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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 uL L of air. Formulation A exhibited the most significant toxicity after 24 hours (LCso = 2.89 L L™ 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.
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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 x piperita L., Lamiaceae) and
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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].

6536


mailto:gabrielaoyarce@udec.cl

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 Concepcién, Chillan Campus, Nuble 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 Tween 80 Maltodextrina

(%ph) (%pv) SOR (%ph)
15 10 12 10
20 5.0 12 5.0
25 10.0 34 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 pm,
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 pL 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 pL
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 Il transmission
electron microscope (JEOL Ltd., Tokyo, Japan) at an accelerating voltage of 80
kV.
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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 um
thin film) with an injection volume of 1 pL. 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 uL 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 pL of this was diluted in 1,000 pL 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 Concepcion. 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 Concepcion, 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 pL L 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 (LCs) and its 95%
confidence interval (CI) using the R Ecotox package [35]. LCso values were
considered significantly different when their 95% Cls 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).
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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 um (Al) and 0.5 pm (A2), and formulation B at 2 um (B1)
and 0.5 pm (B2).
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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+0.2a 0.105a
Formulation B 67.4+10b 0.132b

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.
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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 a-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 RTl Area (%)
(min) EO | FormA | FormB

p-cymene 341 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 8.60 345 38.9 36.6
alpha-limonene diepoxide 9.54 1.24 - -
Total 96.22 87.0 86.5

Retention time (min).
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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 puL L* of air,
followed by DAEO and formulation B at concentrations close to 5.0 uL L of
air (Figure 4). When estimating the lethal concentration 50% (LCs), formulation
A recorded the lowest value at 24 h (LCso = 2.89 uL L™ of air), whereas DAEO
registered the lowest value at 48 h (LCso = 1.81 pL L™ of air) (Table 4). In turn,
formulation B showed the lowest toxicity, with LCs, values of 3.86 and 2.86 pL
Lat 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).
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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 (LCso)
of pure D. ambrosioides essential oil and its formulations against adult M.
domestica at 24 and 48 h.

Treatment Concentra_\tion Mortality + SD*| Mortality + SD*
(UL L aire) (%) 24 h (%) 48 h
1.00 533+56 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
LCso (FL 95%)™ 3.88 181
[3.08 — 5.64] [1.18 - 251]
1.00 1.33+3.0 133+29
1.60 6.66 +14.9 30.66 + 13.8
Formulacion 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
LCso (FL 95%)™ 2.89 221
[2.56 — 3.32] [1.77 - 2.61]
1.00 6.67 +8.2 17.33+12.1
2.00 4.00+5.9 38.67 +8.7
Formulacion B 240 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
LCso (FL 95%)™ 3.86 2.86
[2.02 - 11.0] [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 uL L™ 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% (LDsp) of 2.12 pg g™ and 0.86 ug g2,
respectively. Another study on the same species by Denloye [57] demonstrated
the fumigant activity of this essential oil, with an LCs0f 1.33-1.90 pL L™* 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 LDs, of 51.7 ug
adult? 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.

ACKNOWLEDGEMENTS

We would like to thank the Entomology and Agricultural Acarology laboratory
team for providing the materials for developing this research, and we are grateful
to the Ciencias de la Agronomia PhD programme at Universidad de Concepcién
for funding the publication of our research.

CONFLICT OF INTEREST

The authors declare no conflicts of interest in the collection, analyses, or
interpretation of data, in the writing of the manuscript, or in the decision to
publish the results.

REFERENCES

[1] C. R. Bautista, Entomologia veterinaria esencial, 2nd ed. Coyoacan, México:
Instituto Nacional De Investigaciones Forestales Agricolas Y Pecuarias,
2016, pp. 100-103.

