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Objective: To assess the repellency to female Aedes aegypti (Ae. aegypti), Anopheles dirus
An. dirus) and Culex quinquefasciatus (Cx. quinquefasciatus) of seven essential oils using two
treatment methods. Methods: Topical applications of three dose concentrations (0.02, 0.10 and
0.21 mg/em’) were made on the forearms of volunteers. Dose-response study and protection time
study were employed in the experiment. Results: In the dose—response test, Cymbopogon citratus
(C. citratus), Cymbopogon nardus (C. nardus), Syzygium aromaticum (S. aromaticum) and Ocimum
basilicum (O. basilicum) exhibited a high repellency against Ae. aegypti with ED;, at < 0.045 mg/

Iéz};z}z:ﬁl ol cm’, whereas C. citratus, C. nardus and S. aromaticum showed repellency against An. dirus with
Repellent ED59 fit <0.068 mg/cmz. Furthermore, the essential oﬂs of C. citratus, C. nardus, S. ammaticym, 0.
Aedes aepypti basilicum _and Cana@ga odorqta gave strong effective dose (EDy) values at <0.003 n{g/cm when
Culex quinquefasciatus tfzsted against Cx. quinquefasciatus. For ‘testlng‘by arm in cage method,.al 0.21 r.ng/cm“, protection
Anopheles dirus time of C. citratus gave the longest lasting period against three mosquito species, 72 min for Ae.

aegypti, 132 min for An. dirus and 84 min for Cx. quinquefasciatus. In addition, the two essential
oils exhibited moderate repellency against Ae. aegypti, An. dirus and Cx. quinquefasciatus,
at 60, 90 and 78 min with C. nardus, and 54, 96 and 72 min with S. aromaticum, respectively.
Conclusions: The percentage repellency increased when the concentration of essential oils
increased. In contrast, biting rates decreased when the concentration of essential oils increased.
C. citratus exhibited high efficiency for the protection time and the percentage of biting deterrent
against all of 3 mosquito species.
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1. Introduction and it also causes annoyance and dermatitis(3l. Thus the

risk of being infected with a mosquito—borne disease is

The mosquitoes which spread mosquito borne diseases
in Thailand like dengue fever, malaria and Japanese
encephalitis are dominated by three widespread vectors,
Aedes aegypti (Ae. aegypti) (Linn.), Anopheles dirus (An.
dirus)Peyton and Harrison) and Culex quinquefasciatus
(Cx. quinquefasciatus) (Say). The Ae. aegypti is the principal
transmitter of dengue fever and dengue haemorrhagic
fever (DHF) in Thailand but it also transmits Chikungunya
feverlll. In addition, An. dirus is the major vector of
malaria in border of Thailand and other countries(2l. Cx.
quinquefasciatus is a vector of Japanese encephalitis (JE)
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caused by the risk of being bitten by the infected mosquito.
Generally, mosquito bites are also very itchy and painful
sometimes. The continuous scratching over the skin will
irritate it even more and make you more desperate.
Therefore, insect repellent using is one of the most
efficient ways to prevent disease transmission by
biting insects, particularly by mosquitoesl4l. Currently,
mosquito repellent containing diethyl toluamide (DEET) is
recommended as the most effective form of bite—preventive
treatment. The efficacy of DEET in providing long—lasting
protection against a wide variety of mosquito species has
been documented in several studiesl5l. Although DEET is an
effective repellent against mosquitoes, there are concerns
associated with its use. Human toxicity has been reported
with DEET, with symptoms varying from mild to severell.
It is irritating to mucous membranes, and concentrated
formulations dissolve plastic. DEET may be unsafe for
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children possibly causing encephalopathyl7l. Therefore, the
development of alternative, environmentally friendly and
sustainable approaches for mosquito control is with the use
of natural products owning greater target specificity, lower
bioaccumulation properties and reduction of malignancy in
non—target animals(s.

Recently, the laboratory of the Plant Production Technology
Section, King Mongkut Institute of Technology Lad Krabang
(KMITL) has successfully developed the plant extracts and
essential oils as one of the methods in controlling insect
vector. Herbal shampoo from Piper retrofractum proved to
be highly effective against all stage of human head lice and
had no side effects on children, after treated9l. Furthermore,
Phosomkusolsil and Soonwera investigated the repellency of
insect repellent, larvicidal and pupacidal activities of Thai
indigenous plant oils against Ae. aegypii, An. minimus and
Cx. quinquefascatus in the laboratoryl10.11]. We have focused
to develop plant—based repellents to increase long-lasting
protection on registered commercially available repellent
products. This study reports on repellency properties of the
seven essential oils against mosquitoes, Ae. aegypti, An.
dirus and Cx. quinquefasciatus using dose—response study to
determine effective dosages of essential oils and arm in cage
method to estimate protection time and biting rate under
laboratory conditions.

