
J. Chil. Chem. Soc., 71, N°2 (2026) 

 

*Corresponding author email: gabrielaoyarce@udec.cl  6536 
 

NANOEMULSION OF DYSPHANIA AMBROSIOIDES ESSENTIAL OIL FOR THE CONTROL OF HOUSEFLY 

(MUSCA DOMESTICA L.) 

GABRIELA OYARCE 1*, YENI PAREDES-PADILLA 2, PATRICIA LOYOLA 1, ALEJANDRA VILLAR 1,  

ÁLVARO ROMERO 3, J.C. RODRÍGUEZ-MACIEL 4, SERGIO BENAVIDES-VALENZUELA 2, JOSÉ BECERRA 5, 

HÉCTOR AGUILAR-BOLADOS 6, GUSTAVO CABRERA-BARJAS 2, AND GONZALO SILVA-AGUAYO1 

 1Facultad de Agronomía, Universidad de Concepción, Chillán, Chile.  
2Escuela de Nutrición y Dietética, Facultad de Ciencias para el Cuidado de la Salud, Universidad San Sebastián, Concepción 4080871, Chile. 

3Envu. 5000 CentreGreen Way, Suite 400, Cary, NC 27513. USA. 
4Posgrado en Fitosanidad-Entomología y Acarología, Colegio de Postgraduados, Montecillo, Texcoco, México. 

5Laboratorio de Química de Productos Naturales, Facultad de Ciencias Naturales y Oceanográficas, Universidad de Concepción, Víctor Lamas 1290, Concepción 

4070386, Chile. 
6Departamento de Polímeros, Facultad de Ciencias Químicas, Universidad de Concepción, Concepción 3349001, Chile 

. 

ABSTRACT 

The essential oil of paico (Dysphania ambrosioides Mosyakin and Clemonts, 2002) is renowned worldwide for its medicinal properties and its effectiveness in 

controlling pests and diseases. One of the most widely used methods of controlling Musca domestica L. (Diptera: Muscidae), a pest of medical, agricultural, and 

urban importance, is the use of synthetic insecticides. However, their extensive use has negative consequences, including pollution, harm to human health, and the 

development of resistance. The latter is a particularly prevalent problem in M. domestica, with over 80 cases of insecticide resistance worldwide to organophosphates, 

pyrethroids, and neonicotinoids. Given the need for alternative methods to control M. domestica, this study aimed to evaluate the fumigant activity of pure and 

formulated D. ambrosioides essential oil against adult M. domestica, as well as the stability of these formulations over time. Both pure and formulated essential oils 

exhibited high fumigant activity at concentrations below 5 µL L-1 of air. Formulation A exhibited the most significant toxicity after 24 hours (LC50 = 2.89 µL L-1 air), 

had an average droplet size of less than 20 nm, and remained stable for over 14 days. These results suggest that D. ambrosioides essential oil can be used at low 

concentrations to control M. domestica, and that formulating it as a nanoemulsion increases its insecticidal activity. 

Keywords: essential oils, housefly, nanoemulsions. 

1. INTRODUCTION 

The common housefly (Musca domestica L.) (Diptera: Muscidae) is an insect 

closely associated with human settlements, frequently found in urban areas and 

livestock production systems [1]. This insect species is considered a pest due to 

its feeding and reproductive habits, which make it a vector of pathogenic 

microorganisms that affect both humans and domestic animals. The housefly can 

transmit more than 100 disease-causing agents, including anthrax, cholera, 

taeniasis, typhoid fever, trypanosomiasis, anaplasmosis, and tuberculosis, among 

others [2]. 

The most used control method is the spraying of synthetic contact insecticides 

on larvae and adults, such as organophosphates, pyrethrins, pyrethroids, and 

neonicotinoids [3]. However, prolonged use has led to the development of 

resistance. The Arthropod Pesticide Resistance Database 

(https://www.pesticideresistance.org/) records more than 80 cases of resistance 

in M. domestica across all chemical groups used for its control [4]. In addition, 

there is growing concern regarding the impact of insecticides on human health. 

