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Abstract

The insect repellent activity of the essential oils of two tropical Lamiaceae, Hyptis spicigera Lamarck and Hyptis suaveolens (L.)
Poitier, and of a Mediterranean one, Lavandula angustifolia (Miller), has been measured against adults of the granary weevil, Si-
tophilus zeamais Motschulsky (Coleoptera Dryophthoridae). The chemical composition of the three essential oils was also exami-
nated. Results showed that the three essential oils had repellent activity on S. zeamais adults. At the lowest dose (0.001%)
H. suaveolens essential oil exhibited a significantly higher repellent effect compared with H. spicigera and L. angustifolia, while
no significant differences were observed for the repellent effect of the three essential oils at the highest dose (0.1%). L. angustifo-
lia essential oils evidenced a significantly lower repellent activity at the intermediate dose (0.01%) after 1, 3 and 5 h of exposure.
Chemical analyses showed that in the essential oil of H. suaveolens monoterpene hydrocarbons were the most represented class of
volatiles (64.1%), followed by sesquiterpene hydrocarbons (24.0%), oxygenated monoterpenes (8.1%) and oxygenated sesquiter-
penes (2.4%). In the essential oil of H. spicigera monoterpene hydrocarbons were the most represented class of volatiles (70.4%),

followed by sesquiterpene hydrocarbons (22.6%).
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Introduction

The most important post harvest activity is the storage
of cereals. During storage most losses occurred, due to
insect attacks (Ngamo et al., 2007b). Insect pests of sto-
red cereals are usually controlled by traditional syn-
thetic insecticides which are currently used to protect
stored products and to prevent post-harvest losses. How-
ever, many problems are associated with these chemi-
cals, such as toxic residues in the food, worker’s safety,
insect resistance and the cost of treatments (Sighamony
et al., 1986).

In the past, leaves or oils extracted from aromatic
plants, such as Lamiaceae, have been extensively used
in tropical countries to protect stored grain and legumes
(Dabiré, 1993; Ladang, 2004; Ngamo et al., 2007b).
The use as stored grain protection agents of locally
available plants and oils obtained from these species is a
traditional practice in many developing countries
(Pereira, 1983). These substances have proved promis-
ing to traditional pesticides in stored products protection
(Shaaya et al., 1993, 1994, 1997; Liu and Ho, 1999;
Ndungu et al., 1999; Taponddjou et al., 2005; Rajen-
dran and Srirenjini, 2008; Nerio et al., 2009, 2010).

Lamiaceae are aromatic herbs with a great socio-
economic value, used in flavouring, cosmetics, perfum-
ery and medical preparations (Magness et al., 1971).
Their essential oils are a complex mixture of aromatic
compounds and their composition and bio-activity are a
function of species, chemotype, climate, soil conditions
and geographical location (Onayade ef al., 1990; Kini et
al., 1993; Belanger et al., 1994; Jirovetz et al., 2000;
Sidibe et al., 2001; Tchoumbougang et al., 2005;
Shaaya and Kostyukovysky, 2006; Noudjou et al.,
2007). Many of them are found in tropical regions such
as those of Hyptis genus, which included more than 400
species. Also the Mediterranean flora is rich in La-

miaceae and, for example, only in Italy 36 genera and
190 species are present (Penzig, 1974).

Since essential oils could present different chemical
composition and, consequently, diverse bio-activity as a
function of the habitat were the plants are grown, the
aim of the present study was to test the insect repellent
activity of the essential oils of two tropical Lamiaceae,
Hyptis spicigera Lamarck and H. suaveolens (L.) Poit-
ier, both cultivated in an experimental field of Pisa Uni-
versity (Tuscany, Italy). The repellent activity of their
essential oils and that of a well-known Mediterranean
species, Lavandula angustifolia (Miller), has been
measured against the granary weevil Sitophilus zeamais
Motschulsky (Coleoptera Dryophthoridae), one of the
world’s most serious stored maize pest, that also attacks
all other cereal grains and cereals products (Tipping et
al., 1987). Data about the main chemical constituents of
the three essential oils were also reported.