2. Materials and methods
2. 1. Mosquitoes

All three species of mosquitoes (Ae. aegypti, An. dirus,
Cx. quinquefasciatus) were reared in the laboratory of the
Plant Production Technology Section, Faculty of Agricultural
Technology, King Mongkut Institute of Technology Lad
Krabang (KMITL), Bangkok. Ae. aegypti and An. dirus eggs
were obtained from the Armed Forces Research Institute
of Medical Sciences (AFRIMS). Cx. quinquefasciatus eggs
were obtained from the Department of Medical Entomology,
Faculty of Tropical Medicine, Mahidol University. Briefly,
collected eggs were hatched in plastic trays (30x35X5 cm),
which contained tap water (1500 mL). The hatched larvae
were held in plastic trays and larval diet was added to each
tray. Newly emerged pupae were transferred to screen cage
(size 30%30%30 cm) and emerged as adults. Mosquitoes are
kept in the room with temperature, relative humidity, and
photoperiod range between 30-35 °C, 70%—80%, and 12:12
hour (L:D) cycle, respectively. Adults continuously provided
with 59 glucose solution in water soaked on cotton pads. In
this study, 5— to 7-day—old female mosquitoes were starved
by providing them with only water for 12 hours.

2. 2. Plant materials

The plant materials were collected from Cananga odorata

Siriporn Phasomkusolsil et al./Asian Pacific Journal of Tropical Biomedicine (2011)S113-S118

(C. odorata) Lamk. (ylang ylang flowers), Citrus sinensts (C.
sinensis) L. Osbeck (orange fruits), Cymbopogon citratus
(C. citratus) DC. Stapf (lemongrass leaves and stems),
Cymbopogon nardus (C. nardus) L (citronella grass leaves),
Eucalyptus citriodora (E. citriodora) Hook (eucalyptus
leaves), Ocimum basilicum L. (sweet basil leaves) and
Syzygium aromaticum (S. aromaticum) L. (clove flowers).
Each plant material was extracted for essential oils by steam
distillation. The oils to be tested were diluted with soybean
oil to concentrations of 0.02, 0.10 and 0.21 mg/cm’. All
formulations were kept at room temperature before testing.

2. 3. Repellent bioassay

There were two different treatment methods to determine
the repellency activity of the seven essential oils against all
three species of mosquito.

2.3.1. Dose—response study

The test procedure to determine initial effective dose
was modified from the American Society for Testing and
Materials Standard (ASTM E951-94)12]. This is a standard
laboratory method that was designed for testing non—
commercial mosquito repellent formulations on human skin
employing laboratory—reared mosquitoes. The laboratory
bioassay for testing repellent efficacy consisted of a six—well
feeding reservoir system similar to the K & D modulel13]. Tt
was made of Plexiglas and the base of the rectangular cage
(26X5x5 cm) has six holes, each with rectangular 3x4 cm
holes that opened and closed by a sliding door. The flexor
region of the forearms of a human volunteer was outlined
with four rectangular (34 cm) test areas. A volume of 0.025
mL of each concentration of the essential oils in soybean
oil (0.02, 0.10 and 0.21 mg/em’) and 0.025 mL of the diluent
(soybean oil as control) was applied randomly to the marked
areas. After air drying for 5 minutes, a plastic cage with
matching cutouts in its floor was secured over the treated
areas by rubber bands. Each hole contained 5 nulliparous
5—7 days old mosquito females (totally 20 females per cage).
The number of mosquitoes biting on each test site was
recorded each minute for 5 min. Tests were conducted five
times on each repellent—treated area and were completed
within 25 min of repellent application. The effectiveness of
essential oils was determined by the percentage repellency,
using the formula described by Weaving and Sylvester{14]:

100— No. of bites on treated area
No. of bites on control area

% Repellency = X 100

2.3.2. Protection time stud)

The seven essential oils were tested against 3 species of
mosquitoes under laboratory conditions using a screened
cage test methodl15] following Thai Industrial Standards
Institute (TISI) guidelines(16l. At 0.21 mg/cm2 seven essential
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oils were the top dose tested in this study. Test times were
determined by normal feeding times for each mosquito
species. The Ae. aegypti testing time was between 8:00 AM to
4:00 PM, while the Cx. quinquefasciatus and An. dirus testing
time was 4:00 PM and 12:00 PM.