According to the World Health Organization (WHO), the use of pesticides in 

developing countries causes more than 1 million poisonings annually [5], 

primarily among people who work and live in rural areas due to continuous 

exposure [6]. The use of insecticides also contaminates the environment, as these 

products and their active ingredients can volatilise into the air, leach into the soil, 

and disperse to other locations via watercourses [7]. As a result, there is 

increasing interest among users and consumers in seeking more natural options 

that are less polluting and pose lower risks to human health and food production 

[8]. 

Essential oils (EOs) have emerged as a promising alternative for insect control. 

These are defined as complex mixtures of volatile secondary metabolites that 

fulfil key ecological roles in plants, such as defence against pathogens and 

herbivores, attraction of pollinators, and interspecific communication [9,10]. In 

the context of pest control, essential oils exhibit insecticidal activity through 

various mechanisms, including neurotoxicity, disruption of the insect life cycle, 

and repellence, preventing feeding and oviposition [11]. 

Essential oils and their components have demonstrated insecticidal activity 

against M. domestica, with peppermint (Mentha × piperita L., Lamiaceae) and 

ginger (Zingiber officinalis Roscoe, 1807, Zingiberaceae) standing out as 

larvicides and repellents [12]. The compounds thymol and carvacrol, obtained 

from the essential oils of thyme (Thymus vulgaris L., Lamiaceae) and oregano 

(Origanum vulgare L., Lamiaceae), also act as adulticides [13]. Oyarce [14] 

showed that the essential oils of fennel (Foeniculum vulgare Mill., 1768, 

Apiaceae), eucalyptus (Eucalyptus globulus Labill., 1800, Myrtaceae), and sage 

(Salvia officinalis L., Lamiaceae) possess contact toxicity, fumigant action, and 

repellence against adult M. domestica. 

 

Recent studies highlight the insecticidal potential of paico (Dysphania 

ambrosioides L. Mosyakin and Clemonts, 2002, Amaranthaceae) essential oil. 

Originally from Mexico, this species is characterised by its short life cycle and 

perennial growth, thriving in sandy soils near rivers and lakes [15]. Its leaves, 

covered with aromatic glandular filaments, produce the compound ascaridole, 

which gives the plant its distinctive scent [16]. Paico is traditionally used for its 

medicinal properties, and studies have demonstrated that its essential oil 

possesses antibacterial, antifungal, antiparasitic, and insecticidal activity [17]. 

The insecticidal activity has been studied against agricultural pests such as 

Sitophilus zeamais Motschulsky, 1855 (Coleoptera: Curculionidae), which is 

associated with stored grains [18-20], and medically important pests such as 

Culex quinquefasciatus Say, 1848 (Diptera: Culicidae) [21]. Its essential oil has 

also been established as an alternative to pyrethroid insecticides for controlling 

Anopheles gambiae Giles, 1902 (Diptera: Culicidae) in Central African countries 

[22, 23], and reports indicate adulticidal activity against M. domestica [24]. 

Nevertheless, the direct use of essential oils for pest control is limited due to 

their short shelf life and environmental instability, as well as the lack of field 

studies that might show reduced efficacy [25]. One way to improve their 

application is to incorporate the essential oil into colloidal systems via 

nanoemulsification. This process involves mixing two immiscible liquids, with 

the discontinuous phase (oil) dispersed in the more abundant continuous phase 

(water), aided by the addition of a surfactant. Through physicochemical 

interactions between the surfactant and the oil, micelles form, which protect the 

active compound and facilitate its dispersion in the continuous phase [26].  
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The formulation prevents oil degradation and enables controlled release over 

time, reducing the storage, handling, and transport of the active compound [27]. 

Given this, this research aimed to assess the fumigant activity of pure and 

formulated nanoemulsions of D. ambrosioides essential oil against adult M. 

domestica and to evaluate the formulations' stability over time. 

2. EXPERIMENTAL 

2.1 Essential oil obtention 

The essential oil of paico (D. ambrosioides) (DAEO) was obtained from a crop 

established at the “El Nogal” experimental station of the Faculty of Agronomy, 

Universidad de Concepción, Chillán Campus, Ñuble Region, Chile. Extraction 

was carried out using dried leaves and seeds (harvested in April/2022) by 

hydrodistillation with a Clavenger apparatus (4 hours, 1:10 plant-to-water ratio) 

and stored at 4°C until use [14]. 

