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ABSTRACT: A tool for integrated pest management is the use of essential oils (EOs) and plant extracts. In this study, EOs from
Tagetes lucida, Lepechinia betonicifolia, Lippia alba, Cananga odorata, and Rosmarinus officinalis, species grown in Colombia, were
analyzed by gas chromatography-mass spectrometry. These oils as well as several of their constituents were tested for repellent
activity against Tribolium castaneum, using the area preference method. The main components (>10%) found in EOs were
methylchavicol, limonene/R-pinene, carvone/limonene, benzyl acetate/linalool/benzyl benzoate, and R-pinene, for T. lucida, L.
betonicifolia, L. alba, C. odorata, and R. officinalis, respectively. All EOs were repellent, followed a dose-response relationship, and
had bioactivity similar to or better than that of commercial compound IR3535. EOs fromC. odorata and L. albawere themost active.
Compounds from EOs, such benzyl benzoate, β-myrcene, and carvone, showed good repellent properties. In short, EOs from plants
cultivated in Colombia are sources of repellents against T. castaneum.
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’ INTRODUCTION

Pest control requires the use of chemicals having great
specificity, safety, and ecofriendly properties. This need has
increased the search for natural products derived from plants
as alternatives to conventional or synthetic compounds.1 Essen-
tial oils (EOs), mixtures containing volatile compounds from
plants, have been widely used as bioactive agents for this purpose.
In fact, these chemicals have proven to be effective as insec-
ticides,2-8 ovicidals,9 antifeedants,10-12 oviposition inhibitors,13,14

and repellents,6,15-17 and may also affect some biological param-
eters such as growth rate, life span, and insect reproduction.2,18-20

In industrialized nations, such as the United States, EOs are
important alternatives to synthetic insecticides during organic
food production, whereas in developing countries, their use
could help in agriculture and food protection.21,22

Although there is a large diversity of food pests that requires
control in crop production and storage, species such as Tribolium
castaneum Herbst (red flour beetle) are of particular economic
importance due to its worldwide distribution and preference for
grain products in flour mills, warehouses, and grocery stores.23,24

Currently, the control of this insect is carried out using several
synthetic products, for which adverse effects have been reported
in animals and humans.25 Moreover, botanical extracts and
EOs have also been successfully used in controlling this
insect.26,27 It has been reported that EOs fromOcimum basilicum
L (Labiatae) were highly toxic and repellent against T. castaneum
adults when applied topically or impregnated on filter papers,
on grains, or on glass pebbles.28 Similar activities have been
reported for EOs from Baccharis salicifolia (Asteraceae),24

Artemisia annua (Asteraceae),27,29 Nigella sativa (Ranunculaceae),
Trachyspermum ammi (Umbelliferae), and Anethum graveolens
(Umbelliferae).8

Molecules present in EOs have also shown interesting proper-
ties for pest control. For instance, compounds such as R-pinene,
eugenol, limonene, terpineol, citronellol, citronellal, camphor,
and thymol have been recognized to have good repellent
properties.30-33 The aim of this paper was to evaluate the
repellent properties of EOs obtained from plants grown in
Colombia, as well as those elicited by individual compounds
that are commonly found in EOs, against T. castaneum Herbst.

’MATERIALS AND METHODS

PlantMaterial. Plant material was obtained from the experimental
agroindustrial station of the Industrial University of Santander
(Bucaramanga, Colombia), from species cultivated from certified seeds
except for Lepechinia betonicifolia (Labiatae), which was obtained from
the wilderness. Aerial parts of plants were employed to extract EOs
from Lippia alba (Verbenaceae), L. betonicifolia, and Tagetes lucida
(Asteraceae). Leaves and flowers were used for EOs from Rosmarinus
officinalis (Labiatae), and Cananga odorata (Annonaceae), respectively.
Essential Oil Isolation. The EOs were obtained from the aerial

