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Abstract 

The horn fly (Haematobia irritans) infestation in the cattle in Brazil leads to significant economic damage 

for livestock. The efficacy of many essential oils has been demonstrated in the control of veterinary 

ectoparasites. This study aimed to evaluate the in vitro efficacy of four essential oils to adult horn fly control. 

The essential oil from Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae) was extracted by hydro-

distillation, while that the water steam distillation method was used to extract the essential oils from 

Varronia curassavica (Jacq.) Roem. & Schult. (Boraginaceae), Alpinia zerumbet (Pers.) B.L. Burtt & R.M. 

Sm. (Zingiberaceae) and Psidium guajava L. (Myrtaceae). Afterwards, all the essential oils were analyzed by 

Gas Chromatography Mass Spectrometry (GC-MS) and Flame Ionization Detector (GC-FID) for 

determination of their chemical composition. The bioassays in vitro were performed according to the 

impregnated filter paper methodology. All the essential oils evaluated in this study exhibited efficacy in vitro 

against H. irritans. The highest mortality of H. irritans was determined by essential oils from A. zerumbet 

(100%) and M. suaveolens (96.2%) at 50 mg mL-1. In concentration of 100 mg mL-1 V. curassavica and P. 

guajava essential oils caused the mortality of 99.2% and 82.8%, respectively. The A. zerumbet, M. 

suaveolens, V. curassavica and P. guajava essential oils showed in vitro efficacy against H. irritans. Further 

studies with associations and nanoemulsions are necessary to increase the efficacy and stability of these 

essential oils on field conditions. 

Keywords: control; insecticidal; plants. 

 

Resumo 

A infestação pela mosca-dos-chifres (Haematobia irritans) em bovinos no Brasil leva a prejuízos 

econômicos significativos para a pecuária. A eficácia de muitos óleos essenciais foi demonstrada no controle 

de ectoparasitas de interesse veterinário. O objetivo deste estudo foi avaliar a eficácia in vitro de quatro óleos 

essenciais no controle da mosca-dos-chifres. O óleo essencial de Mesosphaerum suaveolens (L.) Kuntze 

(Lamiaceae) foi extraído por hidrodestilação, enquanto o método de destilação a vapor de água foi usado 

para extrair os óleos essenciais de Varronia curassavica (Jacq.) Roem & Schult. (Boraginaceae), Alpinia 

zerumbet (Pers.) B.L. Burtt & R.M. Sm. (Zingiberaceae) e Psidium guajava L. (Myrtaceae). Em seguida, 

todos os óleos essenciais foram analisados por Espectrometria de Massa por Cromatografia Gasosa (CG-EM) 

e Detector de Ionização de Chama (CG-DIC) para determinação da sua composição química. Os bioensaios 

in vitro foram realizados de acordo com a metodologia do papel de filtro impregnado. Todos os óleos 

essenciais avaliados neste estudo exibiram eficácia in vitro contra H. irritans. A mais elevada mortalidade de 

H. irritans foi determinada pelos óleos essenciais de A. zerumbet (100%) e M. suaveolens (96.2%) a 50 mg 

mL-1. Na concentração de 100 mg mL-1os óleos essenciais de V. curassavicae P. guajava causaram a 
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mortalidade de 99,2% e 82,8%, respectivamente. Os óleos essenciais de A. zerumbet, M. suaveolens, V. 

curassavica e P. guajava mostraram eficácia in vitro contra H. irritans. Mais estudos com associações e 

nanoemulsões são necessários para aumentar a eficácia e estabilidade destes óleos essenciais frente às 

condições de campo. 

Palavras-chave: controle; inseticidas; planta. 

 

Introduction 

The horn fly (Haematobia irritans) 

infestation in Brazilian cattle herd leads to 

significant economic damage for livestock, mainly 

due to the loss on average 10% of the life weight 

of the animals. The importance of this parasite in 

livestock production is due to the high level of 

stress related to multiple bites, decreased appetite, 

anemia and change in the quality of the leather of 

cattle, in addition of transmission of disease to the 

animals (Bianchin et al., 2004; Muñoz and 

Serrano, 2007). The development and 

maintenance of ectoparasites occur throughout the 

year in most areas of the country because climatic 

conditions are generally favorable (Costa et al., 

2014).  

