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ABSTRACT 

 

Background: Flies that cause myiasis are considered one of the main ectoparasites affecting 
livestock. This pathology may produce a reduction in body development, compromises animal 
welfare, and in severe cases, can lead to death. Although the control of this pathology relies on the 
use of synthetic insecticides, drug failure has been reported worldwide. Essential oils (EO) are an 
alternative to control infecting flies, with reports showing 100% efficacy. Studies on the chemical 
structure of EO compounds linked to their specific bioactivity can shed light for efficient myiasis 
control. Thus, we need to explore new possibilities of EO, including the identification of their 
chemical composition for the development of an ecofriendly control of myiasis.  

Review Article 
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Aims: The aim of the present article is to provide a detailed review about the Brazilian native and 
adapted plants and their potential biological activity.  
 

 

Keywords: Brazilian plants; biopesticides; Lucilia cuprina; Cochliomyia macellaria; Cochliomyia 
hominivorax. 

 

1. MYIASIS: CLASSIFICATION, CONTROL 
AND ECONOMIC IMPORTANCE  

 

Infections of live tissue by dipterous larvae have 
been described since the first missionaries 
arrived in 1587 in Latin America [1,2]. The 
infestation of living tissues by blowfly larvae is 
considered one of the main ectoparasites 
affecting farm animals, as this pathology exerts a 
reduction in development capacity, generating 
stress, and in severe cases, can lead to the 
animal’s death [3]. Gabriel Soares de Souza 
described one of the first cases of myiasis 
caused by Cochliomyia [1,4], as well as, the first 
reports of the use of natural products in the 
control of this pathology in Brazil. 
 

In Brazil, true flies of the order Diptera from 
Calliphoridae and Cuterebridae families have 
received attention due to human and animal 
infestation, inducing primary, secondary or 
facultative myiasis [5]. Mandatory, or primary 
myiasis are those in which the larvae develop 
exclusively in living tissue, being subdivided 
according to the predilection of the tissue on the 
host. Facultative myiasis, or secondary develop 
in cadavers, necrotic tissues or decomposing 
organic matter, and may occasionally parasitize 
living organisms previously infected [5]. 
Cutaneous furuncular myiasis type, for example, 
is characterized by ulcerative lesions that 
damage subcutaneous tissues in the hosts. 
Dermatobia hominis L. popularly known as "bot 
fly", belongs to the Cuterebrinae subfamily and is 
capable of promoting cutaneous furuncular 
myiasis. It can parasitize humans, domestic and 
wild animals but bovine species is the most 
affected. Its pathology is considered endemic in 
neotropical regions [5,6], and their presence is 
associated with regions that have moderately 
high temperatures during the day and relatively 
cold nights, medium to heavy precipitation, and 
the proximity of dense vegetation [6]. Likewise, 
Lucilia cuprina W. has great medico-sanitary and 
veterinary importance due to the larval forms 
ability to develop in decaying organic matter, and 
optionally parasitize vertebrates [7]. L. cuprina is 
the main cause of primary myiasis in sheep in 
Australia and New Zealand, and is responsible 
for millions of dollars of losses annually to the 
wool and meat industries [8,9]. In Brazil, this 
species is associated to secondary myiasis in 

sheep although primary myiasis has been shown 
to be possible in experimental infection [10]. 
Cochliomyia macellaria F. is another species 
involved in secondary myiasis exacerbating the 
primary myiasis symptoms [4]. Moreover, both 
Cochliomyia and Lucilia genus can be potential 
vectors of various human enteropathogenic 
diseases, and foretic egg vectors of furuncular 
myiasis caused by D. hominis [5]. Economic 
losses caused by diptera live tissue infestation 
was estimated at US$ 383.4 million/year, due to 
D. hominis and US$ 336.6 million/year caused by 
Cochliomyia hominivorax affecting cattle in Brazil 
[11]. Data obtained by the National Union of the 
Animal Health Products Industry showed that 
53.9% of the sector's sales were directed to 
ruminants, and 49% of this figure were the sales 
of parasiticides [12]. In Brazil, avermectins 
represent the most used chemical group in 
ruminants. Nowadays, there is a growing 
concern for food safety and residue detection of 
avermectins in meat and milk products [13]. 
Conventional control of myiasis, currently 
depends almost exclusively on synthetic 
insecticides [6,14]. However, Lopes et al. [15] 
evaluated the efficacy of ivermectin and 
abamectin administered in different routes 
(subcutaneous, intramuscular and pour-on) and 
doses (200 and 500 mcg kg

-1
) against C. 