Materials and methods

Insect culture and rearing conditions

The strain of S. zeamais derived from a laboratory
stock culture (25 + 1 °C, 60-70% R.H.) kept at the Sec-
tion of Agricultural Entomology of Pisa University
since 2000. Insects were reared in plastic boxes (20 x 25
x 15 cm) containing uninfested maize and covered by
tops with holes and a thin net for air passage. Adults
were removed and transferred each day: in this way, the
newly emerged insects were homogeneous in the box
(£ 3 days). These adults were used in bioassays.

Repellence tests

Essential oils of H. spicigera, H. suaveolens and L. an-
gustifolia were tested for repellence adapting the method
suggested by Tapondjou ef al. (2005), Wang et al.



(2006) and Cosimi et al. (2009). Half filter paper disks
(8 cm diameter) were treated with 0.5 ml of each essen-
tial oil solution [0.1, 0.01 and 0.001 % (v:v), correspond-
ing to 2x107% 2x107° , 2x10™* pl oil/cm?] in hexane and
dried under a fan. Half the bottom of a Petri dish was
covered with treated filter paper, while the other half was
covered with a half filter paper disk treated with hexane
only. Twenty mixed-sex adults were released at the cen-
tre of each Petri dish, and the lid was sealed with
Parafilm. The test was carried out at 25 = 1 °C, 70%
R.H., natural photoperiod. Four replicates were run for
each tested concentration, so that 80 adults/concentration
were assayed. Observations were taken after 1, 3, 5 and
24 hrs from the beginning of the test: in each of them,
the number of insects on the two half paper disks was
recorded. A chi-square test (with Yates correction) was
performed to compare the number of adults on each half
of filter paper (Sokal and Rohlf, 1981).

Essential oils extraction and analysis

The essential oils of H. suaveolens and H. spicigera
were extracted from fresh leaves, partially dehydrated
for 5 d at room temperature. After this period, the leaves
were ground and weighed, placed in a round bottom
flask and 1000 ml of distilled water were added and hy-
drodistilled for 2 h in a modified Clevenger apparatus.

Gas chromatography (GC) analyses were accom-
plished with an HP-5890 Series II instruments equipped
with DB-WAX and DB-5 capillary columns (30 m x
0.25 mm, 0.25 pum film thickness), working with the fol-
lowing temperature program: 60 °C for 10 min, ramp of
5 °C/min up to 220 °C; injector and detector tempera-
tures 250 °C; the carrier gas was helium (2 ml/min); de-
tector dual FID; split ratio 1:30; injection of 0.5 pl. The
identification of the components was carried out, for
both the columns, by comparison of their retention
times with those of pure authentic samples and by
means of their linear retention index (LRI) relative to
the series of n-hydrocarbons.

Gas chromatography/electron impact mass spectros-
copy (GC/EIMS) analyses were performed with a Var-
ian CP-3800 gas-chromatograph equipped with a DB-5
capillary column (30 m x 0.25 mm; coating thickness
0.25 pm) and a Varian Saturn 2000 ion trap mass detec-
tor. Analytical conditions: injector and transfer line
temperatures 220 and 240 °C, respectively; oven tem-
perature programmed from 60 °C to 240 °C at 3 °C/min;
carrier gas helium at 1 ml/min; injection of 0.2 pl (10%
hexane solution); split ratio 1:30. Identification of the
constituents was based on comparison of the retention
times with those of authentic samples, comparing their
LRIs with the series of n-hydrocarbons, and on com-
puter matching against commercial (NIST 98 and AD-
AMS) and home-made library mass spectra built up
from pure substances and components of known oils
and MS literature data (Stenhagen et al., 1974; Mas-
sada, 1976; Jennings and Shibamoto, 1980; Swigar and
Silverstein, 1981; Davies, 1990; Adams, 1995). More-
over, the molecular weights of all the identified sub-
stances were confirmed by gas chromatogra-
phy/chemical ionization mass spectrometry (GC/CIMS),
using methanol as CI ionizing gas.
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Results

Repellence tests

The three essential oils showed repellent activity on
S. zeamais adults (table 1). It was evident that, at the
lowest dose (0.001%), H. suaveolens essential oil exhib-
ited a significantly higher repellent effect in comparison
to H. spicigera and L. angustifolia, while no significant
differences were observed for the repellent effect of the
three essential oils at the highest dose (0.1%). L. angus-
tifolia essential oils manifested a lower repellent activity
at the intermediate dose (0.01%) after 1, 3 and 5 h from
the exposure.

