
and ceo-toxicity, there is a pressing need for
the development of safer, alternative crop
protectants such as botanical insecticides,
repellents and antifeedants (Isman, 2006;
Ukeh,2008).

Plant secondary compounds have been the
subject of thorough investigation for the past
20 years in an effort to discover new sources
of botanical insecticides, repellents and
antifeedants (Akhtar and Isman, 2004).
Generally, botanical insecticides cause less
damage to human and environmental health
than conventional insecticides. Many of them
degrade rapidly and do not accumulate in the
body and environment while some are very
pest specific and do little or no damage to
other organisms (Rozman et al.. 2007).
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ABSTRACT. Five monoterpenoids, (R)-linalool. 1,8-cineole. (S)-2-heptyl acetate, (S)-2-
heptanol, and citral, which are natural components of the essential oils of Afratnomum
melegueta (K. Schum) and Zingiber officinale (Roscoe), were tested at the ratios in which they
occur naturally against Tribolium castaneutn (Herbst.), and Rhyzopertha dominica (Fab.) in a 4-
way olfactometer. The results showed the repellent properties of the compounds as both beetles
spent less time in the olfactometer arm containing the test stimuli. Linalool and (S)-2-heptanol
were stronger repellent compounds than the others. With linalool, T castaneum significantly
preferred the control anTIS(spending 2.78 ± 0.22 min in them) compared to the test arm (1.22 ±
0.22 rnin.). For R. dominica the times spent were 2.87 ± 0.26 min in the control anTISand 0.89 ±
0.28 min in the test arm. With (S)-2-heptanol, T castaneum spent 1.23 ± 0.27 min in the test arm
compared to 2.83 ± 0.23 min in the control arms. R. dominica spent 1.61 ± 0.24 min in the test
arm and 2.69 ± 0.23 min in the control arms. For the number of entries or visits made. R.
dominica made significantly fewer visits to linalool-treated arm (P= 0.018) and (S)-2-heptanol-
treated arm (P=0.038) compared to the control arms. These compounds could be suitable as
repellents or fumigants against stored product pests in a small-scale fanner level.

INTRODUCTION
Early attempts to control stored product

pests relied on methods such as: (i) mixing dry
soil and wood ash with the grains to cause
lethal dehydration of insects. and (ii)
fumigating with plant-derived fumigants
(Levinson and Levinson, 1998). Over the past
few decades, application of synthetic, broad-
spectrum pesticides and fumigants to control
stored product pest species has been a
standard practice. However, because of the
increasing problems associated with the LIse
of toxic synthetic pesticides such as human
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Essential oils of botanical origin and their
major components. often v a r io u s
monoterpenoids, are among the best-known
substances to have attracted attention in
recent years as potential pest control agents
due to their insecticidal. repellent. and/or
antifeedant properties (Shaaya et al.. 1997;
Stamopoulos, 1991; Ukeh. 2008).

Monoterpenoids are known neurotoxins
(Stamopoulos et al.. 20(7) and most of them
are volatile and can act as fumigants, thus
offering the prospect of use against stored
product pests. Papachristos el al. (2004)
reported that vapours of essential oils
extracted from various parts of rosemary,
Rosmarinus officinale (L.). and eucalyptus,
Eucalyptus tnacrorhyncha (F. Muell), had
strong insecticidal activity against
Acanthoscelides obtectus (Say). Ukeh and
Umoetok (2007) also reported that volatile
odours from the seeds of Piper guineense and
Monodora myristica alone. and the seeds
admixed with winter wheat, Triticum sativum
L. grains at the ratio of 1: 9 (% w/w),
significantly repelled both sexes of the lesser
grain beetle, Rhvzopertha dotninica (Fab.)
adults [Coleoptera: Bostrychidae]. Ukeh
(2008). reported that vacuum distilled
essential oils extracted from alligator pepper.
Aframomum melegueta, and ginger. Zingiber
o"tficin({7e, (both Zingiberaceae). were
repellent to R. dominica when tested alone
and in combination with maize. Zea /J1Q}'S L.,
and winter wheat seeds. Correlating these
observed toxicity and repcllence of essential
oils with their chemical composition revealed
that their insecticidal properties depended on
total oxygenated monoterpeuoid content
(Stamopoulos et al., 2007).

