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The potential activities of four essential oils (Anise; Eucalyptus; Garlic and Rosemary) and microbial 
agent Metarhizium anisopliae and their combinations against Ephestia cutella and E. kuehniella were 
evaluated. In choice test, Rosemary and Eucalyptus revealed highly percentage of repellency after 5 
days the repellency % recorded (72% & 50% ) ,respectively in case of E. kuehniella and (71% & 54%  ) 
,respectively in case of E. cautella  . The most effective oil in enhancing the potency of M. anisopliae 
was Rosemary against insect species and decreased the LC50 of E. cautella and E. kuehniella, 
respectively. The least effective combination was M.a. + Anise and M.a.  + Garlic in case of E. cautella 
and E. kuehniella, respectively. Accumulative mortality of larvae of tested insect species increased 
gradually with the increase of exposure intervals. The highest %. Of adult malformation was recorded in 
case of Rosemary+ M. a and Eucalyptus + M.an against tested insects. Rosemary oil was the most 
efficient oil in increasing the strength of M. anisopliae. The oviposition was mostly inhibited when stored 
gunny bags were covered with spraying foam with Rosemary+ M. anisopliae in both tested insects. 
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INTRODUCTION 

The sustainable alternative to integrated pest 
management is botanical insecticides which 
could give a share in reducing the use of synthetic 
insecticides. Botanical insecticides have a series 
of characteristic including insecticidal activity, 
repellence to insects, antifeedant, insect growth 
regulation, toxicity to nematodes, mites, snail and 
slugs, and other pests of the agricultural values. 
The plant volatile essential oils (EO) are the most 
considerably experimented as pesticides for pest 
and diseases management  [Abd El-Aziz and 
Sharaby(1997); Lee et al.,(2004);  Abd El-Aziz 
and Ezz El-Din (2007); Rozman et al.,(2007); 
Sabbour and Abd El-Aziz(2010) ; Abd El-Aziz 

(2011); Sabbour et al.,(2013); Sabbour and Abdel-
Raheem(2015); Abd El-Aziz et al., (2015); 
Sabbour and Abd El-Aziz(2016 a and b); Sabbour 
and Abd El-Aziz(2017 ) Sabbour (2015a,b)]. 

The ether leaf extract of Eucalyptus globulus 
had insecticidal and antifeedant activities against 
aphids, Mathews (1981). The major constituent of 
essential oil of E. globulus was cineole and it was 
monocyclic monoterpen, Edward et al., (1978). 
Moreover, the stem and leaf extracts of 
Eucalyptus sp. had juvenomimetic activity against 
fifth instar larvae of the cotton strain, Dysdercus 
cingulatus, Rajendran and Goplan, (1979). 
Eucalyptus sp. had antimicrobial, antifungal, 
antiviral, and insecticidal activities. Also, it have 
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been showed contact and fumigant insecticidal 
activity against stored product insects and others 
insects, Mann and Kaufman, (2012). 

The avicidal activity of essential oil vapours 
distilled from anise, cumin, eucalyptus E. 
camaldulensis, oregano var. bevanii and 
rosemary against Tribolium confusum (du Val.), 
and E. kuehniella (Zeller) were studied by Tunç et 
al., (2000). The vapours of anise and cumin 
essential oils give rise to 100% mortality of the 
eggs of tested insects. The anethole is the major 
component of anise essential oil and with small 
component included 4-anisaldehyde, estragole 
and pseudoisoeugenyl-2-methylbutyrates, 
amongst others. Invertebrate pests are controlled 
by Entomopathogens fungi, Lacy et al., (2001). 

Būda and Pečiulytė (2008) experimented the 
efficacy of four fungi isolates [Beauveria bassiana, 
Lecanicillium (Verticillium) lecanii, Metarhizum 
anisopliae var. anisopliae and Paecilomyces 
farinosus) against Indian meal moths. All the 
tested fungal isolates were pathogenic, however, 
with a different effectiveness. 

The Mediterranean flour moth, E. kuehniella 
(Lepidoptera: Pyralidae), and also known as (mill 
moth). It is a widespread pest of stored products – 
especially cereals – and found around the world. 
The adult moths do not feed. The larvae are the 
damaging stage and their feeding pollutes stored 
products with faeces and webbings and causing 
spoil of the product, Athanassiou et al., (2008). 
The almond moth, E. cutella was mentioned by 
Horak (1994) as a major worldwide insect of 
stored products. It founds both in tropical and 
temperate zones and commonly attacks grains, 
nuts, dried fruits and a great variety of other 
stored products 

The purpose of the present work was to 
evaluate the efficacy of the fungus M. anisopliae 
and four essential oils alone and their 
combinations against E. kuehniella and E. cautella 
under laboratory and during storage. 
 
