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Abstract. Synthetic pesticides used in the preservation of cereals and legumes cause enormous damage to human health and
the environment. To gradually replace them, the use of natural products is the best alternative. The aim of this study is to
evaluate the toxicity of the essential oil and powder of Cyperus rotundus against Callosobruchus maculatus, the main cowpea
pest in Senegal. For this purpose, the essential oil was extracted by steam distillation while the powder was obtained by grinding
the rhizomes. The chemical characterization of the essential oil and the powder was done by GC-MS/FID and GC-MS/HS-
SPME respectively. The insecticidal activity was evaluated by fumigation for the essential oil and by contact for the powder.
The main compounds identified in the essential oil were humulene oxide 11 (26.1+1.3%), caryophyllene oxide (19.2+0.7%) and
longiverbenone (11.3+0.6%), while in the powder caryophyllene oxide (18.7+2.8%), a-ylangene (14.1+0.4%) and a-cubebene
(11.2+0.9%) were in the majority. This qualitative and quantitative difference noted on the two chemical profiles would be due
to the method and duration of extraction of the volatile constituents. Both the essential oil and the powder of C. rotundus
showed efficacy against C. maculatus. For the essential oil an LDso of 0.19 pl.cm and a LTso of 63.9 hours were recorded. As
for the powder, the LDso and L Tso obtained are respectively 27.0 mg.g™* and 65.3 hours. The powder was more effective against
C. maculatus in the long term than the essential oil. For a better valorization of the results, it is preferable to use the powder,
which is more accessible to rural populations. As for the oil, it could be fixed on a support to facilitate its use. Moreover, a bio-
insecticide based on essential oil and clay is currently being formulated.
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1 Introduction

In sub-Saharan Africa, and particularly in Senegal, the diet of the population is essentially based on cereals and
legumes. Indeed, cowpea (Vigna unguiculata L. Walp) is, after groundnut, the most important staple legume.
However, during the storage period, severe attacks by Callosobruchus maculatus are often recorded. Despite all
the remarkable efforts made to increase this crop production, post-harvest losses, usually caused by insect pests,
are often noted during storage [1]. In this regard, if no protection is applied, losses of stored foodstuffs can reach
100% [2-4]. However, to cope with insect depredation, synthetic pesticides are generally used in post-harvest [5].
Notwithstanding their effectiveness, their use is limited or even prohibited in some countries due to recorded cases
of poisoning. In addition, their progressive use generally leads to environmental nuisance and the development of
a certain parasitic resistance, in particular Tribolium castanum and Callosobruchus maculatus which have
developed resistance to lindane and phosphine respectively [6]. Furthermore, in recent years, due to the renewed
interest in natural products, essential oils and plant powders are widely used to address this threat to human health
and also as an alternative in the control of crop pests. It should be noted that Senegal has a rich flora of aromatic
plants but very few studies. The objective of this study is to valorize the Senegalese flora. Firstly, we will
characterize the essential oil and the powder, respectively by GC-MS/FID (gas chromatography coupled with mass
spectrometry and a flame ionization detector) and GC/MS-HS-SPME (gas chromatography and mass spectrometry
by solid phase micro extraction). Secondly, to test the insecticidal potential of the essential oil and plant powder
of C. rotundus against C. maculatus, the main cowpea pest in Senegal.

2 Materials and methods
2.1 Materials

Rearing of the cowpea bruchid, Callosobruchus maculatus



The insects were reared at the Laboratoire des Analyses Phytosanitaires at the Institut de Technologie Alimentaire
in jars containing cowpeas (variety "Yacine"). They were recovered after sieving the cowpea grains. These
individuals were isolated and placed in other jars until the adults of the next generation appeared at the ambient
temperature of the laboratory (28 to 30°C). This last generation was used to test the insecticidal activity of the
essential oil and the powder of C. rotundus by contact and fumigation respectively.

Cowpea (Vigna unguiculata)

Cowpea seeds were purchased at a local market in Dakar, Senegal. To avoid insect infestation, cowpea seeds were
placed in polyethylene bags and stored in a freezer at -4°C for 2 weeks. Finally, they were re-exposed to ambient
laboratory conditions before being used. Seeds showing any damage were discarded.