2.2 Formulation 

The nanoemulsions were prepared by combining different concentrations of 

DAEO, maltodextrin, and the non-ionic surfactant Tween 80, also evaluating 

various surfactant/oil ratios (SOR) and distilled water proportions (Table 1). The 

Tween 80 surfactant was purchased from Merck Millipore (Darmstadt, 

Germany), and the maltodextrin with a dextrose equivalent of 19 (DE19, purity 

>99.9%, FDA compliant) was obtained from Oregon Chem Group (Santiago, 

Chile). 

The nanoemulsions were produced following the method described by 

Campelo [28]. Initially, the maltodextrin was dissolved in distilled water under 

constant stirring at 50°C, then kept under agitation at room temperature for 24 h. 

Subsequently, the DAEO was added to the maltodextrin solution and 

homogenised using a high-speed ultraturrax device (Velp Scientifica, MB, Italy) 

at 5,000 rpm. Finally, without stopping the stirring, the Tween 80 was 

incorporated, and homogenisation was maintained for 8 minutes at 10,000 rpm. 

Based on the previously described design and a qualitative characterisation of 

the preparations, two formulations were selected for subsequent characterisation: 

formulation A (15% w/v DAEO, 10% w/v Tween 80, and 1% maltodextrin) and 

formulation B (20% w/v DAEO, 10% w/v Tween 80, and 1% maltodextrin). 

Table 1. Composition of the formulations according to the content of D. 

ambrosioides essential oil (DAEO), Tween 80, surfactant/oil ratio (SOR), and 

maltodextrin. 

DAEO 

(%p/v) 

Tween 80 

(%p/v) 
SOR 

Maltodextrina 

(%p/v) 

15 1.0 1:4 1.0 

20 5.0 1:2 5.0 

25 10.0 3:4 10.0 

2.3 Characterisation of the Formulations 

2.3.1 Measurement of Droplet Size 

The average droplet size (MDS) and polydispersity index (PDI) of the 

formulations were measured using a 90 Plus Particle Size Analyzer (Malvern 

Panalytical, United Kingdom). The formulations were diluted 50-fold and then 

placed in disposable cuvettes with four smooth sides at 25°C and 85% humidity. 

The lower and upper size limits for this instrument are 1 nm and 6 µm, 

respectively. Measurements of MDS and PDI were carried out in triplicate for 

each emulsion. 

2.3.2 Transmission electron microscopy (TEM) 

The morphology and structure of the nanoemulsions were assessed using 

transmission electron microscopy (TEM). A 20 μL drop of the sample was placed 

on a carbon film-coated 300-mesh copper grid for 2 minutes. Excess liquid was 

removed with filter paper, and the grid was then negatively stained with a 20 μL 

drop of 2.0% (w/v) uranyl acetate for 1-2 minutes, then allowed to dry at room 

temperature. The grid was examined using a JEOL JEM-1200EX II transmission 

electron microscope (JEOL Ltd., Tokyo, Japan) at an accelerating voltage of 80 

kV. 

2.3.3 Stability against dilution 

The formulations were diluted in distilled water at 1:50 and 1:100 ratios, and 

their appearance and phase formation were qualitatively assessed. 

2.3.4. Chemical composition of pure and formulated DAEO 

The chemical composition of pure DAEO was determined using a gas 

chromatograph (YL6500 GC System, Anyang-si, Gyeonggi-do, Korea) coupled 

to an HP-5MS capillary column (30 m length, 0.25 mm inner diameter, 0.25 µm 

thin film) with an injection volume of 1 µL. The equipment was initially set to 

100 °C, maintained for 3 minutes, then increased by 6 °C per minute to 280 °C, 

which was held for 35 minutes. The relative percentages of the compounds in D. 

ambrosioides were obtained using helium as the mobile phase and a selective 

mass detector (Chrozen GC Mass Spectrometer, Anyang-si, Gyeonggi-do, 

Korea), and the components were identified using the NIST/EPA/NIH mass 

spectrum library (NIST 17). 