MATERIALS AND METHODS 

Experimental insects 
Larvae of E. kuehniella and E. cautella 

(Lepidoptera: Pyralidae) were used in the 
experiments. The target insects were reared 
under laboratory conditions on semi-artificial diet 
(fine wheat with some adherent endosperm) with 
20% glycine and 5% yeast powder. All cultures 
and experiments were held at 26±2°C and 70–
80% relative humidity (RH), with 16 hours light 
and 8 hours dark Abd El-Aziz et al., (2012). 

Three essential oils were used in the 
bioassay, Rosemary, Rosmarinus officinalis 
belonging to (family:  Lamiaceae) Eucalyptus, 
Eucalyptus globulus (Family: Myrtaceae);  Garlic, 
Allium sativum Linnaeus ((Family : 
Amaryllidaceae);and Anise, Pimpinella anisum 
(Family : Apiaceae ) .The essential oils were 
obtained by steam distillation methods of dried 
plants (Guenther, 1961).The tested oil emulsions 
were prepared according to , Sabbour and Abd El-
Aziz,( 2016 a). 

Isolation of tested fungi 
The tested fungi species, M. anisopliae are 

isolated from the dead and/or infected adults and 
pupae of tested insects, Sabbour and Sahab 
(2005) and were identified at Microbiology 
Department, NRC. 

Repellency test 
The experiments were managed in an arena 

in the choice test, Abd El-Aziz et al (2015). Disc of 
filter paper (Whatman No. 1) was treated with the 
tested oil at 2% concentration and placed in the 
cell A. While filter paper treated with distilled water 
and emulsifier only as control was placed in the 
cell B. Twenty newly emerged moths were 
introduced into each arena. After 1, 2, 3, 4 and 5 
days, the number of moths present in the cells A 
and B was recorded. The repellency % were 
counted using the equation: D = [1- (T/C)]x100, 
Lwande et al., (1985) where T and C represent 
the mean number of beetles in cells A and B 
treated and untreated, respectively. 

The insecticidal activity of tested oils 
Experiment was designed to test the initial as 

well as the persistent effect of the tested oils on 
tested insects larvae as cumulative mortality 
during successive intervals (0, 2, 4, 7 days). Foam 
granules about 1cm in diameter were treated at 
time (zero time) with tested oils (2% conc.), dried 
and provided with heat sterilized wheat grains 
(100 g/each) fastened each with a string. Then all 
treatments were used immediately as non-choice 
test. The foam granules treated with the tested 
oils were mixed with wheat grains (2 g foam/100 g 
grains) according to, Abd El-Aziz (2001). Ten 
larvae (3rd instar) for each insect species was 
placed with treated or untreated wheat grains in 
glass jars (250 cc capacity) covered with muslin. 
The number of dead larvae in each jar was 
counted every day and the percentages of 
mortality were corrected using the Abbott formula, 
Abbott (1925). 
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Insecticidal effects of tested fungus alone and 
with oils 
     Six concentrations of M. anisopliae (16, 8, 4, 2, 
1and 0.5x107 spores/ml) were prepared at the 
rated 16.5x107 spore/ml. While they mixed at 
4.25x107 spores/ml with the tested oils (0.05% 
conc.), then sprayed to the wheat grains. Ten 
larvae (3rd instar) for each insect species were 
placed with treated or untreated wheat grains in 
glass jars (250 cc capacity) covered with muslin. 
The number of dead larvae in each jar was 
counted every day and the percentages of 
mortality were corrected using the Abbott formula 
(Abbott 1925) and LC50 were calculated through 
the probit analysis, Finney (1964). The experiment 
was carried under laboratory conditions; 26±2°C 
and 60–70% R.H. The experiment was replicated 
4 times. 

The persistence of tested oils alone and 
combined with tested fungus during storage 

Experiment was designed to test the 
persistent effect of tested oils alone and combined 
with M. anisopliae against insect species on foam 
as surface protectant after 90-day interval. All 
gunny sacks (20x20 cm each) were full of heat 
sterilized wheat grains (100 g each), fastened, 
each with a string. The foam granules (about 1 cm 
in diameter) were sprayed with treatments (tested 
oils alone and combined with tested fungus), dried 
and provided as a layer between sacks. Two of 
newly emerged moths of each tested insect 
species were placed in a jar (2 l capacity with four 
gunny sacks) and spotted for egg laying. The laid 

eggs were counted on the grain in the treated and 
untreated jars. Each experiment was repeated five 
times, Abd El-Aziz (2001). 
The data was analyzed using analysis of variance 
(ANOVA), where significant differences between 
the treatments were observed. Mean values were 
significantly separated by using the least 
significant difference (LSD) test at 5% level, Sokol 
and Rohlf (1981). 
 