Essential oils: GC/MS analyses

In the essential oil of H. suaveolens monoterpene hy-
drocarbons were the most represented class of volatiles
(64.1%), followed by sesquiterpene hydrocarbons
(24.0%), oxygenated monoterpenes (8.1%) and oxygen-
ated sesquiterpenes (2.4%) (table 2). Diterpenes and
non-terpene derivatives were scarcely represented in this
oil (0.3% and 0.2%, respectively). Globally, terpene hy-
drocarbons constituted 88.1% of the whole oil. The main
constituents were sabinene (27.0%), B-caryophyllene
(17.1%), terpinolene (11.9%), B-pinene (9.4%), and
limonene (6.0%) (table 3).

Also the essential oil of H. spicigera was dominated by
monoterpene hydrocarbons (70.4%), followed by ses-
quiterpene hydrocarbons (22.6%) (table 2). Oxygenated
monoterpenes and oxygenated sesquiterpenes were de-
tected in comparable amounts (1.3% and 1.4%, respec-
tively). Non-terpene derivatives reached 1.0%, while
diterpenes accounted for 0.4% of the whole essential oil.
Globally, terpene hydrocarbons reached 93.0% of the
whole oil. The main components resulted a-pinene
(21.7%), PB-caryophyllene (18.4%), sabinene (17.4%),
B-pinene (13.8%) and limonene (5.2%) (table 3).

The composition of the essential oil of L. angustifolia
was previously investigated (Gozzini, 2008) and its
main constituents were fenchone (33.9%), camphor
(13.8%), camphene (13.7%), a-pinene (6.8%), limonene
(4.4%) and 1,8-cineole (2.4%) (table 3).

Discussion and conclusions

From the repellence tests, it became apparent that all the
selected essential oils were endowed with repellent activ-
ity on S. zeamais adults. At the intermediate (0.01%) and
highest doses (0.1%), no significant differences on the
repellent efficacy of the oils were observed, while it was
evident that, at the lowest dose (0.001%), H. suaveolens
essential oil exhibited a significantly higher repellence in
comparison to both H. spicigera and L. angustifolia, so
demonstrating a relatively stronger efficacy.

Many bibliographical data are available on the insecti-
cidal effect of L. angustifolia essential oil on different
insect species; on the contrary, the data of its repellence
properties against S. zeamais are not clear. It has been
reported that the powdered aerial parts of L. angustifolia
were the most repellent to S. granarius in wheat grain
(Ignatowicz, 1997), while when extracts from leaves



Table 1. S. zeamais - Repellent effect of three different concentrations of H. suaveolens, H. spicigera and L. angusti-
folia essential oils to adults after different exposure times in the filter paper test. Data tested by applying the y’-test
(with Yates correction); total number of insects for each concentration was 80. Tr = treated half, Un = untreated half;
¥’ 1 = overall y?; * = significantly different at P < 0.05; ** = significantly different at P < 0.01; n.s. = not significant.