hominivorax in the scrotal sac of cattle after 
castration. The results evidenced the inefficacy in 
preventing scrotal myiasis in bulls, irrespectively 
of the route of administration and dose used. 
Resistance to various classes of chemical 
insecticides used for L. cuprina control, including 
organochlorines, organophosphates, the 
benzoyl-phenyl urea diflubenzuron and the 
triazine cyromazine have been reported [16,17]. 
Although, the macrocyclic lactone, ivermectin 
and cyanopyrimidine dicyclanil remain effective 
with no resistance yet reported [18]. Some 
studies have clarified the genetic mechanism of 
resistance. Carvalho et al. [20] characterized the 
C. hominivorax genome and identified putative 
genes involved in insecticide resistance. The 
presence of mutations in the 
acetylcholinesterase (target site) and 
carboxylesterase E3 genes was investigated and 
all of the resistant flies presented the E3 
mutation. Resistance to organophosphates is 
another concern of livestock in areas affected by 
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C. hominivorax. Bergamo et al. [20] have 
associated the Gly137Asp and Trp251Leu 
mutations in the active site of carboxylesterase 
E3 to the resistance to diethyl and dimethyl-
organophosphates insecticides. In this sense, 
synthetic insecticides toxicity and the negative 
effects on human health and the environment, 
together with the development of insecticide 
resistance led to a resurgence of interest in 
botanical pesticides [21]. 
 

2. CLINICAL SIGNS OF MYIASIS AND 
ANIMAL WELFARE 

 

Myiasis condition can quickly compromise animal 
welfare. Broom [22] conceptualize animal welfare 
as an individual state, regarding its attempt to 
adapt to the local environment. However, an 
important idea behind the concept of animal 
welfare is to look for an understanding of the 
animal’s life quality from the animal perspective 
and taking appropriate action according to such 
understanding [23]. So, in order to provide a 
good degree of welfare, it is important to 
recognize the animals’ requirements. At the host 
skin surface, the fly eggs hatch after 12 to 24 h, 
the larvae molts (L1 → L2) after another 12–18 h 
and again the second molt (L2 → L3) about 30 h 
later [8]. Hence, they feed for a total of 3 - 4 days 
before leaving the skin, to fall to the soil to 
pupate. Generally, myiasis diagnosis is made 
when the animal already has a secretion and a 
specific odor is produced by the pathology, 
attracting other gravid female, having multiple 
oviposition in the same host [8]. Myiasis 
infections are highly likely to predispose the host 
to further infestation resulting in a rapid clinical 
disease [24]. In this sense, it is worth to note the 
relationship of the pathogeny and animal welfare 
commitment, either directly by pain and 
discomfort caused by infestation or indirectly due 
to mutilating practices, as in the case of mulesing 
in Australia [9,25-26]. Therefore, when detecting 
myiasis, the intervention must be immediate, 
otherwise animal welfare will be severely 
compromised.  
 

3. PROPERTIES OF ESSENTIAL OILS 
(EO) 

 

EO are produced by various aromatic plants and 
can be synthesized by all plant organs (i.e. buds, 
flowers, leaves, stems, twigs, seeds, fruits, roots, 
wood or bark). Secretory and storage activities 
occur in canals, epidermic cells or glandular 
trichomes [27]. The compounds can be isolated 
from the plants by hydrodistillation, steam 
distillation, dry distillation, or cold pressing. They 

may be liquid, volatile, limpid and rarely colored, 
lipid soluble and soluble in organic solvents with 
a generally lower density than water [28]. 
Characterized by a complex mixture of 
phytochemicals, whose constituents belong 
mainly to terpenoids or, to a lesser extent, 
phenylpropanoids, EO are formed by secondary 
metabolites of aromatic plants. Plants secondary 
metabolism is genetically dependent and the 
physiological expression follows on the plant 
interaction with biotic and abiotic factors. The 
production of EO in plants differs not only in 
quantity, but especially in composition, according 
to the type of extraction, climate (temperature, 
photoperiod, humidity), soil composition, plant 
organ, age and vegetative cycle stage, circadian 
rhythm and herbivorous attack [27,29-30]. In this 
sense, agricultural management of aromatic 
plants can also influence the chemical profile of 
EO. The knowledge about specific practices is a 
key factor to achieve a desired compound 
synthesis or the production of EO with an 
adequate composition for biopesticide use. 
Several reports have been made about this topic 
under Brazilian conditions of cultivation. 
Deschamps et al. [31] reported lower amounts 
(p<0,05) of menthol and neomenthol in Mentha x 
piperita L. when fertilized with 40 kg ha