RESULTS  

The percentage of repellency of tested insect 
species (in choice test) for five successive days 
were illustrated in (figures 1and 2). The majority of 
tested moths moved towards the untreated cell 
(control) after a few minutes in case of Rosemary 
and Eucalyptus oils (84 % and 65% repellency) in 
case of E. kuehniella, respectively (Fig.1). While, 
the repellency recorded (85% and 72%) in case of 
E. cautella, respectively (Fig.2). Garlic and Anise 
oils gave moderate repellency (55& 42% and 
57&30%) to E. cautella and (53&42% and 
51a42%) in case of E. kuehniella during the first 
two days, respectively and then, the percentage of 
repellency decreased pointedly. Rosemary and 
Eucalyptus oils referred to the more constancy 
and permanence during the whole experimental 
time (5 days). After five days, the repellency % 
recorded (72% and 50%), respectively in case of 
E. kuehniella and (71% and 54%) in case of E. 
cautella, respectively. Anise showed the lowest 
repellency (5%) in case of E. kuehniella and E. 
cautella  

 
Figure. 1 Repellency activity of oils vapours against E. kuehniella 
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Figure2. Repellency activity of oils vapors against E. cautella 

 
Table 1. Probit analysis for estimating LC50 values of tested fungi alone and combined with 

tested oils on target insects 

Target pests 
LC50 

[x 107]                     slope               variance             95% confidence limits 

M.a alone on E. 
kuehniella 

121                           0.10                   0.02                     94-129 

M.a+Rosemary 
M.a  +Anise 
M.a + 

Eucalyptus 
M.a  + Garlic 

66                            0.2                    0.1                       55-120 
100                          1.0                    0.2                       98-111 
88                            0.3                   0.1                       78-99 
101                          1.4                   0.3                       86-109 

M.a  alone on 
E. cautella 

M.a + 
Eucalyptus 

M.a + Garlic 
M.a + 

Rosemary 
M.a + Anise 

111                          0.20                  0.01                    99-138 
69                            0.1                    0.1                      57-88 
99                            0.1                    0.2                      87-101 
61                            0.3                    0.3                     70-98 

100                          0.2                    0.1                      78-122 
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Table 2. Accumulations mortality of target insects larvae during the first week in treated foam with 

different oils. 

Tested oil 
Time 

(days) 
Foam 

E. kuehniella                                                  E. cautella 

Rosemary 

0 
2 
4 
7 

25.3                                                                    26.6 
33.9                                                                    38.3 
44.3                                                                    47.6 
61.3                                                                    65.7 

Garlic 

0 
2 
4 
7 

19.1                                                                    19.2 
25.3                                                                    26.9 
38.5                                                                    39.3 
40.3                                                                    40.4 

Eucalyptus 
 

0 
2 
4 
7 

21.1                                                                    23.2 
25.3                                                                    26.9 
38.5                                                                    39.3 
45.3                                                                    49.9 

Anise 

0 
2 
4 
7 

17.3                                                                    16.8 
20.3                                                                  20.7 
29.3                                                                  28.9 
33.3                                                                  38.7 

Untreated 

0 
2 
4 
7 

0.0                                                                    0.0 
0.0                                                                     0.0 
0.0                                                                     0.0 

F test  34.6 

LSD  18.9 

 
Table 3. Effect of oils and their combinations with fungus on number of laid eggs/female and % of 
adult emergence (F1) of E. kuehniella during storage period. 

Tested materials Mean no. of 
eggs 

/♀±S.E. 
 

