activity to E. cautella, when applied at concentrations of 62.5, 125, 250, 500, and 1000 mg/l air for a 
period of 72 h exposure, the toxicity values for these oils ranged from 21.33 to 85.33 %. The results 
showed that adult mortalities were increased by increasing the plant oil concentration and period of 
exposure (Table, 2), at the highest concentration, (1000 mg/l air). Adult mortalities reached 
49.33±2.67, 40.00±0.00 and 53.33 ±2.67 % after 24 h exposure and increased after 72h post treatment 
to 85.33±1.33, 72.00±2.31 and 96.00±2.31 % for German chamomile, Sweet marjoram and Bitter 
orange essential oils, respectively. On contrary, at 62.5 mg/l air, adult mortalities values were 
20.00±0.00, 12.00±0.00 and 21.33±1.33 % after 24 h exposure and increased at 72 h post treatment to 
24.00±2.31, 21.33±1.33 and 33.33±1.33 % for German chamomile, Sweet marjoram and Bitter orange 
essential oils, respectively.  

The results showed that, exposure to treatments for 72 hours caused highest values of mortality 
% than the shorter periods (24 and 48 hours). Also, at 1000 mg/l air, oils caused high mortalities than 
the lower concentrations (62.5 mg/l air). 

These results are attributed to the compounds present in essential oils, which, were relatively 
more toxic to adults of E. cautella. 
 

Repellence activity: 
 
The three essential oils tested were found as strong repellents to E. cautella, and the 

concentration response analyses were significant (Table 3).  
 

Table 3: Repellent activity % (mean±SE) of essential oils from German chamomile, Sweet marjoram and Bitter 
orange against E. cautella adults at different exposure time. 

Oil 
Conc. 
(mg/l air) 

% of repelled insects through period (hr.) 
Mean 

2 4 

German 
chamomile 

1000 73.33±1.33aB 88.00±2.31aA 80.67±3.49a 
500 68.00±0.00bB 74.67±1.33bA 71.33±1.61b 
250 60.00±2.31cB 70.67±1.33cA 65.33±2.67c 
125 57.33±1.33dB 66.67±1.33dA 62.00±2.25d 
62.5 40.00±2.31eB 49.33±1.33eA 44.67±2.40e 
Control 0.00±0.00fA 0.00±0.00fA 0.00±0.00f 

Sweet marjoram 

1000 68.00±2.31aB 77.33±2.67aA 72.67±2.62a 
500 61.33±3.53bB 68.00±2.31bA 64.67±2.40b 
250 50.67±2.67cB 64.00±0.00cA 57.33±3.21c 
125 49.33±2.67dB 58.67±1.33dA 54.00±2.48d 
62.5 32.00±2.31eB 48.00±2.31eA 40.00±3.86e 
Control 0.00±0.00fB 0.00±0.00fA 0.00±0.00f 

Bitter 
orange 

1000 65.33±1.33aB 72.00±0.00aA 68.67±1.61a 
500 49.33±2.67bB 62.67±1.33bA 56.00±3.27b 
250 50.67±8.74cB 54.67±1.33cA 52.67±4.06c 
125 33.33±1.33dB 45.33±1.33dA 39.33±2.81d 
62.5 24.00±2.31eB 38.67±1.33eA 31.33±3.49e 
Control 0.00±0.00fA 0.00±0.00fA 0.00±0.00f 

Mean of oil 
German 

chamomile 
Sweet  

marjoram 
Bitter 
orange 

54.00±4.56A 48.11±4.14A 41.33±3.87B 
a, b & c: There is no significance (P>0.05) between any two means, within the same column having the same superscript 
letter. 
A, B & C: There is no significance (P>0.05) between any two means for the same attribute, within the same row having the 
same superscript letter. 
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The repellence activities of the essential oils were significantly, influenced by the concentration 
applied and, interestingly, the activity was also increased when insects were exposed for a longer 
time. Essential oils showed higher repellence activity to E. cautella, when applied at all used 
concentrations. During 4h of exposure, the PR΄s values for these oils ranged from 38.67 to 88.00%. 
The results revealed quite different for EO΄s, the most abundant EO was German chamomile followed 
by Sweet marjoram and Bitter orange, which recorded 54.00±4.56, 48.11±4.14 and 41.33±3.87, 
respectively. 