Harvesting Cyperus rotundus

Rhizomes of C. rotundus were collected in June 2018 in the village of Mlomp located between 12° 33' 11" north
latitude and 16° 35' 39" west longitude in Lower Casamance, about 40 km southwest of Ziguinchor. A specimen
has been deposited in the herbarium of the " Institut Fondamental d'Afrique Noire (IFAN) " of Cheikh Anta DIOP
University, Dakar.

2.2 Methods
Chromatographic analysis of Cyperus rotundus essential oil by GC/FID

A GC Trace Ultra (Thermo Electron Corporation, Interscience, Milan, Italy) coupled to a flame ionization detector
was used. The operation of the oven in GC/FID is the same as in GC/MS. It was first maintained in isothermal
mode at 40 °C for 5 minutes. Then the temperature was gradually increased by 8 °C.min"! to the limit of 280 °C,
where it was maintained for 5 min. The injector was operated in splitless mode at 280°C, with a split flow rate of
30 ml.min. The detector temperature was 290 °C. Helium was the carrier gas with a constant flow rate of 1.5
ml.min. The capillary column used was Optima-5-accent (HP-5MS) 5% phenylmethylsiloxane (Macherey-
Nagel, Germany). It has a length of 30 m, a diameter of 0.25 mm and a film thickness of 0.25 pum. The volume of
the injected sample was 1 ul (10 mg/10 ml n-hexane). The air and hydrogen flow rates were 350 and 35 ml.min,
respectively.

Chromatographic analysis of Cyperus rotundus essential oil by GC/MS

The Agilent technologies 5973 Network Mass Selective Detector quadrupole mass spectrometer was combined
with a gas chromatograph, Agilent technologies 6890N (G1530N), USA. The relative abundance of the spectral
peaks ranged from 50 to 550 m/z, at an ionisation energy of 70 eV. The identification of the compounds in the
essential oils of C. rotundus was carried out by comparing the mass spectra obtained with those in the computerised
database and the retention indices with those given in the literature [7, 8]. The percentage of each constituent of
the essential oil was calculated by the area normalization method from the GC peak areas calculated as the average
value of two injections of each oil. The identification of the compounds in the chromatographic profiles was
performed by comparing their mass spectra with a library database. This was confirmed by comparing the retention
indices calculated using a series of C7-C30 n-alkanes injected under the same conditions as the essential oil with
those of authentic standards (a-copaene, d-selinene, caryophyllene oxide, humulene Il oxide, longiverbenone) or
with literature values.

Chromatographic analysis of Cyperus rotundus powder by GC/MS-HS-SPME

The type of SPME fibre used was PDMS/CAR/DVB. Its core is designed from fused silica. With a film thickness
ranging from 50 to 30 um, the SPME fibre resembled a retractable syringe at the end. It had a 23 gauge needle
(OD 0.64 mm) and a length of 10 mm. Deug (2) g of substrate (powder) was used for the analysis. First, the oven
was held at 50°C for 1 minute. Then, the temperature gradually was increased from 4 °C.min-1 to 200 °C for 5
min, and then increased from 15 °C.min! to 300 °C for 2 min. The sample incubation temperature was 50 °C with
an incubation time of 5 min followed by shaking at 250 rpm. The HS-SPME required the injector to be operated
in minus split mode to allow full desorption of the volatile organic compounds in the Optima-5-accent, 5%-phenyl-
95%-methylsiloxane capillary column (Macherey-Nagel, Diren-Germany). It has a length of 30 m, a diameter of
0.25 mm and a film thickness of 0.25 um. Desorption took 150 s. Helium was the carrier gas with a constant flow
rate of 1.5 ml.minl. The mass spectrometer coupled to the device was an Agilent technologies 7890A. It was
associated with a gas chromatograph. The relative abundance of the spectral peaks was between 40 and 400 m/z,
for an ionisation energy of 70 eV. The identification of the molecules was the same as for the GC/MS analysis.