-1
 of urea 

in comparison with the same doses of 
ammonium sulphate. In chamomile cultivation 
Amaral et al. [32] reported a seedling rate of 4 
kg/hec reducing the amount of α-pinene, a 
compound with potential insecticide use. In 
Ocimum basilicum L. (basil), the application of 
elicitors chitosan and methyl jasmonate provided 
an increase of 25 and 48% of methylchavicol, 
respectively [33]. For the same species, 
elicitation with Methyl jasmonate resulted in 
increase of β-caryophyllene, 1,8-cinelole, and 
limonene [34], which are important compounds 
with potential for myiasis control. The period of 
harvest and post-harvest have a great influence 
over the production of volatile compounds in 
aromatic plants. Santos et al. [35] reported 
higher levels of menthol and lower levels of 
menthone in Mentha canadensis L. harvested 60 
days after regrowth when compared to 
harvesting 95 days after planting in Southern 
Brazil. For the Lavandula dentata L. grown in 
southern Brazil, harvest of senescent flowers in 
April resulted in a high level of 1,8-cineol 
whereas camphor levels increased in the pre-
anthesis/anthesis and senescence stages in 
January [36]. Both compounds have been 
reported in compositions for insects control uses 
[37,38]. For Piper hispidinervum C.D.C., drying 
leaves at 40°C for 12 days reduced the amount 
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of EO components, but increased the content of 
safrole [39]. Dabague et al. [40] showed that 
Zingiber officinale Roscoe rhizomes presented 
higher geranial and neral (important as 
insecticides and repellents) levels, after longer 
periods of drying. 
 

4. POTENTIAL USE OF ESSENTIAL OILS 
IN MYIASIS CONTROL  

 
The biodiversity of Brazilian plants and the 
adapted exotic plants have stimulated the 
interest on investigating their chemical 
composition and biological activity, especially 
concerning the possibility of future ecofriendly 
insecticides. Table 1 presents the main individual 
compounds with insecticidal, anti-inflammatory, 
antibacterial and other activities of native and 
exotic plants cultivated in Brazil. Likewise, it also 
shows important compound activities, that could 
be selected as candidates for myiasis control. 
 
Different chemical compounds can be found on 
EO, mostly terpenes, and it is necessary to 
investigate the contribution of the major 
components to better determine their mechanism 
of action [53]. It is well known, for example, that 
the effect of EO from basil and clove act as 
insecticides, and is largely attributed to eugenol 
that works by blocking insects octopamine 
receptors and/or by potentially working through 
the tyramine receptor cascades, similarly to the 
effects of thymol, present in thyme EO [222-224]. 
In Cinnamomum camphora L. Presl the terpene 
linalool was found to be a significant contributor 
to the insecticidal and repellent activities [38]. 
Some studies support that the hydrocarbon 
skeleton, a common structural feature of 
terpenoids, confers hydrophobicity, which is 
associated with protein deactivation and enzyme 
inhibition. Thus, the toxicity of several terpenoids 
such as linalool, camphor, pulegone, 1,8 cineole 
(eucalyptol) is commonly related to their 
reversible competitive inhibition of 
acetylcholinesterase, by occupying the 
hydrophobic site of the enzyme’s active center 
[225,226]. In Piper gaudichaudianum Kunth, a 
common plant used in Brazil, the larvicidal 
activity was attributed to the oxygenated 
sesquiterpene (E)-nerolidol. The activity of this 
compound was associated to the generation of 
reactive oxygen species (ROS) that caused 
oxidative damage in the DNA of cells, promoting 
cytotoxicity [110]. Regarding the EO of some 
plants of Brazil, Simas et al. [227] highlight that 
the larvicidal activities may be attributed mainly 
to the compounds (E)-nerolidol, (E,E)-farnesol, 