% adult 
emergence 
    (F1) 

%. of adults 
malformations 

Rosemary 71.4±1.81 
 (76.15) 

91 88 

Garlic  99.4±1.81 
(66.80) 

19 76 

Eucalyptus  91.9±6.81 
(69.31) 

12 66 

Anise  141.4±1.81 
(52.77) 

11 68 

Rosemary+ M.a 10.4±9.89 
( 96.53) 

9 100 

Garlic + M.a 21.4±7.81 
( 92.85) 

1 100 

Eucalyptus + M.a 19.4±1.87 
( 93.52) 

6 99 

Anise + M.a 31.4±1.71 
( 89.51) 

91 90 

Control  299.4±1.88 100 - 

F test 32.9 

LSD   19.8   
*numbers between brackets represent percent reduction than control 

 
 
 
 
 



Sabbour and Abd El-Aziz                                                      Combination of fungus and oil on stored product insects 

 

    Bioscience Research, 2018 volume 15(4): 3480-3489                                               3485 

 

 
Table 4. Effect of tested oils alone and combined with tested fungus on number of laid 
eggs/female and % of adult emergence (F1) of E. cutella during storage period 

Tested materials Mean no. of eggs 
/♀±S.E. 

 

% adult 
emergence 

(F1) 

%. of adult 
malformation. 

Rosemary 31.4±1.01 
(89.48 ) 

99 00 

Garlic  41.4±6.01 
( 86.13 ) 

90 66 

Eucalyptus  31.1±1.81 
( 89.31 ) 

94 60 

Anise  93.4±6.01 
( 68.70 ) 

96 60 

Rosemary+ M.a 11.3±1.0 
( 96.21 ) 

1 99 

Eucalyptus + M.a 11.4±1.81 
(92.83  ) 

1 11 

Garlic+ M.a 11.4±2.38 
(92.83 ) 

9 19 

Anise + M.a 21.4±1.11 
( 82.44 ) 

1 10 

Control  298.4±9.81 100 - 

F test 30.2 

LSD 17.7    

*numbers between brackets represent percent reduction than control 

The Probit analysis for assessing LC50 
amounts of tested fungi alone and joint with oils 
against target insects was clarified in (Table 1). 
The most effective oil in enhancing the potency of 
M. anisopliae was Rosemary against insect 
species and decreased the LC50 of E. cautella and 
E. kuehniella (61 and 66 x 10 7), respectively. The 
least effective combination was M.a + Anise and 
M.a + Garlic in case of E. cautella and E. 
kuehniella, respectively. Accumulations mortality 
of target insects’ larvae during the first week in 
treated foam with different oils were subjected in 
(Table 2). Accumulative mortality of larvae of 
tested insect species enhanced progressively with 
the increase of exposition times. Rosemary oil 
gave the highest cumulative mortality percentages 
(61.3% and 65.7%) after 7 days from treatment 
followed by Eucalyptus treatment which  
amounted to (45.3 and 49.9 %)   and the lowest 
percentage of (33.3 and.38.7%)was recorded in 
case of Anise oil in case of E. cautella and E. 
kuehniella, respectively . 

DISCUSSION 
The sustainable alternative to integrated pest 

management is botanical insecticides which 
could give a share in reducing the use of synthetic 
insecticides. The plant volatile essential oils (EO) 
are the most considerably experimented as 
pesticides for pest and diseases management. 
Rosemary and Eucalyptus oils referred to the 

more constancy and permanence as repellent 
during the whole experimental time (5 days). 
These effects may be connected with the 
chemical components of the tested oils. Essential 
oil of Rosemary consists of some phytochemicals 
comprising [rosmarinic acid, camphor, caffeic 
acid, ursolic acid, betulinic acid, carnosic acid and 
carnosol.], Vallverdú-Queralt et al., (2014).  Also, 
it consists of 10–20% camphor. During the first 2 
weeks of the tested, Acorus calamus oil repelled 
strongly Tribolium castaneum adults and after that 
the percentage of repellency decreased speedily, 
then neem oil, Jilani et al., (1988). Batish et al., 
(2008) mentioned that Cineole is the main 
component of eucalyptus essential oil and is 
utilized as an insect repellent and biopesticide, 
Rodrigues et al., (2003) Sabbour and Solieman 
(2016, 2017&2018). Sabbour and Shurab, (2018a, 
b), Sabbour (2015a and b). 

The Probit analysis for assessing LC50 
amounts of tested fungi alone and joint with oils 
against target insects was studied. The most 
effective oil in enhancing the potency of M. 
anisopliae was Rosemary against insect species 
and decreased the LC50 of E. cautella and E. 
kuehniella (61 and 66 x 10 7), respectively. The 
LD50 for some formulations of B. bassiana was 
reduced to 97%, after the addition of coconut oil. It 
was suggested that the cutinophilic properties of 
the coconut oil could permit a great number of 
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fungal conidia to transfuse the mouth parts of 
tested insects, (Lisansky, 1989) .Also, the oil 
carriers can distribute the inoculum of 
entomogenous fungi over the thin inter -segmental 
membranes . Moreover, Essential oil of Rosemary 
consists of some phytochemicals comprising 
[rosmarinic acid, camphor, caffeic acid, ursolic 
acid, betulinic acid, carnosic acid and carnosol.], 
(Vallverdú-Queralt et al., 2014). Also, it consists of 
10–20% camphor. The main component of Anise 
oil is anethole (80–90%). Also, small component 
inclusive 4-anisaldehyde, estragole and 
pseudoisoeugenyl-2-methylbutyrates, amongst 
others, (Rodrigues et al.,2003). 