For testing, a volunteer used the left arm for treatment
and the right arm for control. Both arms were covered with
a rubber sleeve with a window 3% 10 cm on the forearm.
100 #L of test material was applied to the treatment area
and allowed to dry for 5 minutes. The control arm was
exposed to mosquitoes before the treated arm. If at least two
mosquitoes landed on or bit the arm, the repellency test was
continued. The mosquito cage of 30X30X30 cm contained
250 nulliparous, 5—7 day old female mosquitoes; the test was
conducted for 3 minutes. The total number of mosquitoes
biting on the treatment and control areas was recorded. If no
mosquito bite occurred within 3 minutes, the forearm was
then taken out and the test was repeated every 30 minute
intervals. This was continued until at least two mosquito
bites occurred during the 3—minute study period. The
experiment was completed after two mosquitoes had bitten.

Table 1
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The protection time was the time from repellent application
until the study was stopped.

For comparison, a percentage of mosquito bitings was
calculated for each test(17] using the following formula:

% Biting = 2—50 X100

Where B is the total number of bitings by the end of the
test. The test was carried out 5 times per sample.

2.4. Statistical analysis

For statistical analysis, ED,, values were calculated using
probit analysis. The mean protection time was used to
compare the seven essential oils. Differences in significance
were analyzed by one—way analysis of variance (ANOVA)
and Duncan’s multiple comparisons by SPSS for Windows
(version 16.0).

Repellent activities of the seven essential oils in three concentrations (0.02, 0.10 and 0.21 mg/cm’) against Ae. aegypti, An. dirus,

Cx. quinquefasciatus adults.

Conc 0.02 mg/cm’

Conc 0.10 mg/cm’ Conc 0.21 mg/cm’

Herbal essential oils Mosquito spp. Mean No. % Mean No. % Mean No. % ED;, (mg/cm’)
of mosquito  Repellency  of mosquito Repellency  of mosquito Repellency
biting + SD biting + SD biting + SD

C. odorata oil Ae. aegypti 270 + 1.42° 46 2.10 £ 1.37" S8 1.70 + 1.06" 66 0.045

An. dirus 0.30 = 0.48"° 94 0.40 % 0.70' 92 0.40 % 0.70" 92 2.149
Cx. quinquefasciatus ~ 2.10 + 0.99" 58 0.60 + 0.70' 88 0.50 + 0.53° 90 <0.003
C. sinensis oil Ae. aegypti 250 = 1.18" 50 2.50 + 1.43" 50 2.60 £ 1.51° 48 0.049
An. dirus 3.00 + 1.63" 40 2.30 £ 2.11° 54 0.80 * 1.14" 84 0.068
Cx. quinquefasciatus 220 + 0.63" 56 1.70 £ 0.67° 66 0.60  0.70° 88 0.003
C. citratus oil Ae. aegypti 1.00 % 0.67° 80 0.30  0.48" 94 0.00° 100 <0.045
An. dirus 1.20 + 1.03" 76 0.90 + 1.29' 82 0.10 % 032" 98 <0.068
Cx. quinquefasciatus 0.40  0.70' 92 0.10 £ 0.32' 98 0.10 % 0.32° 98 <0.003
C. nardus oil Ae. aegypti 2.00 + 1.56" 60 0.70 + 0.82° 86 0.60 + 0.70° 88 <0.045
An. dirus 0.40 % 0.70° 92 0.40 £ 0.97" 92 0.10 + 0.32" 98 <0.068
Cx. quinquefasciatus 0.90 + 0.88' 82 0.80 % 0.79" 84 0.30 + 0.48° 94 <0.003
E. citriodora oil Ae. aegypti 4.50 £ 0.97" 10 4.20 £ 0.79" 16 3.20 + 1.40" 36 0.285
An. dirus 2.40 + 1.26" 52 1.30 + 1.25" 74 0.70 + 1.25" 86 1.043
Cx. quinquefasciatus  0.60 + 0.70 88 0.70 + 0.82" 86 0.70 % 0.82° 86 2.526
0. basilicum oil ~ Ae. aegypti 2.30 + 170" 54 1.50 + 1.58" 70 0.80  0.79° 84 <0.045
An. dirus 1.70 + 0.82" 66 1.30 + 0.48°" 74 0.20 + 0.42" 9% 0.628
Cx. quinquefasciatus ~ 1.20 + 1.32 76 1.10 £ 0.88" 78 0.50 + 0.53° 90 <0.003
S. aromaticum oil  Ae. aegypti 1.70 £ 157" 66 0.30 + 0.67" 94 0.20 + 0.42° 96 <0.045
An. dirus 0.90 % 0.74" 82 0.40 % 0.52' 9 0.10 % 0.32" 98 <0.068
Cx. quinquefasciatus  1.20 + 0.92 76 0.90 + 0.74" 82 0.40 £ 0.70° 92 <0.003
CV (%) Ae. aegypti 56.21 - 66.19 - 74.88 - -
An. dirus 72.10 - 117.11 - 215.52 - -
Cx. quinquefasciatus 73.52 - 85.74 - 136.14 - -

