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ABSTRACT
GC/MS analysis of essential oils extracted fromr f@ymbopogorspeciesevealed that the
majors compounds werteans-p-mentha-1(7),8-dien-2-ol (21.9%®is-p-mentha-1(7),8-den-
2-ol (19.4%),transp-mentha-2,8-dien-1-ol (9.6%9js-p-mentha-2,8-dien-1-ol (7.2%gisp-
menth-2-en-1-ol (7.2%), limonene (6.3%) @ giganteus piperitone (68.4%)p-2-carene
(11.5%) anda-eudesmol (4.9%) irC. schoenanthyswhile citronellal (41.6%); geraniol
(28.2%); citronellol (12.6%) and geranial (41.3%gral (33.0%); myrcene (10.4%), geraniol
(6.5%) were recorded i@. nardusandC. citratus respectively.Tephritid fruit flies use both
olfactory and visual cues to seek food and ovipmsi resources. Olfactive effects for.
citratus, C. nardus, C. giganteusnd C. schoenanthugssential oils on melon flyB(
cucurbitag were evaluated using a four-arm olfactometer. Toesults showed thaC.
giganteusand C. schoenanthusepel mostly the fruit flyB. cucurbitag compared withC.
nardusandC. citratusand that female and maBe cucurbitaeresponded similarly to odours
emitted from all essential oils evaluated. The nendf pupae collected from zucchini treated
with C. giganteuswas significantly lower than that collected fromcehini treated withC.
narduswhen exposed to female cucurbitaeregardless of the concentrations.

Keywords: Chemical compounds; Olfactomet&@ymbopogon.

INTRODUCTION
The cucurbits such as cucumber, bitter gourd, spayaurd, ridge gourd, bottle gourd are
some of the major vegetables grown across in Afrlsaveral biotic factors limit the
production and productivity of cucurbits, of whiatucurbit fruit fly. The melon fly,
Bactrocera cucurbita (Coquillett) DipteraTephritidag is an invasive pest species in Africa
and it is distributed widely in temperate, tropjcahd sub-tropical regions of the world. It has
been reported to damage over 125 fruit speciesk{Bapet al., 2010).The extent of losses in
Tropical Africa varies between 30 to 100%, depegdin the cucurbit species and the season
(Gnanvossou, et al., 2008).The damage is mostlgethby the larvae of the female fly as
they feed inside the fruits. After egg hatching tarvae bore into the pulp tissue of fruit by
making the feeding galleries. Young larvae usubdbve the necrotic region and move to
healthy tissue, where they often introduce varipathogens and hasten fruit decomposition
and distortion (Dhillon, et al., 2005). Nowadaystrol of insect pests is primarily dependent
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upon synthetic insecticides such as organophosphatarbamates, pyrethroids and
neonicotinoids (Ebadollahi, 2013). This results environmental health risks and pest
resistance may increase the tendency for vectorebdisease outbreaks. An alternative to this
situation could be the use of plant derived-prosiiag low-risk botanical insecticides. The
insecticidal activity of plant-products has beepamted extensively against fruit flies pests
(Bowers, 1993; Jang and Light, 1996). Tephritidtffies have evolved mechanisms which
use olfactory and visual signals to find and re@grsuitable host fruits in which they lay
eggs (Cornelius, et al., 2000). The use of bioipdsts such as the essential oils to control
tephritid fruit flies seems to be the most convahisolution - less expensive and weak
environmental impact (Ebadollahi, 2013). Littlekisown, however, about the details of their
effects on tephritid species and especiallyBorcucurbitaebehaviour. In the present study,
experiments were conducted to determine (1) whetbsential oils attract or repel mated and
unmated female/malB. cucurbitae (2) B. cucurbitaeavoid ovipositing in cucurbit fruits
treated with either essential oils and (3) whether essentials odour blends differ, there by
providing a chemical basis for the discriminatiehaviour inB. cucurbitae.