parts or particular plant parts (ca. 150 g in 1 of L water). Microwave-
assisted hydrodistillation (MWHD) was carried out as described
elsewhere;34,35 briefly, a Clevenger-type hydrodistillation apparatus
was placed inside a domestic microwave oven (LG, 1100 W, 2.45 GHz)
with a side orifice through which an external glass condenser joined the 2
L round flask with the plant material (ca. 300 g) and water (ca. 0.5 L),
inside the oven. The oven was operated for 40 min (4� 10 min) at full
power, which caused the water to boil vigorously and reflux. Essential oil
was decanted from the condensate and dried with anhydrous sodium
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sulfate. For chromatographic analysis, neat essential oil (50 μL) and
n-tetradecane (0.5 μL) were dissolved in dichloromethane (1.0 mL final
volume, chromatography-grade reagent; Merck, Darmstadt, Germany).
Gas Chromatography-Mass Spectrometry (GC-MS) Anal-

ysis. Compound identification of EOs isolated from plants was based
on chromatographic (retention times and Kovats indices) and spectro-
scopic (mass spectra interpretation and database searching) criteria,36-40

as well as on comparison of retention indices andmass spectra with those
of authentic samples. The spectroscopic and chromatographic data were
obtained with a gas chromatograph, GC 6890 Plus (Agilent Technol-
ogies, Palo Alto, CA) equipped with amass selective detectorMSD 5975
(electron impact ionization, EI, 70 eV; Agilent Technologies), split/
splitless injector (1:30 split ratio), a 7863 automatic injector, and a MS-
ChemStation G1701-DA data system, which included the spectral
libraries Wiley, NIST, and QUADLIB 2007. A fused-silica capillary
columnDB-5MS (J&W Scientific, Folsom, CA) of 60 m� 0.25 mm i.d.,
coated with 5% phenyl poly(methylsiloxane) (0.25 μm film thickness),
and a DB-WAX (J&W Scientific) 60 m� 0.25 mm i.d. capillary column,
coated with poly(ethyleneglycol) (0.25 μm film thickness), were used.
With the DB-5MS column, the GC oven temperature was programmed
from 45 �C (5 min) to 150 �C (2 min) at 4 �C/min, then to 250 �C
(5 min) at 5 �C/min, and finally to 275 �C (15 min) at 10 �C/min. For
the DB-WAX column, the oven temperature was programmed from
45 �C (5 min) to 150 �C (3 min) at 3 �C/min and then to 220 �C
(5 min) at 4 �C/min. The temperatures of the injection port, ionization
chamber, and transfer line were set at 250, 230, and 285 �C, respectively.
Helium (99.995%, Aga Fano, Bucaramanga, Colombia) was used as
carrier gas, with 155 kPa column head pressure and 27 cm/s linear
velocity (1 mL/min, at constant flow). Mass spectra and reconstructed
(total) ion chromatograms were obtained by automatic scanning in the
mass range m/z 30-300 at 5.1 scan/s. Chromatographic peaks were
checked for homogeneity with the aid of the mass chromatograms for
the characteristic fragment ions and with the help of the peak purity
function of the MS-Chemstation G1701-DA software. Extracted ion
chromatograms were employed as tools to simplify the chromatographic
profile during the peak assignment process.
GC-FID Analysis. A gas chromatograph GC 7890 (Agilent Tech-

nology, Palo Alto, CA), equipped with a flame ionization detection
(FID), a split/splitless injector (1:30 split ratio), and a data system (HP-
ChemStation Rev. B.03.02 [341]), was used for GC analysis and
essential oil quantification. The detector and the injector temperatures
were set at 250 �C. A DB-5 (J&W Scientific) 60 m � 0.25 mm i.d.
capillary column, coated with 5% phenyl poly(methylsiloxane) (0.25 μm
film thickness), and a DB-WAX column of the same characteristics as
that employed in GC-MS were used for linear retention index determi-
nation. The oven temperature for both columns was programmed iden-
tically as for the GC-MS analysis described above. Helium (99.995%,
Aga Fano) was used as carrier gas, with 170 kPa column head pressure
and 22.95 cm/s linear velocity (1 mL/min, at constant flow). Hydrogen
and air at 30 and 300 mL/min, respectively, were used in the FID, with
nitrogen (30 mL/min) as makeup gas. For semiquantification of the
essential oil composition, the normalized peak area of each compound
was calculated as the mean value of three injections using the DB-5
column.
Individual Compounds Found in Essential Oils. The follow-