eugenol, safrole, antethole and β-pinene. The 
related compound, β-pinene and its enantiomer 
α-pinene, present in EO of several species, are 
largely associated to larvicidal and insecticidal 
activities [46,62,65]. Concerning these 
compounds, it is important to emphasize their 
isolated biological activities as enantioselectivity. 
Evaluating α and β-pinenes from Citrus spp. EO, 
Michaelakis et al. [53] have shown that (−)-β 
enantiomer was the more toxic among pinenes. 
According to Simas et al. [227] the 
enantioselectivity of β-pinene may be related to 
its exocyclic double bond that appeared to be 
more important than the α-pinene endocyclic 
double bond to insecticidal activities. The 
enantioselectivity was also observed on 
menthone, showing higher toxicity for Culex 
pipiens larvae than its enantiomer isomenthone 
[228]. Lima et al. [229] similarly related stronger 
larvicidal of (+)-carvone epoxide when compared 
to (−)-carvone epoxide. These findings draw 
attention to the importance of knowing the EO 
composition and the chemical structure of its 
components, which may be strongly related to 
their biological properties. In general, it is well 
known that the level of lipophilicity of EO plays a 
significant role in larval activity. Simas et al. [227] 
reported that lipophilic sesquiterpenes exhibited 
higher larvicidal activities than monoterpenes. 
Santos et al. [230] also showed that the 
presence of lipophilic groups in the aromatic 
rings, observed in thymol and carvacrol, 
increased its larvicidal potency. Removal of the 
hydroxyl group from carvacrol or thymol 
molecules, resulted in p-cymene, significantly 
(p≤0,05) increase its larvicidal potency. Similarly, 
replacing the ortho hydroxyl group of catechol by 
a lipophilic group, resulting in eugenol, led to 
more than 3.5-fold increase of its larvicidal 
activity in Aedes aegypti L3 larvae [230]. This is 
the reason that makes molecules with the 
presence of hydroxyl in aromatic rings or other 
cyclic structures to have a low toxicity over 
larvae. Hydroxyl group increases compounds’ 
hydrophobicity and consequently reduces their 
capacity of penetration in the larvae cuticle of 
several species [93,230,231]. Another study 
reported that the lipophilicity of the compounds 
with hydroxyl, carbonyl and methoxyl groups 
proved to be less active than molecules lacking 
these structures [227]. Although some 
compounds may have more larvicidal potential 
than others, synergism may also play a role on 
this activity, considering that substances such as 
terpenoids can increase the transmembrane 
absorption of both lipophilic and hydrophilic 
drugs [227,232]. 
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Table 1. Main compounds with insecticidal, anti-inflammatory, antibacterial and other myiasis control related activities 
 
Compounds Biological 

activity/ 
Properties 

Main uses 
(Patents) 

Examples of native, naturalized and/or 
cultivated plants in Brazil that contain 
the compounds in the essential oil 
composition 

Ref. 

β-Pinene Antimicrobial; 
Insecticidal; 
insect repellent 

 

Synergistic pest-control 
compositions; insect pest control 
agent; essential oil compositions for 
killing or repelling ectoparasites 
and pests; antimicrobial 
compositions; gel for topical 
application of clove essential oil 
with broad spectrum anti-
inflammatory action 

Rosmarinus officinalis L.; Citrus spp.; 
Achillea millefolium L.; Melissa officinalis 
L.; Mentha x piperita L.; Artemisia 
absinthium L.; Salvia officinalis L.; 
Tanacetum vulgare L; Laurus nobilis L; 
Eucalyptus camaldulensis Dehn.; 

Eucalyptus grandis Hill ex Maiden.; 
Zingiber officinale Roscoe; 

Schinus terebinthifolius Raddi.; Origanum 
vulgare L.; Nectandra angustifolia 
(Schrad.) Nees; Cyperus rotundus L.; 
Myrrhinium atropurpureum Schott. 

[41-64]  

α-Pinene Antimicrobial; 
insecticidal; 
insect repellent 

 

 

Insecticidal compositions; 
synergistic pest-control 
compositions; pesticidal 
compositions; gel for topical 
application of clove essential oil 
with broad spectrum anti-
inflammatory action; antimicrobial 
compositions 

Schinus terebinthifolius Raddi; 
Rosmarinus officinalis L.; Varronia 
curassavica Jacq.; Calendula officinalis L.; 
Citrus sinensis L.; Eucalyptus globulus 
Labill.; Origanum vulgare L.; Achillea 
millefolium L.; Foeniculum vulgare Mill.; 
Nectandra angustifolia (Schrad.) Nees; 
Salvia officinalis L.; Cyperus rotundus L.; 
Daucus carota L. Eucalyptus 
camaldulensis Dehn.; Tanacetum vulgare 
L.; Laurus nobilis L.; Eucalyptus grandis 
Hill ex Maiden.; Myrrhinium atropurpureum 
Schott.; Plectranthus barbatus Andr. 

[41-43, 

45,48-51,57, 60-62, 65-80] 

Limonene Antibacterial; 
anti-inflammatory; 
insecticidal; 
insect repellent; 

Pesticidal compositions; synergistic 
pest-control compositions; long-
lasting insect repellant, pesticide 
and antifeedant compositions; pest 

Citrus limon Burm. f.; Citrus bergamia 
Risso; Citrus aurantium L.; Citrus sinensis 
(L.) Osbeck 

 Mentha spicata (Linn.); Eucalyptus 

[43,54, 

66,72,81-102] 
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Compounds Biological 
activity/ 
Properties 

Main uses 
(Patents) 

Examples of native, naturalized and/or 
cultivated plants in Brazil that contain 
the compounds in the essential oil 
composition 

Ref. 

anti-oxidant control using natural pest control 
agent blends; antimicrobial and 
antiviral compositions 

globulus Labill.; Nasturtium officinale R. 
Br.; Lippia alba (Mill.) N. E. Br.; Tagetes 
patula L.; Conyza bonariensis L.; Valeriana 
officinalis L.; Ocimum basilicum. L.; 
Lantana camara L.; Mentha viridis L.; 
Mentha x piperita L. 

