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The repellent activity of materials derived from the methanol extract of fruits from Foeniculum vulgare
against hungry Aedes aegypti females was examined using skin and patch tests and compared with
that of the commercial N,N-diethyl-m-toluamide (deet) and (Z)-9-octadecenoic acid. The biologically
active constituents of the Foeniculum fruits were characterized as (+)-fenchone and (E)-9-octadecenoic
acid by spectroscopic analyses. Responses varied according to compound, dose, and exposure time.
In a skin test with female mosquitoes, at a dose of 0.4 mg/cm2, (+)-fenchone and (Z)-9-octadecenoic
acid exhibited moderate repellent activity at 30 min after treatment, whereas deet provided >1 h of
protection against adult mosquitoes at 0.2 mg/cm2. (Z)-9-Octadecenoic acid was a more potent
repellent agent than (E)-9-octadecenoic acid. (+)-Fenchone and (E)-9-octadecenoic acid merit further
study as potential mosquito repellent agents or as lead compounds.
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INTRODUCTION

Mosquito repellents may be one of the most effective tools
for protecting humans from vector-borne diseases, such as
dengue hemorrhagic fever, malaria, encephalitis, and filariasis,
as well as the nuisance caused by mosquitoes (1-3). Mosquito
abatement primarily depends on continued applications of
organophosphates and insect growth regulators such as difluben-
zuron and methoprene. Their repeated use has disrupted natural
biological control systems and led to resurgences in mosquito
populations (4, 5), sometimes resulting in the development of
resistance (6, 7), had undesirable effects on nontarget organisms,
and fostered environmental and human health concerns (8). The
most commonly used mosquito repellent isN,N-diethyl-m-
toluamide (deet), which is still the most effective. However,
this compound has many problems, such as its unpleasant odor
and the damage it can cause on certain plastics and synthetic
rubber, as well as its high skin penetration (9, 10). These
problems have highlighted the need for the development of new
strategies for selective mosquito control.

Plants may be an alternative source of mosquito repellent
agents because they constitute a rich source of bioactive
chemicals (11). Much effort has, therefore, been focused on plant
extracts or phytochemicals as potential sources of commercial
mosquito repellent agents or as lead compounds. In East Asia,
the fruits of Foeniculum Vulgare Miller have long been
considered to have medicinal properties attributable to (E)-
anethole, estragole, (+)-limonene, (-)-limonene, (()-limonene,
(+)-fenchone, (+)-pinene,â-pinene,γ-terpinene,p-cymene, and

anisaldehyde (12). Little work has been done with respect to
managing mosquitoes, although extractives and essential oil of
Foeniculumfruits are active as insecticidal (13) and acaricidal
agents (14), respectively. The insecticidal activity of a methanol
extract from Foeniculum fruits against adults ofSitophilus
oryzae (L.), Callosobruchus chinensis(L.), and Lasioderma
serricorne(F.) is attributed mainly to (E)-anethole, estragole,
and (+)-fenchone (13). The methanol extract of theFoeniculum
fruits has repellent activity againstAedes aegypti(L.) (15).

This paper describes a laboratory study to examine the
methanol extract of the fruits fromF. Vulgare for repellent
constituents active againstA. aegypti females. The repellent
activity of theFoeniculumfruit-derived compounds was com-
pared with those of deet and (Z)-9-octadecenoic acid.

MATERIALS AND METHODS

Chemicals.Deet and (Z)-9-octadecenoic acid were purchased from
Aldrich (Milwakee, WI). All other chemicals were of reagent grade.

Insects.A colony of A. aegyptiwas maintained in the laboratory
for six years without exposure to any insecticide. Adult mosquitoes
were maintained on a 10% sucrose solution and blood from a live
mouse, whereas larvae were reared in plastic trays (24× 35 × 5 cm)
containing 0.5 g of sterilized diet (40-mesh chick chow powder/yeast,
4:1 by weight). They were held at 27( 3 °C and 80( 10% relative
humidity (RH) under a 16:8 h light/dark cycle.