Insecticidal activity of the essential oil of Cyperus rotundus



The insecticidal activity of the essential oil of C. rotundus was evaluated by fumigation. The experimental protocol
was inspired by the work of Kouninki et al [9] with some modifications. Thus, ten (10) adult insects were
introduced into Petri dishes of 9 cm diameter, the upper part of each of which was glued with a cotton ribbon of
about 3 mm thickness, 1 cm width and 3 cm length. Then, 10 g of healthy cowpea seeds used as substrate was
introduced into each Petri dish. Then, three (3) concentrations of C. rotundus essential oil were prepared separately
in 50 pL of Acetone (Ac) (HE pl : Ac pl) in the following ratios 12.5:50.0; 25.0:50.0 and 50.0:50.0, noted T2, T3
and T4 respectively. A blank and an acetone control, labelled TO and T1 respectively, were also used (Table 1).
The tests were repeated 3 times for each concentration. Mortality was assessed 24, 48 and 72 hours after the first
day of testing.

Table 1. Insecticidal test of Cyperus rotundus essential oil by fumigation

Treatments TO T1 T2 T3 T4

Doses (uL) Blank Acetone 125 25.0 50.0

Insecticidal activity of Cyperus rotundus powder

The insecticidal activity of the powder was evaluated by contact. The experimental protocol used was inspired by
the work of Goléti [10]. The tests consisted of placing 100 g of cowpea seeds and C. rotundus powder in one-litre
jars at doses of 2.0, 3.0 and 4.0 g, to be noted as treatments T2, T3 and T4 respectively. A blank control and an
actellic control noted respectively TO and T1 were also used (Table 2). In order to ensure a homogeneous
distribution of the powder on the seeds, the jars were shaken manually for 2 to 3 minutes. Then, 20 unsexed adult
C. maculatus insects, not older than two (2) days, were introduced into each jar. Each treatment was repeated 3
times.

Table 2. Insecticidal test of Cyperus rotundus powder by contact

Treatments TO T1 T2 T3 T4

Doses (g) Blank Actellic 2.0 3.0 4.0

Mortality was assessed for 7 days after the first day of testing. Insects that died during the treatment were counted
and removed and the survivors returned to their original jars. The Abbott formula [11] below was used to calculate
the mortality of insects in both the fumigation and contact treatments.

Mx — Mt
%M:(

100 — Mt
Where : % M = Mortality; Mx = Mortality recorded in sample x and Mt = Mortality in the blank control

>X100

3 Statistical analysis

The statistical analysis was performed with XLSTAT-Pro 6.1.9 software and the treatment data were analysed and
compared by analysis of variance (ANOVA). The extraction results of essential oil yield and insecticidal activity
were expressed as mean values + standard deviation (n = 3), and differences with p < 0.05 were considered
significant according to the Tukey test.

4 Results and discussion

4.1 Results

Yield of essential oil extraction

Extraction of the essential oil by steam stripping of the root part of C. rotundus gave a yield of 0.4+0.1%.
Chemical composition of the essential oil of Cyperus rotundus

Twenty-five (25) compounds were identified in the essential oil, i.e. a total of 92.6+0.6% compounds identified
(Table 3). It should be noted that the chemical composition of the essential oil of C. rotundus from Senegal is
mainly dominated by sesquiterpenes. Indeed, oxygenated sesquiterpenes represent 70.6+0.9% of the total chemical
composition. The main compounds identified are respectively humulene oxide Il (26.1£1.3%), caryophyllene
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oxide (19.2+0.7%) and longiverbenone (11.3+£0.6%). These three compounds represent 56.6% of the total chemical
composition of the essential oil of C. rotundus. As for hydrocarbon sesquiterpenes, they constitute 14.4+0.8% of
the total content of identified compounds and are dominated by a-copaene (3.5+0.2%), a-cubebene (3.7+0.2%),
8-Selinene (2.0+0.1%). For monoterpenes, oxygenated monoterpenes represent 7.5+0.1% of the total chemical
composition and among them are trans-pinocarveol (1.8+0.1%), myrthenal (1.7+£0.0%) and verbenone (1.2+0.1%)
It is worth mentioning the complete absence of hydrocarbon monoterpenes in the essential oil of C. rotundus.