[2] A. A. Adenusi and T. O. S. Adewoga, Studies on the potential and public
health importance of non-biting synanthropic flies in the mechanical
transmission of human enterohelminths, Transactions of the Royal Society
of Tropical Medicine and Hygiene, vol. 107, no. 12, pp. 812-818, Oct. 2013,
doi: https://doi.org/10.1093/trstmh/trt095

[3] J. C. Freeman, D. H. Ross, and J. G. Scott, Insecticide resistance monitoring
of house fly populations from the United States, Pesticide Biochemistry and
Physiology, vol. 158, pp. 61-68, Jul. 2019, doi:
https://doi.org/10.1016/j.pestbp.2019.04.006

[4] D. Mota-Sanchez and J. C. Wise, “Arthropod Pesticide Resistance Database
| Michigan State University,” The Arthropod Pesticide Resistance Database,
2015.
https://www.pesticideresistance.org/display.php?page=species&arld=151
(accessed Jun. 09, 2025).

[5] C. Martinez-Valenzuela and S. Gémez-Arroyo, “RIESGO GENOTOXICO
POR EXPOSICION A PLAGUICIDAS EN TRABAJADORES
AGRICOLAS,” Revista Internacional de Contaminacién Ambiental, vol.
23, no. 4, pp. 185-200, Dec. 2007.

[6] P. Guzméan-Plazola, R. D. Guevara-Gutiérrez, J. L. Olguin-Lépez, and O. R.
Mancilla-Villa, “Perspectiva campesina, intoxicaciones por plaguicidas y
uso de agroquimicos,” ldesia (Arica), vol. 34, no. 3, pp. 69-80, Jun. 2016,
doi: https://doi.org/10.4067/s0718-34292016000300009

[7]1 I. M. Meftaul, K. Venkateswarlu, R. Dharmarajan, P. Annamalai, and M.
Megharaj, “Pesticides in the urban environment: A potential threat that
knocks at the door,” Science of The Total Environment, vol. 711, p. 134612,
Apr. 2020, doi: https://doi.org/10.1016/j.scitotenv.2019.134612

[8] C. Egbuna and B. Sawicka, Chapter 4—Biopesticides, Safety Issues and
Market Trends. Natural Remedies for pest, Disease and Weed Control.
Cambridge, MA, USA: Academic Press, 2020, pp. 43-53.

[9] R. Pavela, “Essential oils for the development of eco-friendly mosquito
larvicides: A review,” Industrial Crops and Products, vol. 76, pp. 174-187,
Dec. 2015, doi: https://doi.org/10.1016/j.indcrop.2015.06.050

[10] M. Zuzarte and L. Salgueiro, Bioactive Essential Oils and Cancer. Cham,
Switzerland: Springer International Publishing, 2015, pp. 19-61.

[11] Gupta, I., Singh, R. V., Muthusamy, S., Sharma, M., Grewal, K., Singh, H.
P., & Batish, D. R. (2023). Plant Essential Oils as Biopesticides:

J. Chil. Chem. Soc., 71, N°2 (2026)

Applications, Mechanisms, Innovations, and Constraints. Plants, 12(16),
2916-2916. https://doi.org/10.3390/plants12162916

[12] Morey, R. A., & Khandagle, A. J. (2012). Bioefficacy of essential oils of
medicinal plants against housefly, Musca domestica L. Parasitology
Research, 111(4), 1799-1805. https://doi.org/10.1007/s00436-012-3027-2

[13] R. Pavela, “Larvicidal property of essential oils against Culex
quinquefasciatus Say (Diptera: Culicidae),” Industrial Crops and Products,
vol. 30, no. 2, pp. 311-315, Sep. 2009, doi:
https://doi.org/10.1016/j.indcrop.2009.06.005

[14] G. A. Oyarce et al., “Adulticidal and Repellent Activity of Essential Oils
from Three Cultivated Aromatic Plants Against Musca domestica L,”
Insects, wvol. 16, no. 5, pp. 542-542, May 2025, doi:
https://doi.org/10.3390/insects16050542

[15] E. Kandsi et al., “Dysphania ambrosioides (L.) Mosyakin and Clemants:
bridging traditional knowledge, photochemistry, preclinical investigations,
and toxicological validation for health benefits,” Naunyn-Schmiedeberg’s
Archives of  Pharmacology, vol. 397, Aug. 2023, doi:
https://doi.org/10.1007/s00210-023-02658-4