MATERIALS AND METHODS
Plants. Cymbopogoncitratus, Cymbopogongiganteusl Cymbopogonnarduseaves were
collected in September 2006 from Porto-Novo, Settd Tori-Cada towns in southern of
Benin respectively, whil€ymbopogon Schoenanthiesves were sampled from Boukoumbé
town in northern of Benin in November 2006. All pis were identified at Abomey-Calavi
University National Herbarium and voucher specimaemumbers: AA6456/HNB,
AAG6457/HNB, AA6458/HNB and AA6459/HNB respectivelyere deposited.
Extraction of the essential oils: The leaves were air-dried at room temperature (I°lGRand
were distilled for 3h using a Clevenger type appealhe essentials oils collected at the end
of this process were dried with anhydrous sodiutptrate prior to their use in the analysis of
volatile compounds.
Essential oils volatile components Analysis
GC/MS:The essential oils were analyzed on a Hewlett-Rdchas chromatograph Model
7890, coupled to a Hewlett-Packad MS model 5876ippgd with a DB5 MS column (30m
x 0.25mm; 0.2pm), programming from 50°C (5 min) to 300°C at 5°@/m5 min hold.
Helium as carrier gas (1.0ml/min); injection in isphode (1:30); injector and detector
temperature, 280 and 280°C respectively. The MXwgrin electron impact mode at 70 eV,
electron multiplier, 2500V; ion source temperatur80°C; mass spectra data were acquired
in the scan mode im/zrange 33-450.
GC/FID:The essential oils were analyzed on a Hewlett-Rdcgas chromatograph Model
6890, equipped with a DB5 MS column (30m x 0.25n25.m), programming from 50°C
(5min) to 300°C at 5°C/min, 5min hold. Hydrogen asrier gas (1.0ml/min); injection in
split mode (1:60); injector and detector tempetu280 and 300°C respectively. The
essential oil is diluted in hexane: 1/30. The commus assayed by GC in the different
essential oils were identified by comparing thatention indices with those of reference
compounds in the literature and confirmed by GC/MScomparison of their mass spectra
with those of reference substances (Adams, 1988t @t al., 1999)
Insects. The population oB. cucurbitae(Diptera: Tephritidag was reared in the insectary
(Temperature= 25+3°C; Relative humidity =80%) a fhternational Institute of Tropical
Agriculture (IITA-Benin). Flies were allowed to @asit on cucurbit fruits kept in wooden
cages (Im x 1m x 1m) with the upper side made asgylAfter 72 hours of exposure, fruits
were removed from the cages and incubated in teaesp plastic buckets containing
sterilized sand to allow pupation of third instanae. First generation flies emerged 5-6 days
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after pupae collection. Unmated flies were isolafemn adults colony when they just
emerged, while in case of mated flies, male andafenflies were kept together to allow
mating. All categories of flies were fed sugar, stehydrolysate enzymatic ultra-pure and
water for 10 days to reach sexual maturity priathir use in the olfactometer experiments
Bioassay: The behaviour of the melon flf3. cucurbitaeusing the odour emitted from various
essential oils was evaluated in a closed four-dfactometer (Figure 1) at lITA-Benin. This
system was identical to that described by Suazal.,e2003. It was set-up in a climate room
(26+2°C; 70-80%RH) with a humidified charcoal-fikel provided into the olfactometer at a
rate of 0.25 I/min/quadrant. Odour sources incluckgton + distilled water, cotton + essential
oil, air and dry cotton, each kept in a glass jaRlo volume, connected to each arm of the
olfactometer. One ml volume of each type of esaénils was used per test. Ten (10) males
and 10 femaleB. cucurbitaewere tested alternatively — one at a time at theeceof the
olfactometer and their behaviour recorded for 10 nsing a hand timer. After a series of five
males/females, the odour sources were connectdtetopposite arm of the olfactometer to
correct for any unforeseen asymmetry in the expamtal set-up. Each experiment was
repeated 3 times on the same day. For each flgudémcy of visit and time spent per visit in
each quadrant were recorded. The total time spea&ch quadrant was calculated for all the
flies and all these values were there after exptess a proportion of time spent in each
guadrant.The effect of essential ols giganteusand C. narduson eggs deposition bi.
cucurbitaein zucchini treated witlC. giganteusand zucchini treated witle. narduswas
evaluated. The essential oils were first dissolwed solution of ethanol 95% and tween-80
with different concentrations: 10ppm, 100ppm an@Qpm.