Table 3. Chemical composition of Cyperus rotundus essential oil

Compounds RT (min.) RI Composition (%) Identification

methods
trans-Pinocarveol 10.375 1152 1.840.1 MS, RI
Myrthenal 11.773 1194 1.7+0.0 MS, RI
Verbenone 12.115 1203 1.240.1 MS, RI
a-Copaene 16.349 1340 3.540.2 MS, RI, Std
a-Cubebene 16.472 1346 3.70.2 MS, RI
5-Selinene 17.152 1374 2.0£0.1 MS, RI, Std
9,10-Dihydroisologifolene 17.3 1381 0.8+0.0 MS,RI
uc 18.777 1501 0.74#0.1 -
a-Guaiene 18.896 1504 0.5+0.0 MS, RI
y-Cadinene 19.276 1516 1.4+0.0 MS, RI
B-Chamigrene 19.504 1523 0.620.0 MS, RI
Valencene 19.744 1530 1.0£0.1 MS, RI
uc 20.314 1548 0.440.1 -
uc 20.572 1556 0.9+0.0 -
Calacorene 21.133 1573 0.6+0.0 MS, RI
cis-Caryophyllene oxide 21.395 1581 1.510.0 MS, RI
Caryophyllene oxide 22.252 1608 19.240.7 MS, RI, Std
Humulene oxide 11 22.974 1632 26.1+1.3 MS, RI, Std
Viridiflorol 23.502 1649 1.240.2 MS,RI
(-)-Caryophyllene oxide 23.612 1653 1.640.8 MS, RI
4,4-Dimethyltetracyclo-[6,3,2,0]tridecan-9-ol 23.717 1656 0.5+1.8 MS, RI
Nerolidol 23.971 1664 0.5+0.3 MS, RI
Isoaromadendrene epoxide 24.363 1677 3.7+0.3 MS, RI
uc 24.743 1689 2.1%0.6 -
Longiverbenone 24.84 1693 11.3+0.6 MS, RI, Std
(+)(-)-Caryophyllene oxide 24.954 1696 1.940.3 MS, RI
Aristolone 25.288 1707 1.4%0.2 MS, RI
uc 25.529 1716 0.640.1 MS, RI
uc 26.09 1735 3.440.1 -
Limonene dioxide 27.28 1776 2.8+0.1 MS, RI
Nootkatone 28.172 1807 1.3+0.0 MS, RI
Hydrocarbon Monoterpenes 0.0+0.0
Oxygenated monoterpenes 7.5+0.1
Hydrocarbon sesquiterpenes 14.4+0.8
Oxygenated sesquiterpenes 70.6+0.9
Unidentified compounds (uc) 7.4+0.6



Total compounds identified 92.6+0.6

MS= Mass Spectroscopy, RI= Retention Indices; Std= Standard
Chemical composition of Cyperus rotundus powder

Fifty (50) volatile compounds were identified in C. rotundus powder (Table 4). These are mainly caryophyllene
oyde (18.7+£2.8%), a-ylangene (14.1+£0.4%), a-cubebene (11.2+0.9%), B-pinene (5.6+£0.7%), a-piene (5.4+0.8%)
and &-selinene (4.6+0.1%). These majority compounds represent about 59.6% of the total chemical composition
of the powder. All other compounds identified in the powder were identified at very low percentages. Among them
we can mention 1,8-cineole (0.5+0.1%), trans-D-dihydrocarveol (0.4+0.0%), 4-terpineol (0.3+0.0%), carveol
(0.2+0.0%) and camphene (0.1+0.0%). On the other hand, the total content of sesquiterpene hydrocarbon
derivatives (48.8+0.7%) is twice as high as the oxygenated sesquiterpene derivatives (20.9+3.0%). In addition, the
content of hydrocarbon monoterpenes (17.5+1.9%) is slightly higher than the content of oxygenated monoterpenes
(11.5+0.7%).