ing compounds that are frequently found in EOs were evaluated in this
study: geranyl acetate, 98%; β-citronellol, 95%; benzyl benzoate, 99%;
β-myrcene, 95%; carvacrol, 98%; citral, 95%; geraniol, 98%; nerol, 97%;
p-cymene, 99%;R(-)carvone, 98%; and S(þ)carvone, 96%. These were
purchased from Sigma-Aldrich (Steinheim, Germany). Benzyl salicylate,
99%, was obtained from Fluka (Buchs, Switzerland).
Insects and Rearing Conditions. All experiments were con-

ducted in the laboratory using long-established colonies of T. castaneum
obtained from a supermarket located in Cartagena, Colombia. In the

laboratory the strain was maintained in glass containers covered by a
plastic mesh. Insects were reared on a diet of whole oat flour and kept at
26( 2 �C and 70-85% relative humidity (RH) with a 10:14 h light/dark
photoperiod. Red flour beetle adults of both sexes were collected, and
those with size between 3.0 and 4.5 mm were used in the experiments.
Repellency Tests. The repellent effects of the EOs and some of

their individual components against T. castaneum were tested using the
area preference method.15 The solutions of EOs or compounds were
prepared in acetone, and in all cases, a volume of 0.5 mL was applied to a
half-filter paper disk, as uniformly as possible, to obtain the desired oil
volume per unit area of 0.00002, 0.0002, 0.002, 0.02, and 0.2 μL/cm2,
using acetone as solvent. The other half of the filter paper was treated
with an equal volume of acetone as a vehicle control. Test areas consisted
of 9 cm Whatman no. 1 filter paper cut in half (31.8 cm2). As a positive
control, a 15% formulation of IR3535 [ethyl 3-(N-acetyl-N-butylamino)
propionate], a well-known arthropod repellent, was used under the same
conditions as the oils. The treated and control half disks were air-dried
for 10 min to evaporate the solvent. Treated and untreated halves were
reattached using adhesive tape and placed in 90 mm glass Petri dishes.
Twenty adults of T. castaneum of both sexes were released at the center
of each filter paper disk. Dishes were covered and placed in darkness at
22-24 �C and 75( 10% RH. The numbers of T. castaneum present on
the treated and untreated portions of the experimental paper halves were
recorded for each dish after 2 and 4 h of exposure. Percentage repellency
(PR) for a given exposure time was computed as follows: PR = [(Nc -
Nt)/(NcþNt)]� 100, whereNc andNt were the number of insects on
the untreated (control) and treated areas, respectively. Five replicates
were used for each tested concentration of both EOs and individual
compounds.
Data Analysis. Themean number of insects on the treated portion

of the filter paper was compared with the number found on the untreated
area using the paired t test. If significant differences occurred, repellency
or attractancy was established depending on whether the percentage
repellency was positive or negative, respectively. In all cases, normal
distribution and equality between variances were previously evaluated by
Kolmogorov-Smirnov and Bartlett’s tests, respectively. Comparisons
between mean PR for different EOs or individual compounds were
performed using ANOVA, with Dunn’s post-test used to compare
treated with control-vehicle groups. Spearman correlation was used to
establish relationships between repellency and physicochemical param-
eters of compounds. Statistical analysis was performed with GraphPad
InStat,41 and the significance was set at P < 0.05.

’RESULTS

The chemical compositions of examined EOs are presented in
Table 1. The results revealed quite different compositions, the
most abundant compounds being methylchavicol, limonene/
R-pinene, carvone/limonene, benzyl acetate/linalool/benzyl
benzoate, andR-pinene for the EOs ofT. lucida, L. betonicifolia,L.
alba, C. odorata, and R. officinalis, respectively.

The results of repellency assays for tested EOs are presented in
Table 2. Data showed that at tested concentrations, most EOs
were strongly repellent against T. castaneum, and these bioactiv-
ities followed clear dose-response relationships. At the lowest
assayed concentrations (0.00002 and 0.0002 μL/cm2), the oil
isolated from T. lucida showed some insect attractant properties
(-60( 3% and-6( 15%, 2 h after exposure; and-62%( 4%
and -11% ( 17%, 4 h after exposure).