Isolation and Identification of Fruit Compounds. The air-dried
fruits (13 kg) fromF. Vulgarewere purchased from Boeun medicinal
herb shop, Kyungdong Market, Seoul, Korea. The purchased fruits were
identified by the Forestry Research Institute, Seoul. They were finely
powdered, extracted with 10 L of methanol twice at room temperature
for 3 days, and filtered. The combined filtrate was concentrated under
vacuum at 35°C to yield ∼6% brownish tar (based on the weight of
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the dried fruits). The extract (20 g) was sequentially partitioned into
hexane (18.6 g), chloroform (0.8 g), ethyl acetate (0.1 g), and water-
soluble (0.5 g) portions for subsequent bioassay. The organic solvent
portions were concentrated to dryness by rotary evaporation at 35°C,
and the water portion was freeze-dried.

The hexane fraction (10 g) was chromatographed on a silica gel
column (Merck 70-230 mesh, 600 g, 5.5 cm i.d.× 70 cm) and
successively eluted with a stepwise gradient of hexane/ethyl acetate
(90:10, 85:15, 70:30, 50:50, and 0:100 by volume). Two bioactive 90:
10 (2.6 g) and 50:50 (0.9 g) fractions were successively rechromato-
graphed on a silica gel column, using hexane-ethyl acetate (40:1 and
2:1 by volume, respectively). Column fractions were analyzed by TLC
(silica gel 60 F254), and fractions with similar streaking patterns on the
TLC plates were pooled. Preparative HPLC (Spectra System P2000,
Thermo Separation Products) was used for further separation of the
constituents. The columns were aµPorasil (19 mm i.d.× 300 mm,
Waters), using hexane-ethyl acetate (98:2 by volume) at a flow rate
of 4 mL/min and detected at 285 nm for the active 90:10 subfraction,
and a Prodigy ODS (7.8 mm i.d.× 300 mm, Phenomenex), using THF/
methanol/water (1:8:1 by volume) at a flow rate of 4 mL/min and
detected at 205 nm for the active 50:50 subfraction. Finally, two potent
active principles,1 (7 mg) and2 (2 mg), were isolated from the 90:10
and 50:50 fractions, respectively.

The structures of the active isolates were determined by instrumental
analyses.1H and13C NMR spectra were recorded in deuteriochloroform
with a JNM-LA 400F7 spectrometer, at 600 and 150 MHz (TMS as
an internal standard), respectively, and chemical shifts are given inδ
(ppm). The unambiguous1H and 13C NMR chemical shifts were
obtained using a1H-1H COSY spectrum as well as a13C-1H
correlation spectrum. UV spectra were obtained in methanol with a
Uvikon 922 spectrometer and mass spectra on a JEOL GSX 400
spectrometer. Optical rotation was measured with a Autopol III
polarimeter.

Bioassay.Two different treatment methods (patch and skin) were
used to determine the repellent activity against hungryA. aegypti
females. In a patch test, the modified method of Schreck et al. (16)
was used. The adults were tested from 12:00 to 4:00 p.m. Amounts
(0.04, 0.02, 0.01, and 0.005 mg/cm2) of eachFoeniculumfruit-derived
material in 100µL of ethanol were applied to a patch of gauze (5 cm
diameter). After drying in the air for 2 min, each gauze patch was placed
over a hole (5 cm diameter) made on the back part of rubber glove.
Each forearm within the treated glove was exposed for 10 min in a
screen wire cage (30× 30 × 30 cm) containing 120 females (7-10
days old) at 27( 3 °C and 80( 10% RH in continuous darkness. The
numbers of test mosquitoes landing on the gauze in an attempt to probe
a blood source were recorded. Prior to testing of the treated glove,
gauze treated with a 100µL of ethanol was exposed to test mosquitoes
in the same manner and considered as control. Each assay was replicated
at least 10 times.

In a skin test, the method of Frances et al. (17) with a slight
modification was used. Ethanol (100µL) was directly applied over
the exposed hand skin surface through a hole (5 cm diameter) of a
rubber glove described earlier. After drying for 1 min, skin was exposed
for 5 min in a screen wire cage containing 200-250 females (7-10
days old). Immediately after the control exposure, the hand was removed
from the cage, and amounts (0.4, 0.2, 0.1, and 0.04 mg/cm2) of each
Foeniculumfruit-derived compound, (Z)-9-octadecenoic acid, and deet
in 100µL of ethanol were applied evenly over the skin surface. After
drying in the air for 1 min, the treated hand was exposed to mosquitoes
in the same test cage for 5 min at 30 min intervals. The numbers of
test mosquitoes biting on the skin were recorded. Each assay was
replicated at least 10 times.