[16] J.-F. Cavalli, F. Tomi, A.-F. Bernardini, and J. Casanova, “Combined
analysis of the essential oil ofChenopodium ambrosioides by GC, GC-MS
and13C-NMR spectroscopy: quantitative determination of ascaridole, a
heat-sensitive compound,” Phytochemical Analysis, vol. 15, no. 5, pp. 275—
279, 2004, doi: https://doi.org/10.1002/pca.761

[17] A. K. Pandey, P. Kumar, P. Singh, N. N. Tripathi, and V. K. Bajpai,
“Essential Oils: Sources of Antimicrobials and Food Preservatives,”
Frontiers  in Microbiology,  vol. 7, Jan. 2017, doi:
https://doi.org/10.3389/fmich.2016.02161

[18] S. S. Chu, J. Feng Hu, and Z. L. Liu, “Composition of essential oil of
Chinese Chenopodium ambrosioides and insecticidal activity against maize
weevil, Sitophilus zeamais,” Pest Management Science, vol. 67, no. 6, pp.
714-718, Feb. 2011, doi: https://doi.org/10.1002/ps.2112

[19] E. Mendesil, M. Tadesse, and M. Negash, “Efficacy of plant essential oils
against two major insect pests of coffee (Coffee berry borer, Hypothenemus
hampei, and antestia bug, Antestiopsis intricata) and maize weevil,
Sitophilus zeamais,” Archives of Phytopathology and Plant Protection, vol.
45, no. 3, pp. 366-372, Jul. 2011, doi:
https://doi.org/10.1080/03235408.2011.587286

[20] D. J. Langsi et al., “Insecticidal activity of essential oils of Chenopodium
ambrosioides and Cupressus sempervirens and their binary combinations on
Sitophilus zeamais,” GSC Biological and Pharmaceutical Sciences, vol. 3,
no. 2, pp. 024-034, May 2018, doi:
https://doi.org/10.30574/gscbps.2018.3.2.0032

[21] A. A. Almadiy, “Chemical profile, mosquitocidal, and biochemical effects
of essential oil and major components of Dysphania ambrosioides against
Culex quinquefasciatus Say,” Environmental Science and Pollution
Research, vol. 27, no. 33, pp. 41568-41576, Jul. 2020, doi:
https://doi.org/10.1007/s11356-020-10137-z

[22] J. D. Bigoga et al., “Larvicidal and Repellent Potential of Chenopodium
ambrosioides Linn Essential Oil against Anopheles gambiae Giles (Diptera:
Culicidae),” The Open Entomology Journal, vol. 7, no. 1, pp. 16-22, Aug.
2013, doi: https://doi.org/10.2174/1874407901307010016

[23] A. D. Bossou et al., “Chemical composition and insecticidal activity of plant
essential oils from Benin against Anopheles gambiae (Giles),” Parasites &
Vectors, vol. 6, no. 1, p. 337, 2013, doi: https://doi.org/10.1186/1756-3305-
6-337.

[24] R. Pavela et al., “Clausena anisata and Dysphania ambrosioides essential
oils: from ethno-medicine to modern uses as effective insecticides,”
Environmental Science and Pollution Research, vol. 25, no. 11, pp. 10493—
10503, Oct. 2017, doi: https://doi.org/10.1007/s11356-017-0267-9.

[25] P. Singh and A. K. Pandey, “Dysphania ambrosioides essential oils: from
pharmacological agents to uses in modern crop protection—a review,”
Phytochemistry Reviews, vol. 1, no. 21, Mar. 2021, doi:
https://doi.org/10.1007/s11101-021-09752-6

[26] L. Pavoni, D. R. Perinelli, G. Bonacucina, M. Cespi, and G. F. Palmieri,
“An Overview of Micro- and Nanoemulsions as Vehicles for Essential Oils:
Formulation, Preparation and Stability,” Nanomaterials, vol. 10, no. 1, p.
135, Jan. 2020, doi: https://doi.org/10.3390/nan010010135

[27] A. R. Montefuscoli, J. O. Werdin Gonzélez, S. D. Palma, A. A. Ferrero, and
B. Fernandez Band, “Design and development of aqueous nanoformulations