The present study was undertaken to
investigate the repellent effects of five
naturally-occurring monoterpenoids: (R)-
linalool, L.8-cineole. (S')-2-heptyl acetate,
(S)-2-heptanol, and citral (neral + geranial),
in the essential oil of A nielegueta and Z.

officinale . against the red flour beetle.
Triboliutn castaneum (Herbst.) [Coleoptera:
Tenebrionidae] and R. doininica. Both species
are serious pests of stored cereals. flour and
dry cassava roots in tropical and subtropical
regions. Cereals constitute the most important
component in the diet of the majority of the
people in the tropics and are usually stored to
provide a food reserve as well as seed for
planting (Obeng-Ofori and Reichmuth.
1997).

MATERIALS AND METHODS

Essential Oils, Liquid and Gas
Chromatography

Seeds of A. melegueta and rhizomes of Z.
officinale were collected from fields around
Akamkpa (situated between latitude 500 and
515 North and longitude 804 and 825 East) in
Cross River State, Nigeria, and dried in the
shade to approximately 15% moisture
content. Essential oils of both were obtained
by vacuum distillation « 0.05 111m Hg for 24
h: ES50 Vacuum Pump) as described by
Pickett and Griffiths (1980) and Ukeh (2008).
Aliquots of the essential oils were subjected
to liquid chromatography through Florisil
(100-200 mesh}. Re-distilled hexane and
diethyl ether were used sequentially as
eluants, to obtain fractions containing non-
polar and polar compounds, respectively.

The behaviourally active chromatography
fractions were analysed using a 6890N gas
chromatograph (GC) (Agilent Technologies)
equipped with a split-splitless injector
(nODC) and flame ionization detector (FID).
Hydrogen was the carrier gas. The GC was
equipped with HP-5 capillary column (30 m x
0.3 mrn id. 0.25 m film thickness). The
stereochemistry of identified chiral
compounds was determined by
cnantioselective gas chromatography using
authentic compounds following techniques
described in Birkett et al . (2008). The
enantioselective GC of behaviourally active
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compounds from A. tnelegueta and Z
(!/Iicill(/le Florisi!" dicthyl ether fractions was
performed on a 5890A GC equipped with af{-
cyclodextrin (Supelco beta-DEXT\\ 120: 30
111x 0.25 111m i.d .. film thickness 0.25 ~1l11)
capillary column. Hydrogen was the carrier
gas. lnitially, a l-~tl aliquot that contained
equal quantities of both cnantiomers of the
chiral compounds in re-distilled hexane was
injected onto the chiral Gc. to establish that
successful separation of enantiomers took
place. This was followed by co-injections of
the vacuum-distilled essential oil sample,
first with an authentic standard of one
enantiorner and then with the second
enantiorncr. Peak enhancement with either
enantiomer confirmed the presence of that
enantiomer in the vacuum distilled essential
oil sample.

Coupled Gas Chromatography- Mass
Spectrometry (GC-MS)

The GC-MS analyses of behaviourally
active components of A. meleguet a and Z
officinale Florisil" diethyl ether fraction were
performed using a fused silica capillary
column (30 m x 0.25 mm i.d., 111mthickness
0.25 urn, DB-5), fitted with an on-column
injector. which was directly coupled to a
magnetic sector mass spectrometer
(Autospec Ultima, Fisons Instruments.
Manchester. UK). Ionization was by electron
impact (70 eV source temperature 25 () "C).
and the carrier gas was Helium. The oven
temperature was maintained at 30°C for 5
min, and then programmed at 5 °C/111into 250
"C. Tentative identifications were made by
comparison of spectra with mass spectral
databases (NIST. 2005). and confirmed by
peak enhancement on (Ie using authentic
compounds.

Chemical Compounds
The compounds used III this study are

listed in Table 1.

Table 1. Synthetic compounds tested for repellent activity against T. custaneum
and R. dominica.