&

Number of beetles on each half after each exposure

Compound D(;S Trial Ih 3h 5h 2h
(%) Tr Un XZ X2r Tr Un X2 X2r Tr Un X2 X2r Tr Un X2 er
1 8 12 0,85 6 14 325 6 14 325 8 12 0,85
000 2 4 16 725 845 7 13 185 1126 7 13 18 20 5 15 505 265
“ ’ 3 6 14 3,25 Hox 5 15 5,05 Hox 1 19 1625  ** 1 19 1625 **
S 4 9 11 0725 7 13 1,85 6 14 3,25 3 17 9,85
S 1 3 17 985 2 18 12,85 2 18 12,85 4 16 1725
g 001 2 3 17 985 338 2 18 12,85 338 2 18 1285 365 6 14 325 338
3 ’ 3 5 15 505 * 4 16 725 * 0 20 2005 ** 0 20 20,05 **
2 4 3 17 9,85 6 14 325 9 11 025 4 16 1725
N 1 5 15 5,05 1 19 16,25 3 17 985 3 17 985
< 0.1 2 0 20 2005 392 4 16 725 512 3 17 985 42,06 3 17 985 36,5
’ 3 5 15 5,05 o 2 18 12,85  ** 1 19 16,25  ** 0 20 20,05 **
4 2 18 12,85 1 19 16,25 4 16 7,25 7 13 1,85
1 10 10 0,05 11 9 025 10 10 0,05 7 13 1,85
0.001 2 9 11 025 o021 9 11 025 18 10 10 005 082 5 15 505 16,22
S ' 3 8 12 08 =ns. & 12 08 =ns. 7 13 1,85 ns. 9 11 025 **
3 4 7 13 1,85 6 14 325 9 11 025 1 19 16,25
.%0 1 9 11 025 3 17 9,85 5 15 5,05 9 11 025
] 0.01 2 3 17 98 20 1 19 1625 18,06 3 17 9,85 181 0O 20 20,05 22,1
o : 3 5 15 505 ** 8 12 085 ** 7 13 185 ** 5 15 505 **
8, 4 3 17 985 5 15 5,05 6 14 3725 5 15 5,05
5\ 1 1 19 16,25 1 19 16,25 1 19 16,25 1 19 16,25
0.1 2 3 17 985 4801 6 14 325 4801 5 15 505 392 3 17 985 613
' 3 5 15 505 * 1 19 1625 ** 3 17 985 ** 1 19 1625 **
4 0 20 20,05 1 19 16,25 3 17 985 0 20 20,05
1 7 13 1,85 10 10 0,05 9 11 025 11 9 0,25
3 0.001 2 6 14 325 721 7 13 1,8 182 7 13 1,85 082 11 9 025 0,06
S ’ 3 8 12 0,85 wox 9 11 025 =ns. 10 10 0,05 ns. 8 12 0,85 ns.
?5‘ 4 7 13 185 8 12 085 10 10 0,05 9 11 0,25
5 1 9 11 0,25 7 13 1,85 7 13 1,85 8 12 0,85
S 0.01 2 10 10 005 1,81 6 14 325 501 6 14 325 721 5 15 505 113
3 ’ 3 8 12 0,85 ns. 8 12 0,85 * 8 12 085 ** 7 13 1,85 **
< 4 9 11 0,25 9 11 025 7 13 1,85 5 15 5,05
8 1 6 14 325 4 16 1725 5 15 5,05 5 15 5,05
g 0.1 2 7 13 1,85 1126 5 15 505 2421 4 16 725 20 3 17 985 181
~ : 3 5 15 505 ** 6 14 325 * 7 13 185 ¥t 7 13 185 **
4 7 13 185 3 17 985 4 16 7,25 6 14 3725

Table 2. Mean percentages of main chemical classes of the H. suaveolens and H. spicigera essential oil volatiles.

Main chemical classes

H. suaveolens (%)

H. spicigera (%)

Monoterpene hydrocarbons
Oxygenated monoterpenes
Sesquiterpene hydrocarbons
Oxygenated sesquiterpenes
Non-terpene derivatives

Diterpenes

64.1
8.1

24.0
2.4
0.2
0.3

70.4
1.3
22.6
1.4
1.0
0.4

Table 3. Main constituents of the three essential oils used in bioassays (data for L. angustifolia essential oil from

Gozzini, 2008).

Main constituents

sabinene  B-caryophyllene  terpinolene
H. suaveolens =57 v, 17.1% 11.9%
.. a-pinene  B-caryophyllene sabinene:
H. spicigera 21.7% 18.4% 17.4%
. fenchone camphor camphene
L angustifolia 3 g0, 13.8% 13.7%

B-pinene
9.4%
B-pinene
13.8%
a-pinene
6.8%

limonene 4-terpineol
6% 5.4%
terpinolene limonene
7.3% 5.2%
limonene 1,8-cineole
4.4% 2.4%
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were tested for their repellent activity against the red
flour beetle Tribolium castaneum (Herbst) only a small
repellent effect was observed (Moharramipour and
Rafih, 2008). Furthermore, Lamiri ef al. (2001) showed
ovicidal properties against Mayeticola destructor (Say)
and identified as main components of the oil 1,8-cineole
(48.1%), P-pinene (15.4%), linalool (8.3%) and
a-pinene (5.5%), so evidencing substantial differences
with the chemical composition of the lavender essential
oil used in the present study. Rozman et al. (2007) con-
sidered 1,8-cineole as the most effective compound of
L. angustifolia in fumigation tests against different
stored-food coleopteran species, followed by camphor
(detected in valuable amounts also in the essential oils
of our study) and linalool.