The results of repellency assays for tested EO΄s are presented in (Table, 3). Data showed that at 
tested concentrations, most EO΄s were strongly repellent against E. cautella, and these bioactivities 
followed clear dose-response relationships. The lowest assayed concentrations (62.5 mg/l air and 125 
mg/l air), showed lower repellent properties for insects (40.00±2.31, 32.00±2.31 and 24.00±2.31%) 
and (57.33±1.33, 49.33±2.67 and 33.33±1.33%), 2 h after exposure for German chamomile, Sweet 
marjoram and Bitter orange essential oils, respectively. The same tendency was recorded by the same 
concentrations after 4 h exposure period when the EO΄s showed low repellents properties for insects 
(49.33±1.33, 48.00±2.31 and 38.67±1.33%) and (66.67±1.33, 58.67±1.33 and 45.33±1.33) for 
German chamomile, Sweet marjoram and Bitter orange essential oils, respectively. 

Data showed that the percentages of repellency recorded due to the oils increase by increasing 
concentration and the time of exposure reaching highest percentage (88.00±2.31) after 4 h exposure 
for German chamomile. The 4 h exposure of E. cautella to 1000 mg/l air of Sweet marjoram oil gave 
77.33±2.67% of repellency. 
 
Fumigant toxicity of some essential oils against adults and 4th instar larvae of Ephestia cautella 
(Walker) at 28ºC with 65±5% R.H: 

 
Results of the effect of fumigation toxicity of the three assayed plant oils on 4th instar larvae and 

adults of Ephestia cautella (Walker) at 28ºC with 65±5% relative humidity R.H. are presented in 
Table (4 and 5). The obtained results showed that adult mortalities increased by increasing the plant 
oil concentration and period of exposure (Table, 4). At 1000 mg/l air adult mortalities were 
41.33±1.33, 48.00±0.00 and 50.00±0.00% after 1 day exposure, for the three plant essential oils 
(German chamomile, Sweet marjoram and Bitter oranges), respectively. Mortalities increased also 
when reach 7 days of exposure recording 81.33±1.33, 96.00±0.00 and 97.33±1.33% for German 
chamomile, Sweet marjoram and Bitter orange essential oils, respectively.  

Also, the mortalities of larvae decreased with low concentration and with minimizing the period 
of exposure (Table, 5). 

Similar findings were obtained by Tandorost and Karimpour (2012) and Mehany (2014) who 
found that, increase of mortality was observed for different plant oils with increasing time of 
exposure, and these results are also confirmed by those of Singh et al. (1989); Tunc et al. (2000) and 
Karaborklü et al. (2011), they found that, mostly monoterpenes were very active on insects due to 
their active volatiles.   

In consistence with the present results, Arannilewa et al. (2006) reported that there was an 
increase in adult mortality with increasing the days of exposure in all concentrations, when they used 
the petroleum ether extract of four medicinal plants. The toxic effect of the tested plant oils may be 
due to the fact that the seeds/or leaves of these plants contain compounds (Terpenoids or similars) 
which possess antifeedant or toxic activity or lead to moulting disturbance which is often lethal to 
insects (Champagne et al., 1989).  

In the present field of study, Shaaya (1993) mentioned that several essential oils and their 
components were screened for fumigant activity against two developmental stages (eggs and adults) 
of stored product insects (Tribolium confusum, Rhyzopertha dominica, and Ephestia cautella) and 
fungi. Differences in sensitivity to the active oils were evident amongst the different insect species 
and stages. 
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Table 4: Fumigant toxicity (mean ± SE) of some essential oils against Ephestia cautella (Walker) adults at 28ºC with 
65±5% R.H. 