For the formulations, the oil was first extracted using the procedure described 

by de Godoi [29]. 100 µL of the nanoemulsion was placed in a dry heating block 

(ACCUBLOCK™, Labnet International Inc., Edison NJ, USA) at 50 °C for 15 

minutes. Next, 1 mL of acetonitrile was added, and the mixture was vortexed for 

1 minute. Finally, the solution was centrifuged at 10,000 rpm, the resulting 

supernatant was collected, and 5 µL of this was diluted in 1,000 µL of 

acetonitrile. Subsequently, gas chromatography analysis was performed using 

the same procedure previously described for the pure essential oil. 

2.3.5. Stability of the formulations during storage 

The physical stability of the nanoemulsions was assessed by visual inspection 

and by measuring their MDS and PDI values over 14 days of storage at room 

temperature and at 4 °C under refrigeration, with measurements taken every 7 

days. 

2.4. Insecticidal activity of pure and formulated essential oil of D. 

ambrosioides against M. domestica. 

2.4.1. Collection and rearing of insects 

Adult M. domestica were collected using entomological nets at the 

Experimental Livestock Station of the Faculty of Veterinary Sciences, 

Universidad de Concepción. Fly management practices at the experimental 

station consisted of removing faeces and animal bedding every 15 days, together 

with the application of the insecticide AGITA® WG (neonicotinoid, 

thiamethoxam [10% (w/w), water-dispersible granules, Kwizda Agro, 

Germany]) at the beginning of the summer season. 

The colony was established in the Laboratory of Applied Entomology and 

Acarology at the Universidad de Concepción, as described by [30] with 

modifications. M. domestica specimens were maintained at 27 ± 1°C, 50 ± 5% 

relative humidity, and a photoperiod of 16 12 hours light: dark in a bioclimatic 

chamber (Memnert Gmbh IPS 749, Schwabech, Germany) in entomological 

cages (50 x 50 x 50 cm). Adults were fed ad libitum with distilled water and 

granulated sugar in separate Petri dishes. For oviposition, a mixture of wheat 

bran and whole milk with 2.0% (w/v) granulated sugar was provided. Eggs were 

collected twice a week and stored in cardboard containers with a modified lid to 

allow gas exchange. Larvae were fed strips of paper moistened with milk and 

2.0% (w/v) sugar, which were placed inside the containers. 

2.4.2. Fumigation bioassay 

Fumigant toxicity was assessed using a device developed by the Laboratory of 

Agricultural Entomology and Acarology [14]. Each treatment included five 

replicates, each containing 15 adult flies aged 1 to 3 days, with no distinction 

made by sex. The control consisted of filter paper placed in the tube without 

impregnation. Pure DAEO and its formulations were evaluated in a range of 0.5 

to 5 µL L-1 of air, and mortality was assessed at 24 and 48 hours, with corrections 

made using Abbott’s formula [31]. 
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2.5. Data analysis 

For the parameters evaluated in the physicochemical characterisation of the 

emulsions and fumigant toxicity, the assumptions of normality (Shapiro-Wilk) 

and homoscedasticity (Levene) were verified. When these assumptions were 

met, an ANOVA with Tukey’s post-hoc test was applied; otherwise, the Kruskal-

Wallis test with Dunn’s correction was used, employing R software  together 

with the car and FSA packages [32-34]. In addition, a Probit analysis was 

performed to estimate the 50% lethal concentration (LC50) and its 95% 

confidence interval (CI) using the R Ecotox package [35]. LC50 values were 

considered significantly different when their 95% CIs did not overlap [36]. 

3. RESULTS AND DISCUSSION 

3.1. Characterisation of the formulations 

Regarding their appearance, the formulations exhibited a cloudy, milky, 

homogeneous appearance, characteristic of emulsion formation. When diluted 

50- and 100-fold, they remained homogeneous and became more translucent 

(Figure 1). 

 

Figure 1. Appearance of formulations A and B (from left to right), undiluted 

(A), diluted 50 times (B), and diluted 100 times (C), 24 hours after formulation. 

Upon TEM examination, both formulations displayed spherical, dispersed 

droplets, with some irregularly shaped and clustered droplets (Figure 2). The 

droplets in formulation A had an average size of less than 20 nm, while those in 

formulation B were above 200 nm. As for the polydispersity index (PDI), values 

below 0.15 were reported (Table 2). 