Regarding the essential oils extracted from the two
tropical Lamiaceae, the present paper improves the
knowledge about the repellent activity of H. spicigera
and H. suaveolens against S. zeamais. To date, only few
published data are available. According to our results,
Othira et al. (2009) reported that both the whole H.
spicigera plant and the steam-distilled essential oil ex-
hibited strong insect repellent activity at low doses
against S. zeamais and T. castaneum adults. The repel-
lent and lethal effect of powder and essential oil of H.
spicigera on adults of Callosobruchus maculatus (F.)
was reported by Sanon ef al. (2006). Essential oil ex-
tracted from H. suaveolens was also assayed by Kéita et
al. (2000) on the latter coleopteran species, using kaolin
powder as carrier to test the ovicidal activity, obtaining
100% of egg mortality. Iloba and Ekrakene (2006) per-
formed a comparative study on the insecticidal effect of
different plant species, and reported that H. spicigera
powder was the best one in preventing the emergence of
both S. zeamais and C. maculatus adults, having both
larvicidal and ovicidal effect. In a work aimed to ana-
lyse the chronic toxicity of low doses of the essential oil
of H. spicigera against S. zeamais, it was showed that
this approach progressively reduced the survival poten-
tial of this insect pest (Ngamo et al., 2007a). Moreover,
when the crude essential oil of H. spicigera was tested
against four major stored product insect pests (including
S. zeamais), it was evidenced a high contact toxicity,
even if this essential oil had a very short-lasting toxicity
(Ngamo et al., 2007¢c). The analysis of the chemical
composition of this essential oil performed by the same
authors showed the high content of geranial (>30%) and
linalool (>15%) and these compounds, together with
a-phellandrene, terpinolene and limonene, were related
to the high toxicity towards the stored-food coleopteran
species (Ngamo et al., 2007¢c). In a further work,
Ngamo et al. (2007b) reported that the essential oil ob-
tained from the flowers of H. spicigera expressed insec-
ticidal activity against S. oryzae and the toxicity was
attributed to 1,8-cineole, carvacrol, a-pinene and
B-pinene. Our preliminary analyses on both essential
oils do not revealed geranial and linalool, while terpino-
lene and limonene were well represented, partially con-
firming the indications by Ngamo et al. (2007c). Al-
though many of the above mentioned studies suggested
that 1,8-cineole, at appropriate doses, was intrinsically
toxic to post-harvest pests (cfr. also Obeng-Ofori et al.,
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1997; Aggarwal et al., 2001; Rozman et al., 2007; Asa-
walam et al., 2008), in our opinion the very low content
of this compound in both the assayed H. spicigera and
H. suaveolens essential oils (0.3 % and 0.5%, respec-
tively) suggests that other constituents may be responsi-
ble for the bio-activity.

Overall, even if it is not easy to determine which are
the compounds responsible for the biological activities
of the essential oils used in bioassays, it can be noted
that the main differences between the two tropical La-
miaceae oils were that in H. suaveolens pinenes
summed 9.4%, while in H. spicigera they reached
35.5%; in the case of sabinene the percentages were
27.0% and 17.4%, respectively. Furthermore,
H. suaveolens was richer in oxygenated monoterpenes
than H. spicigera (8.1% vs 1.3%). With the only excep-
tion of a-pinene and limonene, the qualitative composi-
tion of L. angustifolia essential oil was quite different
from the two tropical Lamiaceae. Therefore, the above-
mentioned differences may be responsible of the differ-
ent repellent efficacy found during our tests. However,
the whole composition, comprising also the minor con-
stituents, may play an important role in the biological
activities of all the three essential oils (see Nerio ef al.,
2010 and references included). Their repellent effect
could be used to prevent insect infestations of cereal
products by incorporating an appropiated amount into
packaging materials (Cagri et al., 2004) and by increas-
ing the repellence activity in appropiate formulations
(Nerio et al., 2010). In conclusion, even if large-scale
trials are necessary to determine an application method
for the repellence of these oils against stored product
insect pests, in an integrated approach they could repre-
sent a possible alternative to chemical insecticides
against stored product pests.
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