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Abstract 

Essential oils (EOs) have been recognized as eco-friendly promising insecticides for many important economic pests; thus, 

nano-formulations (NEs) of EOs have been formulated, developed, and evaluated to manage stored pests. The insecticidal 

activity of Origanum majorana L. essential oil (EO) and their nanoemulsion (NE) were evaluated against Callosobruchus 

maculatus and Callosobruchus chinensis. The chemical composition of this oil was identified using Gas Chromatography- 

Mass Spectrometry (GC/MS) analysis. Characterizations of formulated NE such as droplet sizes, polydispersity index (PDI), 

and zeta potential were determined. Our results revealed that the predominant compounds found in O. majorana L. were, 3-

Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)- (19.35%), γ-terpinene (11.79%) and α-terpinene (9.1%). The droplet sizes 

of NE O. majorana was 6.33 nm with PDI 0.498 and zeta potential showed a low negative charge (-5.19 mV). The results 

showed that EO and NE of O. majorana displayed the highest fumigant toxicity against C. chinensis adults with LC50 values 

(0.05 and 0.07 μLL-1 air), respectively after 3 days of exposure. In the case of seed treatment, EO and NE of O. majorana 

exhibited the highest toxicity in C. maculatus adults (LC50 = 207.51 and 220.36 mLkg-1). The complete inhibition of bruchid 

progeny and the full cowpeas protection were obtained by 2500 ml kg -1 of the tested EO and NE after 45 days. These findings 

indicate NE of O. majorana could be implemented in IPM of bruchids.  
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1- Introduction 

Cowpeas Vigna unguiculata L. is an important 

pulse crop grown in Egypt and in several parts of 

Asia and the Americas. It is an extremely low-lipid 

and low-sodium dietary source that is high in 

potassium, protein, and both digestible and 

indigestible carbohydrates. Cowpeas also contain 

antioxidant-active polyphenols and several important 

amino acids [1,2]. In tropical and subtropical regions, 

cowpea seeds are subjected to attacks by various 

biological factors such as bruchid species, 

particularly Callosobruchus maculatus (F.) and 

Callosobruchus chinensis L. (Coleoptera: 

Chrysomelidae: Bruchinae) [3, 4]. High infestation 

results in a reduction in whole grain that leads to the 

destruction of the seed stocks eventually [5]. As a 

result, it's critical to safeguard pulse seeds from pest 

insects during storage. Chemical insecticides are 

currently the primary means of controlling bruchid 

insects. However, using these chemicals is bad for 

humans, animals, and the environment [6]. The 

emergence of insect resistance is another issue that 

these insecticides' ongoing use must deal with [7]. 

Therefore, to manage bruchid insects on stored 

legumes, a variety of options have been studied. 

These substitutes consist of natural products, 

bioinsecticides, and essential oils [8, 9, 10, 11]. 

Essential oils (EOs) are secondary metabolites found 

in many medicinal plants; these compounds act as a 

main factor in the protection of these medicinal plants 

against various pests [12]. Monoterpenes and 

sesquiterpenes, which are found in numerous classes 

including alcohols, aldehydes, esters, ketones, 

lactones, and phenols, make up the majority of 

essential oils [13]. EOs are safe products and are 

applied as fragrances and flavoring additives for 

several foods [14]. Several reports indicated that EOs 

were highly effective against stored product insects 

with different methods including fumigation, contact, 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

479 

mailto:heba_hagag@capl.sci.eg
https://doi.org/10.21608/ejchem.2024.276355.9445


 M. H. A. El-Sawah et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem.67, No. 10 (2024) 

 

 

372 

repellent, antifeedant, grain treatment, and growth 

inhibitory effects were evaluated by several 

researchers [15, 16, 17]. Origanum majorana from 

the family of Lamiaceae is considered one of the 

richest plants with secondary metabolites that can be 

used in the control of insect pests. This plant attracted 

significant interest due to a high concentration of 

biologically active compounds, particularly volatile 

molecules, such as monoterpenes and sesquiterpenes 

that instantly penetrate insect epidermal layers and 

alter the physiological function of the insects [18]. 

The bioactivity of the essential oil from O. majorana 

L. has been studied and showed antimicrobial, 

antioxidant, insecticidal, and cytotoxic properties [19, 

20]. 

The use of EOs in pest management faces some 

difficulties, such as instability, and low water 

solubility [21, 22]. Therefore, it is necessary to 

enhance the stability of EOs against environmental 

conditions as well as the ability to mix with water 

and other carriers [23]. One of the most common 

ways to overcome the above-mentioned problems is 

to convert the essential oils into nanoformulations. 

Preparing essential oils as nanoemulsions (NEs) 

protects EOs from degradation and increases their 

shelf-life. NEs are the colloidal dispersion of oil 

droplets in water with 1 to 200nm droplet sizes [24]. 

NEs appear transparent and are more stable to 

creaming, coalescence, flocculation, and ripening 

than conventional emulsions. These advantages 

encourage scientists to use NEs in industrial 

applications such as drug and insecticide delivery 

systems, enhancement of bioactivity of natural 

products, and alternatives to chemical insecticides for 

different pests [25, 26]. Two techniques can be 

utilized for producing NEs: high-pressure 

homogenization and sonication, which require more 

energy, and spontaneous emulsification, which 

requires lower energy [27, 28]. Our selected 

spontaneous emulsification method has some 

advantages, it is more effective for the production of 

very fine droplets; requires lower energy and 

equipment costs; and is simpler to implement. The 

objectives of this study are to: 1) use gas 

chromatography-mass spectrometry (GC-MS) to 

investigate the chemical compositions of essential oil 

(EO) extracted from O. majorana, 2) formulate the 

EO in NE using a low-energy emulsification method, 

3) determine the physicochemical properties, 

characterization, and stability of NE, and 4) assess 

the insecticidal activities of the EO and NE of O. 

majorana against C. maculatus and C. chinensis. 

 

2. Materials and methods 

2.1. Tested bruchids  

Callosobruchus maculatus and C. chinensis 

colonies used in this study were obtained from Plant 

Protection Research Institute, Giza, Egypt, and have 

been maintained on cowpea seeds (Vigna unguiculata 

var. Dokki 331) were frozen at -20ºC for 7 days to 

kill previous infestations. The moisture content of 

cowpeas used was about 9.7% and the beetles of both 

species were reared on cowpea seeds in 1-liter wide-

mouth glass jars in a climatic chamber at 27 ºC, with 

65 % relative humidity (r. h.) and a 12- h: 12-h light-

dark photoperiod, as described by [10] for several 

generations in the research laboratory. The sexed 

adult insect species used in the experiments newly 

emerged aged 0-24 h, were placed in exposure jars 

and then were exposed to the treatments. All 

experiments were carried out under the same insect 

rearing conditions. 