 

Nerolidol 
 

Anti-inflamatory; 
antibacterial; anti-
oxidant; 
insecticidal; 
insect repellent 

Pesticidal compositions; repellent 
compositions for insects and other 
arthropods; insecticidal compounds 

Zornia brasiliensis Vogel; Baccharis 
dracunculifolia DC; Piper 
gaudichaudianum Kunth. 
 

[43,103-112] 

β-
caryophyllene 
 

Anti-
inflammatory; 
insect repellent 
 
 

Methods for repelling insects using 
sesquiterpene hydrocarbons and 
their derivatives; Composition for 
treating pain and/or inflammation 
comprising eugenol and beta-
caryophyllene 

Spiranthera odoratissima A. St. Hil; 
Origanum vulgare L.; Artemisia annua L.; 
Rosmarinus officinalis L.; Varronia 
curassavica Jacq.; Eugenia caryophyllata 
Thunb.; Curcuma longa L.; Lantana 
camara L.; Mentha x piperita L.; 
Plectranthus barbatus Andr. 
 

[54,65, 
97,113-123] 

α-
Phellandrene 

Insecticidal 
  

Synergistic pest-control 
compositions; pesticidal 
compositions; compositions for 
controlling insects; anti-microbial 
compositions 

Schinus terebinthifolius Raddi; Foeniculum 
vulgare Mill.; Lantana camara L.; Thymus 
vulgaris L.; Curcuma longa L.; Moringa 
oleifera Lam.; Zingiber officinale Roscoe. 
 

[77,102,124,125,127-132,137-149] 

1,8-Cineole 
(eucalyptol) 

Insecticidal; anti-
inflammatory; 
anti-oxidant; 
antimicrobial; 
insect repellent 
 

Combination of biological 
pesticides; natural pesticides 
composition; insect repellent 
compositions; botanical 
insecticides; antioxidant 
compositions for treatment of 
inflammation or oxidative damage; 

Rosmarinus officinalis L.; Salvia officinalis 
L.; Eucalyptus spp.; Thymus vulgaris L.; 
Origanum vulgare L.; Laurus nobilis L.; 
Lippia sidoides Cham.; Ocimum basilicum. 
L.; Lippia alba (Mill.) N. E. Br.; Callistemon 
lanceolatus (Sm.); Ocimum selloi Benth.; 
Lantana camara L.; Myrrhinium 

[37,48, 
51,52, 
54,55, 90,97, 
101,117,134-154] 
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Compounds Biological 
activity/ 
Properties 

Main uses 
(Patents) 

Examples of native, naturalized and/or 
cultivated plants in Brazil that contain 
the compounds in the essential oil 
composition 

Ref. 

topical anti-inflammatory 
compositions; volatile organic 
compound formulations having 
antimicrobial activity 

atropurpureum Schott.; Artemisia annua 
L.; Zingiber officinale Roscoe; Ocimum 
gratissimum L.; Mentha spicata L.; Mentha 
suaveolens Ehrh.; Mentha viridis L.; 
Mentha longifólia (L.) Huds.; Mentha x 
piperita L.; Artemisia absinthium L.; 
Tanacetum vulgare L; Melaleuca 
alternifolia Cheel. 

Dillapiole Anti-
inflammatory; 
insecticidal 

Insecticidal composition Piper gaudichaudianum Kunth; Ocimum 
basilicum L.; Piper aduncum L. 

[155-159] 
 

Thymol insecticidal; 
anti-inflammatory; 
antimicrobial; 
anti-oxidant 
 

Pesticidal compositions; agricultural 
pesticide compositions; insect 
repellent compositions; natural 
insecticide compositions; 
antimicrobial compositions 
comprising essential oil 
combinations; antimicrobial 
compositions; antioxidant 
compositions for treatment of 
inflammation or oxidative damage 

Thymus vulgaris L.; Origanum vulgare L.; 
Ocimum gratissimum L.; Mentha viridis L.; 
Origanum majorana L.; Rosmarinus 
officinalis L.; Lippia sidoides Cham. 
 

[101,115,133,134,160-174] 
 
 

 Carvacrol  
 
 

Insecticidal; 
antimicrobial; 
anti-inflammatory; 
anti-oxidant 

Pesticidal compositions; repellent 
compositions for insects and other 
arthropods; natural insecticide 
composition; topical anti-
inflammatory compositions; 
Antimicrobial compositions 

Origanum vulgare L.; Urtica dioica L.; 
Thymus vulgaris L.; Laurus nobilis L.; 
Lippia sidoides Cham. 
 