The PRs for most tested oils were similar when compared at
both exposure times (Table 2). After 2 h of exposure, oils from L.
alba and C. odorata were significantly more repellent than
IR3535 at concentrations of 0.0002 and 0.2 μL/cm2. At 4 h after
exposure, such statistical differences for both oils were observed
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only at 0.2 μL/cm2. Moreover, at concentrations >0.02 μL/cm2,
the repellent properties depicted by the oils were similar to or
better than those measured for IR3535.

The essential oil from C. odorata reached the highest PR, 98%
at 0.2 μL/cm2. However, together with those from L. alba and L.

betonicifolia, these oils registered PR values of >90% after 2 and
4 h of exposure, indicating that they can be considered excellent
candidates as natural repellents.

PRs and some physicochemical properties of individual com-
pounds are presented in Table 3. All tested constituents of the EOs

Table 1. Compounds (>0.1%) Found in Tested Essential Oils

Kovats indices relative amount, %

compound DB-5 DB-WAX Tagetes lucida Lepechinia betonicifolia Lippia alba Cananga odorata Rosmarinus officinalis

R-pinenea 933 1028 19.4 0.2 1.5 19.6

camphenea 950 1073 3.6 0.5 3.8

sabinene 969 1125 3.9 0.1

β-pinene 975 1112 9.5 0.1 0.6 2.6

β-myrcenea 988 1152 5.9 2.5 1.5 0.2 2.1

p-methylanisole 1017 1446 8.9

β-phellandrenea 1025 1165 1.7 0.5

limonenea 1026 1196 27.5 35.0 0.1 8.2

1,8-cineolea 1028 1223 0.2 9.1

trans-β-ocimene 1045 1251 1.3 1.1 0.1

methyl benzoate 1089 1624 10.0

linaloola 1095 1543 0.3 0.7 14.1 4.5

camphora 1142 1496 3.1 3.7

benzyl acetate 1165 1736 18.2

borneola 1166 1718 0.7 0.3 4.3

R-terpineola 1192 1685 3.3

methylchavicola 1222 1675 92.1

carvonea 1241 1685 0.2 35.3

piperitone 1249 1692 3.4

bornyl acetate 1287 1863 1.0 0.8

β-bourbonene 1387 1524 0.4 1.6

trans-β-caryophyllenea 1420 1597 6.8 0.2 3.8 1.4

cinnamyl acetatea 1446 2148 4.3

R-humulenea 1452 1674 2.0 1.0 0.1

germacrene D 1485 1710 2.9 0.1 7.8

bicyclosesquiphellandrene 1488 1624 9.6 0.5

germacrene D-4-ol 1584 1967 1.2

caryophyllene oxidea 1584 2008 1.2

benzyl benzoatea 1784 2735 12.3
aThe identification of these compounds was based on a comparison of retention indices and mass spectra with those of authentic samples.

Table 2. Percentage Repellencya (PR) after Two Exposure Times for Five Essential Oils against Tribolium castaneum

2 h 4 h

essential oil 0.00002

μL/cm2

0.0002

μL/cm2

0.002

μL/cm2

0.02

μL/cm2

0.2

μL/cm2

0.00002

μL/cm2

0.0002

μL/cm2

0.002

μL/cm2

0.02

μL/cm2

0.2

μL/cm2

Tagetes lucida -60( 3*a -6( 15 28( 18 62( 10* 84( 6* -62( 4*a -11( 17 26( 20 61( 6* 90( 3*

Lepechinia betonicifolia 8( 15 10( 9 60( 8* 68( 4* 94( 4*a 10( 14 12( 28 56( 16* 60( 16* 92( 4*

Lippia alba 34( 8* 58( 10*a 60( 7* 82( 2* 96( 2*a 32( 11* 40( 19 54( 8* 82( 13*a 96( 2*a

Cananga odorata 76( 3*a 84( 2*a 88( 4* 92( 2*a 98( 2*a 82( 6*a 76( 6*a 72( 9* 80( 8* 98( 2*a

Rosmarinus officinalis 32( 14 58( 9*a 64( 11* 74( 7* 82( 4*b 32( 14 56( 12* 70( 15* 74( 9* 92( 4*