Table 4. Chemical composition of Cyperus rotundus powder

Compounds (an{i-Ir;.) RI Composition (%) Iderg(teitfrilgztsion
a-Pinene 6.514 926 5.4+0.8 MS, RI, Std
Camphene 6.856 938 0.1+0.0 MS, RI
Verbenene 7.018 944 0.5+0.1 MS, RI
p-Pinene 7.753 969 5.640.7 MS, RI, Std
cni 8.529 996 0.240.0 -
p-Cymene 9.188 1016 1.940.2 MS, RI, Std
D-Limonene 9.359 1022 3.1%0.2 MS, RI, Std
1,8-Cineole 9.402 1023 0.50.1 MS, RI
trans-D-dihydrocarveol 11.296 1080 0.4+0.0 MS, RI
6-Camphenol 12.542 1117 0.1+0.0 MS, RI
trans-Pinane 12.911 1128 0.5+0.1 MS, RI
trans-Pinocarveol 13.041 1138 2.340.1 MS, RI
Verbenol 13.226 1156 0.620.1 MS, RI
Pinocarvone 13.824 1166 1.30.2 MS, RI, Std
2,6,6-trimethyl-bicyclo [3.1.1] heptan-3-one 14177 1170 0.1+0.0 MS, RI
4-Terpineol 14.317 1181 0.3+0.0 MS, RI
p-Cymen-8-ol 14.652 1186 0.2+0.0 MS, RI
a-Terpineol 14.83 1188 0.40.0 MS, RI
Mytenal 15.003 1203 2.7+0.2 MS, RI
(1S) 4,6,6-trimethyl-bicyclo [3.1.1] hept-3-en-2- 15.48 1215 22401 MS. RI
one

Carveol 15.745 1249 0.2+0.0 MS, RI
Carvone 16.566 1449 0.2+0.0 MS, RI
1,2-dimethyl-3,5-bis(1-methylethenyl) 19.092 1410 0.340.0 MS. RI
cyglohexane '

cni 19.546 1424 0.1+0.0 -
3,9-Dodecadiyne 19.689 1428 0.1+0.0 MS, RI
a-Copaene 20.1 1441 0.7+0.0 MS, RI
Alloaromadendrene oxide-1 2041 1451 0.2+0.0 MS, RI
a-Amorphene 20.673 1459 1.140.1 MS, RI
a-Ylangene 20.99 1469 14.1+0.4 MS, RI, Std
a-Cubebene 21.161 1474 11.2+0.9 MS, RI, Std



RT

Identification

Compounds (min.) RI Composition (%) methods
Sativene 21.446 1483 0.4+0.0 MS, RI
p-Elemene 21535 1486 0.5+0.1 MS, RI
&-Selinene 21.788 1493 4.6+0.1 MS, RI
Dihydroaromadendrene 21.939 1498 1.9+0.0 MS, RI
Caryophyllene 22.334 1511 0.6+0.1 MS, RI
a-Humulene 23.328 1543 1.240.2 MS, RI
p-Selinene 23.579 1551 1.8+0.1 MS, RI
a-Guaiene 23.686 1555 1.30.0 MS, RI
a-Gurjunene 24.026 1566 0.3+0.0 MS, RI
y-Cadinene 24.143 1570 2.640.1 MS, RI
a-Amorphene 24.364 1577 1.620.1 MS, RI
p-Chamigrene 24.631 1586 2.0+0.1 MS, RI
Valencene 24.807 1591 0.3+0.0 MS, RI
a-Muurolene 25.188 1604 0.1+0.0 MS, RI
8-Cedren-13-ol 25.281 1607 0.2+0.0 MS, RI
Eremophilene 25.498 1615 1.0£0.0 MS, RI
&-Cadinene 26.057 1634 0.3+0.0 MS, RI
a-Calacorene 26.347 1644 0.9+0.1 MS, RI
Caryophyllene oxide 28.25 1709 18.7+2.8 MS, RI, Std
Longiverbenone 29.928 1770 0.9+0.1 MS, RI
Nootkatone 30.09 1776 0.6+0.1 MS, RI
cni 31.19 1816 0.8+0.1 -
2-Methylenecyclododecanone 31.85 1841 0.50.0 MS, RI
Hydrocarbon Monoterpenes 17.5+1.9