 

Figure 2. Transmission electron microscopy (TEM) of formulation A at 

magnifications of 2 µm (A1) and 0.5 µm (A2), and formulation B at 2 µm (B1) 

and 0.5 µm (B2). 

Table 2. Mean droplet size (MDS) and polydispersity index (PDI) of D. 

ambrosioides essential oil formulations, 24 hours after preparation. 

Formulated MDS (nm) PDI 

Formulation A 11.9 + 0.2 a 0.105 a 

Formulation B 67.4 + 1.0 b 0.132 b 

Different letters indicate significant differences between the groups (p<0.005), 

as determined by the Student's t-test. 

The characteristics observed in the formulations are similar to those reported 

in other studies, including small droplet size within the emulsion and a 

homogeneous appearance [37]. The smaller the droplets, the lower the likelihood 

of their components separating (creaming) and droplets within the oil clustering 

together and increasing in size (coalescence). Additionally, the oil's 

bioavailability increases because its solubility in the continuous phase is greater, 

thereby enhancing its bioactivity [38].  

The principle behind the dilutability test is that the continuous phase can be 

added in greater proportions than the discontinuous phase in any nanoemulsion, 

without affecting its stability [39,40], indicating that the formulations can be 

diluted to facilitate dosing and subsequent application. The PDI describes the 

uniformity of droplet distribution within an emulsion and ranges from 0 to 1. 

Values close to 0, as were obtained in this study, indicate that the droplets are 

similar in size and dispersed in the continuous phase. This allows the 

nanoemulsions to be more stable over time [41]. Similar characteristics were 

observed by Anjali [42], who evaluated the efficacy of Neem oil formulated as a 

nanoemulsion against C. quinquefasciatus Say, 1823 (Diptera: Culicidae) 

obtaining emulsions with DMS ranging from 31 to 251 nm, with the most active 

formulations exhibiting smaller droplet sizes. In another study, Salazar [43] 

evaluated the formation of nanoemulsions of essential oil from Laureliopsis 

philippiana Looser (1934) for the control of tomato moth (Tuta absoluta 

Meyrick, 1917, Lepidoptera: Gelechiidae), with the most stable nanoemulsions 

having a DMS of 40.64 nm and a PDI of 0.3, which also exhibited higher 

mortality than pure essential oil. Draz [44] reported similar results when 

evaluating nanoformulations of anise (Pimpinella anisum L.) and coriander 

(Coriandrum sativum L.) essential oils against S. zeamais and Tribolium 

castaneum Herbst, 1797 (Coleoptera: Tenebrionidae). Both formulations had a 

PDI between 0.209 and 0.37, with a DMS of 88.83 nm for the coriander 

formulation and 103.7 nm for the anise formulation and reported greater 

insecticidal activity than the pure essential oils. 

3.2. Stability during storage 

Both formulations showed a tendency for their DMS and PDI values to 

increase over time. In formulation A, these changes were not significant, with 

droplet sizes remaining below 20 nm, whereas in formulation B, droplet sizes 

increased more pronouncedly, from 68 nm to 239 nm (Figure 3). The ANOVA 

statistical test indicated that storage at room temperature in formulation A 

resulted in significantly smaller droplet sizes than in formulation B at all time 

points evaluated (p < 0.001), with droplet size remaining stable for 14 days and 

PDI fluctuating between 0.105 and 0.11. In the case of formulation B, droplet 

size ranged from 68 to 239 nm, and its PDI ranged from 0.132 to 0.162, a 

difference that was also statistically significant (p < 0.001) at all time points 

evaluated, indicating differential instability between the two formulations. 

 

Figure 3. Average droplet size (MDS) and Polydispersity Index (PDI) of D. 

ambrosioides formulations stored for 14 days at room temperature (D) and at - 

4° C (E). 
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When stored at cold temperatures (- 4 °C), a similar trend was observed, with 

significant differences between the two formulations. Nevertheless, the increase 

in droplet size over time occurred more slowly compared to storage at 25 °C. For 

formulation A, both DMS and PDI remained within the range of 5.6 – 8.6 nm 

and 0.08 – 0.103, respectively. For formulation B, the DMS ranged between 43.5 

nm and 103 nm. Although the droplet size was smaller under these storage 

conditions, after 7 days, a significant increase in PDI was observed, from 0.14 to 

0.32. 