Oil 
Conc. 
(mg/l. 
air) 

Accumulative adult mortality % after indicated days 

1 day 2 days 3 days 5 days 7 days Mean 

German 
chamomile 

1000 41.33±1.33aE 52.00±2.31aD 54.67±2.67aC 69.33±1.33aB 81.33±1.33aA 59.73±3.81a 
500 36.00±0.00bE 40.00±0.00bD 53.33±1.33bC 64.00±2.31bB 76.00±2.31bA 53.87±4.02b 
250 29.33±1.33cE 36.00±0.00cD 44.00±0.00cC 56.00±2.31cB 69.33±1.33cA 46.93±3.85c 
125 20.00±2.30dE 28.00±0.00dD 36.00±0.00dC 45.33±1.33dB 53.33±1.33dA 36.53±3.22d 
62.5 13.33±1.33eE 18.67±1.33eD 24.00±0.00eC 33.33±1.33eB 44.00±2.31eA 26.67±2.96e 
Control 0.00±0.00fA 0.00±0.00fDA 0.00±0.00fA 0.00±0.00fA 0.00±0.00fA 0.00±0.00f 

Sweet 
marjoram 

1000 48.00±0.00aE 56.00±2.31aD 76.00±0.00aC 80.00±2.31aB 96.00±0.00aA 71.20±4.64a 
500 42.67±1.33bE 50.67±1.33bD 60.00±2.31bC 76.00±0.00bB 84.00±0.00bA 62.67±4.14b 
250 30.67±1.33cE 36.00±0.00dD 50.67±1.33dC 60.00±0.00cB 70.67±1.33cA 48.27±4.12c 
125 28.00±0.00dE 33.33±1.33cD 46.67±1.33cC 58.00±4.00dB 65.33±1.33dA 47.47±3.84d 
62.5 20.00±2.31eE 28.00±0.00eD 34.67±1.33eC 48.00±2.31eB 54.67±1.33eA 37.07±3.46e 
Control 0.00±0.00fA 0.00±0.00fA 0.00±0.00fA 0.00±0.00fA 0.00±0.00fA 0.00±0.00f 

Bitter 
orange 

1000 50.00±0.00aE 54.67±1.33aD 70.67±1.33aC 85.33±1.33aB 97.33±1.33aA 72.00±4.45a 
500 46.67±1.33bE 56.00±2.31bD 68.33±1.33bC 78.67±1.33bB 86.67±1.33bA 67.27±3.94b 
250 41.33±1.33cE 52.00±0.00cD 65.00±0.00cC 72.00±0.00cB 77.33±1.33cA 61.53±3.55c 
125 33.33±1.33dE 40.00±0.00dD 50.67±1.33dC 68.00±0.00dB 76.00±0.00dA 53.6±4.34d 
62.5 24.00±0.00eE 32.00±2.31eD 44.00±2.31eC 61.33±1.33eB 66.67±1.33eA 45.6±4.43e 
Control 0.00±0.00fA 0.00±0.00fA 0.00±0.00fA 0.00±0.00fA 0.00±0.00fA 0.00±0.00f 

Mean of oil 
German chamomile Sweet marjoram Bitter orange 

37.29±2.48C 44.53±2.82B 50.04±2.96A 
a, b & c: There is no significance (P>0.05) between any two means, within the same column having the same superscript 
letter. 
A, B & C: There is no significance (P>0.05) between any two means for the same attribute, within the same row having the 
same superscript letter. 

 
 
Table 5: Fumigant toxicity (mean ± SE) of some essential oils against 4th instar larvae of Ephestia cautella (Walker) at 28ºC 

with 65±5% R.H. 

Oil 
Conc. 
(mg/l. 
air) 

Accumulative larval mortality % after indicated days 

1 day 2 days 3 days 5 days 7 days Mean 

German 
chamomile 

1000 46.67±1.33aE 56.00±0.00aD 61.33±1.33aC 76.00±0.00aB 92.00±0.00aA 66.4±4.27a 
500 40.00±0.00bE 46.67±1.33bD 48.00±2.31bC 64.00±2.31bB 80.00±0.00bA 55.73±3.91b 
250 32.00±2.31cE 40.00±0.00cD 46.67±1.33cC 58.67±1.33cB 72.00±0.00cA 49.87±3.80c 
125 20.00±0.00dE 32.00±0.00dD 40.00±0.00dC 48.00±0.00dB 58.00±0.00dA 39.6±2.84d 
62.5 14.67±1.33eE 21.33±1.33eD 26.67±1.33eC 34.67±1.33eB 38.67±2.67eA 27.2±2.41e 
Control 0.00±0.00fE 0.00±0.00fD 0.00±0.00fC 0.00±0.00fB 0.00±0.00fA 0.00±0.00f 