 

2.2. Plant materials 

 Dried aerial parts of Origanum majorana L. were 

purchased from the local herbal market in Cairo and 

then ground into a fine powder using an electric 

grinder and kept in plastic bags until used. 

 
2.3. Chemicals 

 Geronol MS, Rhodasurf AL-30, and Alkamuls 

RC manufactured by Rhodia, (Rhodia has been 

acquired by Solvay) supplied by Kafr El Zayat 

Pesticides and Chemicals Co., Egypt. Tween 20, 80, 

and Span 80 were supplied by Qualikems Fine Chem 

Pvt. Ltd. INDIA. Deionized water was obtained from 

the Central Agricultural Pesticide Laboratory 

(CAPL), Egypt. 

 

2.4. EO extraction  

A sufficient volume of water was added to a 500 

mL round-bottom flask containing 100 g of the 

plant's air-dried aerial portions. According to [29], 

the oil percentage was ascertained by employing the 

Clevenger-type equipment hydro-distillation method 

for three hours. After the oil was extracted, it was 

dried over anhydrous sodium sulphate and 

refrigerated in dark glass vials pending chemical and 

biological testing. The essential oil percentage was 

estimated as follows: 

Oil % (w/w) = weight of essential oil (g) / weight of 

plant material (g) × 100. 

 

2.5. GC-MS analyses of EO 

The constituents of O. majorana EO were 

analyzed with a GC-MS spectrometry system 

(Agilent Technologies model 7890B + mass 

spectrometer detector 5977A). Mass spectra were 

measured by electron ionization (EI) at 70 eV and 

using the spectra range of m/z 50-550. Identification 

of the different compounds was achieved by 

comparing the spectrum fragmentation pattern with 

the Wiley and NIST Mass Spectral Library data . 

 

2.6. Preparation of 10 % NE formulation of O. 

majorana essential oil 
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Oil-in-water nanoemulsion of the O. majorana 

EO oil was formulated using a spontaneous 

emulsification technique according to [27]. A two-

step process was used to prepare the oil-in-water 

nanoemulsion. First, the essential oil (10 g) was 

mixed with a blind of an emulsifying system of tween 

80 and span 80 in several ratios (1:1; 1:1.5 and 1:2 

w:w)  into a container using a magnetic stirrer with a 

speed of 400 rpm for 20 min to form a homogenized 

oil phase. Second, the required amount of distilled 

water was slowly added to the oil phase to obtain the 

final preparation of 100 % w/w until a clear 

nanoemulsion was formed. After that, the mixture 

was stirred by using a magnetic stirrer at 

approximately 400 rpm at room temperature (25 ºC) 

for 30-40 min to obtain a uniform and stable 

nanoemulsion. 

 

2.7. Characterization of prepared NE 

2.7.1. Thermodynamic stability studies  

Many stress tests such as centrifugation, 

heating-cooling cycles and freeze-thaw cycles assess 

the thermodynamic stability of essential oil 

nanoemulsion according to [30]. NEs were first 

centrifuged for 15 min at 4000 rpm to check for 

phase separation or creaming in the system. 

2.7.2. Heating and cooling cycles 

To find the way heating and cooling affected 

the prepared NE stability, a heating-cooling test was 

carried out. Three cycles were conducted, ensuring 

that each temperature was maintained for a minimum 

of 48 h at a temperature ranging from 4 °C to 45 °C. 

2.7.3. Freeze/thaw cycles 

Three freeze-thaw cycles were performed by 

alternately keeping the emulsion at -21 °C and 25 °C 

for 48 h at each temperature then, the cycle was 

repeated for 48 h. Finally, the stability studies of NEs 

were conducted by storing the sample at various 

temperatures. Measurements were carried out at 25 

°C for 90 d, 0 °C for 7 d and 54 °C for 14 d of 

storage. NE was considered stable if there is no 

creaming, phase separation or cracking has occurred. 

2.7.4. Particle Size and Zeta Potential 

The droplet size, droplet charge (zeta potential), 

and polydispersity index (PDI) which is a measure of 

the heterogeneity of the nanoemulsion particles were 

determined using a Zetasizer Nano system (model 

ZEN 3600, Malvern Instruments Ltd., Malvern, UK). 

Measurements were performed and analyzed at room 

temperature (25 ◦C). The nanoemulsion was diluted 

in deionized water just before the measurements to 

prevent multiple scattering effects. 

  

2.8. Physical properties of prepared NE  

To assess the stability of the NEs and the quality 

of the formulations before and during accelerated 

cold and hot storage conditions, the physical 

properties of the NE were examined. 

 

2.8.1. pH test 

The pH value of the NE sample was determined 

using a Jenway pH meter (3510-UK) and a HANNA 

pH electrode at 25 ± 2 oC. pH was measured at a 

concentration of 1 % w/v according to [31].  pH 

meter was calibrated using standard buffers of pH 4, 

7, and 10. 

 

2.8.2. Refractive index test 

The refractive index of the NE sample was 

measured using a Digital ATAGO Refractometer 

DR-AI (ATAGO, Co., LTD, Japan) by placing one 

drop of the sample on the slide at 25 ± 0.1 °C [32].  

 

2.8.3. Surface tension test 

The surface tension of the NE sample was 

measured using Force Tensiomate sigma 700, USA 

by du Nouy with a platinum-iridium ring under a 

controlled temperature of 25 ± 1 °C. The corrected 

value of surface tension (dyne/cm) is recorded when 

the ring separates from the surface [33]. 

 

2.8.4. Viscosity test  

The viscosity of the NE sample was measured 

according to [34] with a Brookfield DV II+ PRO 

digital Viscometer (Brookfield, USA). The 

temperature was kept at 25 °C during the 

measurement using a water bath (Model: TC-502, 

USA). Digital viscometer gives the reading directly 

in centipoise (cP).  

 

2.8.5. Conductivity 

The conductivity of NE was measured according 

to [35] using conductivity and salinity meter 

“Thermo Orion model 115A+, USA”. Before the 

measurement, the conductometer was calibrated with 

0.01 M KCl solution. The measurements were made 

at room temperature (25 ± 2 °C), and the instrument 

electrode was immersed into a dilution beaker and 

left for 1-2 min to allow the conductivity value 

(μS/cm) to stabilize. 