Chemical control of horn fly has been 

pointed out as an essential part of the livestock 

management, but the farmer lacks guidance in 

choosing the insecticide used as treatment (Barros 

et al., 2007; Costa et al., 2016). Besides damaging 

the environmental the indiscriminate use of 

insecticides, increases production costs and leas to 

the accumulation of residues in meat and milk 

(Rübensam et al., 2013). This fact has contributed 

to the selection of population resistant of this 

parasite to the products available on the market 

(Maciel et al., 2015). This gradual increase of the 

difficulty of control of this parasite will tend to 

increase the population levels of horn fly 

(Bianchin et al., 2004).  

Pesticides used in the control of parasites in 

farm animals are potentially toxic to humans. The 

grace period for these products is sometimes not 

to respected, leaving residues in the meat and milk 

of these animals (Rothwell et al., 2001; Nero et 

al., 2007). Dairy cattle can accumulate such 

residues in milk from direct (ectoparasite 

treatment) or indirect (animal feed and water) 

contamination (Pagliuca et al., 2006). Milk 

samples contaminated with pesticide residues 

have been detected in several regions of Brazil, 

which is a risk to consumer health (Nero et al., 

2007). Although not approved for use in lactating 

cows, some chemicals products have been used 

indiscriminately in Brazil, since the control of 

these residues in the country is still incipient 

(Castro et al., 2012). In this context, it is 

important seek alternatives of natural origin to 

control bovine ectoparasites, as a way to ensure 

the sustainable production of health foods. 

 It has been well documented that a wide 

variety of active ingredients of plant origin are 

naturally available for use in parasite control 

(Chagas, 2004). The efficacy of many essential 

oils in the control of veterinary ectoparasites has 

been demonstrated (Ellse and Wall, 2014). The 

essential oil of Mesosphaerum suaveolens (L.) 

Kuntze and Varronia curassavica (Jacq.) Roem. 

& Schult., native species and Alpinia zerumbet 

(Pers.) B.L. Burtt & R.M. Sm. and Psidium 

guajava L., adapted and widely cultivated in 

Brazil, showed efficacy against larvae and 

engorged females of Rhipicephalus microplus 

(Castro et al., 2018; Castro et al., 2019). 

Considering the potential of these species, this 

study aimed to evaluate the in vitro efficacy of M. 

suaveolens, V. curassavica, A. zerumbet and P. 

guajava essential oils to the horn fly control. 

 

Material and Methods 

 

Plant material 

M. suaveolens (Lamiaceae), V. curassavica 

(Boraginaceae), A. zerumbet (Zingiberaceae) and 

P. guajava (Myrtaceae) are species known, 

respectively, as “bamburral”, “erva-baleeira”, 

“colônia” and “goiabeira”. M. suaveolens was 

harvested in July 2013 at the Embrapa Meio-

Norte (3°05’24.0”S, 41°46’12.5”W), while that V. 

curassavica (03°01’41”S, 41°44’56”W) and A. 

zerumbet (03°01’27.5”S, 41°44’53.5”W) were 

collected at Fazenda Tabuleiros II of the Anidro 

do Brasil Extrações S.A., respectively in June 

2012 and July 2011. P. guajava was harvested 

from farms at Tabuleiros Litorâneos (03°01’18”S, 

41°46’92”W) in June 2012. All the species were 

collected in the municipality of Parnaíba, Piauí 

state, Brazil. Voucher specimens were deposited 

in the Herbarium (CEN) of the Embrapa Recursos 

Genéticos e Biotecnologia, under registration 

numbers 81.097 (M. suaveolens), 81.102 (V. 
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curassavica), 81.103 (A. zerumbet) and 81.100 (P. 

guajava). 