Statistical analysis:On way ANOVA (analysis of variance) with JMP (SASstitute 2005)
was used to test for significant differences causedssential oils for time per visit and total
time spent in the vicinity of odour sources as vesllmean number of pupae collected from
zucchini treated with eithe€. nardusor C. giganteus The means of the parameters were
compared using the Student-Newman-Keuls test (Soidy when the ANOVA F-values
were significant aP<0.05. Data in proportions were first Arcsin-traiosmed before the
analysis.

RESULTS
Volatile compounds collected from the essential oils: Table 1 shows that the majority of
chemical compounds €. citrateswere myrcene (10.4%), neral (33.0%), geranial @).3
while in C. giganteustransmentha-1(7),8-dien-2-ol (21.86%gjs-mentha-1(7),8-dien-2-ol
(19.4%); transmentha-2,8-dienol (9.6%) ards-mentha-2,8-dienol (7.1%) were the majors
compounds. The last oils were rich on citronelk&l.6%); citronellol (12.6%), geraniol
(28.2%) forC. nardusand piperitone (68.4%9:2-carene (11.5%) fd€. schoenanthus.
Fly behaviour in the four-arm olfactometer: Males and females were observed to have
similar pattern of responses to odors from esdemit&in the olfactometer experiments, so all
values presented herein are means of both fly sexes
a. Experiment 1: Responses of flies to odours from eitl@rcitratus versus water+cotton,
cotton only and clean air. When mated flies wersteld, statistical analysis revealed
significant differences between treatments in teom®tal time spent in the vicinity of odour
sourcesP=0.002; Table 2). MateB. cucurbitaesignificantly avoided to be in the vicinity of
C. citratuscompared with the control treatments (water+cottmiton only and clean air).
Total time in the vicinity ofC. citratuswas significantly reduced (140.32+£28.22 s), coragar
with that of water+cotton (214.36+33.73 s).When atedB.cucurbitaeflies were offered the
same odour sources as in previous test, total iimehe vicinity of C. citratus was
significantly (52.95+5.24 s) compared with watertton (293.43+18.4749<0.001; Table 2).
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b. Experiment 2: Responses of flies to odours from eitlergiganteussersus water+cotton,
cotton only and clean air. Mat&] cucurbitaediscriminated odors emitted fro@. giganteus
and control treatments and strongly avoided immedigcinity of source with oils ofC.
giganteus in terms of total time spent and time per vigl«@.001 andP<0.0001;Table 2).
Same trend in the response was observed in unrBatedcurbitaewhen offered the same
odor sourcesR<0.001 and”<0.002 for total time spent and time per visit; [Eab).

c. Experiment 3: Responses of flies to odours from eitl@&r nardusversus water+cotton,
cotton only and clean air. When odors emitted fressential oils extracted frof@.nardus
were offered versus controls, mat®dcucurbitaedid discriminate odors fror@. nardusand
those from the controls (water + cotton, cottomal@and clean air) and total time spent was
much less (109.84+13.51s) compared to time speheaticinity of clean air (206.00+£15.62s)
(P=0.006; Table 2). The same pattern in the resparaseobserved for total time spent by
unmatedB. cucurbitaewhen offered the same odor sourcBs(.0008; Table 2), while in
terms of time spent per visit, the analysis rewtalgnificant difference between treatments
(P =0.026; Table 2).

d. Experiment 4. Responses of Flies to odours from eith@r schoenanthusversus
water+cotton, cotton only and clean aWhen either mate®&. cucurbitaeflies were offered
C. schoenanthuand controls (water + cotton, cotton only and claa})) they spent less time
(total time=34.86%5.06s; time per visit = 14.93#€1sp compared with the controls.
Significant difference exists between treatmentieims of total time spent and time per visit
(P=0,001 andP=0.0002, Table 2). Same trend in the response Wwasreed in unmateB.
cucurbitaewhen offered the same odor sourcBs(.019 andP<0.009 for total time spent
and time per visit Table 2).

