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Abstract. The insecticidal effects of 20 essential oils derived from herbs, were tested 
against the housefly species Musca domestica L. using a susceptibility test. Each 
was applied in ethyl alcohol at concentrations of 1, 5 and 10% (v/v). Ten percent 
concentrations of Cymbopogon citratus (lemongrass), Mentha piperita (peppermint) 
and Lavandula angustifolia (lavender) oils were the most effective, showing 100% 
knockdown at 30 and 60 minutes. The KT50 values for C. citratus, M. piperita and 
L. angustifolia were 5.14, 5.36 and 8.23 minutes, respectively. These essential oils 
caused 100% mortality among houseflies 24 hours after exposure. The LC50 val-
ues for C. citratus, M. piperita and L. angustifolia were 2.22, 2.62 and 3.26 minutes, 
respectively. This study reveals lemongrass, peppermint and lavender essential 
oils have the potential to control housefly populations and should be further 
studied for field applications.
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INTRODUCTION

The housefly, Musca domestica L. (Dip-
tera: Muscidae) is a gray insect, 6-9 mm 
in length, with four dark stripes running 
lengthwise on the thoracic dorsum (Har-
wood and James, 1979). It is a common 
pest in Thailand. It feeds on and breeds in 
decaying matter, human waste and food, 
and is considered a mechanical vector 
for pathogens (bacteria, protozoa and 
viruses) to humans and livestock (Olsen  
et al, 2001; Sangmaneedet et al, 2005). 

These pathogens may cause food poison-
ing, diarrhea, cholera, typhoid, paraty-
phoid, shigellosis, and anthrax (Banjo 
et al, 2005; Fasanella et al, 2005; Yap et al, 
2008). These vectors may also carry eggs 
from worm parasites (Wattanachai et al, 
1996; Ugbogu et al, 2006). Myiases among 
humans has also been reported (Dogra 
and Mahajan, 2010).

Conventional methods for housefly 
control include chemical insecticides. 
Increasing resistance among houseflies 
has been reported against insecticides, 
organophosphates, carbamates, synthetic 
pyrethroids and spinosads (Shono and 
Scott, 2003; Srinivasan et al, 2008). These 
insecticides may have toxic side effects 
to humans and non-target organisms 
(Scott et al, 2000). Botanical insecticides 
are becoming a more popular alternative 
to chemical insecticides. Essential oils 
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from plants reported to have insecticidal 
effects against adult houseflies include 
Minthostachys verticillata, Hedeoma mul-
tiflora, Citrus sinensis, Citrus aurantium, 
Eucalyptus cinerea and Artemisia annua 
with LC50 values of 0.5, 1.3, 3.9, 4.8, 5.5 
and 6.5 mg/fly at 30 minutes, respectively 
(Palacios et al, 2009a, b). The essential oil 
of Pogostemon cablin had an LD50 value 
of 3 µg/ cm2 after topical application and 
Mentha pulegium oil had an LD50 value of 
4.7 µg/cm2 (Pavela, 2008). Essential oils 
have been shown to be relatively non-
toxic to fish, birds and mammals and 
easily biodegrade in the environment 
(Stroh et al, 1998; Kumar et al, 2012b). 
Some essential oils or their volatile con-
stituents have been used to prevent and 
treat illness due to perceived antibacterial, 
antiviral, antioxidant and antidiabetic 
properties (Edris, 2007). Essential oils 
have been used in sensitive areas, such as 
homes, schools, restaurants, and hospitals 
(Batish et al, 2008; Palacios et al, 2009b). 
We determined to study the effect of es-
sential oils from herbal plants to control  
houseflies.