   

2.9. Insecticidal activities 

2.9.1. Fumigant assay 

The fumigant toxicity of EO of O. majorana and 

their NE were investigated on adults of C. maculatus 

and C. chinensis [19]. The fumigation experiments 

were conducted in 450 ml jars. Whatman filter papers 

(2 x 3 cm) were attached to the inner side of the caps 

of fumigation jars. EO and their NE volumes (μL) 

were added to pieces of filter paper to obtain 

concentrations of 0.05, 0.5, 2.5, 5.0, 10.0, 15.0, and 

25 μLL-1. The inner sides of the jar’s necks were 

painted with Vaseline to avoid the direct contact of 

adults with EO and their NE. Caps were screwed 

tightly onto the glass jars containing thirty 0-24 h old 

adults of each insect species. The control jars were 

prepared without EO or NE. Four replicates for each 

concentration were used and the exposure period of 
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the fumigation assay was 24 h. The jars were opened, 

and the adult mortality was counted after 1, 2, and 3 

days. 

 

2.9.2. Cowpea seed treatment 

The efficacy of EO of O. majorana and their 

NE were assessed on seeds of cowpeas against adults 

of two bruchids, C. maculatus and C. chinensis [36]. 

Acetone and distilled water were used to prepare 

stock solutions of pure EO and NE, respectively. EO 

of O. majorana and their NE were applied on cowpea 

seeds at application rates 50, 100, 200, 300, 500, 

1000, and 2500 mL kg -1. A series of fifty grams of 

cowpea seeds were treated with tested rates of EO or 

NE separately in glass jars (400 ml). After mixing 

EO or NE with seeds, to achieve equal distribution of 

EO or NE on the treated seed mass, the cowpea seeds 

were manually shaken for 2 min. Then the treated jars 

were kept for another 30 min to evaporate the solvent 

or water before introducing adults of two bruchids. In 

the case of the control treatment, the cowpea seeds 

were treated with 1 ml of acetone or distilled water. 

Then, forty sexed adults 0-24 h old (20 ♂ + 20 ♀) of 

bruchids were introduced separately in each jar. All 

treated jars were kept in an incubator at 27 °C and 65 

% relative humidity. The above procedure was 

repeated two different times and three replicates for 

each treatment. The adult mortality was counted 3 d 

post-treatment. After the last mortality count (7 d), 

the dead and live beetles were removed and the jars 

contained seeds treated with rates, 100, 500, 1000, 

and 2500 mL kg -1 of EO and NE kept for 45 d post-

treatment for counting the F1 progeny and cowpeas 

weight loss [37]. 

 

2.10. Statistical analysis 

The mortality data of fumigant toxicity and 

seed treatment assays were submitted to probit 

analysis [38] to obtain the LC50 values (IBM SPSS V. 

16.0). The data of weight loss were transformed by 

Arcsine before analysis. Then, the progeny of two 

insects and cowpea seed weight loss were statistically 

analyzed by ANOVA using SPSS software version 

21. Means were compared by Tukey’s test (P ≤ 0.05).  

 

3. Results and discussion  

3.1. Chemical composition of O. majorana EO 

The major compounds of O. majorana EO 

were identified by GC/MS analysis and are presented 

in Table 1. Thirty-four components were found in O. 

majorana oil acts as 99.98 % of the total oil. Among 

the identified compounds, 3-Cyclohexen-1-ol, 4-

methyl-1-(1-methylethyl)-, (R)- [terpinene-4-ol] 

(19.35 %), γ-terpinene (11.79 %), α-terpinene (9.1 

%), α-terpineol (5.57 %), cis-sabinene-hydrate (5.54 

%) and sabinene (5.4 %) were the major ones (Figure 

1). Similar results were obtained from previous 

reports of [39, 40, 41] reported that α and γ-terpinene, 

cis-sabinene hydrate, and 3-Cyclohexen-1-ol, 4-

methyl-1-(1-methylethyl)-, (R)- were the main 

components of O. majorana EO.  

 

3.2. Characterization of prepared NE 

The thermodynamic stability of prepared O. 

majorana NE is presented in Table and Figure 2. Our 

results showed that the formulated NE was stable 

under different physical conditions, such as 

centrifugation tests and heat-cool and freeze-thaw 

cycles with no phase separation. The particle size 

distribution (PSD) analysis is an important factor that 

influences the functional properties and 

physicochemicals of NEs [42]. The presented data 

showed that the droplet size of O. majorana NE was 

6.33 nm which is in agreement with those of others 

who reported droplet sizes ranging from 1 to 200 nm 

[24], the small droplet size improves and protects 

NEs against gravitational separation, flocculation, 

and coalescent [43, 44], increases penetration of NEs 

into the insect body and enhanced the bioactivity of 

NEs compared to non-formulated EO [45]. 

 

 

Figure (1). GC­MS Chromatogram of Origanum majorana L. essential oil 



CHEMICAL COMPOSITION AND INSECTICIDAL ACTIVITIES OF ORIGANUM MAJORANA…. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem.67, No. 10 (2024) 

 

375 

 

             Table 1. Chemical composition of essential oil of Origanum majorana L. 

No Chemical compounds Retention time (RT) Relative percentage 

1 Bicyclo[3.1.0]hex-2-ene, 4-methyl-1-(1-methylethyl)- 7.81 2.26 

2 Alpha-Pinene 8.01 1.2 

3 Sabinene 9.37 5.4 
4 Beta-Pinene 9.44 0.57 

5 Beta-Myrcene 10.00 1.94 

6 α –Phellandrene 10.40 0.89 
7 α-Terpinene 10.89 9.1 

8 O-Cymene 11.14 3.1 

9 Cyclohexane, 1-methylene-4-(1-methylethenyl)- 11.29 3.51 
10 Eucalyptol 11.36 0.48 

11 γ-Terpinene 12.45 11.79 

12 Unkown 12.69 2.01 
13 Alpha-Terpinolene 13.45 4.24 

14 Cis-Sabinene-hydrate 13.85 5.54 

15 Linalool 13.92 1.39 

16 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, trans- 14.65 2.84 

17 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- 15.33 2.12 

18 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)- 16.82 19.35 
19 Bicyclo[3.1.1]hept-3-ene, 2-formylmethyl-4,6,6-trimethyl- 17.00 0.24 

20 Alpha-Terpineol 17.21 5.57 

21 Estragole 17.41 3.18 
22 Perilla alcohol 17.60 0.29 

23 2-Cyclohexen-1-ol, 3-methyl-6-(1-methylethyl)-, trans- 17.76 1.35 

24 Bicyclo[3.1.1]hept-2-en-4-ol, 2,6,6-trimethyl-, acetate 18.25 0.2 
25 Carvone 18.96 1.32 

26 Linalyl acetate 20.88 0.77 

27 2-Cyclohexen-1-ol, 3-methyl-6-(1-methylethyl)-, acetate 20.88 1.61 
28 Phenol, 2-methyl-5-(1- ethylethyl)- 20.99 0.51 

29 Neryl acetate 23.64 0.23 

30 Caryophyllene 24.72 2.42 
31 Humulene 25.78 0.21 

32 Bicyclogermacrene 27.11 2.09 

33 Spathulenol 29.59 1.52 
34 Isoaromadendrene epoxide 29.77 0.74 

 Oil yield (%)  0.84 

 Total identified  99.98 

 

The polydispersity index (PDI) is a measurement 

of the homogeneity of the particle size. The result of 

PDI was 0.498; indicating stability and uniformity of 

the NE formulation. [46, 47] reported that a high PDI 

(0.7-1) showed a very broadening distribution of 

droplet size and a low PDI value of less than 0.3 

reflects a high stability monodispersed NE. 