Table 3 gives summary responses of flies to odoterms of proportion of total time
and time per visit. Statistical analysis revealgphiicant differences between essential oils
when compared among themselves, based on total #w6.001) andtime per visit
(P=0.022). Globally, C. citratus and C. nardus attract, while C. giganteusand C.
schoenanthusepel the melon fly. Based on the above resulesugedC. giganteusandC.
nardusto treat zucchini and exposed fruits to melonBlyCucurbitaeto test the oviposition
behaviour. The results indicated that.after fraduibation process, the mean number of pupae
collected from zucchini treated with. narduswas higher than that collected from zucchini
treated withC. giganteusregardless of the concentratio’s=(Q.016; Table 4)B. cucurbitae
preferred to oviposit in zucchini treated wi@ nardusthan in zucchini treated witlke.
giganteus.

DISCUSSION
When using the four-arm olfactometer, the essentlalextracted fronC. giganteusandC.
schoenanthusepelled the melon flyB. cucurbitag compared with essential oils extracted
from C. citratus and C. nardus Moreover, the number of pupae collected from hirgc
treated withC. giganteuswas significantly lower than that collected fromcehini treated
with C. nardus 24 hours after exposure to fem@ecucurbitaeand this was regardless of
the concentrations. Differences in the composiidrnvolatile blends inC. giganteusC.
schoenanthysC. citratus and C. nardusmay explain differences in the behaviour of the
melon fly, B. cucurbitae GC/MS analysis o€. giganteudeaves essential oils showed that
trans-p-mentha-1(7),8-dien-2-otis-p-mentha-1(7),8-den-2-olrans-p-mentha-2,8-dien-1-ol,
cis-p-mentha-2,8-dien-1-otjis-p-menth-2-en-1-ol and limonene were the majorspmments.
Those major components are similar compared with degported by Bassolé, et al., (2011)
and Nonviho, et al., (2010). In our studi, Schoenanthusssential oil was rich in pipéritone;
this corroborates the results reported by Ketolal.e{2006) and by Yentema, et al., (2007).
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Like in our study, previous research works by Schret al., in 1991; Bowers, et al., in 1993
had also showed that volatile compounds such agmgtrane-diol trans-menthane-dienol,
isopiperitolin C. giganteusepelled some Dipterian species including mosqgsitéeperitone
extracted fronC. schoenanthukas been proven by Ketoh, et al., 2002, to hawia effect

