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Abstract 

In this study, the nanoemulsion containing Mentha longifolia essential oil was produced by using high-pressure homogenization 

method and its fumigant toxicity was compared with ordinary M. longifolia essential oil on different stages of Ephestia kuehniella. 

Experimental conditions were as follows; 27±1 °C, 70± 5% relative humidity in total darkness. Concentrations of 111.1-1111.1 and 62.9-

92.6 µl/l air of oil have been used to control larva and eggs, respectively. Nanoemulsion concentrations were studied at 122.2-1111.1 µl/l air 

for larvicide experiment and 81.4-114.8 µl/l air for ovicidal stage. PT50 value at 1111.1 µl/l air as a larvicide for nanoemulsion and oil was 

estimated about 15.18 and 3.69 days, respectively. This value, at 92.6 µl/l air on egg was 14.44 and 2.58 days, respectively. The relative 

median potency parameter (RMP) showed that there was significant difference between PT50 values of essential oil and its nanoemulsion on 

both of the two stages of pest. Results showed that nanoemulsion containing M. longifolia oil can release slow properties lead to durability of 

fumigant toxicity of oil in the long term. Therefore, this new formulation could be considered as a new and ecofriendly biopesticide in pest 

control. 
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Fig. 2. Mean of particle size and distribution of Mentha longifolia oil nanoemulsion 
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Table 1. LC50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia kuehniella 5th instar larva 

Compound LC50 (µl/l) Chi-square n df Intercept Slope±SE P-value Confidence limit 95% 

        Lower Upper 

Essential oil 413.69 0.63 250 3 -3.86±0.62 1.47±0.24 0.88 319.7 554.1 

Nanoemulsion 427.05 1.06 250 3 -4.04±0.66 1.53±0.25 0.78 334.4 563.7 
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Table 2. LC50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg 

Compound LC50 (µl/l) Chi-square n df Intercept Slope±SE P-value Confidence limit 95% 

        Lower Upper 

Essential oil 75.03 0.69 250 3 -22.08±3.05 11.77±1.62 0.87 72.2 77.6 

Nanoemulsion 93.98 1.21 250 3 -24.02±3.38 12.17±1.71 0.74 90.6 97.1 
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Fig. 3. Probit of mortality of Mentha longifolia oil and its nanoemulsion effects on Ephestia Kuhniella 5th instar larva 
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Fig. 4. Probit of mortality of Mentha longifolia oil and its nanoemulsion effects on Ephestia Kuhniella egg 
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Table 3. Comparison of estimated LC50 for fumigant toxicity of Mentha longifolia oil and  

its nanoemulsion on different stages of Ephestia kuehniella at different concentrations 

Stages Exposure time (day) LC50 (µl/l) (NEO2) LC50 (µl/l) (EO3) RMP1 95% Confidence limits 

Larva 1 427.05 413.69 1.03 0.72-1.50 

Egg 5 93.98 75.03 1.25 1.15-1.40 

             1- RMP= Relative Median Potency 

             2- Nanoemulsion 

             3- Essential oil 
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Table 4. PT50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella 5th instar larva 

Concentration 

(µl/l) 
compounds 

PT50 

(day) 
Chi-square n df Intercept slope±SE P-value Confidence limit 95% 

         Lower Upper 

1111.1  15.18 3.00 450 7 2.79±0.37 -2.36±0.33 0.88 13.46 17.70 

 Nanoemulsion          

413.7           

  11.45 2.86 350 5 2.31±0.41 -2.18±0.40 0.72 9.92 13.62 

1111.1 Essential oil 3.69 0.7 200 2 1.65±0.25 -2.94±0.40 0.71 3.13 4.33 
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Fig. 5. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion 

of oil with controls on Ephestia kuehniella larva at LC50 and LC80 
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Fig. 6. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion  
with controls on Ephestia kuehniella egg at LC50 and LC80 
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 R�+(TP  �*�8>PT50 	1
=ED" <
 =2�>*�)�) � #)�G N)�1*
��M 0�� �� N)�1*� !� a;" &�� ��G  
Table 5. PT50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg 

Concentration 

(µl/l) 
compounds 

PT50  

(day) 
Chi-square n df Intercept slope±SE P-value 

Confidence limit 

95% 

         Lower Upper 

92.6  14.44 1.04 300 4 6.19±0.87 -5.34±0.76 0.90 13.49 15.57 

 Nanoemulsion          

75.03           

  12.60 0.28 300 4 5.03±0.81 -4.55±0.73 0.99 11.49 13.63 

92.6 Essential oil 2.58 0.01 150 1 1.14±0.22 -2.78±0.44 0.91 2.10 3.16 

 

 R�+(6P �8>� #=PT50 1��� �& ��� #X1�9>
 	1
=ED" <
 =2�>*�)�) � #)�G N)�1*
��M 0�� �� N)�1*� !� Q�$;> RM*�> &�� ��G  
Table 6. Comparison of PT50 of fumigant toxicity of Mentha longifolia oil and nanoemulsion of oil on different stages of Ephestia kuehniella 

Stages PT50 (day) (EO2) PT50 (day) (NEO3) RMP1 
95% Confidence 

limits 

Larva 3.69 15.18 4.04 2.56-7.74 

egg 2.58 14.44 5.10 2.82-12.73 

                       1- RMP= Relative Median Potency 

                     2- Essential oil 

                     3- Nanoemulsion 
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