Additionally, zeta potential is an important factor for 

predicting dispersion stability by measuring the 

surface charge of the droplets [48]. In the present 

study, zeta potential recorded a low negative charge 

of -5.19 mV; this could be attributed to the use of  

 

 

non-ionic surfactants in the preparation of the NE 

[49]. According to [50] stated that the negative 

surface charge of NE was obtained from the specific 

adsorption of hydroxyl ions, which is caused by the 

formation of hydrogen bonds between the hydroxyl 

ions and water molecules in the boundary layer. On 

the other hand, the obtained NE formulation was 

optically transparent, as shown by its refractive 

index, which was 1.3816± 0.0461, and close to the 

refractive index of water [51]. [41] showed that the 

size of the droplet and the refractive index of the 

dispersed and continuous phase affect the color of 

emulsions. 
 

Table 2. Thermodynamic stability and particle analyses of prepared 10% nanoemulsion  of O. majorana essential 

oil 
Properties Nanoemulsion of  O.majorana 

Centrifugation No Phase Separation 

Heating-cooling cycle Stable 

Freeze-thaw cycle Stable 
Droplet size (nm)a 6.33 ± 1.55 

PDI a 0.498 ± 0.01 

Zeta potential (mV) a -5.19 ± 3.64 
Refractive index at 25˚ Cb 1.3816 ± 0.046 

                                       a Mean± SD  
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                   b Mean ± uncertainty 

  Figure (2). Droplet size distribution of prepared Origanum 
  majoran nanoemulsion 

 

3.3. Physicochemical properties of prepared NE 

Data obtained in Table 3 demonstrated the effect 

of different storage temperatures on the 

physicochemical properties of the tested NE 

formulation. Results showed that the pH value for the 

prepared NE formulation was acidic, and the 

formulation resisted the change of their pH, whatever 

the storage conditions changed, except slight changes 

occurred after 90 d storage, implying that it will have 

good biological activity [52]. In addition, pH value is 

an indicator of chemical reactions that may occur and 

have an impact on the quality of the finished product, 

pH value is crucial for assessing NE stability [53].  

Our finding showed that NE of O. majorana 

recorded a lower surface tension value of 25.22 ± 

0.109 dyne/cm at the initial time, and NE 

formulation showed an increase in surface tension 

values after hot storage with 28.011 ± 0.109 

dyne/cm. The low surface tension system of NE 

leads to the higher penetrability of the NE active 

agents, wettability, spreading, and depositing of the 

particles on the treated surfaces, and so, increasing 

the insecticidal efficacy [54, 55]. Moving to 

viscosity which is considered a crucial parameter for 

the physicochemical characterization of NE [56], it 

depends on the kind and concentration of surfactant, 

viscosity and components of the oil phase, and 

droplet size. In the present study, viscosity values 

varied from 10.12 to 10.58 cP. A high water content 

combined with a low emulsifier concentration could 

be the cause of the low viscosity, according to [57]; a 

low emulsifier concentration will be adequate to 

reduce the interfacial tension between water and oil 

and subsequently the viscosity. On the other hand, 

conductivity measurement provides information 

about the continuous phase of NE (oil or water 

continuous) and the phase inversion phenomenon 

[58]. Results showed a high conductivity value of 

612 ± 0.10 µS/cm at the initial time However, there 

was a slight decrease in the value observed with the 

length of storage period. The higher value of NE 

conductivity is related to the more water content that 

provides more space for ions movement. No changes 

in the color of the NE formulation at room 

temperature after all storage periods 

 

Table 3. Effect of storage stability on physicochemical properties of prepared essential oil 10% nanoemulsion 

formulation of Origanum majorana 
Storage periods Properties Thermostability studies of 

nanoemulsion of Origanum majorana 

Initial time (room temp.)  pH 4.92 ± 0.04 
Viscosity (cP) 10.58 ± 0.54  

Surface tension (dyne/cm) 25.221 ± 0.109  

Conductivity (µS/cm) 612 ± 0.10 
Appearance Clear 

Cold Storage 0°C/7 d pH 4.86 ± 0.041 

Viscosity (cP) 10.22 ± 0.45 
Surface tension (dyne/cm) 25.101± 0.11 

Conductivity (µS/cm) 581 ± 0.11 

Appearance Clear 
Hot Storage 

54°C/14 d 

pH 4.95 ± 0.04 

Viscosity (cP) 10.12 ± 0.45 

Surface tension (dyne/cm) 28.011 ± 0.109 

Conductivity (µS/cm) 596 ± 0.21 

Appearance Clear 

90 d 
 

pH 5.16 ± 0.11 
Viscosity (cP) 10.12 ± 0.45 

Surface tension (dyne/cm) 25.312 ± 0.109 

Conductivity (µS/cm) 564 ± 0.21 
Appearance Clear 

 

 

3.4. Insecticidal activity 

3.4.1. Fumigant and admixture toxicity on bruchid 

insects  

 

The results indicated that the EO and NE of O. 

majorana caused higher adult mortality of two 

bruchids and showed strong fumigation toxicity on C. 
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maculatus adults with LC50 values of 0.31 and 0. 87 

μLL-1 air, respectively, after 3 days of treatment. The  

highest fumigant toxicity was obtained by NE and 

EO of O. majorana (LC50 = 0.05 and 0.07 μLL-1 air) 

on C. chinensis adults after 3 d of exposure (Table 4). 

While in the case of seed treatment, the NE and EO 

of O. majorana (LC50 = 207.51 and 220.36 mL kg-1) 

and (LC50 = 303.95 and 361.90 mLkg-1) revealed 

higher toxicity to C. maculatus and C. chinensis 

adults after 3 d of treatment, respectively (Table 5).  