MATERIALS AND METHODS

Rearing of M. domestica colony
Adult houseflies were collected from 

Hua Takae Market, Lat Krabang, Thai-
land and reared in gauzier cotton cages 
(30x30x30 cm3) at room temperature (32-
35ºC) at the Laboratory of Entomology 
and Environment, Plant Production Tech-
nology Section, Faculty of Agricultural 
Technology, King Mongkut’s Institute 
of Technology Ladkrabang (KMITL), 
Bangkok, Thailand. They were fed with 
10% syrup and 10% milk soaked in cotton 
wool. Three hundred grams of Mackerel 
fish were placed in a plastic tray (18x25x9 
cm3) lined with sterile coconut husks for 

the houseflies to feed and lay their eggs 
in. Newly emerged adults were used for 
the study.
Plant materials

We studied 20 essential oils (Table 1) 
extracted by steam hydrodistillation and 
prepared as 1, 5, and 10% solutions in 
ethyl alcohol (v/v). All formulations were 
kept at room temperature until tested.
Insecticide susceptibity test

We used a susceptibility test kit and 
followed WHO susceptibility test guide-
lines (WHO, 2006). The flies were exposed 
to essential oil treated filter paper for one 
hour in a tube then transfered to another 
tube where knockdown rates were re-
corded at 5, 10, 30 and 60 minutes and 
mortality was recorded at 24 houses after 
exposure. Each test was performed in five 
replicates with simultaneous controls the 
negative controls were impregnated with 
ethyl alcohol.
Statistical analysis

The data were pooled and analyzed 
by standard probit analysis to obtain a 
KT50 and LC50. The knockdown and mor-
tality data were statistically analyzed us-
ing one-way ANOVA and the data means 
were compared by Duncan’s multiple 
range test. Statistical significance was 
set at p<0.05. The levels of susceptibility 
were categorized according to WHO cri-
teria (WHO, 1998): 98-100% mortality = 
susceptible, 80-97% mortality = possible 
resistance, and < 80% mortality = resis-
tance. Where control mortality exceeded 
20% the whole test was rejected and 
repeated. Where control mortality was 
5-20%, the results were corrected using 
Abbott’s formula.

RESULTS

The knockdown rates and KT50 values 
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Allium sativum L.	 Garlic	 Amarylidaceae	 Antiseptic, antibacterial, stimulating digestion, 
			   reducing high blood pressure, glandular 
			   regulator, diuretic and even cancer deterrent.
Cananga odorata (Lamk) 	Ylang-ylang	 Annonaceae 	 Antidepressant, antifungal, 
Hook f.&Thomson			   antiseptic, antispasmodic, aphrodisiac, calm-

ative, hypotensive, nervine and tonic.
Illicium verum Hook f.	 Star anise	 Illiciaceae	 Anti-spasmodic, antifungal, antibacterial, 
			   carminative, stomachic, stimulant, diuretic 
			   properties, rheumatism and  insecticide.
Ocimum basilicum L.	 Sweet basil	 Labiatae	 Anatiemetic, antiseptic, expectorant, immune 
			   support and insecticide.
Lavandula angustifolia 	 Lavender	 Lamiaceae	 Analgesic, antidepressant, antifungal, 
Mill			   anti-inflammatory, antirheumatic, antiseptic, 
			   antispasmodic, calmative, cholagogue, 
			   choleretic, cicatrizant, cytophylactic, 
			   deodorant, diuretic, emmenagogue, hypoten-

sive, nervine, tonic and vulnerary.
Mentha cordifolia Opiz	 Kitchen mint	 Lamiaceae	 Carminative, mild antiseptic, local anesthetic, 

diaphoretic and digestant properties.
Mentha piperita L.	 Peppermint	 Lamiaceae	 Analgesic, anesthetic, antiseptic, antiga-

lactagogue, antiphlogistic, antispasmodic, 
astringent, carminative, cephalic, cholagogue, 
cordial, decongestant, emmenagogue, expec-
torant, febrifuge, hepatic, nervine, stimulant, 
stomachic, sudorific, vasoconstrictor and 
vermifuge.

Cinnamon verum J.	 Cinnamon	 Lauraceae	 Analgesic, antiseptic, antibiotic, antispasmodic, 
Presl			   aphrodisiac, astringent, cardiac, carmina-

tive, emmenagogue, insecticide, stimulant, 
stomachic, tonic and vermifuge.

Litsea petiolata Hook.f.	 Tummung	 Lauraceae	 Protective agents against DNA damage and 
antimutagenic.

Eucalyptus globulus 	 Eucalyptus	 Myrtaceae	 Analgesic, antifungal, antineuralgic, anti-
Labill			   rheumatic, antiseptic, antispasmodic, decon-

gestant, depurative, expectorant, febrifuge, 
immune tonic, rubefacient, stimulant, vulner-
ary and insecticidal.