Purity hy
Conlil,!.""ull"",d ~__ Source (if: (%)
(Sj-2-Jkptano! Sigma-Aldrich, Gillingham, Kent >99
(SJ-2-Hcpryl acetate Synthesized from (5)-2-hcptanol by acetylation :>99
(~)-Linalool Botanix Ltd .. Paddock Wood, Kent >99
Citra! (ncral gcranial ) Fluka >q5
1,R-~~~_.___ Fluka >99

Test Insects
Tribolium castaneum was obtained from the

laboratory colony in Arthropod Functional
Ecology and Be hav io ur Laboratory,~. -
University ofAberdeen. UK. R. dotninica was
obtained from a culture maintained by Central
Science Laboratory. Sand Hutton, York, UK.
T castaneutn was reared on untreated yellow
maize grains purchased from Akim Foodstuff
Market in Calabar, Cross River State, Nigeria,
and R. dominica on wheat flour purchased
from food merchants in Aberdeen. The insects
were cultured in medium-sized heating
laboratory incubator (Gallenkamp, UK)
maintained at 25 DC, and 65% RH.

Bioassay Method
Behavioural bioassays were performed in

an olfactometer modified after Pettersson
(1970). The olfactometer. consisting of three
layers of 6 mrn thick transparent Perspex
screwed together, was purchased from
Rothamsted Research. Harpenden, UK. A
four-pointed star-shaped exposure chamber
was milled into a circular plate measuring 12 x
12 x 1.2 C111,with a hole (3 111111diameter)
drilled into the walls at each of the four
cardinal points. Another plate (l0.2 x 10.2 x
0.6 ern) served as the tloor and the third plate
of the same size but with a hole (4 mill
diameter) in its centre, served as ace ver, Since
T casianeum and R. dotninica cannot walk 011

smooth surfaces a sheet of Fisherbrand QL
100 filter paper (Springfield Mill. Maidstonc,
Kent. l.ugland) was used as a floor covering.
The olfactometer side arms made of socket
glass were inserted through the holes of the
chamber walls. The olfactometer was housed
in the behaviour room running at 25C 65 %
RIL and 12: 12 r.D Cycle illuminated hy
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fluorescent tubes but with no natural lighting.
The air stream through the olfactometer

was supplied by the air entrainment system
(KNF Neuberger. Germany) through Tenon
tubing (Carnlab Ltd .. UK). Immediately after
the pump, the air was divided through two
charcoal filters to purify it From each
charcoal filter. the air stream was then further
divided and pushed through two flow meters
(GPE Ltd., Leighton Buzzard. UK) to give a
total of four air flows going into the behaviour
chamber. The air stream passed through a
u l ass test arm containing sti m ul u s-~ ~
impregnated filter paper disc or through the
control ann containing hexane-impregnated
{liter paper disc. Each ann's inlet was covered
with net to prevent insect entry. The rate of
airflow through each side arm was set at 200
ml min'.

The air streams formed four distinct zones
in the chamber and this was confirmed by
smoke tests. The air was pulled from the
chamber at the rate of 800 ml min through
the central hole in the cover plastic plate.
Each bioassay was run for 10 min using a
stopwatch. and was replicated 12 times using
a fresh insect. stimulus source. and
olfactometer. Odour sources (10 I..il each)
were the single compounds identified from
the diethyl ether fraction ofA. tnelegueta and
Z officinale vacuum distilled oils. They
comprised (,~r)-2-heptanol (0.1 rng/ml). (S)-2-
heptyl acetate (0.6 mg/ml), (R)-linalool (0.3
mg/ml) (from A. tnelegucta; in their natural
ratios of I :6:3, and l.8-cineole (0.548 mg/ml)
and citral (0.313 mg/ml) (from Z. officina/e)
in their natural ratio of 5.48: 3.13 in the
essential oils. Equal amounts (10 pi) of the
solvent and solvent plus appropriate
concentration of each synthetic compound
were impregnated into filter papers in -l-way
olfactometer semiochcmical bioassays. In
control experiments. lOp I hexane was tested
against control arms containing clean filter
paper discs. These concentrations \H~rCtested
{'()I' repellency against 7-c1 oldT c'{fS/WICIIIII

and R. dom inica of mixed sexes.