 

 

Table 4. Fumigation toxicity of Origanum majorana essential oil and their nanoemulsion against adults of 

Callosobruchus maculatus and Callosobruchus chinensis after 24, 48 and 72 hours of exposure 
Insect species Formulation Exposure 

time 

(hours) 

LC50
a
 

(l/L) 

95% confidence 

limits (l/L) Slopeb ± SE (χ2)c 

 
Pd 

Lower Upper 

Callosobruchus 

maculatus  

EO 

 

24 4.38 3.68 5.25 1.88±0.19 0.0265 0.9868 

48 1.83 1.38 2.35 1.30±0.15 0.035 0.9825 

72 0.31 0.11 0.55 0.92±0.15 0.050 0.9754 

NE 24 10.48 8.49 13.43 1.41±0.14 0.32 0.9562 

48 2.98 2.34 3.68 1.31±0.11 0.37 0.9463 

72 0.87 0.51 1.26 0.95±0.11 5.39 0.1458 

Callosobruchus 

chinensis 

EO 

 

24 3.10 2.14 4.30 0.80±0.10 0.833 0.8413 

48 0.86 0.48 1.29 0.87±0.11 0.87 0.834 

72 0.07 0.0078 0.20 0.70±0.13 1.45 0.6934 

NE 24 2.37 1.688 3.15 0.97±0.11 0.71 0.8692 

48 0.67 0.32 1.1 0.79±0.11 0.42 0.9354 

72 0.05 0.002 0.18 0.56±0.12 6.97 0.0729 

a The concentration causing 50 % mortality.  
b Slope of the concentration-mortality regression line ± standard error. 
c Chi square value. 
d Probability value. 

 

Table 5. Toxicity of Origanum majorana essential oil and their nanoemulsion against adults of Callosobruchus 

maculatus and Callosobruchus chinensis by admixing with cowpea seeds assay after 72 hours of exposure 
 

Insect species  
 
Formulation 

LC50
a
 

(ml/kg) 
95% confidence 
limits (ml/kg) Slopeb  

± SE 
(χ2)c 

 
Pd 

Lower Upper 

Callosobruchus maculatus EO 220.36 190.70 257.30 2.78±0.28 1.28 0.26 

NE 207.51 174.90 241.64 2.11±0.18 5.75 0.1242 

Callosobruchus chinensis EO 303.95 259.05 353.38 1.99±0.16 1.10 0.7756 
NE 361.90 285.49 450.88 1.23±0.13 5.23 0.1557 

 

a The concentration causing 50 % mortality.  
b Slope of the concentration-mortality regression line ± standard error. 
c Chi square value. 

d Probability value. 

 
Our results showed that O. majorana EO and 

their NE caused strong fumigation toxic effects 

against adults of two insects. Also, higher toxicity 

was observed when mixed with cowpea seeds on two 

bruchids. These findings acceptable with various 

studies indicated that the EOs of Lamiaceae were 

effective against bruchid insects as fumigants and 

seed protectants [59]. [60] found that EO, Zataria 

multiflora caused strong adulticidal activity against 

C. maculatus with LC50 values of 8.81 μl/l air after 1, 

7, and 14 d of fumigation. [61] showed that EO of M. 

piperita induced the highest adult mortality of C. 

maculatus by fumigation method after 24 h. Our 

finding demonstrated that a strong insecticidal 

efficacy of O. majorana EO and their NE may be due 

to the presence of main components of monoterpenes, 

such as estragole, linalool, terpinen-4-ol, and γ-

terpinene. These compounds were responsible for the 

toxic effects on insect pests of stored products [36, 

62]. Also, the higher stability of NE and other 

physical characteristics could be a reason for the 

higher toxicity of tested NE [30, 63].   

3.4.2. Progeny production of two bruchids and 

cowpeas weight loss  

All rates of O. majorana EO and their NE on 

cowpea seeds reduced the F1 progeny of two bruchids 

after 45 days. The highest suppression of F1 progeny 

of C. maculatus was obtained by the highest rate 

(1000 ml kg -1) of NE and EO of O. majorana on C. 

maculatus and C. chinensis (8.3±0.5 and 4.0±0.4), 
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respectively. The complete inhibition of two insect 

progeny was obtained by 2500 ml kg -1 of EO and NE 

of O. majorana after 45 d (Table 6).  All application 

rates of tested EO and their NE reduced cowpea 

weight loss compared with control (43.9 and 41.6 %) 

for C. maculatus and C. chinensis after 45 d, 

respectively. Moreover, the maximum cowpeas 

protection (weight loss = 0.7 and 0.9 %) was obtained 

by treatment with 1000 ml kg -1 of NE of O. 

majorana, respectively. The full cowpeas protection 

with weight loss (0.0 %) was achieved by 2500 ml kg 
-1 of EO and NE of O. majorana after 45 d (Table 6). 

Our finding agreed with various studies showing that 

the EO and NE of the same plant family reduced the 

insect pests of stored grains. [64] found that EO, 

Mentha microphylla inhibited Sitophilus oryzae 

progeny at the rate (500 mg kg -1) after 42 and 84 d. 

[65] showed that EO, Thuja orientalis at the 

concentration (30 µL) suppressed progeny of 

Bruchidius incarnatus. [66] indicated that the EO of 

clove decreased progeny of C. maculatus to 85.9 % 

(2 ml kg -1). [63] showed that the highest inhibition of 

T. castaneum progeny (74.80 and 78.80 %) was 

obtained by NE of thyme and anise, respectively. Our 

finding revealed that the highest rates of EO and NE 

of O. majorana inhibited F1 progeny of two bruchids 

may be due to the high effectiveness of these 

treatments on mortality of adults and their latent 

effects on fecundity and fertility of bruchids. This 

progeny inhibition is a very important characteristic  

of EOs and NEs as cowpea seed protectants [11]. Our 

results indicated that the EO and NE of O. majorana 

reduced cowpea seed damage caused by two bruchids 

and these treatments achieved full cowpeas protection 

45 d post-treatment. These results agree with several 

reports applied as grain protectants [63, 64, 66]. 

 

Table 6. Mean progeny production (number of adults ± SE) of Callosobruchus maculatus and Callosobruchus 

chinensis and weight loss (% ± SE) of cowpea seeds treated with Origanum majorana essential oil (EO) and their 

nanoemulsion (NE) after 45 days from exposure. 

 

     Values within each column followed by the same letter are not significantly different (P < 0.05, df = 8, 18), PR = Progeny reduction. 

 

4. Conclusion 

The current study was carried out to prepare the NE 

of O. majorana essential oil as a green insecticide to 

control bruchid insects. The NE formulations has  

 

several advances for stored product insect control 

application more than pure EO due to smaller particle 

size and higher mobility, and possibly lower 

ecotoxicity due to higher solubility in water which 

promote the elimination of organic solvents used for 

the application of conventionally pesticides. This 

study will help the researcher to prepare new 

formulations of natural products as green pesticides 

to control stored product insects. It could be 

concluded that NE of O. majorana could be used as 

an effective alternative for the control of bruchid 

insects as promising green insecticides.  