6540


https://doi.org/10.1093/trstmh/trt095
https://doi.org/10.1016/j.pestbp.2019.04.006
https://www.pesticideresistance.org/display.php?page=species&arId=151
https://doi.org/10.4067/s0718-34292016000300009
https://doi.org/10.1016/j.scitotenv.2019.134612
https://doi.org/10.1016/j.indcrop.2015.06.050
https://doi.org/10.3390/plants12162916
https://doi.org/10.1016/j.indcrop.2009.06.005
https://doi.org/10.3390/insects16050542
https://doi.org/10.1007/s00210-023-02658-4
https://doi.org/10.1002/pca.761
https://doi.org/10.3389/fmicb.2016.02161
https://doi.org/10.1002/ps.2112
https://doi.org/10.1080/03235408.2011.587286
https://doi.org/10.30574/gscbps.2018.3.2.0032
https://doi.org/10.1007/s11356-020-10137-z
https://doi.org/10.2174/1874407901307010016
https://doi.org/10.1007/s11101-021-09752-6
https://doi.org/10.3390/nano10010135

for mosquito control,” Parasitology Research, vol. 113, no. 2, pp. 793-800,
Nov. 2013, doi: https://doi.org/10.1007/s00436-013-3710-y

[28] P. H. Campelo et al., “Stability of lime essential oil emulsion prepared using
biopolymers and ultrasound treatment,” International Journal of Food
Properties, vol. 20, no. supl, pp. S564-S579, Jul. 2017, doi:
https://doi.org/10.1080/10942912.2017.1303707

[29] S. N. de Godoi et al., “Evaluation of Stability and In Vitro Security of
Nanoemulsions Containing Eucalyptus globulus Oil,” BioMed Research
International, vol. 2017, pp. 1-10, 2017, doi:
https://doi.org/10.1155/2017/2723418

[30] H. F. Khater and C. J. Geden, “Efficacy and repellency of some essential
oils and their blends against larval and adult house flies, Musca domestica
L. (Diptera: Muscidae),” Journal of Vector Ecology, vol. 44, no. 2, pp. 256—
263, 2019, doi: https://doi.org/10.1111/jvec.12357

[31] W. S. Abbott, “A Method of Computing the Effectiveness of an Insecticide,”
Journal of Economic Entomology, vol. 18, no. 2, pp. 265-267, Apr. 1925,
doi: https://doi.org/10.1093/jee/18.2.265a

[32] R Core Team. (2023). R: A language and environment for statistical
computing [Software]. R Foundation for Statistical
Computing. https://www.R-project.org/

[33] J. Fox and S. Weisberg, An R companion to applied regression, 3rd ed.
Thousand Oaks, California: Sage Publications, Inc, 2019.

[34] D. H. Ogle, J. C. Doll, A. P. Wheeler, and A. Dinno, Introductory fisheries
analyses with R. Boca Raton: Crc Press, Taylor & Francis Group, 2016.
[35] B. L. Hlina, O. Birceanu, C. S. Robinson, H. Dhiyebi, and M. P. Wilkie,
“The relationship between thermal physiology and lampricide sensitivity in
larval sea lamprey (Petromyzon marinus),” Journal of Great Lakes Research,
vol. 47, no. 1, pp. S272-S284, Dec. 2021, doi:

https://doi.org/10.1016/j.jglr.2021.10.002

[36] Robertson, J. L., Russel, R. M., Savin, N. E., Preisler, H. K., & Jones, M.
M. (2007). Bioassays  with Avrthropods. CRC Press.
https://doi.org/10.1201/9781420004045

[37] A. S. Hashem, S. S. Awadalla, G. M. Zayed, F. Maggi, and G. Benelli,
“Pimpinella anisum essential oil nanoemulsions against Tribolium
castaneum—insecticidal activity and mode of action,” Environmental
Science and Pollution Research, vol. 25, no. 19, pp. 18802-18812, Apr.
2018, doi: https://doi.org/10.1007/s11356-018-2068-1

[38] D. J. McClements, “Edible nanoemulsions: fabrication, properties, and
functional performance,” Soft Matter, vol. 7, no. 6, pp. 2297-2316, 2011,
doi: https://doi.org/10.1039/c0sm00549e

[39] K. Gurpreet and S. K. Singh, “Review of Nanoemulsion Formulation and
Characterization Techniques,” Indian Journal of Pharmaceutical Sciences,
vol. 80, no. 5, pp. 781-789, Aug. 2018, doi:
https://doi.org/10.4172/pharmaceutical-sciences.1000422

[40] N. Sharma, M. Bansal, S. Visht, P. K. Sharma, and G. T. Kulkarni,
“Nanoemulsion: A new concept of delivery system,” Chronicles of Young
Scientists, vol. 1, no. 2, pp. 2-6, Apr. 2010.