Syzygium aromaticum 	 Clove	 Myrtaceae	 Antiviral, antimicrobial, antifungal, general 
(L.) Merrill&Perry			   stimulating, hypertensive aphrodisiac, light 

stomachic, carminative, anesthetic.
Cymbopogon citratus 	 Lemongrass	 Poaceae	 Analgesic, antifungal, anti-inflammatory, 
(DC.) Stapf			   antiseptic, antiviral, bactericidal, digestive, 

febrifuge, tonic and insecticidal.
Cymbopogon nardus 	 Citronella 	 Poaceae	 Antiseptic, bactericidal, deodorant, dia-
(L.) Rendle	 grass		  phoretic, parasitic, tonic, stimulant, and insec-

ticide.

Table 1
List of herbal essential oils tested in this study.

Scientific name	 Common 	 Family		  Perported therapeutic properties
	 name



Insecticidal Effects of Essential Oils Against Musca domestiqua L.

Vol  44  No. 2  March  2013 191

Citrus madurensis Lour	 Calamodin	 Rutaceae	 Antiseptic, antispasmodic, calmative, diges-
tive, diuretic, laxative, sedative, tonic.

Citrus sinensis (L.) 	 Sweet orange	 Rutaceae	 Antidepressant, antiseptic, antispasmodic, 
Osbeck			   calmative, carminative, cholagogue, choleretic, 

stomachic and tonic.
Zanthozylum limonella 	 Makhaen	 Rutaceae	 Cancer treatment, anti-oxidant, anti-coagulant
Alston 			   and anti-bacterial agents.
Alpinia galanga (L.) 	 Galanga	 Zingiberaceae	 Carminative, antituberculosis and stimulant
Wild			   properties.
Curcuma amada Roxb	 Mango 	 Zingiberaceae	 Antioxidant, antibacterial, antifungal, anti-
	 ginger		  inflammatory, platelet aggregation inhibitory, 

cytotoxicity, antiallergic, hypotriglyceridemic,  
enterokinase inhibitory, CNS depressant and 
analgesic.

Zingiber cussumunar 	 Phlai	 Zingiberaceae	 Antiseptic, antitoxic and strong anti-inflam-
Roxb			   matory effect.
Zingiber officinale 	 Ginger	 Zingiberaceae	 Immuno-modulatory, anti-tumorigenic, anti-
Roscoe			   inflammatory, anti-apoptotic, anti-hypergly-

cemic, anti-lipidemic, anti-emetic actions and 
strong anti-oxidant.

Table 1 (Continued).

Scientific name	 Common 	 Family		  Perported therapeutic properties
	 name

for the 20 essential oils at 1, 5 and 10% con-
centration against houseflies are shown in 
Table 2. At a concentration of 1%, 11 essen-
tial oils had KT50 values of >60 minutes. 
The essential oil derived from C. verum 
was the most efficient with a KT50 value 
of 61.0 minutes. Ten essential oils gave 
KT50 values from 79.6 to 172.7 minutes. In 
nine essential oils (A. sativum, C. odorata, 
O. basilicum, E. globulus, C. madurensis, Z. 
limonella, A. galanga, C. amada and Z. cus-
sumunar) there was no KT50. At 5% con-
centration, C. citratus and M. piperita had 
a KT50< 10 minutes and 100% knockdown 
at 30 and 60 minutes. The KT50 values for 
C. citratus and M. piperita were 6.7 and 
6.9 minutes, respectively. The KT50 values 
for L. angustifolia, L. petiolata and I. verum, 
which were 22.3, 22.8 and 23.9 minutes, 
respectively. Ten other essential oils gave 

KT50 values between 31.4 to 101.2 minutes. 
In five essential oils there was no KT50. At 
10% concentration, C. citratus, M. piperita 
and L. angustifolia had 100% knockdown 
at 30 and 60 minutes. The KT50 values for 
C. citratus, M. piperita and L. angustifolia 
were 5.1, 5.4 and 8.2 minutes, respectively. 
The essential oils with a KT50< 20 minutes 
were L. petiolata, Z. cussumunar and I. 
verum, with KT50 values of 16.7, 17.4 and 
18.7 minutes, respectively. Twelve essen-
tial oils had KT50 values between 22.3 to 
93.1 minutes. There were no KT50 values 
for C.madurensis and C. amada.