 

 Conflicts of interests  

There are no conflicts to declare. 

 

 

References 

1. Dovlo, F.E., Williams, C.E., and Zoaka, L. 

(1976). Cowpeas: Home Preparation and Use in 

West Africa. International Development Center, 

Ottawa, Canada. 

2. Diouf, D. (2011). Recent advances in cowpea 

[Vigna unguiculata (L.) Walp.] “omics” 

research for genetic improvement. African 

Journal of Biotechnology, 10, 2803–2810. 

3. Mahgoub, S.M., Hamed, M.S., Ali, S.M., and 

Gharib, M.S. (2005). Susceptibility of some 

Egyptian pulses to infestation by 

Callosobruchus chinensis (L.) and 

Callosobruchus maculatus (F.). Egyptian 

Journal of Agricultural Research, 83(4), 1601-

1612. 

4. Torres, E.B., Nóbrega, R.S., Fernandes‐Júnior, 

P.I., Silva, L.B., dos Santos Carvalho, G., 

Marinho, R.D.C.N., and Pavan, B.E. (2016). 

The damage caused by Callosobruchus 

maculatus on cowpea grains is dependent on 

Concentrations  

(ml/kg) 

Formulation Callosobruchus maculatus Callosobruchus chinensis 

No. progeny / 
50g  

PR 
(%) 

Weight loss of 
seeds (% ± SE) 

No. progeny / 50g  PR 
(%) 

Weight loss of 
seeds (% ± SE) 

Control     428.7±33.5a 0.0 43.9±2.1a 380.0±17.0a 0.0 41.6±3.3a 
100 EO 200.0±8.2b 53.4 37.4±1.1a 203.3±10.3b 46.5 31.3±5.5ab 

 NE 102.6±8.0c 76.1 13.1±1.5b 158.7±13.4b 58.2 22.7±1.8b 

500 EO 60.7±3.5cd 85.9 6.5±0.6c 139.0±14.2b 63.4 18.0±0.8bc 
 NE 13.3±0.6d 96.9 1.3±0.1d 18.3±1.7c 95.2 2.5±0.2cd 

1000 EO 46.6±2.4cd 89.0 8.0±0.1bc 4.0±0.4c 98.9 0.0±0.0d 

 NE 8.3±0.5d 98.1 0.7±0.2de 12.0±1.2c 96.8 0.9±0.1d 

2500 EO 0.0±0.0d 100 0.0±0.0e 0.0±0.0c 100 0.0±0.0d 

 NE 0.0±0.0d 100 0.0±0.0e 1.3±0.1c 99.7 0.0±0.0d 

F  64.5  212.3 41.5  24.6 
P  <0.01  <0.01 <0.01  <0.01 



CHEMICAL COMPOSITION AND INSECTICIDAL ACTIVITIES OF ORIGANUM MAJORANA…. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem.67, No. 10 (2024) 

 

379 

the plant genotype. Journal of the Science of 

Food and Agriculture, 96, 4276–4280. 

5. Aly, M.A.M., El-Sayed, F.M.A., and El-

Bishlawy, H.M.I. (2005). Damage and 

quantitative loss caused by Callosobruchus 

maculatus (Coleoptera: Bruchidae) to some 

cowpea and faba bean varieties. Egyptian 

Journal of Agricultural Research, 83, 563-581.  

6. Phillips, T.W., and Throne, J.E. (2010). 

Biorational approaches to managing stored-

product insects. Annual Review of Entomology, 

55, 375–397. 

7. Hagstrum, D.W., and Phillips, T.W. (2017). 

Evolution of stored-product entomology: 

protecting the world food supply. Annual 

Review of Entomology, 62, 379–397.  

8. Matos, L.F., da Cruz Lima, E., de Andrade 

Dutra, K., Navarro, D.M., Alves, J.L.R., and 

Silva, G.N. (2020). Chemical composition and 

insecticidal effect of essential oils from Illicium 

verum and Eugenia caryophyllus on 

Callosobruchus maculatus in 

cowpea. Industrial Crops and Products, 145, 

112088. 

9. Gad, H.A., El-Deeb, S.E., Al-Anany, F.S., and 

Abdelgaleil, S.A. (2022a). Effectiveness of two 

inert dusts in conjunction with carbon dioxide 

for the control of Callosobruchus maculatus 

and C. chinensis in stored cowpea 

seeds. Journal of Stored Products Research, 95, 

101910. 

10. Gad, H.A., Atta, A.A., and Abdelgaleil, S.A. 

(2022b). Efficacy of combined treatments of 

abamectin with three inert dusts for the control 

of Callosobruchus chinensis on cowpea seeds. 

Crop Protection, 153, 105884. 

11. Gad, H.A., Hamza, A.F., and Zahran, N.F. 

(2023). Effect of gamma radiation on the 

protective efficacy of Thuja orientalis essential 

oil on stored cowpea against Callosobruchus 

maculatus and Callosobruchus 

chinensis. International Journal of Radiation 

Biology, 11, 1778-1784. 

12. Bakkali, F., Averbeck, S., Averbeck, D., and 

Idaomar, M. (2008). Biological effects of 

essential oils—a review. Food and Chemical 

Toxicology, 46, 446–475. 

13. Pavela, R. (2015). Essential oils for the 

development of eco-friendly mosquito 

larvicides: a review. Industrial Crops and 

Products, 76, 174–187.  

14. Isman, M.B. (2000). Plant essential oils for pest 

and disease management. Crop Protection, 19, 

603–608. 

15. Nenaah, G.E., Ibrahim, S.I., and Al-Assiuty, 

B.A. (2015). Chemical composition, 

insecticidal activity and persistence of three 

Asteraceae essential oils and their nano-

emulsions against Callosobruchus maculatus 

(F.). Journal of Stored Products Research, 61, 

9-16.  
16. Mossa, A.T.H., Abdelfattah, N.A.H., and 

Mohafrash, S.M.M. (2017). Nano-emulsion of 

camphor (Eucalyptus globulus) essential oil, 

formulation, characterization and insecticidal 

activity against wheat weevil, Sitophilus 

granarius. Asian Journal of Crop Science, 9, 

50-62. 

17. Kavallieratos, N.G., Boukouvala, M.C., Ntalli, 

N., Skourti, A., Karagianni, E.S., Nika, E.P., 

and Benelli, G. (2020). Effectiveness of eight 

essential oils against two key stored-product 

beetles, Prostephanus truncatus (Horn) and 

Trogoderma granarium Everts. Food and 

Chemical Toxicology, 139, 111255. 

18. Degenhardt, J., Köllner, T., and Gershenzon, J. 

(2009). Monoterpene and sesquiterpene 

synthases and the origin of terpene skeletal 

diversity in plants. Phytochemistry, 70, 1621-

1637. 