Sweet 
marjoram 

1000 50.67±1.33aE 56.00±0.00aD 76.00±0.00aC 80.00±0.00aB 90.67±1.33aA 70.67±4.03a 
500 48.00±0.00bE 54.67±1.33bD 66.67±1.33bC 80.00±2.31bB 88.00±0.00bA 67.47±4.04b 
250 33.33±1.33cE 41.33±1.33cD 53.33±1.33cC 64.00±0.00cB 72.00±0.00cA 52.80±3.81c 
125 32.00±0.00dE 38.67±1.33dD 48.00±0.00dC 58.67±3.53dB 68.00±0.00dA 49.07±3.54d 
62.5 22.67±1.33eE 28.00±2.31eD 36.00±0.00eC 48.00±0.00eB 56.00±0.00eA 38.13±3.33e 
Control 0.00±0.00fE 0.00±0.00fD 0.00±0.00fC 0.00±0.00fB 0.00±0.00fA 0.00±0.00f 

Bitter 
orange 

1000 60.00±2.31aE 64.00±0.00aD 72.00±0.00aC 82.67±1.33aB 98.67±1.33aA 75.47±3.76a 
500 48.00±0.00bE 57.33±2.67bD 68.00±0.00bC 76.00±0.00bB 85.33±2.67bA 66.93±3.59b 
250 40.00±0.00cE 54.67±1.33cD 64.00±2.31cC 69.33±1.33cB 77.33±1.33cA 61.07±3.55c 
125 30.67±1.33dE 44.00±0.00dD 52.00±2.31dC 58.67±1.33dB 66.67±1.33dA 50.40±3.35d 
62.5 21.33±1.33eE 28.00±0.00eD 41.33±1.33eC 52.00±0.00eB 58.67±3.53eA 40.27±3.81e 
Control 0.00±0.00fE 0.00±0.00fD 0.00±0.00fC 0.00±0.00fB 0.00±0.00fA 0.00±0.00f 

Mean of oil 
German chamomile Sweet marjoram Bitter orange 

39.47±2.62B 46.36±2.84A 49.16±2.93A 
a, b & c: There is no significant difference (P>0.05) between any two means, within the same column have the same 
superscript letter. 
A, B & C: There is no significant difference (P>0.05) between any two means for the same attribute, within the same row 
have the same superscript letter. 
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Lethal concentrations and toxicity index of various essential oils against adults and 4th larval stage of 
Ephestia cautella (Walker) after 7 days post treatment: 

 
The lethal concentrations of the three plant oils German chamomile (Matricaria chamomilla L.); 

Sweet marjoram (Origanum majorana L, syn. Majorana hortensis Moench.); Bitter orange (Citrus 
aurantium L.) on the 4th instar larvae and adults of Ephestia cautella (Walker) at 28ºC with 65±5% 
R.H. are presented in Table (6). The results showed that after 7 days of treatment for adult stage, the 
LC50 values were 88.87, 58.57 and 22.45% mg/l. air for German chamomile, Sweet marjoram and 
Bitter orange essential oils, respectively (Table, 6a). While for the 4th instar larvae the LC50 value after 
7 days post treatment were 96.42, 46.17 and 52.46 mg/l air for the same essential oils, respectively. 
The correspondent LC95 values for the adult stage were 5772.94, 1557.67 and 1735.42 mg/l air, 
respectively, opposed to 1692.38, 2042.57  and 2073.99 mg/l air, respectively in case of the 4th instar 
larval treatment   (Table, 6b). 

The toxicity effect of various essential oils against adults of E. cautella adults are presented in 
Table (6). According to the LC50 values after 7 days post-treatment at 28ºC with 65±5% R.H., the 
toxicity on adults could be arranged in descending order as: Bitter orange, Sweet marjoram and 
German chamomile essential oils, respectively (Table 6a). 

 
Table 6: Lethal concentrations (LC's) and toxicity index of 3 tested essential oils in the fumigant toxicity 

against adults (a) and 4th larval stage (b) of E. cautella (Walker) at 28ºC with 65±5% R.H., 7 days post 
treatment. 