[41] R. M. Azmy, E. G. E. El Gohary, D. M. Mahmoud, D. A. M. Salem, M. A.
Abdou, and M. S. Salama, “Assessment of larvicidal activity of
nanoemulsion from Citrus sinensis essential oil on Culex pipiens L.
(Diptera: Culicidae),” Egyptian Journal of Aquatic Biology and Fisheries,
vol. 23, no. 3, pp. 61-67, Jul. 2019, doi:
https://doi.org/10.21608/ejabf.2019.35100

[42] C. H. Anjali, Y. Sharma, A. Mukherjee, and N. Chandrasekaran, “Neem oil
(Azadirachta indica) nanoemulsion-a potent larvicidal agent against Culex
quinquefasciatus,” Pest Management Science, vol. 68, no. 2, pp. 158-163,
Jul. 2011, doi: https://doi.org/10.1002/ps.2233

[43] A. M. Salazar et al., “Stability of the oil-based nanoemulsion of Laureliopsis
philippiana (Looser) and its insecticidal activity against tomato borer (Tuta
absoluta Meyrick),” Industrial Crops and Products, vol. 188, pp. 115635—
115635, Sep. 2022, doi: https://doi.org/10.1016/j.indcrop.2022.115635

[44] K. A. Draz, R. M. Tabikha, M. |. Eldosouky, A. A. Darwish, and M.
Abdelnasser, “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,
vol. 70, no. 4, 1-15, Feb. 2022, doi:
https://doi.org/10.1080/09670874.2022.2036862

[45] Z. Mazarei and H. Rafati, “Nanoemulsification of Satureja khuzestanica
essential oil and pure carvacrol; comparison of physicochemical properties

J. Chil. Chem. Soc., 71, N°2 (2026)

and antimicrobial activity against food pathogens,” LWT, vol. 100, pp. 328—
334, Feb. 2019, doi: https://doi.org/10.1016/j.Iwt.2018.10.094

[46] 1. Capek, “Degradation of kinetically-stable o/w emulsions,” Advances in
Colloid and Interface Science, vol. 107, no. 2-3, pp. 125-155, Mar. 2004,
doi: https://doi.org/10.1016/s0001-8686(03)00115-5

[47] T. Delmas et al., “How To Prepare and Stabilize Very Small
Nanoemulsions,” Langmuir, vol. 27, no. 5, pp. 1683-1692, Jan. 2011, doi:
https://doi.org/10.1021/1a104221q

[48] T. Doi, M. Wang, and D. J. McClements, “Emulsion-based control of flavor
release profiles: Impact of oil droplet characteristics on garlic aroma release
during simulated cooking,” Food Research International, vol. 116, pp. 1-11,
Feb. 2019, doi: https://doi.org/10.1016/j.foodres.2018.12.056

[49] H. Hassanzadeh, M. Alizadeh, R. Hassanzadeh, and B. Ghanbarzadeh,
“Garlic essential oil-based nanoemulsion carrier: Release and stability
kinetics of volatile components,” Food Science & Nutrition, vol. 10, no. 5,
pp. 1613-1625, Apr. 2022, doi: https://doi.org/10.1002/fsn3.2784

[50] U. W. Rachmadi, D. Permatasari, D. Rahma, and H. Rachmawati, “Self-
nanoemulsion containing combination of curcumin and silymarin:
Formulation and characterization,” Research and Development on
Nanotechnology in Indonesia, vol. 2, no. 1, pp. 37-48, 2015