Data Collection and Analysis
A computer programme for collecting and

analysing behavioural data with the four-
armed olfactometer (OLFA programme,
Francesco Nazzi, 33100 Udine. Italy) was
used. The data recorded included time spent
by each beetle in the different areas of the
olfactometer and the number of visits into
each area or odour zone. The time spent in
each olfactometer arm was tested using a one-
way analysis of variance (ANOVA) followed
by' comparison of means by Tukey's 95%
simultaneous confidence intervals
(MTNlTAB 15 Statistical Software). The
number of visits to the odour-treated arm was
compared with the number ofvisits to control
arms usmg a Chi-square contingency table
(Zar, 1999).

t
.~,.

RESULTS AND DISCUSSION

GC-MS analvsis of the behaviourally active
compounds in Florisil@ diethyl ether fraction
ofA. melegueta identified (S)-2-heptanoL (8)-
2-heptyl acetate and (R)-linalool in the ratio of
1:6:3. whereas Z. officinale had l.8-cineole.
ueral and gcranial in the ratio of 5.5:1:2 (Fig.
1). The responses of walking adult T
castaneum and R. dominica to the identified
bioactive chemical constituents of A.
tnelegueta and Z. officinalc vacuum distilled
essential oils in terms of the mean time spent
and mean number of visits are shown in Tables
2 and 3, respectively. There was significant
repellent c Ifcct in terms of time spent (Table 2)
ancl the mean number of visits to the arms
(Table 3). Going by the time spent in
olfactometer arms. T cast aneuin was
significantly repelled by I 0 ul hexane
containing 0.3 mg/ml (R)-\inalool (P<O.OOl).
O.G mg/ml (SJ-2-heptyl acetate (P=0.039). 0.1
mg/ml (S)-2-heptanol (P<O.OO 1J. and 0.313
l1lg 'm l citral (P«UlO I) but not by 0.548
mc/ml 1.8-cineole (P=0.2U7 J when compared~ .

•
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Fig. 1. Total ion chromatogram (TIC) showing bioactive compounds obtained by coupled GC-MS analysis
of diethyl ether fractions of vacuum distilled Afrantouuun tnclcgueta and Zingibcr oflie inale essential oils.

with the control arms containinu 10 ul
-, "-- I

hexane. R. dominicu \\C1S significantly
repelled by all the synthetic organic
compounds tested with the same
concentrations of (R)-linalool (P<O.OO 1), (S)-
2-heptyl acetate (P<O.001). (S)-2-heptanol
(P=O.002). citral (P=O.047) and L8-cineole
(P=O.O II) when compared with the control
arms (fable 2). For the mean number of visits.
R. dotninica significantly preferred the
control arms to (R)-linaJool (X: = 10.1. df=3.
P=O.(18) and (S)-2-heptanol (x' = 8.42. df'=J.
P~O.(38) treated arms only. For all other
bioassays. both T C(lSI({17(,1I1II and R. dominica
did not show any signi ficant (P>()J)5)
preference for the test or control arms (Table
3 ).

Research has been undertaken in order to
evaluate the potential 01 lllallY local plant
species to control insect pcsts durin~ ~ratl1

storage in Africa (Bekclc and Hassanali. 200 1:
Kcita ct 01.. 2000: Tapondjou et at .. 20(5). For
example. the essential oil of Xvl opia
aethiopica at a concentration of 1ml per 100 g
maize seeds has been reported to cause 100%
S. zeamais mortality in 24 h, while four of the
major components. namely. «-pinene. /J-
pinene. ()-3-carene and terpinen-4-o1
(according to their proportions in the essential
oil) were responsible for 50% mortality
(Kouninki et al.. 2005: 2007). Obeng-Ofori et
al. (1097) found 1,8-cineole to be highly
repellent and toxic to S granarius. S zcamais.
T C(fSIW7CIlIll and Prostephanus truncatus
(I Iorn.). Plant oils haw also been described as
potentiation agents of monotcrpenes such as
l.g-cineole. eugenol. and camphor for the
protection of stored grains against damage by
stored product beetle pests through mortality
and inhibition of progeny production (Oheng-