The essential oils were extracted at the 

Embrapa Meio-Norte, in Parnaíba, Piauí, from the 

aerial parts of M. suaveolens by hydro-distillation 

using a Clevenger apparatus. Nearly 2 kg of fresh 

plant was mixed with 3 L of water and boiled for 

3 h. A water steam distillation method was used to 

extract the essential oil from the leaves of A. 

zerumbet, V. curassavica and P. guajava. The 

essential oils obtained were stored at 4 °C in a 

freezer.  An aliquot of each sample was tested and 

analyzed two months after the collect, in at the 

Embrapa Agroindústria Tropical, in Fortaleza, 

Ceará, by Gas Chromatography Mass 

Spectrometry (GC-MS) and Flame Ionization 

Detector (GC-FID) for determination of their 

chemical composition (Castro et al., 2016). 

 

Essential oil analysis  

The GC–MS analyses were carried out on 

an Agilent 7890B-GC/5977A-MS instrument 

equipped with a nonpolar VF-5MS fused silica 

capillary column (30 m × 0.25 mm ID, 0.25 μm 

film thickness) utilizing a split ratio of 1:30 and 

helium at 1.5 mL min-1 as the carrier gas. The 

injector temperature and detector temperature 

were set at 250 °C. The oven temperature was 

raised from 70 to 180 °C at 4 °C min-1 and 

afterwards to 250 °C at 10 °C min-1. Mass spectra 

were recorded in a range of mass-to-charge ratio 

(m/z) between 30 and 450. GC-FID analyses were 

performed on a Shimadzu GC-2010 Plus 

chromatograph in the same aforementioned 

chromatographic conditions except for the carrier 

gas (hydrogen). The retention indices were 

determined by the injection of a mixture of C7-

C30 homologous n-alkanes (Sigma, St. Louis, 

MO). The identification of the volatile compounds 

was achieved through the comparison of the mass 

spectra recorded with those provided by the 

spectrometer database (NIST 02–287,324 

compounds) along with the retention indices and 

mass spectra of the literature (Adams, 2007; 

NIST, 2011). The relative content of each 

constituent was quantified as the normalized peak 

area detected in the GC-FID chromatogram and 

expressed as a percentage. 

The chemical composition of the essential 

oils from A. zerumbet (Castro et al., 2016), M. 

suaveolens (Castro et al., 2018) and V. 

curassavica and P. guajava (Castro et al., 2019) 

were previously determined. Twenty-one and 

twenty-three components were identified in the 

essential oils from A. zerumbet and M. suaveolens, 

respectively, while those thirty-three and thirty 

components were identified, respectively, in the 

V. curassavica and P. guajava essential oils. The 

most abundant components found in the essential 

oils were: 1,8-cineole (35.8%) and sabinene 

(19.6%) in M. suaveolens; p-cymene (32.7%), 

1,8-cineole (24.0%) and terpinen-4-ol (20.2%) in 

A. zerumbet; α-pinene (49.0%) and the β-

caryophyllene (12.4%) in V. curassavica and β-

caryophyllene (38.9%), β-selinene (9.7%) and α-

selinene (9.7%) in P. guajava. 

 

Bioassay of impregnated filter paper 

For each essential oil, solutions were 

prepared at concentrations of 6.2, 12.5, 25.0, 50.0 

and 100.0 mg/mL. The negative controls consisted 

of the solvents used in the essential oil dilutions, 

which were 50% ethanol and 3% Tween 80. All 

tests were replicated three times. 

The bioassays in vitro were carried out at 

the Unidade de Execução de Pesquisa de Parnaíba 

da Embrapa Meio-Norte, according to the 

impregnated filter paper methodology proposed 

by Sheppard and Hinkle (1987) and adapted by 

Barros et al. (2002), in November, in the year 

respective in which each plant was collected. 