[103,115,140,146,160,162,165,169-
173,175-179] 
 
 

 Eugenol Insecticidal; 
insect repellent; 
antimicrobial; 
anti-inflammatory; 

Pesticidal compositions; insect 
repellent compositions; 
antimicrobial compositions 
comprising essential oil 

Ocimum basilicum L.; Ocimum selloi 
Benth.; Ocimum gratissimum L.; 
Cinnamomum spp.; Plectranthus barbatus 
Andr.; Syzygium aromaticum (L.) Merr. & 

[64,106, 
134,151,163,164,171,175, 178,180-
189] 
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Compounds Biological 
activity/ 
Properties 

Main uses 
(Patents) 

Examples of native, naturalized and/or 
cultivated plants in Brazil that contain 
the compounds in the essential oil 
composition 

Ref. 

anti-oxidant 
 

combinations; antimicrobial 
compositions; analgesic and anti-
inflammatory compositions 

L. M. Perry; Pogostemon cablin Benth; 
Piper divaricatum G. Mey. 
 

 

Camphor Insecticidal; anti-
inflammatory; 
antibacterial 
 

Pesticidal compositions; repellent 
compositions for insects and other 
arthropods; insecticidal 
compounds; antimicrobial 
compositions; treatment of 
inflammatory disorders in non-
human mammals 

Cinnamomum camphora L.; Salvia 
officinalis L.; Artemisia annua L.; Mentha 
viridis L.; Rosmarinus officinalis L.; 
Lavandula × intermedia Emeric ex 
Loiseleur 

[38,101, 
103,116,142,143,175,190-196] 

Citronellal 
 
 

Insect repellent; 
anti-oxidant; anti-
inflammatory 

Natural pesticide compositions; 
formulations containing insect 
repellent compounds; insect pest 
control agent; antimicrobial 
compositions 

Eucalyptus citriodora Hook; Cymbopogon 
nardus L.; Cymbopogon winterianus 
Jowitt; Melissa officinalis L. 

[44,137, 
163,181,197-203] 
 
 

Citral 
(Geranial + 
Neral) 
 

Insect repellent; 
insecticidal; anti-
oxidant; 
antimicrobial; 
anti-inflammatory 
 

Pesticidal compositions; insect 
repellent compositions; insect pest 
control agent; antimicrobial 
compositions 

Lippia alba (Mill.) N. E. Br.; Callistemon 
lanceolatus (Sm.); Zingiber officinale 
Roscoe; Melissa officinalis L.; Ocimum 
basilicum L.; Cymbopogon flexuosus 
Stapf.; Citrus sinensis (L.) OSBECK; 
Cymbopogon citratus (DC); Elionurus 
muticus (Spreng.) Kuntze. 

[42,44, 
108,133,148,150,181,202,204-211] 
 
 

Terpinen-4-ol Insect repellent; 
insecticidal; anti-
inflammatory 

Pesticidal compositions; insect and 
disease control; essential oil 
compositions for killing or repelling 
ectoparasites and pests; 
antimicrobial compositions; inhibitor 
of inflammatory conditions 

Curcuma zedoaria (Berg.) Roscoe; 
Melaleuca alternifolia Cheel; Origanum 
majorana L.; Thymus vulgaris L.; 
Origanum vulgare L. 
 

[55,64,65,123,126,153,174,212-218] 
 
 

Carvone Insect repellent Insecticidal compositions Mentha viridis L.; Urtica dioica L.; Lippia 
alba (Mill.)N. E. Br.; 

[101,177,208,219-221] 
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Table 2. Plant, part used and major constituents of essential oil EO considered active against dipteran muscoids 
 
Plant Part used Major constituents of 

Essential oil 
Target organism Insect 

stage 
Application LC 50 (unit) Ref. 

Pogostemon cablin Leaves 
 

Patchouli alcohol (42.70%), α -
Bulnesene (16.20%) 

Musca domestica A Topical 
application 

3μg/fly [235] 

Mentha pulegium Leaves Pulegone (83.3%), Piperitenone 
(8.6%) 

Musca domestica A Fumigation 4.7 μg/cm
2
 [235] 

Origanum compactum Herb Carvacrol (58.3%), Thymol 
(12.6%) 

Musca domestica A Topical 
application 

13 
μg/fly 

[235] 

Trigonella foenum-
graecum 

NAA NAA Lucilia sericata TIL Ingestion 
assays 

2.81% [236] 

Apium 
graveolens 

NAA NAA Lucilia sericata TIL Ingestion 
assays 

4.60% [236] 

Raphanus sativus NAA NAA Lucilia sericata TIL Ingestion 
assays 

6.93% [236] 