The repellent index was calculated according to the formula from
Schreck et al. (16): % repellency) [(Ta - Tb)/Ta] × 100, whereTa is
the number of mosquitoes in the control andTb is the number of
mosquitoes in the treated experiment.

Statistical Analyses.The percentage of repellency was determined
and transformed to arcsine square-root values for analysis of variance
(ANOVA). Treatment means were compared and separated by Scheffe’s
test atP < 0.05 (18). Means (( SE) of untransformed data are reported.

RESULTS

Identification of Active Fruit Compounds. When fractions
obtained from the methanol extract ofF. Vulgare fruits were
laboratory assayed according to the patch test, significant
differences were observed in the repellent activity againstA.
aegyptifemales (Table 1). At a dose of 0.1 mg/cm2, the hexane
fraction showed potent repellent activity, whereas weak activity
was observed with the other three fractions.

Bioassay-guided fractionation of the hexane fraction afforded
two active constituents identified by instrumental analyses,
including MS and NMR. The biologically active constituents
were characterized as the monoterpene (+)-fenchon (1) and the
unbranched alkenic carboxylic acid (E)-9-octadecenoic acid (2).
They were identified on the basis of the following evidence.
(+)-Fenchon, C10H16O: [R]D

20 +67; UV (MeOH)λmax nm (ε)
203 (17478); EI-MS (70 eV),m/z (% rel int) 152 [M+] (16), 81
(100, base peak), 69 (49);1H NMR (CD3OD, 600 MHz)δ 2.14
(1H, br, s), 1.77-1.81 (2H, m), 1.69-1.75 (2H, m), 1.52-1.58
(2H, m), 1.36-1.41 (2H, m), 1.14 (3H, s), 1.04 (6H, s);13C
NMR (CD3OD, 150 MHz)δ 223.52, 54.15, 47.39, 45.31, 41.65,
31.83, 24.94, 23.35, 21.71, 14.63. (E)-9-Octadecenoic acid,
C18H34O2: UV (MeOH) λmax nm (ε) 205 (17650); EI-MS (70
eV), m/z (% rel int) 282 [M+] (50), 264 (100, base peak), 222
(41), 180 (29), 151 (26), 125 (46), 97 (100), 83 (100);1H NMR
(CD3OD, 600 MHz)δ 7.26 (1H, s), 5.33-5.39 (2H, m), 2.36
(2H, t, J ) 7.43 Hz), 2.00-2.07 (4H, m), 1.64-1.66 (2H, m),
1.39-1.43 (4H, m), 1.26-1.33 (16H, m), 0.88 (3H, t,J ) 6.88
Hz); 13C NMR (CD3OD, 150 MHz)δ 179.90, 130.59, 128.95,
33.93, 31.94, 29.73, 29.70, 29.66, 29.66, 29.58, 29.38, 29.34,
29.10, 27.25, 26.78, 24.28, 22.71, 14.14.

Repellent Activity of Fruit Compounds. The repellent
activity of theFoeniculumfruit-derived compounds againstA.
aegypti females was examined by patch test (Table 2).
Responses varied according to compound and dose. (+)-
Fenchone (1) caused 94 and 82% repellency at 0.01 and 0.005
mg/cm2, respectively. (E)-9-Octadecenoic acid (2) gave 91%

Table 1. Repellent Activity of F. vulgare Fruit-Derived Materials
against A. aegypti Females Using a Patch Test

fraction dose, mg/cm2 repellency,a % (mean ± SE)

hexane 0.1 99 ± 1.3a
chloroform 0.1 37 ± 2.8b
ethyl acetate 0.1 37 ± 3.6b
water 0.1 17 ± 5.6b

a Means within a column followed by the same letter are not significantly different
(P < 0.05, Scheffe’s test). Repellency was transformed to arcsine square-root before
ANOVA. Means (± SE) of untransformed data are reported.