IR3535 2( 8 16( 9 54( 12* 60( 13*b 78( 5* -6( 18 4( 22 40( 11 50( 5 75( 8
aValues are mean ( SE of five replicates. Positive values represent repellency, and negative values show attractant activity. *, significant difference
between the number of the organisms on both the treated and untreated halves, using a paired t test (P < 0.05); a, significant difference between essential
oils and the positive control (IR3535), using ANOVA, with Dunn’s post-test; b, significant difference between the percentage repellency 2 and 4 h after
exposure.
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Table 3. Physicochemical Properties and Percentage Repellency (PR) after Two Exposure Times against Tribolium castaneum of
12 Compounds Present in Essential Oils

aValues are mean ( SE of five replicates. Positive values represent repellency, and negative values show attractant activity. *, significant difference
between number of organisms on both treated and untreated halves, using a paired t test (P < 0.05).
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exhibited bioactivity against T. castaneum, with some values better
than those observed for the commercial repellent. With the excep-
tion of p-cymene, most PRs were >90% at a concentration of 0.2
μL/cm2 at 4 h after exposure. The least active was p-cymene, which
showed attractant activity at the lower concentrations and both
exposure times (-6% ( 12% and -10% ( 11%, 2 h after expo-
sure; and -5% ( 21% and -8% ( 13%, 4 h after exposure).

’DISCUSSION

T. castaneum is a major pest of wheat grain flour.23 The control
of this organism is mostly achieved using synthetic chemicals as
fumigants, but frequently those might cause adverse effects on
nontarget animals and humans.25 Results presented here have
shown that several plants cultivated in Colombia possess a variety
of different chemicals with good repellent activities toward this
insect. Importantly, these oils have similar or better repellent
properties than those elicited by IR3535, a commercial repellent
used in public health applications for human skin and clothing.42

Among examined EOs, C. odorata was significantly more effec-
tive than IR3535 at most tested concentrations.

The oil from L. alba had not been previously reported as
repellent against T. castaneum, although Lippia species have been
used as insect repellent against Anopheles gambiae.43 Interest-
ingly, although sharing some minor components, the repellent
activity of the essential oil of L. alba was similar to that observed
for R. officinalis. This last essential oil has shown repellent
properties against insects such as Anopheles stephensi, Aedes
aegypti, and Culex quinquefasciatus.44

The PRs for most tested oils were similar when compared at
both exposure times (Table 2). After 2 h of exposure, oils from L.
alba and C. odorata were significantly more repellent than
IR3535 at concentrations of 0.0002 and 0.2 μL/cm2. At 4 h after
exposure, such statistical differences for both oils were observed
only at 0.2 μL/cm2. Moreover, at concentrations >0.02 μL/cm2,
the repellent properties shown by the oils were similar to or
better than those measured for IR3535.

Several species belonging to the Lepechinia genus have been
found to have insecticidal activity against A. aegypti larvae.45

However, to the best of our knowledge, this is the first report
presenting the repellent activity of the EO isolated from L.
betonicifolia, found in Colombia, against T. castaneum. Among
tested oils, it was the one with the greatest PR and moderately
better than the commercial repellent IR3535.

The insecticidal constituents of EOs studied here were mainly
monoterpenoids, as also found for most of these mixtures.46-48

Monoterpenoids are typically volatile and rather lipophilic
compounds that can penetrate into insects and interfere with

their physiological functions.49 Due to their high volatility, they
have fumigant properties and might be of importance for the
control of stored-product insects.48 The insecticidal activity of
EOs depends on the action of their components. For instance,
limonene, found in L. alba (35%), has been referenced to have
fumigant toxicity against T. castaneum.50 Linalool, found in C.
odorata (14.1%) and R. officinalis (4.5%), and β-pinene, present
in R. officinalis (2.6%), have shown toxic effects on Sitophilus
oryzae.46,51 Limonene and camphor have also been reported to
possess repellent effects,52 and both are constituents of the
essential oil extracted from R. officinalis (8.2 and 3.7%, re-
spectively). Similarly, R-terpineol has been shown to work as a
repellent against T. castaneum Herbst adults,24 and it is found in
R. officinalis (3.3%).

On the other hand, it is important to mention that, taken
individually, constituents of EOs have shown better repellent
activities against T. castaneum than those recorded for EOs and
the commercial repellent. Compounds such as β-myrcene,
benzyl benzoate, and carvone, which presented good repellent
properties, can be part of the composition of one or some of the
EOs examined here, including C. odorata, T. lucida, R. officinalis,
L. betonicifolia, and L. alba, suggesting that the activity of these
EOs could be linked to the presence of these chemicals.