Brassica compestris NAA NAA Lucilia sericata TIL Ingestion 
assays 

7.92% [236] 

Minthostachys verticillata Leaves (R)(+)-pulegone 
(69.70%), menthone (12.17%) 

Musca domestica A Fumigation 0.5 mg/dm3 [237] 

Hedeoma multiflora Leaves (R)(+)-pulegone (52.80%), 
Menthone (24.33%) 

Musca domestica A 
 

Fumigation 1.3 mg/dm
3
 [237] 

Artemisia annua Leaves Artemisia ketone (22.36%), 1,8-
cineole 
(16.67%) 

Musca domestica A Fumigation 6.5 mg/dm
3
 [237] 

Citrus sinensis Fruit peel Linalool (63.53%), δ-Terpinene 
(6.55%) 

Musca domestica A Fumigation 3.9 mg/dm
3
 [238] 

Citrus aurantium Fruit peel Limonene (94.07%),  Musca domestica A Fumigation 4.8 mg/dm
3
 [238] 

Eucalyptus ocinerea Leaves 1,8-Cineol (56.86%), α-Pinene 
(6.42%) 

Musca domestica A Fumigation 5.5 mg/dm
3
 [238] 

Eucalyptus globulus NAA 1,8-cineole (33.6%),  
α-pinene (14.2%) 

Musca domestica SIL Contact 0.60 µl/cm2 [72] 

Melaleuca 
alternifolia 

NAA 
 

Terpinen-4-ol (43.0%), λ-
Terpinene (20.9%) 

Lucilia cuprina SIL and 
TIL 

Feeding assays 2.5% [213] 

Minthostachys verticillata Leaves (4R)(+)-pulegone (67.5%), Musca domestica A Fumigant assay 0.5 mg/dm
3
 [239] 
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Plant Part used Major constituents of 
Essential oil 

Target organism Insect 
stage 

Application LC 50 (unit) Ref. 

menthone 
(22.3%) 

Mentha piperita Leaves NAA Musca 
domestica 

TIL Immersion 104 ppm [240] 

Citrus sinensis Fruit peel (4R)(+)-limonene (95.1%) Musca domestica A Fumigant assay 3.9 mg/dm
3
 [241] 

Mentha piperita NAA NAA Musca domestica SIL Contact 2.5% [242] 
Melaleuca alternifolia Aerial 

parts 
4-terpineol, (35.10%), ϒ-
terpinene (17.40%) 

Ceratitis capitata TIL Contact 0.117 
μL oil/cm2 

[243] 

Cucurbita maxima NAA NAA Cephalopina 
titillator 

TIL  Immersion 0.48% [244] 

Eucalyptus cinerea Leaves 1,8-cineole (88.5%), alfa- 
terpineol (9%) 

Musca domestica A Fumigant assay 5.5 mg/dm
3
 [245] 

Cymbopogon citratus Leaves E – citral (53.2), Z – citral 
(36.37%) 

Musca domestica FIL Feeding assays 4.25% [246] 

Cymbopogon citratus Leaves NAA Chrysomya 
putoria 

FILA Feeding assays 85.48% [247] 

NAA NAA Menthone Musca 
domestica 

SIL Contact 0.023 
μL oil/cm2 

[248] 

Commiphora molmol NAA NAA Lucilia sericata TIL Feeding assays 6.55 mg/ml [249] 
Tagetes minuta Aerial 

parts 
Dihydrotagetone (67.64%), 
Trans-beta-ocimene (16.23%) 

Cochliomyia 
macellaria 

TIL Contact 0.58μL oil/cm
2
 [250] 

Baccharis dracunculifolia Aerial 
parts 

β-pinene (9.94%), D-limonene 
(9.59%), β-nerolidol (7.93%), 
caryophyllene (7.69%), 
spathulenol (6.69) 

Cochliomyia 
macellaria 

TIL Contact 2.47 μL 
oil/cm

2
 

[251] 

Piper gaudichaudianum Leaves germacrene B (21.5%), δ-
cadinene (9.3%), γ-elemene 
(6.1%), (Z)-cariophyllene 
(5.2%), α-copaene (4.3%), (E)-
cariophyllene (3.7%) 

Lucilia cuprina TIL Contact 2.19 μL 
oil/cm

2
 

[252] 

Note: NAA; Not assessed in article; A: Adult; TIL: Third instar larvae (L3); SIL: Second instar larvae (L2); FIL: First instar larvae (L1); FILA: First instar larvae to adult.
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5. USE OF ESSENTIAL OILS AS 
BIOPESTICIDES AGAINST FLIES 
CAUSING MYIASIS  

 
The research and use of EO in the control of 
veterinary ectoparasites have increased 
considerably (Table 2) due to their popularity with 
organic farmers and environmentally sensible 
consumers [21,233]. Since the 80s, EO were 
categorized as botanical pesticides and research 
investigation of their constituents, different 
biological activities and insect control potential 
have been growing considerably [234]. 
 