Table 2. Repellent Activity of F. vulgare Fruit-Derived Compounds
against A. aegypti Females Using a Patch Test

compound dose, mg/cm2 repellency,a % (mean ± SE)

(+)-fenchone 0.005 82 ± 0.7c
0.01 94 ± 0.6b
0.02 100 ± 0.0a
0.04 100 ± 0.0a

(E)-9-octadecenoic 0.005 73 ± 2.3c
acid 0.01 91 ± 0.2b

0.02 100 ± 0.0a
0.04 100 ± 0.0a

a Means within a column followed by the same letter are not significantly different
(P < 0.05, Scheffe’s test). Repellency was transformed to arcsine square-root before
ANOVA. Means (± SE) of untransformed data are reported.
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repellency at 0.01 mg/cm2 but 73% repellency at 0.005 mg/
cm2.

Repellent effects of skin test of the test compounds onA.
aegyptifemales were assessed (Table 3). At a dose of 0.2 mg/
cm2, (+)-fenchone and (E)-9-octadecenoic acid gave 100 and
32% repellency, respectively. At 0.04 mg/cm2, the repellency
of (+)-fenchone was 76%.

Structure-repellent activity relationships of (E)- and (Z)-9-
octadecenoic acid againstA. aegyptifemales are shown inTable
4. At a dose of 0.4 mg/cm2, repellent activity was more
pronounced in the (Z)-form (91%) than in the (E)-form (41%).

Because (+)-fenchone and (Z)-9-octadecenoic acid both
revealed potent repellent activity againstA. aegypti females
when dosed at a rate of 0.4 mg/cm2, the protection time of these
compounds during a 1-h period was compared with that of deet
(Table 5). In a skin test with female mosquitoes, the duration
of the effectiveness for (+)-fenchone was within 30 min after
treatment at 0.4 mg/cm2, although deet revealed potent repellent
activity for >1 h after treatment at 0.2 mg/cm2. (Z)-9-
Octadecenoic acid was less active than (+)-fenchone.

DISCUSSION

It has been well recognized that plant-derived insect repellent
agents are selective to pests, have no or little harmful effects
on nontarget organisms and the environment, and may be
applied to skin and fabric in the same way as conventional

repellents (1-3). Many plant extracts and essential oils are
known to possess repellent activity against various mosquito
species (1-3, 19-22). The effectiveness and duration of
repellency of chemicals depend on the type of repellent (active
ingredient and formulation), the mode of application, local
conditions (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 biting density (2, 3). Sukumar et al. (19) pointed
out that the most promising botanical mosquito control agents
are in the families Asteraceae, Cladophoraceae, Labiatae,
Meliaceae, Oocystaceae, and Rutaceae. The repellent constitu-
ents are mainly monoterpenoids such as geraniol, citronellol,
linalool, terpineol, and (-)-carvone (1, 20, 23). In the present
study, potent repellent activity was observed with the fruit
extract ofF. Vulgare, belonging to the family Apiaceae. The
repellent constituents of theFoeniculumfruits were identified
as the monoterpene (+)-fenchone and the unbranched alkenic
carboxylic acid (E)-9-octadecenoic acid. Responses varied
according to compound and dose. (+)-Fenchone was a more
potent repellent agent than (E)-9-octadecenoic acid againstA.
aegyptifemales. This is the first report on repellent activity of
(+)-fenchone and (E)-9-octadecenoic acid againstA. aegypti.
(+)-Fenchone has insecticidal activity against adults ofS.
oryzae, C. chinensis, andL. serricorne(13) as well as acaricidal
activity againstTyrophagus longior(Gervais) (14).