In the column of Mean No. of mosquito biting + SD, Data followed by the different superscripted letters are significantly different (P<0.05, by
one—way ANOVA and Duncan’s Multiple Range Test); Tested with different oils within the same species.
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3. Results

3.1. Dose—response study

In dose-response study for determining effective dose, the
results of ED,, values, the mean number of mosquito bites
and the percentage repellency of seven essential oils against
Ae. aegypii, An. dirus and Cx. quinquefasciatus adults at
various concentration are shown in Table 1. Meanwhile the
percentage of repellency of seven essential oils for three
species of mosquitoes is presented in Figure 1. EDy, values
of four essential oils, C. citratus, C. nardus, O. basilicum and
S. aromaticum against Ae. aegypti were less than 0.045 mg/
em’. In addition, the oil of C. citratus at three concentrations
(0.02, 0.10 and 0.21 mg/cm’) provided the highest repellency
with 80, 94 and 1009, respectively. Likewise the percentage
repellency of C. nardus, O. basilicum and S. aromaticum
increased when the concentration of these essential oils
increased, in contrast, biting rates decreased when the
concentration increased. The results showed significant
differences in both the percentage of repellency and the
number of mosquitoes biting (<0.05).

Ae.aegypti
100
90
80
= 70
£ 60 >
% 50 =0.02 mg/crr;'
= #0.10mg/cm
= 40 0.21/cm’
&30
20
10
0 e
C. odorata  C.sinensis  C. citratus  C. nardus E S. are
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100
9
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= 60 N
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% 40 2
& 0.21/cm
Qi 30
®
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0
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Cx.quinquefasciatus
100
90
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I 2
] 50 20.02 mg/em’
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Figure 1. Comparison of repellency percentages for each repellent
plant oils against three mosquito species (Ae. aegypti, An. dirus and
Cx. quinquefasciatus).
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Table 1 shows the repellents activity against An. dirus
by using the modified K&D module in the laboratory.
The essential oils of C. citratus, C. nardus, S. aromaticum
gave strong effective dose (ED,) values at <0.068 mg/cm’.
The strongest value was shown by C. nardus, it showed
significant percentage repellency (929—98%) and the mean
number of mosquito biting was (0.40—0.10) bite/min at various
concentrations. Furthermore, repellency evaluation of the
essential oils exhibited ED,, values ranging from <0.003 to
2.526 mg/cm’ when tested against Cx. quinquefasciatus (Table
1). The most effective essential oil was C. citratus (ED,, at
<0.003 mg/em’; % repellency = 929,—98 %; (0.1-0.4 bite/min
of no. of biting) at various concentrations. One—way ANOVA
showed a significant difference of both % repellency and the
number of mosquitos biting (P<0.05).

3.2. Protection time study

Protection time (min) Ae. aegypti % Biting
—
140 S
120
100
80
60
40
» I
i — —
0 ¢ odorata C. sinersis C. citratus C. nardus  E. citriods 0. basili S.
Protection time (min) An. dirus % Biting
140 —
——
120
100
80
60
40
i I I I
0
C. odorata C. sinersis  C. citratus C. nardus  E. citriodc 0. basilic S.
Protection time (min) Cx. quinquefasciatus % Biting

140 —
—
120
100

80

60

40
i I I I
0

iod. 0. basili

C. odorata C. sinersis  C. citratus ~ C. nardus

Figure 2. Comparison of protection times (minutes) and biting
percentages for each repellent plant oils against three mosquito
species (Ae. aegypti, An. dirus and Cx. quinquefasciatus).
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Table 2
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Protection time for each repellent against three mosquito species (Ae. aegypti, An. dirus, Cx. quinquefasciatus) and biting percentages.