19. Gad, H.A., Hamza, A.F., and Abdelgaleil, S.A. 

(2022c). Chemical composition and fumigant 

toxicity of essential oils from ten aromatic 

plants growing in Egypt against different stages 

of confused flour beetle, Tribolium confusum 

Jacquelin du Val. International Journal of 

Tropical Insect Science, 42(1), 697-706. 

20. Kakouri, E., Daferera, D., Kanakis, C., 

Revelou, P.K., Kaparakou, E.H., Dervisoglou, 

S., Perdikis, D., and Tarantilis, P.A. (2022). 

Origanum majorana essential oil—A Review 

of its chemical profile and pesticide 

activity. Life, 12(12), 1982. 

21. Raut, J.S., and Karuppayil, S.M. (2014). A 

status review on the medicinal properties of 

essential oils. Industrial Crops and Products, 62, 

250-264. 

22. Menossi, M., Ollier, R.P., Casalongué, C.A., 

and Alvarez, V.A. (2021). Essential oil‐loaded 

bio‐nanomaterials for sustainable agricultural 

applications. Journal of Chemical Technology 

& Biotechnology, 96(8), 2109-2122. 

23. Mossa, A.T.H, Afia, S.I., Mohafrash, S.M., and 

Abou-Awad, B.A. (2018). Formulation and 

characterization of garlic (Allium sativum L.) 

essential oil nano-emulsion and its acaricidal 

activity on eriophyid olive mites (Acari: 

Eriophyidae). Environmental Science and 

Pollution Research, 25, 10526-10537. 

24. Kourniatis, L.R., Spinelli, L.S., Piombini, C.R., 

and Mansur, C.R. (2010). Formation of orange 

oil-in-water nanoemulsions using nonionic 

surfactant mixtures by high pressure 

homogenizer. Colloid Journal. 72(3): 396-402. 

25. Pant, M., Dubey, S., Patanjali, P.K., Naik, S.N., 

and Sharma, S. (2014). Insecticidal activity of 

eucalyptus oil nano-emulsion with karanja and 

jatropha aqueous filtrates. International 



 M. H. A. El-Sawah et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem.67, No. 10 (2024) 

 

 

380 

Biodeterioration & Biodegradation, 91, 119-

127. 

26. Feng, J., Shi, Y., Yu, Q., Sun, C., and Yang, G. 

(2016). Effect of emulsifying process on the 

stability of pesticide nano-emulsions. Colloids 

and Surfaces A: Physicochemical and 

Engineering, 497, 286-292. 

27. Ostertag, F., Weiss, J., and McClements, D.J. 

(2012). Low-energy formation of edible nano-

emulsions: factors influencing droplet size 

produced by emulsion phase inversion. Journal 

of Colloid and Interface Science, 388(1), 95-

102. 

28. Saberi, A.H., Fang, Y., and McClements, D.J. 

(2013). Fabrication of vitamin E-enriched nano-

emulsions: Factors affecting particle size using 

spontaneous emulsification. Journal of Colloid 

and Interface Science, 391, 95-102. 

29. Guenther, E. (1961). The Essential Oil. Vol.4, 

4th ed., D. Van Nostrandcompany, Inc. 

Princeton, New Jersey, Toronto, New York, 

London. 

30. Shafiq, S., Shakeel, F., Talegaonkar, S., 

Ahmad, F.J., Khar, R.K., and Ali, M. (2007). 

Development and bioavailability assessment of 

ramipril nano-emulsion formulation. European 

Journal of Pharmaceutics and 

Biopharmaceutics, 66(2), 227-243. 

31. CIPAC Handbook (1999). Collaborative 

international pesticides analytical council 

limited. Volume J, MT 75.3, 131-132.  

32. ASTM. (2012). American Society of Testing 

and Materials Standard Test Methods for 

refractive index by ATAGO Refractometer DR-

AI. D 1218-12.  

33. ASTM. (2014). American Society of Testing 

and Materials Standard Test Methods for 

Surface and Interfacial Tension of Solution of 

Surface-Active Agents. D-1331-14. 

34. ASTM. (2015). American Society of Testing 

and Materials Standard Test Methods for 

Rheological Properties of Non-Newtonian 

Materials by Rotational (Brookfield viscometer 

DV+II pro.) ASTM-D 2196-15. 

35. CIPAC Handbook. (1995). Collaborative 

international pesticides analytical council 

limited. Volume F, MT 32: 103-104. 

36. Abdelgaleil, S.A., Gad, H.A., Al-Anany, M.S., 

and Atta, A.A. (2021a). Monoterpenes improve 

the insecticidal efficacy of spinosad against 

Sitophilus oryzae (L.) on stored wheat. 

 International Journal of Pest Management, 

1-11. 

37. Gad, H.A., Atta, A.A., and Abdelgaleil, S.A. 

(2022d). Effectiveness of diatomaceous earth 

combined with chlorfluazuron and 

hexaflumuron in the control of Callosobruchus 

maculatus and C. chinensis on stored cowpea 

seeds. Journal of Stored Products Research, 97, 

101985. 

38. Finney, D. J. (1971). Probit Analysis, 3rd edn. 

Cambridge University Press, London, p. 318. 

39. Hajlaoui, H., Mighri, H., Aouni, M., 

Gharsallah, N., and Kadri, A. (2016). Chemical 

composition and in vitro evaluation of 

antioxidant, antimicrobial, cytotoxicity and 

anti-acetylcholinesterase properties of Tunisian 

Origanum majorana L. essential oil. Microbial 

Pathogenesis, 95, 86-94. 

40. Della Pepa, T., Elshafie, H.S., Capasso, R., De 

Feo, V., Camele, I., Nazzaro, F., and Caputo, L. 

(2019). Antimicrobial and phytotoxic activity of 

Origanum heracleoticum and O. majorana 

essential oils growing in Cilento (Southern 

Italy). Molecules, 24(14), 25-76. 

41. Farouk, A., Mohsen, M., Ali, H., Shaaban, H., 

and Albaridi, N. (2021). Antioxidant activity 

and molecular docking study of volatile 

constituents from different aromatic lamiaceous 

plants cultivated in Madinah Monawara, Saudi 

Arabia. Molecules, 26(14), 41-45. 

42. McClements, D.J. (1996). Principles of 

ultrasonic droplet size determination in 

emulsions. Langmuir, 12(14), 3454-3461. 

43. Tadros, T., Izquierdo, P., Esquena, J., and 

Solans, C. (2004). Formation and stability of 

nano-emulsions. Advances in Colloid and 

Interface Science, 108, 303-318. 