Accumulative mortality of larvae of tested 
insect species enhanced progressively with the 
increase of exposition times. Rosemary oil gave 
the highest cumulative mortality percentages 
(61.3% and  65.7%) after 7 days  from treatment 
followed by Eucalyptus  treatment which  
amounted to (45.3 and 49.9 %)   and the lowest 
percentage of (33.3 and.38.7%)was recorded in 
case of Anise oil in case of E. cautella and E. 
kuehniella,respectively . The insecticidal activity of 
tested oils was largely attributable to fumigant 
action. Eugenol is the main component of clove 
essential oil. Also, clove generated potent 
suppression to larval penetration of 
Acanthoscelides obtectus and so a complete 
suppression of adult emergence, (Regnault-Roger 
and Hamraoui ,1995). Batish et al., (2008) 
mentioned that Cineole is the main component of 
eucalyptus essential oil and is utilized as an insect 
repellent and biopesticide, (Rodrigues et 
al.,2003). Rosemary oil was the most efficient oil 
in increasing the strength of M. anisopliae. The 
oviposition was mostly inhibited when stored 
gunny bags were covered with spraying foam with 
Rosemary+ M. anisopliae   in both tested insects. 
The germ tube of the tested fungus was facilitated 
the penetration of the insect cuticle as a result of 
augmentation in the pathogenicity of M. anisopliae 
with Rosemary oil against E. kuehniella and E. 
cautella (Sabbour and Abd El-Aziz , 2010). 
Hassan and Charnley (1989) mentioned 
comparable results in case of Manduca sexeta 
insect treated with M. anisopliae and dimilin. 
Mann and Kaufman (2012) mentioned that 
Eucalyptus sp. possess antimicrobial; antifungal; 
antiviral; and insecticidal activities. Moreover, 
Eucalyptus sp. showed contact and fumigant 
insecticidal action against stored product pest and 
other insects.1,8-cineole the main common 
constituent of Eucalyptus, (Russo et al.,2015). 
The LD50 for some formulations of B. bassiana 

was reduced to 97%, after the addition of coconut 
oil. It was suggested that the cutinophilic 
properties of the coconut oil could permit a great 
number of fungal conidia to transfuse the mouth 
parts of tested insects, (Lisansky, 1989). 
Moreover, the percent reduction in the mean 
number of deposited eggs and adult emergence 
%after 90 days of storage were (96.53% & 1%) 
and (96.21%& 1%) in case of E. kuehniella and E. 
cutella, respectively when Rosemary oil combined 
with   M. anisopliae. Rosemary combined with   M. 
anisopliae provided promising oviposition 
deterrency, toxicity and put down E. kuehniella 
and E. cutella infestation. Also, Sabbour (2016& 
2017& 2018), Abd El-Aziz and Sharaby (1997) 
investigated the effects of white mustard oil on 
egg lying of Spodoptera littoralis. Spraying cotton 
plants with white mustard oil (2.5% conc) caused 
reduction in the number of deposited eggs. Only 
7% of moths egg masses were laid and the 
repellency % was recorded (89.4%). Rosemary 
alone and combined with   M. anisopliae acted not 
only as oviposition deterrents but also adversely 
influence fecundity Sabbour, (2015a and b). 

CONCLUSION 
The results of our experiments are mostly in 

the agreement with the results of other 
investigators. Rosemary and Eucalyptus essential 
oils possess properties which cause larval 
mortality, repellency of moths and ovipositional 
deterrent effects. Also, Rosemary and Eucalyptus 
essential oils combined with   M. anisopliae 
provided promising oviposition deterrency, toxicity 
and put down E. kuehniella and E. cutella 
infestation in the store.   Our results pointed that 
plant essential oils (Rosemary and Eucalyptus) 
might be beneficial for managing Lepidopterus 
insects in store especially E. kuehniella and E. 
cutella on wheat. Moreover, more studies are in 
demand to use plant essential oils as one of the 
components in IPM programs. 
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