I"
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luhlv 2. Hchnviournl rr-spunses of T. vnxtnnru nt .nid H. t!/lm;l1ic/I Iml':I'\I[I'I,tl as
utenu' lillll' -"lwlII ill t':ldl :11"111 (minJ SE)I.lo hionctivc compounds l'\l!':lctl.'d Fruru
1. md(!{II,·ta :Ind Z ojJ/r'il/ole ill a +":IV oILldollll'll'r.

---- Stimulus
Test compound Ercs~ntation T. caSi(meum R. dominica
Control Solvent hexane 2.36 ± 0.15a 2J~ ± 0.1 Sa

Solvent control 2.5X ± O.21[l 2.,12 1,0.15<\
SU\Hmt control 2.27 + O.17a 2.-l'l;: .'. 0.1 ()a

Solvent control 2.21 :!: 0.21a 2.24:::0.1Ja

(R)-linalool (0.3 mg/ml hexane) Tes: 1.22 .t 0.22a 0.09 00 O.~8"
Control I 2.47.+ O.:::Ob 2.5R O.:!6b
Control 2 3.05 -1 CUlh 3 ..1:' -; IUOb
Control 3 2.81 c Oc4b 2Jl~± O.13b

(.\)-2-hcptyl acetate (0.6 mg.ml Te:;:! I~I ~-iL"!K~ IS;' :::0.271'1
hexane) Control I ~.f";; O.:I)h 2.61 c- {).:-:5h

<:ll\llmI2 2.62 , i!.~2b 2.(1).,;. t:.:?6h
Control 3 2.-l6';- 0.21 ub 2.8t) = O.~5j:1

(SI~2·heptanol (0.1 mg-ml hexane) Test 1.23 ,t O.27a 1.61 " l).24<l

Control I 2.51 ± O_19b 27.") ,; O.,;.ih
Control Z .1.02 ±, 0.25b 25:; ',:~P.l1Jb
Control ~~ 2.92 ± O.24b 2.811·,· ,.I.c,b

Citral (0.313 mg/rul hexane) Test 1.1X±O.24a l.x4.:!.: 0.29a
Control I 2.75 j: 'l.22h 2.:\l-! c 0.24b
Control 2 2.02 :i 023b z.es . n.c5b
Control 3 2.75 ± O.24h 2.7! :- 0.26h

Lx-Cineole (0.548 mg/ml hexane) Tcst 2.09 ± 0.24a l.sa :'L 0.26a
Control I 2.42 -J:: 0.22a 2.:)3 0.22ah
C(\ntToI2 '1.57 I-O.22a 2.72 0.22h
Control J 2.48 ± 0.21 a 2.67 = 0.231>

Means for each compound followed hv the same leiter ill the same
column arc not signiflcanll) different at the 1J.()5 level as dctcnnincd
hy 'Iukcy'« 95"0 Simultaneous Confidence Intervals

Table J .. Ylcan number of "IS its to the olfuctnm ctcr n rrns math' h.\ S. :.1..'1I11111;S in
response to bionctive compounds from A. mclegueta andZ (~tficinalc in a -t-W:I.\·
olfactometer.

Test C(lIl~£~~n~ccics
Hexane

Mean no. visits in
'I~ (' 1'*

T. castanet m 4.08
R. dominic i 4.33

3.72 12 1.02 0.796
4.42 12 0.02 0.999

(R)-linaJool
(0.3 rng/ml)

T. castaneum 2.00
R. dominiea 1.58

3.36 12 6.09 0.107
3.00 12 10.1 0.018

2.86 12 2.19 0534
2.44 12 0.66 0.883

2.67 12 3.98 0.264
4.14 12 8.42 0.038

3.69 12 5.48 0.139
3.42 12 1.38 0.710

3.11 12 1.27 0.736
2.89 12 2.06 0.56

(S)-2~hepty1
acetate (0.6 mg/ml)