[51] L. Monzote, A. M. Montalvo, S. Almanonni, R. Scull, M. Miranda, and J.
Abreu, “Activity of the Essential Oil from Chenopodium ambrosioides
Grown in Cuba against Leishmania amazonensis,” Chemotherapy, vol. 52,
no. 3, pp. 130-136, Jan. 2006, doi: https://doi.org/10.1159/000092858

[52] J. Rohloff, S. Dragland, R. Mordal, and T.-H. Iversen, “Effect of Harvest
Time and Drying Method on Biomass Production, Essential Oil Yield, and
Quality of Peppermint (Mentha x piperita L.),” Journal of Agricultural and
Food Chemistry, vol. 53, no. 10, pp. 4143-4148, Apr. 2005, doi:
https://doi.org/10.1021/jf047998s

[53] C. Duce, S. Vecchio Ciprioti, A. Spepi, L. Bernazzani, and M. R. Tine,
“Vaporization kinetic study of lavender and sage essential oils,” Journal of
Thermal Analysis and Calorimetry, vol. 130, no. 1, pp. 595-604, Jun. 2017,
doi: https://doi.org/10.1007/s10973-017-6503-1

[54] A. K. Pandey, U. T. Palni, and N. N. Tripathi, “Repellent activity of some
essential oils against two stored product beetles Callosobruchus chinensis L.
and C. maculatus F. (Coleoptera: Bruchidae) with reference to
Chenopodium ambrosioides L. oil for the safety of pigeon pea seeds,”
Journal of Food Science and Technology, vol. 51, no. 12, pp. 4066—4071,
Dec. 2012, doi: https:/doi.org/10.1007/s13197-012-0896-4

[55] S. Lee, C. J. Peterson, and J. R. Coats, “Fumigation toxicity of
monoterpenoids to several stored product insects,” Journal of Stored
Products Research, vol. 39, no. 1, pp. 77-85, Jan. 2003, doi:
https://doi.org/10.1016/s0022-474x(02)00020-6

[56] W. A. Bernardes, E. O. Silva, A. E. M. Crotti, and E. L. L. Baldin,
“Bioactivity of selected plant-derived essential oils against Zabrotes
subfasciatus (Coleoptera: Bruchidae),” Journal of Stored Products Research,
vol. 77, pp. 16-19, Jun. 2018, doi: https://doi.org/10.1016/j.jspr.2018.02.007

[57] A. Denloye, W. A. Makanjuola, O. K. Teslim, O. A. Alafia, A. A. Kasali,
and A. O. Eshilokun, “Toxicity of Chenopodium Ambrosioides L.
(Chenopodiaceae) Products From Nigeria Against Three Storage Insects,”
Journal of Plant Protection Research, vol. 50, no. 3, pp. 379-384, Sep. 2010,
doi: https://doi.org/10.2478/v10045-010-0064-7

6541


https://doi.org/10.1007/s00436-013-3710-y
https://doi.org/10.1080/10942912.2017.1303707
https://doi.org/10.1155/2017/2723418
https://doi.org/10.1111/jvec.12357
https://doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1016/j.jglr.2021.10.002
https://doi.org/10.1201/9781420004045
https://doi.org/10.1007/s11356-018-2068-1
https://doi.org/10.1039/c0sm00549e
https://doi.org/10.4172/pharmaceutical-sciences.1000422
https://doi.org/10.21608/ejabf.2019.35100
https://doi.org/10.1002/ps.2233
https://doi.org/10.1016/j.indcrop.2022.115635
https://doi.org/10.1080/09670874.2022.2036862
https://doi.org/10.1016/j.lwt.2018.10.094
https://doi.org/10.1016/s0001-8686(03)00115-5
https://doi.org/10.1021/la104221q
https://doi.org/10.1016/j.foodres.2018.12.056
https://doi.org/10.1002/fsn3.2784
https://doi.org/10.1159/000092858
https://doi.org/10.1021/jf047998s
https://doi.org/10.1007/s10973-017-6503-1
https://doi.org/10.1007/s13197-012-0896-4
https://doi.org/10.1016/s0022-474x(02)00020-6
https://doi.org/10.1016/j.jspr.2018.02.007
https://doi.org/10.2478/v10045-010-0064-7