44. Mason, T.G., Wilking, J.N., Meleson, K., 

Chang, C.B., and Graves, S.M. (2006). Nano-

emulsions: formation, structure, and physical 

properties. Journal of Physics: Condensed 

Matter, 18(41), R635. 

45. Pascual-Villalobos, M.J., Guirao, P., Díaz-

Baños, F.G., Cantó-Tejero, M., and Villora, G. 

(2019). Oil in water nano-emulsion 

formulations of botanical active substances. 

In Nano-biopesticides today and future 

perspectives. Academic Press, pp. 223-247. 

46. Kwon, S.S., Kong, B.J., Cho, W.G., and Park, 

S.N. (2015). Formation of stable hydrocarbon 

oil-in-water nano-emulsions by phase inversion 

composition method at elevated 

temperature. Korean Journal of Chemical 

Engineering, 32, 540-546. 

47. Topuz, O.K., Ozvural, E.B., Zhao, Q., Huang, 

Q., Chikindas, M., and Golukçu, M. (2016). 

Physical and antimicrobial properties of anise 

oil loaded nano-emulsions on the survival of 

foodborne pathogens. Food Chemistry, 203, 

117-123. 

48. Gurpreet, K., and Singh, S.K. (2018). Review 

of nano-emulsion formulation and 

characterization techniques. Indian Journal of 

Pharmaceutical Sciences, 80(5), 781-789. 



CHEMICAL COMPOSITION AND INSECTICIDAL ACTIVITIES OF ORIGANUM MAJORANA…. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem.67, No. 10 (2024) 

 

381 

49. Salama, A.H., Basha, M., and Salama, A.A. 

(2021). Micellar buccal film for safe and 

effective control of seizures: Preparation, in 

vitro characterization, ex vivo permeation 

studies and in vivo assessment. European 

Journal of Pharmaceutical Sciences, 166, 

105978. 

50. Mei, Z., Liu, S., Wang, L., Jiang, J., Xu, J., and 

Sun, D. (2011). Preparation of positively 

charged oil/water nano-emulsions with a sub-

PIT method. Journal of Colloid and Interface 

Science, 361(2), 565-572. 

51. Kumar, S. (2014). Role of nano-emulsion in 

pharmaceutical sciences-a review. Asian 

Journal of Research in Pharmaceutical Sciences 

and Biotechnology, 2(1), 1 –15.  

52. Moustafa, H.Z., Mohamad, T.G., and Torkey, 

H. (2015). Effect of formulated nano-emulsion 

of eucalyptus oil on the cotton 

bollworms. Journal of Biological and Chemical 

Research, 32, 478-484. 

53. Bernardi, D.S., Pereira, T.A., Maciel, N.R., 

Bortoloto, J., Viera, G.S., Oliveira, G.C., and 

Rocha-Filho, P.A. (2011). Formation and 

stability of oil-in-water nano-emulsions 

containing rice bran oil: in vitro and in vivo 

assessments. Journal of Nanobiotechnology, 

9(1), 1-9. 

54. Bouchemal, K., Briançon, S., Perrier, E., and 

Fessi, H. (2004). Nano-emulsion formulation 

using spontaneous emulsification: solvent, oil 

and surfactant optimisation. International 

Journal of Pharmaceutics, 280(1-2), 241-251. 

55. Du, Z., Wang, C., Tai, X., Wang, G., and Liu, 

X. (2016). Optimization and characterization of 

biocompatible oil-in-water nano-emulsion for 

pesticide delivery. ACS Sustainable Chemistry 

& Engineering, 4(3), 983-991. 

56. Silvander, M., Hellström, A., Wärnheim, T., 

and Claesson, P. (2003). Rheological properties 

of phospholipid-stabilized parenteral oil-in-

water emulsions—effects of electrolyte 

concentration and presence of 

heparin. International Journal of Pharmaceutics, 

252(1-2), 123-132. 

57. Lovelyn, C., and Attama, A.A. (2011). Current 

state of nano-emulsions in drug 

delivery. Journal of Biomaterials and 

Nanobiotechnology, 2(05), 626-639. 

58. Grumezescu, A.M. (2016). Nano-emulsions-

based delivery systems. in Emulsions, 304. 

59. Kéı̈ta, S.M., Vincent, C., Schmit, J.P., 

Ramaswamy, S., and Bélanger, A. (2000). 

Effect of various essential oils on 

Callosobruchus maculatus (F.) (Coleoptera: 

Bruchidae). Journal of Stored Products 

Research, 36(4), 355-364.  
60. Rastegar, F., Moharramipour, S., Shojai, M., 

and Abbasipour, H. (2011). Chemical 

composition and insecticidal activity of 

essential oil of Zataria multiflora 

Boiss.(Lamiaceae) against Callosobruchus 

maculatus (F.) (Coleoptera: Bruchidae). 

IOBC/wprs Bulletin (69). 

61. Saeidi, K., and Mirfakhraie, S. (2017). 

Chemical composition and insecticidal activity 

Mentha piperita L. essential oil against the 

cowpea seed beetle Callosobruchus maculatus 

F.(Coleoptera: Bruchidae). Journal of 

Entomological and Acarological 

Research, 49(3). 

62. Abdelgaleil, S.A.M., Gad, H.A., Ramadan, 

G.R., El-Bakry, A.M., and El-Sabrout, A.M. 

(2021b). Monoterpenes: chemistry, insecticidal 

activity against stored product insects and 

modes of action—a review.  International 

Journal of Pest Management, 1-23. 

63. Draz, K.A., Tabikha, R.M., Eldosouky, M.I., 

Darwish, A.A., and Abdelnasser, M. (2022). 

Biotoxicity of essential oils and their nano-

emulsions against the coleopteran stored 

product insect pests Sitophilus oryzae L. and 

Tribolium castaneum herbst. International 

Journal of Pest Management, 1-15. 

64. Mohamed, M., Abdelgaleil, S.A.M., and Abdel 

Rasoul, M. (2009). Potential of essential oils to 

control Sitophilus oryzae (L.) and Tribolium 

castaneum (Herbst) on stored wheat. 

Alexandria Science Exchange Journal, 30, 419-

426. 

65. Hamza, A.F., and Zahran, N.F. (2015). 

Evaluation of thuja essential oil against the faba 

bean beetle, Bruchidius incarnatus (Boh.) 

(Coleoptera: Bruchidae). Egyptian Journal of 

Biological Pest Control, 25(1), 221-226. 

66. Soe, T.N., Ngampongsai, A., and Sittichaya, W. 

(2020). Bioactivity of some plant essential oils 

for seed treatment against pulse beetle, 

Callosobruchus maculatus (F.) (Coleoptera: 

Bruchidae) on mung bean. Bulgarian Journal of 

Agricultural Science, 26(1), 141-147. 

 
 