il ial oil Ae. aegypti An. dirus Cx. quinquefasciatus
erpal essential oils N R R . N N N .. Py N N . ..
Protection time (min) ¢, Bltlng” Protection time (min) % Bltlng'/ Protection time (min) % Bltlngy
C. odorata oil 8.4" 2.40 + 0.63" 24.0° 0.96 + 0.22 60.0™ 1.20 £ 0.49
C. sinensis oil 3.0" 3.12 091" 24.0° 1.44 £ 0.73 30.0° 1.76 + 1.15
C. citratus oil 72.0° 2.64 +0.61" 132.0° 1.12 + 0.33 84.0" 1.68 £ 1.18
C. nardus oil 60.0" 4.16 + 1.28" 90.0" 1.12 £0.33 78.0" 1.68 + 1.18
E. citriodora oil 3.0 4.56 + 1.56" 30.0° 0.96 + 0.22 30.0" 1.92 £ 1.11
0. basilicum oil 30.0° 3.76 + 0.96" 30.0° 1.36 % 0.54 42.0% 1.68 + 0.95
S. aromaticum oil 54.0" 3.68 £ 0.91" 96.0" 1.36 + 0.67 72.0" 1.52 £0.77
CV () = 29.71 = 61.57 = 40.02

" Means in each column against each mosquito species followed by the difference letters are significantly different (P<0.05, by one—way ANOVA

and Duncan’s Multiple Range Test).

* Means between groups are not significantly different (P>0.05, by one—way ANOVA).

In the test by arm in cage method, the results of the
protection time and the biting percentage of 0.21 mg/cm’
of seven essential oils against the three mosquito species
are shown in Table 2. There were significant differences
in repellency among the repellents by mosquito species
(P<0.05). Furthermore, there was a significant difference
between the biting percentages of Ae. aegypii but there
was no significant difference between the other 2 species
An. dirus and Cx. quinquefasciatus). The results indicated
that C. citratus gave the highest repellency for the longest
lasting period against Ae. aegypti, An. dirus and Cx.
quinquefasciatus: for 72 min with a 2.649 bite rate, 132 min
with a 1.68% bite rate and 84 min with a 1.12% bite rate,
respectively. Furthermore, C. nardus and S. aromaticum
provided moderate protection time against Aedes mosquitoes,
60 min and 54 min, respectively. The relationship between
protection time and biting percentage of the plant oils
against the three mosquito species are shown in Figure 2.

4. Discussion

In our study, the seven essential oils show action as a
topical repellent that is effective over a short time period.
The high repellent activity of C. citratus, C. nardus and
S. aromaticum oil against Ae. aegypit adults was lower
than that of same plant oils when compared with other
researches[18-20]. However, our result is not difference
from some reports[10.21]; these essential oils exhibited the
protection time against Ae. aegypti bites of nearly 1 hour
but less than 2 hours. To evaluate the efficacy of repellent,
Amer and Mehlhorn defined that if the protection time of
a compound is long and the percentage of biting is low,
the compound had good efficiency in repelling mosquitoes
and deters biting{17]. If the protection time is short but the
percentage of biting is low, then the compound is more
a feeding deterrent than a repellent. Conversely, if the
protection time is long but the biting rate is high, then the
compound is more a repellent than a feeding deterrent. As a
result, C. citratus exhibited a high protection time of 72 min
against Ae. aegypti, while the biting rate decreased to 2.64%.
This means that this repellent had attributes of a repellent

and a feeding deterrent. Even though the protection time
against Ae. aegypii of C. nardus and S. aromaticum were 60
min and 54 min, but the biting rate increased up to 4.16%
and 3.68%, respectively. This shows that both essential oils
are rather repellents than feed deterrents.

Many researchers improved repellency which provide a
repellent that is effective over several hours with a base
or fixative materials, such as vanillin, salicylic acid, and
mustard and coconut oils[22-24l. However, the effectiveness
and duration of repellency chemicals depend on multiple
factors, including the type of repellents (active ingredients
and formulation), the mode of application, environmental
factors (temperature, humidity, and wind), the attractiveness
of individual people to insects, loss due to removal by
perspiration and abrasion, the sensitivity of the insects
to repellents, and the biting densityl25-32]. Moreover,
differences in the mosquito species tested and body size,
adult density in test cages, and mosquito age can affect test
results(33].

We can conclude that the average protection time for
seven essential oils against Ae. aegypii was noted the order
of effectiveness as follows: C. citratus (72 min)> C. nardus
(60 min)> S. aromaticum (54 min)> O. basilisum (30 min) >
C. odoraia (8.4 min) > C. sinensis and E. citriodora (3 min).
However, the TISI standard determines the repellency time
against Ae. aegypti mosquitoes should be >2 hours; none of
the repellents met this requirementl16l.
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