on Callosobruchusmasculaty§abricius) repellent effect on mosquitoes (Palalet 201).
The presence of menthanes and piperitor@. igiganteusandC. schoenanthusespectively.
And which derive from each other would explain wthese essential oils repelldsl
cucurbitaein the olfactometer. This could also explain theedo number of pupae collected
from zucchini treated witlC. giganteuscompared with zucchini treated with menthanes-fre
C. nardus The latter two volatile€. nardusandC. citratuscontain higher concentration of
citral, 82.4% and 86.7% respectively. Earcitratusthis composition was similar to essential
oils from studied by Matasyoh, et al., (2011) aydSessou, et al., (2012). Concerning the
composition of ourC. nardusessential oil, it is similar compared with data\pded by
Kanko, et al., (2004) and Noudogbessi, et al., 80While citral is usually known to repel
some dipteran species likBedes aegyptiLinnaeus) andCulex quinquefasciatusSay
(Trongtokit, et al., 2005), our study revealed tBatnardusandC. citratus(rich in citral)
rather attracted the melon f§. cucurbitae Differences in ways leaves were sampled the
synergy which may occur between chemical compoasdseported by Enan, 2001; Lee, et
al., 2001 may have contributed to the differencessect species behaviour. However our
study corroborates other studies (Robacker, et28i07) which demonstrated that some
pheromones which contain high concentration oailgtand mainly geraniol like i@. nardus
andC. citratusalso attract insect species. In generally, ouristushowed that fruit flies can
use volatiles from host fruits treated with essdntils for discrimination in oviposition, a
crucial stage on ability to enhance reproductivecess. To some extent, essential oils may
play a role in the control of fruit flies infestirfguit trees and fruit vegetables, especidly
cucurbitae As the essential oils are extremely volatiletHar research should put emphasis
on the appropriate formulation to ensure highesipgnce of their odours in an integrated
management of melon fly in particular and of vasidtuit fly species in general, infesting
cucurbits.
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dehydro-1,8-cineole 990 - - - 0.1
Myrcene 991 10.4| 0.3 - -
§-2-carene 998 - - - 115
a-phellandrene 1006 - - - 0.1
p-cymene 1025 - 0.2 - 0.1
Limonene 1031 t 6.3 2.5 2.2
(2) p-ocimene 1036 0.2 - - 0.1
(E) B-ocimene 1047 0.2 - - 0.1
Bergamal 1054 - - 0.2 -
Terpinolene 1085 - - 0.6 -
Fenchone 1089 - - - 0.1
p-cymenene 1190 - 0.2 - -
6,7- epoxymyrcene 1091 0.2 - - -
Pirillene 1098 0.1 - - -
Linalool 1100 0.5 - 0.1 -
2,2-dimethyl-octa-3,4-dienal 1106 0.1 - - -
cis-p-menth-2-en-1-ol 1122 - 72| 11 0.9
trans-p-mentha-2,8-dien-1-ol 1125 - 9.6 - -
cis-p-mentha-2,8-dien-1-ol 1140 - 7.2 - -
trans-p-menth-2-en-1-ol 1145 - - - 0.6
cis-verbenol 1141 0.1 - - -
Isopulegol 1151 - - 0.4 -
Menthone 1147 0.1 - 0.1 -
Citronellal 1153 0.4 - 41.6 -
cis-chrysanthenol 1162 0.7 - - -
p-mentha-1,5-dien-8-ol 1171 - - - 1.3
trans-p-mentha-1(7),8-dien-2-ol 1194 - 21.9 - -
a-terpineol 1198 - - - 1.3
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Verbenone 1216 - 15 - -
Nerol 1221 0.3 - - 0.1
Citronellol 1231 - - 12.6 -
cis-p-mentha-1(7),8-den-2-ol 1237 - 194 - -
Neral 1245 33.0| 23 0.6 -
Carvone 1243 - 2.8 - -
carvotanacetone 1247 - - - 0.4
Geraniol 1256 6.5 2.5 28.2 -
Piperitone 1265 - - - 68.4
Geranial 1276 41.3 3.7 0.8 -
aldehyde pirillique 1279 - 0.6 - -
neryl formate 1285 0.1 - - -
geranyl formate 1299 t - - -
mentha-1-en-9-ol 1308 - 0.4 - -
citronellyl acetate 1350 - - 0.2 -
Eugenol 1354 - - 0.8 -
nerylacetate 1365 - - 0.1 -
geranylacetate 1378 2.4 0.1 041 -
B-elemene 1392 t - - 0.3
B-caryophyllene 1424 t - - 0.1
trans-a- bergamotene 1435 t - - -
germacrene-D 1485 - - 0.6 0.1
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B-selinene 1493 - - - 0.1
Viridiflorene 1499 - - - 0.1
a-muurolene 1505 - - 0.1 -
germacrene-A 1511 - - 0.1 0.2
Cubebol 1614 - - 0.1 -
y-cadinene 1516 - - 0.1 0.1
§-cadinene 1520 - - 0.6 0.2
Elemol 1552 0.1 - 3.5 3.9
germacrene-D-4- ol 1581| - - 1.8 -
caryophyllene oxide 1587 0.] 0.9 - 0.4
y-eudesmol 1636 - - 0.2 0.3
epi-u-cadinol 1646 - 0.1 0.2 0.2
epi-u-muurolol 1648 - - 1.6 -
a-eudesmol 1662 - - - 4.9
(E)-nerolidylacetate 1715 - - 0.2 -
palmitic acide 1960 - 0.7 - -
Total 98.0| 94.2 99.1| 98.6

t <0.05% ; CC = C. citratus; Cg = C. giganteus; Cn = C. nardus;

Cs = C. schoenanthus

Table-2: Total time and time per visit per quadrant’ by mated and unmatedB.cucurbitae in
the vicinity of the four essentials oils