Filter paper discs with 9 cm of diameter were 

impregnated with 1 mL of solutions of the 

essential oils diluted in 50% ethanol and 3% 

tween 80. After drying the paper filter at room 

temperature, these were placed in disposable Petri 

dishes for mounting of the kits. Each dishes 

contained a single hole (about Ø1 cm) made at the 

center of the bottom (facing up) to permit fly 

loading.  

Adult flies were captured in the morning 

with hand nets on naturally infested Nellore x 

Holstein cattle (no use of insecticides for three 

months) and transferred to the kits. About 90 flies 

were distributed in three petri dishes per 

concentration, which were sent to the laboratory 

of Parasitology of the Embrapa Meio-Norte. 

Mortality was assessed immediately after dishes 

were loaded, to check for any early mortality 

caused by fly manipulation, and after 2 h of 

exposure to the treatment. Flies unable to walk 

were considered dead. 

Mortality data were corrected by Abbott’s 

formula (Abbott, 1925) when necessary and 

analyzed by POLO-PC (LeOra, 1987) with fly 
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mortality at the control dishes higher than 10% 

were excluded.  

 

Results and Discussion 

All the essential oils evaluated in this study 

exhibited efficacy in vitro against the adult horn 

fly (Table 1). The highest mortality of H. irritans 

was determined by essential oil from A. zerumbet 

(100%), followed by M. suaveolens essential oil 

(96.2%) at 50 mg mL-1. In the concentration of 

100 mg mL-1, these essential oils caused 100% of 

mortality to H. irritans, while that those from V. 

curassavica and P. guajava caused the mortality 

of 99.2% and 82.8%, respectively.  

 

Table 1. In vitro activity of Alpinia zerumbet, 

Mesosphaerum suaveolens, Varronia curassavica, 

Psidium guajava essential oils on adult fly of 

Haematobia irritans.  

Treatment 
Concentration 

(mg mL-1) 
Mortality (%) 

Negative control - 0.6 ± 1.1b,C 

Alpinia zerumbet 6.2 0.0 ± 0.0b,C 

 12.5 1.7 ± 2.9b,C 

 25.0 92.4 ± 7.7ª,A,B 

 50.0 100.0 ± 0.0a,A 

 100.0 100.0 ± 0.0a,A 

Mesosphaerum 

suaveolens 

6.2 0.0 ± 0.0b,C 

 12.5 1.3 ± 2.2b,C 

 25.0 15.9 ± 5.7b,C 

 50.0 96.2 ± 3.8a,A 

 100.0 100.0 ± 0.0a,A 

Varronia 

curassavica 

6.2 0.0 ± 0.0b,C 

 12.5 0.0 ± 0.0b.C 

 25.0 1.6 ± 1.4b,C 

 50.0 7.3 ± 3.5b,C 

 100.0 99.2 ± 1.4a,A 

Psidium guajava 6.2 0.8 ± 1.4b,C 

 12.5 0.0 ± 0.0b,C 

 25.0 6.2 ± 5.8b,C 

 50.0 11.3 ± 7.4b,C 

 100.0 82.8 ± 19.3a,B 
Values represent average ± standard deviation. Negative 

control (ultrapure water and 50% ethanol + 1% tween 80). 

Different lowercase letters represent a difference statistically 

significant (p ≤ 0.05) among concentrations of the same oil. 

Different capital letters represent a difference statistically 

significant (p ≤ 0.05) among all concentrations tested. 

 

Four plant species were selected for this 

study because their essential oils were effective 

against the ectoparasite Rhipicephalus microplus 

(Castro et al., 2016; Castro et al., 2018; Castro et 

al., 2019). This is the first study describing the in 

vitro efficacy of A. zerumbet, M. suaveolens, V. 

curassavica and Psidium guajava essential oils on 

adult horn fly (H. irritans), a sanitary problem of 

great importance for Brazilian livestock (Bianchin 

et al., 2004; Muñoz and Serrano, 2007). Although 

the results have been promising, there was a 

significant (p≤0.05) drop in mortality of H. 

irritans, when they were treated with the essential 

oils in the concentrations of 12.5 mg mL-1 (A. 

zerumbet), 25.0 mg mL-1 (M. suaveolens) and 50 

mg mL-1 (V. curassavica and P. guajava). 