Mazarei and Rafati [45] obtained similar results evaluating the stability with 

formulations of essential oil from Satureja khuzestanica Jamzad (Lamiaceae) 

stored at – 4 °C and 25 °C for 12 weeks. These remained stable for more than 8 

weeks, and in both conditions, DMS increased over time. Nevertheless, the 

growth of the droplets was slower in formulations stored at cold temperatures 

than in those stored at room temperature. This observation agrees with the 

statements of Lifshitz-Slezov and Wagner [46], who suggest that Ostwald 

ripening has an inverse relationship with absolute temperature; that is, by 

reducing the temperature, the mobility and solubility of the droplets within an 

emulsion decrease, reducing the likelihood of coalescence and leading to a lower 

growth rate [47], so cold storage is an alternative for maintaining product 

stability. 

The differences reported regarding stability can be partly attributed to their 

composition. Doi [48] studied the impact of aroma release in garlic oil (Allium 

sativum L., Amaryllidaceae) nanoemulsions, where higher content promoted 

flavour retention but at the same time reduced the physical stability of the 

emulsion. Furthermore, increasing the oil content reduces homogenisation 

efficiency, which is associated with a larger average droplet size [49]. Rachmadi 

[50] obtained similar results when studying the encapsulation efficiency of 

silymarin and curcumin, in which increasing the dispersed phase resulted in a 

reduction in encapsulation efficiency. These reports are consistent with the 

findings of the present work, which showed that formulation B (20% DAEO) had 

a higher DMS than formulation A (15% DAEO). 

3.3. Chemical composition of DAEO and its formulations 

Six distinct compounds were identified in the essential oil of D. ambrosioides, 

accounting for 96% of the total composition (Table 3). The predominant 

compounds were ascaridole (34.5%), isoascaridole (34.5%), and p-cymene 

(21.7%). In formulations A and B, the main constituents of DAEO —p-cymene, 

ascaridole, and isoascaridole —remained predominant; however, ascaridole 

abundance varied. 

The chemical composition of D. ambrosioides essential oil was similar to that 

reported in other studies on the same species, with significant components 

including ascaridole (5 - 87%), p-cymene (2 - 47%), and α-terpinene (5 - 72%) 

[51,25]. Variation in abundance percentages and constituents can be attributed to 

the wide geographic distribution of D. ambrosioides, the extracted tissue, plant 

age, and harvest date, and the extraction and drying methods employed [52]. 

Likewise, the composition of the nanoemulsion affects the release and retention 

of volatile compounds, with observed changes attributable to the DAEO and 

surfactant content, which differed between the two formulations [53,49]. 

Table 3. Chemical composition and relative abundance percentage of the 

essential oil of D. ambrosioides and formulations A and B. 

Compounds 
RT1 

(min) 

Area (%) 

EO Form A Form B 

p-cymene 3.41 21.72 39.9 32.7 

cis-p-Mentha-1(7),8-dien-2-ol 4.83 1.01 - - 

ascaridole 7.20 34.47 5.0 9.6 

piperitone oxide 7.61 3.28 3.0 1.2 

isoascaridole 8.60 34.5 38.9 36.6 

alpha-limonene diepoxide 9.54 1.24 - - 

Total  96.22 87.0 86.5 

1Retention time (min). 

3.4. Fumigant activity of DAEO and its formulations 

Both the pure essential oil and its formulations exhibited high fumigant 

toxicity, with formulation A achieving 100% mortality at 3.6 µL L-1 of air, 

followed by DAEO and formulation B at concentrations close to 5.0 µL L-1 of 

air (Figure 4). When estimating the lethal concentration 50% (LC50), formulation 

A recorded the lowest value at 24 h (LC50 = 2.89 µL L-1 of air), whereas DAEO 

registered the lowest value at 48 h (LC50 = 1.81 µL L-1 of air) (Table 4). In turn, 

formulation B showed the lowest toxicity, with LC50 values of 3.86 and 2.86 µL 

L-1 at 24 and 48 h, respectively (Table 4). These results suggest that formulation 

A is the most toxic; however, the differences in mortality percentage were not 

significant at either 24 hours (p-value = 0.969) or 48 hours (p-value = 0.285). 