Compounds from EO can exert their activities on 
insects through neurotoxic effects involving 
several mechanisms notably through inhibition of 
P450, GABA receptors, inhibition of 
acetylcholinesterase (AchE) and modulation of 
octopaminergic system [21,224]. Furthermore, 
some studies have demonstrated that mixtures of 
different isolated compound may have 
synergistic actions [232,253,254]. Mechanisms 
causing synergistic interaction were suggested 
by Wagner and Ulrich-Merzenich [255] as: (1) 
having multi-target effects; (2) bioavailability 
effects based on solubility and absorption rate; 
(3) interactions of components with resistance 
mechanisms; an (4) respective elimination of 
adverse effects [254,255]. Bassolé and Juliani 
[256] related that phenolic monoterpenes like 
thymol and carvacrol, and phenylpropanoids 
such as eugenol, have a tendency to enhance 
the activity of other natural substances when 
used in mixtures. In this sense, the use of 
synergistic combinations may reduce the 
concentration of each isolated substance, 
increasing its biological activity against the target 
organism and possibly contributing for future 
standardization of biopesticides [254,257]. 
Sustainable use of certain spontaneous species 
considered weeds may also be an interesting 
possibility. Cyperus rotundus (Cyperaceae), for 
example is a cosmopolitan herb belonging to the 
Cyperaceae family. C. rotundus is encountered in 
tropical, subtropical and temperate regions and 
presents constituents with insecticide activity 
such as α-pinene, 1,8 cineole and carvone [258]. 
Lantana camara (Verbenaceae) is another 
example of a native and aromatic plant of tropical 
America with spontaneous growth, and 
ornamental use. When ingested in large 
amounts, it causes intoxication in livestock and 
may induce hepatotoxic photosensitization [259]. 
EO of L. camara presents β-caryophyllene, 1,8 
cineole, α-phellandrene, α-pinene and limonene, 
with potential for myiasis control [260,261]. 

Therefore, the use of these plants can be a 
viable and integrated alternative; i.e, it is possible 
to remove the weed from the field, avoid animals’ 
intoxication and take advantage of its insecticide 
activity. 
 

6. FUTURE CHALLENGES AND RE-
SEARCH PRIORITIES 

 

Different forms of application of EO (contact, 
immersion, fumigation, ingestion) and different 
insect phases (adult, first, second and third stage 
larvae) have been investigated in recent years 
(Table 2). However, it is important to note that 
several authors evidence that mature larvae 
represent the greatest resistance phase of the 
myiasis fly [213,249-252,262]. Therefore, the 
biological assays testing insecticidal activity 
against myiasis flies should be directed mainly to 
the parasitic phase of higher resistance, so as to 
the approach in field conditions. Aiming to 
produce quality raw material for biopesticides, 
the standardization of cultivation practices is one 
of the most important factors to be observed, as 
significant changes in the chemical profile can 
occur. Adequate fertilization, plant spacing, 
harvesting times, drying and extraction methods 
are some of the main factors that also deserve 
attention. It is necessary to study the best 
practices in order to produce high vegetative 
growth, high EO yields, with reasonable contents 
of the compounds of interest. Some challenges 
must be considered in order to move towards 
ecofriendly insecticide products: 
 

1.  Test the use of new technologies such as 
nanoemulsion and microencapsulation 
formulations;  

2.  Determine the proper EO carriers to 
improve bioavailability;  

3.  Work with EO standardization (major 
compounds, dosages);  

4.  Determine toxicity levels in non-target 
organisms;  

5.  Evaluate the antioxidant and cytotoxicity 
activity in mammalian host cells;  

6.  Determine sub-lethal doses responsible for 
residual effects;  

7.  Determine in vivo evaluations in field 
conditions.  

 

7. CONCLUDING REMARKS AND 
FUTURE PERSPECTIVES 

 

Considering that differences in plant secondary 
metabolism are a function of genetic factors and 
environmental conditions, the more applied 
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research in this area, the closer we will get from 
finding optimal conditions to develop the correct 
product. Further studies concerning the activity of 
EO candidates, as biopesticides in myiasis 
control, are still needed that should focus on the 
sub-lethal concentration effects on fly 
reproduction and longevity. Another area of great 
promise is the information on the mechanism of 
action with research of morphological biomarkers 
of structure damage assessment for investigate 
intoxication of target cells, enzymatic biomarkers 
as well as synergistic interactions between 
individual compounds. These data would support 
the use on blend compounds, not only increasing 
insecticide activity but reducing the products’ 
volume. 
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