T. castaneum 2.17
R. dominiea 2.08

(S)-2~heptano1
(0.1 mg/ml)

T castaneum 3.00
R. dominiea 2.33

Citra!
(0.313 mg/ml)

T. castaneum 2.33
R. dominico 2.75

1,8~Cineo1e
(0.548 mg/ml)

T. castaneum 2.50
R. dominica 2.17

(a) The t,,( ann IT) contained I{I,ll hC\;LIIC tile staled
concentration of a bioactive compound impregnated
onto filter paper .usc. 1\ liilc each corurnl ann IC I

contained III ,Ii ilL','II1C lo;]Clccl (111 clcun Iilu-r P''l'C) .lisc-:

t hi '/ analysis II a, performed on tile total number ofvisiis In
= 121 illin tile test. cont« ,I I. contrul ], and control :; .mns
iu u-l \\ ay (llIHillg.l·lh ..'~ ruble.

Ofori and Reichmuth. 19(7).
All the five monoterpenoids elicited

repellent activity against T castaneum and R.
dominica in olfactometry bioassays, with (R)-
linalool and (S )-2-heptanol exhibiting more
repellent activity. Bioactivities of some of the
identified chemical components or A.
tnelegueta and Z. officinale essential oils have
been reported previously. For instance.
linalool (Kessler and Baldwin, 2001),
linalool. limonene. myrcene. (E)-,B-ocimene
( 111 0 not c r pc 11C S ) . ( E ) -Ii - fa r n e s e 11c . /J -
b is ab o l e n e and (.f)-fJ-caryophylleni';
(sesquiterpcnes) (Degenhardt et ClI .• 2003)
have been shown as components of the
volatile blends released after herbivore attack
in some plant species to repel herbivores and
attract parasitoids and predators of the
herbivores. In choice field tests, Myzus
p ersicac (Sulzer) was repelled from
Arabidopsis thal iana (L.) plants that
constitutively produce high levels of linalool
(Aharoni et al., 2003). (R)-Linalool proved to
the major component of the essential oils
conferring repellent activity. Linalool IS

known to act as a reversible competitive
inhibitor of acetylcholinesterase (Ryan and
Bvrnc, 1988). Acetylcholinesterase is a key
enzyme that terminates nerve impulses by
catalyzing the hydrolysis of the
neurotransmitter. acetylcholine, Jl1 the
nervous system in various organisms (Nathan
et «: 2008; Wang et a!.. 2004).

Secondary plant compounds are therefore
recognised important components of plant
defence system against herbivores and
pathogens. as well as shaping the diet of
herbivores. They are the by-products of plant
metabolism and sometimes referred to as
volatile plant secondary metabolites. Most
essential oils comprise of monoterpenes.
compounds that contain I() carbon atoms
often arranged in a ring or cyclic form, as well
as scsquiterpenes which are hydrocarbons
comprising of 15 carbons (Koul e! al.. 20(8).
Terpenes are the most widespread and

1

,";

i 1

J
I
f
~
II
t
i



UKEJ-I: REPELLENCY OF MONO TERPENOID ODOURS TO STORACjE BEETLES
I

17

important secondary plant compounds. and
can exert toxic. deterrent, antilcedant and
repellent effects on insect herbivores. They
arc the dominant components of many natural
volatile blends and are responsible for many
of the characteristic smells of plant oils,
resins. fruits and flowers (Pare and
Tumlinson. 1999). Terpenoid chemistry may
vary among plants due to many factors which
may include environmental and genetic
inJluences (Langenheim. 1994; Powell and
RamI. 1999: Wang and I .incoln. 2004). In the
future. with proper formulation and
production technology, these essential oils
could be exploited for use against insect
infestation of stored-products at the small
scale fanner's level especially in the
developing world tor a more sustainable food
security. This study presents a rational
approach to investigating the chemical basis
or repellent non-host plant volatiles. for
assessing the behavioural effects of such
repellent volatiles on stored-product pests
such as T castaneum and R. dominica 111

small-scale fanner conditions inAfrica.
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