 

Figure 4. Fumigant toxicity of pure D. ambrosioides essential oil (DAEO) and 

formulations A and B against adult M. domestica at 24 (F) and 48 h (G). 

Table 4. Mortality due to fumigant effect and 50% lethal concentration (LC50) 

of pure D. ambrosioides essential oil and its formulations against adult M. 

domestica at 24 and 48 h. 

Treatment 
Concentration 

(µL L-1 aire) 

Mortality + SD* 

(%) 24 h 

Mortality + SD* 

(%) 48 h 

 1.00 5.33 + 5.6 29.9 + 12.3 

 1.60 8.00 + 7.3 46.67 + 8.2 

D.ambrosioides 2.50 18.65 + 12.8 57.33 + 10.1 

 3.00 50.65 + 36.4 81.33 + 12.8 

 5.00 65.32 + 26.4 96.00 + 8.9 

 LC50 (FL 95%)** 3.88 

[3.08 – 5.64] 

1.81 

[1.18 – 2.51] 

 1.00 1.33 + 3.0 1.33 + 2.9 

 1.60 6.66 + 14.9 30.66 + 13.8 

Formulación A 2.50 21.33 + 8.7 48.00 + 7.3 

 3.60 44.00 + 35.8 77.33 + 7.6 

 3.75 85.33 + 10.9 100 + 0.0 

 LC50 (FL 95%)** 2.89 

[2.56 – 3.32] 

2.21 

[1.77 – 2.61] 

 1.00 6.67 + 8.2 17.33 + 12.1 

 2.00 4.00 + 5.9 38.67 + 8.7 

Formulación B 2.40 29.33 + 21.9 64.00 + 3.7 

 2.80 50.66 + 13.8 86.67 + 13.3 

 4.80 58.66 + 15.9 97.46 + 3.5 

 LC50 (FL 95%)** 3.86 

[2.02 – 11.0] 

2.86 

[2.15 – 4.2] 

*SD: Standard deviation. **Lethal concentrations at 50% and 90% efficacy 

with their respective 95% fiducial probability limits. 

There are previous reports of the insecticidal activity of D. ambrosioides 

essential oil, both as a field spray and as a fumigant in storage facilities to prevent 

infestation of stored grains and food products [54]. In particular, the components 

of essential oils stand out for their fumigant action due to their volatility [55]. 

Bernardes [56] evaluated the fumigant activity of DAEO against Zabrotes 

subfasciatus Boheman, 1833 (Coleoptera: Bruchidae), eliminating 100% of 

treated individuals with a concentration of 20 µL L-1 air. In another bioassay by 

Chu [18], crude DAEO and its main component, (Z)-ascaridole, were assessed 

against S. zeamays, with a lethal dose 50% (LD50) of 2.12 µg g-1 and 0.86 µg g-1, 

respectively. Another study on the same species by Denloye [57] demonstrated 

the fumigant activity of this essential oil, with an LC50 of 1.33-1.90 µL L-1 air, 

and the oil also showed ovicidal effects.  
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Regarding its effects on M. domestica and related species, Pavela [24] studied 

DAEO toxicity in adults, with the most abundant compounds being cis-

ascaridole (35%) and trans-ascaridole (26%), which showed an LD50 of 51.7 µg 

adult-1 and acted as an acetylcholinesterase (AChE) inhibitor. Evidence of DAEO 

insecticidal activity aligns with the observations reported herein, including its 

high toxicity and that of its formulations, which may be attributed to its most 

abundant components. 

CONCLUSIONS 

These results emphasise the potential of essential oils and their components for 

pest control and for the formulation of commercial products, and this is the first 

study to describe the fumigant potential of D. ambrosioides essential oil against 

the common housefly. In future research, it will be necessary to assess in greater 

detail the formulation components and their proportions to ensure the 

applicability of these formulations in the field. 
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