 (a) LC and toxic index against adult: 

Essential oils 
LC50 after 7 

days 
(mg/l.air) 

Toxicity 
index at 

LC50 
Slope ± SD P value LC95 

German chamomile 88.87 100.00 0.9075±0.1424 0.8112 5772.94 
Sweet marjoram 58.57 151.73 1.1545±0.1578 0.1912 1557.67 
Bitter orange 22.45 395.86 0.8711±16.52 0.3816 1735.42 

 
 (b) LC and toxic index against larvae: 

Essential oils 
LC50 after 7 

days 
(mg/l.air) 

Toxicity 
index at 

LC50 
Slope±SD P value LC95 

German chamomile 96.42 100.00 1.3229±0.1544 0.8023 1692.38 
Sweet marjoram 46.17 208.84 0.9995±0.1549 0.5421 2042.57 
Bitter orange 52.46 183.32 5.0473±0.1612 0.1684 2073.99 

 
On other hand, the toxicity effect of the same essential oils against the 4th larval instar after 7 

days post-treatment at 28ºC with 65±5% R.H could be arranged in descending order as: Sweet 
marjoram, Bitter orange, and German chamomile essential oils, respectively,  indicating that the latter 
essential oil (German chamomile) was the least effective, Table (6b). The results indicated that Bitter 
orange oil was much more toxic as fumigant than other used oils against E. cautella adults. While in 
the case of larvae, Sweet marjoram was the best one. The present results showed the feasibility of 
using these essential plant oils as grain protectants/or as Fumigants to control E. cautella stages. More 
deep studies may be needed to confirm this conclusion. 

 
The lethal times (LT's) estimated for essential oil treatments against E. cautella at 28ºC with 65±5% 
R.H. 

 
The LT50 and LCT95 values of the three essential oils (EO΄s) tested are shown in (Table, 7). EO΄s 

showed a strong fumigant activity against E. cautella (Walker), and the time needed to cause 50 and 
95% mortality (LT50 and LT95) decreased with increasing the concentration of the oil (Tables 4 and 5).  

When insects were fumigated with oils at different concentrations, the LT50 for the various stages 
of E. cautella (Walker), were 1.78, 1.27 and 1.30 days & 2.41, 1.64 and 1.31 for adult stage, at 
concentrations (1000 and 500 mg/l air.), for German chamomile, Sweet marjoram and Bitter orange 
essential oils, respectively, while values recorded 1.42, 1.15 and 0.91 & 2.16, 1.32 and 1.23 for larval 
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stage, at concentrations (1000 and 500 mg/l air.), for the same essential oils, respectively. On the other 
hand, LT95 for the various stages of E. cautella (Walker), were 40, 10.91 and 9.73 days & 48.68, 
24.68 and 19.79 for adult stage, at concentrations (1000 and 500 mg/l air), for the same three essential 
oils, respectively, opposed to 18.09, 15.00 and 11.37 & 54.11, 18.59 and 25.50 for the larval stage. 

These results, clearly, indicates that adults of E. cautella were the more tolerant to toxicity by 
essential oils at 28ºC with 65±5% R.H. than larvae which were more susceptible. 

 
Table 7: Lethal times (LT's) values estimated at 1000 mg/l air and at 500 mg/l air, for the tested stages of 

Ephestia cautella at 28ºC with 65±5% R.H. 

Conc. Oil 
 
   Stage 

Lethal time (days) 
Slope ± SD 

 
P value LT50 LT95 

1000 mg 

German 
chamomile 

Adult 1.78 39.68 1.2195±0.1975 0.3254 
Larvae 1.42 18.09 1.4879±0.2054 0.0344 

Sweet marjoram 
Adult 1.27 10.91 1.7616±0.2163 0.2230 
Larvae 1.15 15.00 1.4759±0.2096 0.1579 

Bitter orange 
Adult 1.30 9.73 1.8780±0.2199 0.0069 
Larvae 0.91 11.37 1.4984±0.2178 0.0020 

500 mg 

German 
chamomile 

Adult 2.41 48.68 1.2608±0.1971 0.3443 
Larvae 2.16 54.11 1.1757±0.1960 0.0578 

Sweet marjoram 
Adult 1.64 24.68 1.3958±0.2013 0.4005 
Larvae 1.32 18.59 1.4313±20.54 0.3444 

Bitter orange 
Adult 1.31 19.79 1.3949±0.2046 0.6760 
Larvae 1.23 25.50 1.2502±0.2021 0.7316 
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