The physicochemical or structure-based properties that allow
molecules to behave as repellent are not well-known. However,
some studies have shown that lipophilicity, vapor pressure,
boiling point, molecular length, and principal moment of inertia,
among others, could be good descriptors for repellency.53-57 To
determine if there are quantitative relationships between mea-
sured PRs of tested compounds and some basic physicochemical
parameters for these molecules, a Spearman correlation analysis
was performed between the biological data at both exposure
times and molecular properties such as LogP, boiling point, and
molecular weight. The results are presented in Table 4. The data
showed that the boiling point presented significant and inverse
correlations with the repellent bioactivity observed at the lowest
(0.00002 μL/cm2) tested concentration 2 h after exposure
(R = -0.577, P = 0.050) and with an intermediate one (0.002
μL/cm2) 4 h after exposure (R = -0.670, P = 0.017). On the
other hand, LogP was significantly and inversely correlated
(R = -0.643, P = 0.024; R = -0.737, P = 0.006) with the
bioactivity observed at the highest tested concentrations (0.02 and
0.2 μL/cm2) 2 h after exposure. These results indicate that both
LogP and boiling point are important, but not the only, parameters
that determine the repellency properties of these compounds.

It should be kept in mind that although some of the studied
EOs presented promising repellent properties against T. castaneum,

Table 4. Spearman Correlation Values between Percentage Repellency (PR) Observed at Different Exposure Times and
Physicochemical Parameters

parameter PRa 0.00002 (2 h) PR 0.0002 (2 h) PR 0.002 (2 h) PR 0.02 (2 h) PR 0.2 (2 h) boiling point (�C) mol wt LogP

PR 0.00002 (4 h) 1 0.372 (0.234) 0.181 (0.571) 0.083 (0.798) 0.293 (0.355) -0.577 (0.050) -0.246 (0.442) -0.270 (0.397)

PR 0.0002 (4 h) 0.626 (0.029) 1 0.688 (0.013) 0.822 (0.001) 0.739 (0.006) -0.254 (0.425) 0.078 (0.810) -0.543 (0.068)

PR 0.002 (4 h) 0.546 (0.066) 0.770 (0.003) 1 0.820 (0.001) 0.368 (0.240) -0.214 (0.505) -0.199 (0.536) -0.111 (0.732)

PR 0.02 (4 h) 0.137 (0.671) 0.608 (0.036) 0.424 (0.170) 1 0.743 (0.006) -0.296 (0.351) -0.175 (0.585) -0.643 (0.024)

PR 0.2 (4 h) 0.186 (0.564) 0.781 (0.003) 0.484 (0.111) 0.781 (0.003) 1 0.002 (0.996) 0.210 (0.512) -0.737 (0.006)

boiling point -0.496 (0.101) -0.317 (0.314) -0.670 (0.017) -0.178 (0.581) 0.042 (0.896) 1 0.659 (0.020) 0.032 (0.922)

mol wt -0.076 (0.814) 0.125 (0.698) -0.207 (0.519) 0.143 (0.657) 0.512 (0.088) 0.659 (0.020) 1 0.247 (0.439)

LogP -0.158 (0.625) -0.382 (0.221) -0.158 (0.625) -0.379 (0.224) -0.166 (0.607) 0.031 (0.922) 0.425 (0.169) 1
aData to the right and left of the diagonal correspond to correlations obtained using repellency data taken after 2 and 4 h exposure, respectively.
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several issues must be addressed before this use becomes a
practical reality. Customer approval, formulation, and nontarget
toxicity studies, among others, should be conducted to establish
the feasibility of possible applications for these natural prod-
ucts.58,59 However, being natural ingredients with good organo-
leptic and antimicrobial characteristics, these essential oils are
gaining acceptance not only as insect repellents but also as
preservatives or to increase safety in different foodstuffs.60,61

In conclusion, the examined EOs had similar or better
repellent characteristics than IR3535, and this property could
be related to the presence of some particular compounds in these
mixtures. These results have shown that EOs from Colombian
flora are an important source of natural and potent repellents
against T. castaneum, being a plausible alternative to the current
commercial repellents used to control this organism.
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