Structure-repellent activity relationships of plant compounds
against mosquito species have been well studied. Taylor and
Schreck (24) studied the structure-activity relationships between
repellent activity and 14 stereoisomeric mixtures of six oxazo-
lidine heterocycles and 1 amino alcohol from (+)-, (-)- or (()-
citronellol in a cloth test system: a mixture of diastereoisomers
prepared from (+)-citronellol proved to be more effective than
the standard againstA. aegypti, Anopheles quadrimaculatus
(Say), andAnopheles albimanus(Wiedemann). OfArtemisia
Vulgaris L. leaf-derived monoterpenoids such as (()-linalool,
(()-camphor, (+)-camphor, (-)-camphor, isoborneol, (-)-
borneol, terpinen-4-ol, and isobornyl acetate when used at 0.14
mg/cm2 or higher, terpinen-4-ol was the most active and was
as effective as dimethyl phthalate (23). In our study, repellent
activity againstA. aegyptifemales was more pronounced with
(Z)-9-octadecenoic acid than with (E)-9-octadecenoic acid.

Many plant extracts and essential oils with high volatility,
such as alkanes, terpenoids, alcohols, and aldehydes, act on
mosquitoes in the vapor phase (25). These volatile compounds
were effective against mosquitoes for a relatively short period,
typically 15 min to 10 h (2, 3). Thyme and clove oil provide
1.5-3.5 h of protection againstA. aegypti in laboratory tests
(21). Field tests ofp-menthane-3,8-diol derived from the waste
distillate ofEucalyptus maculata citriodonoil extract show 6-7
h of repellency againstAnophelesspp. in Tanzania, which was
comparable with deet (26). Recently, various formulations for
controlled-release resulted in repellency duration increase (27-
29). Sharma and Ansari (28) reported that a 1% neem oil-
kerosene mixture may provide economical personal protection
from mosquito bites.Lantana camaraL. flower extract in
coconut oil provides 94.5% protection fromAedes albopictus
(Skuse) andA. aegypti, with no undesirable adverse effects on
human volunteers for 3 months after the application (29). In
our study, the effectiveness of (+)-fenchone was relatively short,
although deet provided good protection from mosquito bites for
>1 h. The short duration of effectiveness of (+)-fenchone is
probably related to its high volatility (30).

Table 3. Repellent Activity of F. vulgare Fruit-Derived Compounds
against A. aegypti Females Using a Skin Test

compound dose, mg/cm2 repellency,a % (mean ± SE)

(+)-fenchone 0.04 76 ± 0.3c
0.1 92 ± 0.9b
0.2 100 ± 0.0a
0.4 100 ± 0.0a

(E)-9-octadecenoic 0.2 32 ± 2.3e
acid 0.4 52 ± 0.9d

a Means within a column followed by the same letter are not significantly different
(P < 0.05, Scheffe’s test). Repellency was transformed to arcsine square-root before
ANOVA. Means (± SE) of untransformed data are reported.

Table 4. Repellent Activity of (E)- and (Z)-9-Octadecenoic Acid against
A. aegypti Females Using a Skin Test

repellency,a % (mean ± SE)

compound 0.2 mg/cm2 dose 0.4 mg/cm2 dose

(E)-form 34 ± 2.2b 41 ± 7.8b
(Z)-form 64 ± 2.4a 91 ± 2.1a

a Means within a column followed by the same letter are not significantly different
(P < 0.05, Scheffe’s test). Repellency was transformed to arcsine square-root before
ANOVA. Means (± SE) of untransformed data are reported.

Table 5. Repellent Activity of Test Compounds against A. aegypti
Females Using a Skin Test

repellency,a % (mean ± SE)

compound
dose,

mg/cm2 5 min 30 min 60 min

(+)-fenchone 0.4 100 ± 0.0a 76 ± 2.1b 51 ± 1.2b
(Z)-9-octadecenoic acid 0.4 85 ± 3.2b 63 ± 2.5c 30 ± 4.8b
deet 0.2 100 ± 0.0a 99 ± 0.5a 97 ± 2.6a

a Means within a column followed by the same letter are not significantly different
(P < 0.05, Scheffe’s test). Repellency was transformed to arcsine square-root before
ANOVA. Means (± SE) of untransformed data are reported.
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Results of this and earlier studies indicate thatF. Vulgare
fruit-derived materials and (Z)-9-octadecenoic acid might be
useful for protection of human and domestic animals from
vector-borne disease and nuisance. Additionally, (+)-fenchone
has low acute toxicity to mammals (31), although it is known
to be epileptogenic (32). For practical use of these compounds
as novel mosquito repellents, further research on safety and
effectiveness is needed.
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