A. zerumbet, whose essential oil was the 

most efficient against H. irritans, belongs to the 

family Zingiberaceae, as well as Curcuma longa 

(L.). The essential oil from this latter species 

caused mortality of 96.66% in the third instar 

larvae of Cochliomyia macellaria (Chaaban et al., 

2019), one of the species of flies responsible for 

cutaneous myiasis. Both species posses p-cymene 

and 1,8-cineole as major compounds in their 

essential oils. 1,8-cineole is the main constituent 

present in various essential oils from genus 

Eucalyptus, that are toxic to H. irritans and also 

contains p-cymene (Juan et al., 2011). The 

predominance of 1,8-cineole in M. suaveolens 

essential oil also was verified. It is possible that 

the presence of a high amount of 1,8-cineole 

contributes for the best results observed in this 

study. Also, Castro et al. (2018) observed that 

essential oils from M. suaveolens, A. zerumbet and 

Ocimum gratissimum L. contained intermediary 

concentrations of 1,8-cineole and were effective 

on engorged females and larvae of tick R. 

microplus.  

In this study, V. curassavica and P. guajava 

essentials oils caused respectively, the mortality 

of 99,2% and 82,8% in H. irritans, only when the 

concentration was maximum (100 mg mL-1), 

drastically decreasing its action, when the 

concentrations were reduced to half. Currently, 

associations and other strategies are used to 

increase efficiency of these products. Associations 

between V. curassavica (synonym = Cordia 

verbenacea DC. and Cordia curassavica (Jacq.) 

Roem. & Schult.) and P. guajava essential oils 

plus cashew nutshell liquid displayed significant 

effect in both stages of life of R. microplus 

(Castro et al., 2019). Otherwise, the extract of 

Cordia myxa L. associated with cadmium oxide 

nanoparticles demonstrated that synergistics 

effects on pupa of Musca domestica can be 

obtained with the use of nanoemulsions (Foad et 

al., 2020). 

The major constituent of V. curassavica is 

α-pinene. This compound, as well as β-
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caryophyllene, other principal constituent from V. 

curassavica and P. guajava, exhibited great 

contact toxicity to three stored insects (Sun et al., 

2020). β-cariophyllene is also the major 

constituent from Lantana montevidensis (Spreng.) 

Briq. essential oil, which proved to be toxic 

against the fly Drosophila melanogaster, causing 

significant damage to your locomotor system 

(Bezerra et al., 2017). The action mechanism of 

essential oils on insects can be diverse, however 

the fumigant activity has been the most commonly 

reported. According to Juan et al. (2011), the 

volatility of the essential oils favors the 

penetration of toxic substances through the insect 

spiracles as part of the respiratory process. The 

pulverization with essential oil on cows infested 

with H. irritans can repel the flies in the first 

hours after application (Boito et al., 2018). 

However, the typical of the essential oil can lead 

to degradation and loss of the stability in the 

natural environment (Turek and Stintzing, 2013).  

Another research line is to use the essential 

oils to potentiate the insecticidal effect of 

chemical drugs. These associations could 

maximize the total antiparasitic effect of the 

commercial insecticide. According to Fazolin et 

al. (2016), the use of synergists (between essential 

oil and commercial insecticides) is important in 

minimizing the amount of chemical 

insecticide required for insect control, leading to 

lower environmental impacts. 

 

Conclusion 

The A. zerumbet, M. suaveolens, V. 

curassavica and P. guajava essential oils 

evaluated in vitro are effective against H. irritans, 

however, in the farms, the climatical conditions 

can impair their effectiveness. Therefore, are 

necessary further studies with associations 

between essential oils and nanoemulsions to 

increase the bioactivity and stability of these 

formulations in parasitized animals on field 

conditions. 
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