Mated B. cucurbitae Unmated B. cucurbitae
Total time Time per visit | Total time Time per
Treatment visit
C. citratus
Essential oil + cotton 140.3+28.2b | 29.6%2.6a 52.9+5.2¢c 27.5+0.8b
Water + cotton 214.4+ 33.8a 38.5+5.0a 293.4 £ 18.5a 46.5+1.9a
Cotton only 83.5+16.9b 26.7+ 2.0a 120.0 £ 7.0b 33.3+0.3b
Clean air 126.7+ 19.6b 31.5+14a 91.4 +6.3bg 35.7 £0.4ab
C. giganteus
Essential oil + cotton 21.7 £3.9c 21.7+2.0b 13.7+1.9c 13.2+1.8b
Water + cotton 223.3 £ 20.5a 51.6 £ 5.6a 322.8+12.9a 46.4+ 0.7Ta
Cotton only 167.9 + 10.78b 49.1 + 3.37a 127.5 + 20.Tb 35.83a1.
Clean air 138.3+ 12.4b 52.0+£0.18a 133.0 £ 37.4b 53.6 x4.1a
C. nardus
Essential oil + cotton 109.8 £ 13.5b 51.1+5.7a 79.1 +11.6¢ 39.7 +1.5b
Water + cotton 140.1+ 300b 49.1+9.7a 200.2 £ 14.7a 65.4 + 2.5a
Cotton only 97.5+18.0b 51.5 %12.7a 150.1 +13.8b 63.7+ 7.2a
Clean air 206.0 £ 15.6a 64.7 £ 1.3a 135.+£12.7p 63.9+1.9a
C. schoenanthus

Essential oil + cotton 349+5.1b 149+ 1.6C 46.8 £ 3.1c 17.4+ 4.3¢
Water + cotton 198.4+ 22.9a 30.3+0.7ab 226.0 £ 27.7a 28.2 H4.0a
Cotton only 98.3 + 16.4b 24.8 +5.9b 119.0 £ 9.8b 22.8 + 8.5pc
Clean air 218.8+ 31.6a 35.6+ 3.8a 179.9 £ 34.8ab 32.3+8.fa

"Mean+SE in the same column for each essentialfallpwed by same letter are not significantly difat at
P=0.05 (Student-Newman-Keuls multiple range test).

Copyright © 2013, Journal of Natural Products, INDDBY. Sudhanshu Tiwari, All rights reserved

154



F.T.D. Bothon, et al., /Journal of Natural Products, Vol. 6(2013):147-155

of the four essential oils.

Table-3: Proportion of total time and time per vist (mean+SE) by mated and unmated flies in the vicinity

Essential oils Total time Time per visit
C. citratus 0,25 + 0,04a 0,24 + 0,03a
C. giganteus 0,04 + 0,01c 0,13 +0,01c
C. nardus 0,17 £ 001b 0,20 + 0,02ab
C. schoenanthus 0,06 + 0,01c 0,14 £ 0,02bc

«  'Proportions in the same column followed by santeletre not significantly different 80.05 (Student-
Newman-Keuls multiple range test).

Table-4: Mean number of pupae (£SE) collected from00g of treated C giganteus and C. nardus zucchini,
exposed toB. cucurbitae for 72 hours.

Treatment Mean number (x SE) of
pupae per fruit

Distilwater (control 1) 168.1 + 19.7a

Water+Tween+Ethanol (control 2) 124.1 + 31.2abc

C. giganteus

10 ppm 85.0 + 23.4bcd

100 ppm 66.7 + 19.7cd

1000 ppm 61.9+1.7d

C. nardus

10 ppm 134.0 £ 10.7ab

100 ppm 135.7 + 21.6ab

1000 ppm 137.6 £+ 28.6ab

e Means * SE in the second column followed by theeskatter are not significantly different@+0.05 (Student-
Newman-Keuls multiple range test).
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Figure-1: Diagram of four-arm olfactometer. The main arena of the olfactometer consisted of four odor
zonesSource: Suazo, et al., 2003

e  OL = Olfactometer, TR = insect trap, OS = odor seufd = flowmeter, Hu = humidifier and CF = Charcbiaér.
Air flow was calibrated with ammonium chloride sneok
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