The mortality rates, susceptibilities 
and LC50 values for the 20 essential oils are 
shown in Table 3. Houseflies were resis-
tant to all 20 essential oils at 1% concentra-
tion with mortality rates ranging from 0 
to 24%. At 5% concentration L. angustifolia 
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and L. petiolata, gave mortality rates of 86 
and 80%, respectively. C. citratus and M. 
piperita gave mortality rates of 100% and 
98%, respectively. Sixteen essential oils 
gave mortality rates of 0 to 48%. At 10% 
concentration the mortality rates and sus-
ceptibilities increased. The mortality rates 
for Z. cussumunar, L. petiolata, L. angusti-
folia and M. piperita were 84, 86, 100 and 
100%, respectively. There were significant 
differences in mean mortality rates using  
the one-way ANOVA. Fifteen essential 
oils gave mortality rates of 2 to 60%. The 
LC50 values at 24 hours after exposure for 
C. citratus, M. piperita and L. angustifolia 
were 2.2, 2.6 and 3.3 minutes, respectively.

DISCUSSION

At 10% concentration the essential 
oils from C. citratus, M. piperita and L. an-
gustifolia had high knockdown rates and 
the houseflies were susceptible. Samarase-
kera et al (2006) also found C. citratus oil 
gave good knockdown rates and mortality 
at a KD50 of 0.69 µg/insect and an LD50 of 
1.71 µg/insect against adult M. domestica 
in Sri Lanka. Phasomkusolsil and Soon-
wera (2011) found C. citratus oil gave high 
knockdown rates and insecticidal activity 
against three adult mosquitoes species 
Aedes aegypti, Culex quinquefasciatus and 
Anopheles dirus, with LC50 values of < 0.1, 
2.2 and < 0.1%, respectively. A 10% con-
centration of C. citratus resulted in 100% 
mortality 24 hours after exposure.

M. piperita essential oil had the high-
est housefly larvicidal properties with 
a LC50 value of 104  ppm and exhibited 
96.8% repellency and 98.1% oviposition 
deterrence at a 1% concentration (Morey 
and Khandagle, 2012). Kumar et al (2012a) 
found M. piperita oil achieved housefly 
larval LC50 of 0.54 µl/cm2 by contact and 
an LC50 of 48.4 µl/l by fumigation; it also 

caused 100% suppression on contact and 
with fumigation. Kumar et al (2011) found 
M. piperita gave LC50 and LC90 larvicidal 
values against Aedes aegypti of 111.9 and 
295.18 ppm, respectively, at 24 hours after 
exposure, and 100% repellency for up to 
150 minutes. Purwal et al (2010) found a 
combination of C. citratus and M. piperita 
oils caused a mean time to death among 
Pediculus humanus of 60 minutes. Talbert 
and Wall (2012) found M. piperita and L. 
angustifolia caused 100% mortality among 
the chewing louse, Bovicola (Werneckiella) 
ocellatus at concentrations of 5-10% (v/v). 
Pavela (2005) found L. angustifolia was 
highly toxic against the larvae Spodoptera 
littoralis, with an LD50 ≤ 0.05 µl/larva.

Our findings show C. citratus, M. 
piperita and L. angustifolia had insecti-
cidal properties against Musca domestica 
L. Some of the chemical compoments of 
these oils may interfere with the nervous 
systems in insects. The main components 
of C. citratus oil are citral and terpenes, 
M. piperita contains menthol, carvone and 
limonene, and L. angustifolia oil has lina-
lool, linalyl acetate and b-Caryophyllene 
(Negrelle and Gomes, 2007; Djiani and 
Dicko, 2012). Many essential oils are rela-
tively non-toxic to mammals and fish in 
toxicological tests, and meet the criteria 
for reduced risk pesticides (Koul et al, 
2008). C. citratus, M. piperita and L. angus-
tifolia essential oils have the potential to be 
an effective method to control houseflies. 
However, laboratory results may differ 
from field results. Therefore, lemongrass, 
peppermint and lavender oils should be 
further studied for housefly control.
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