Oxygenated monoterpenes 11.5+0.7

Hydrocarbon sesquiterpenes 48.8+0.7

Oxygenated sesquiterpenes 20.9£3.0

Unidentified compounds (uc) 1.1+0.1

Total compounds identified 98.9+0.2

Insecticidal activity of Cyperus rotundus essential oil against Callosobruchus maculatus

Figure 1 below presents the efficacy of C. rotundus essential oil by fumigation on C. maculatus mortality. It shows
that treatments T2, T3 and T4 are effective after 24, 48 and 72 hours compared to treatments TO (white control)
and T1 (acetone). For the latter, no mortality was recorded. Treatments T2, T3 and T4 with respective mortalities
of 6.7, 10.0 and 16.7% showed no significant difference after 24 hours of treatment. After 48 hours of treatment,
T4 caused significantly more mortality of C. maculatus, i.e. 40.0%, than T2 (13.3%). The same observation is
noted after 72 h of fumigation where T2 gives 36.7% mortality against 66.7% for T4 with an LDse= 0.19 pl.cm,
It should be noted that treatment T3 with 60.0% mortality is statistically equal to treatment T4, with lethal times
(LTs0) 63.9 and 56.5 hours respectively. In sum, the insecticidal effect of fumigation with C. rotundus essential oil
against C. maculatus increases considerably with the increase of the dose used and the duration of exposure of the

insects.

MS= Mass Spectroscopy, RI= Retention Indices; Std= Standard
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Fig. 1. Toxicity of Cyperus rotundus essential oil against Callosobruchus maculatus
For the same time, the mortality rates followed by the same letter are not significantly different at the 5% level.

Insecticidal activity of Cyperus rotundus powder against Callosobruchus maculatus

Figure 2 shows the mortality of C. maculatus as a function of the treatment with C. rotundus powder. Treatments
T2, T3 and T4 showed a clearly significant difference from TO from day 2 of evaluation, in contrast to treatment
T1 (actellic) where 100.0% mortality was recorded. On the 3rd day of evaluation, the mortalities allowed the
determination of the LDsp and LTso, which correspond, to 39.0 mg/g and 75.2 hours respectively. Furthermore, on
the 4th day of contact treatment with C. rotundus powder (LDs,=28.0 mg/g), 45.0, 46.7 and 61.7% mortality were
recorded for treatments T2, T3 and T4 respectively. On day 5 of evaluation, mortality for T3 (58.3%) and T2
(60.0%) was relatively the same. On day 6 of treatment, 75.0, 76.7 and 100.0% mortality were recorded for T2,
T3 and T4 respectively with LTso of 102.7 and 97.2 hours for T2 and T3 respectively and an LDgs= 38.0 mg/g for
treatment T4. Furthermore, treatments T2 and T4 showed no significant difference on days 1 and 7 of treatment.
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Fig. 2. Toxicity of Cyperus rotundus powder against Callosobruchus maculatus
For the same time, the mortality rates followed by the same letter are not significantly different at the 5% level.

5 Discussion
5.1 Yield

The extraction yield of essential oil from C. rotundus (0.4+0.1%) is similar to that obtained by Reham et al [12]
in Egypt (0.4%). However, it is much lower than the yield given by Yagi et al [13] from Sudan, which is 2.6%, by
the hydrodistillation method. This difference in yield depends on several factors including the place and time of



harvesting, the duration and method of extraction, the organ studied and the vegetative stage of the species [14-
16].

Chemical composition of the essential oil of Cyperus rotundus

The study of the composition of the essential oil of C. rotundus from Senegal allowed the identification of the
following compounds: humulene oxide 11, caryophyllene oxide and longiverbenone. It should be noted that the
studies carried out on the characterization of the essential oil of C. rotundus are numerous and varied [17-19].
Thus, depending on the locality, the chemical composition of the essential oil varies qualitatively and
quantitatively. Indeed, the chemical composition of the essential oil of C. rotundus from Senegal is similar to that
of the same species identified in Nigeria by Lawal al [20]. Furthermore, in the literature, some studies have shown
qualitative and quantitative differences in the chemical composition of C. rotundus essential oil. Among them, we
can mention the work of Yagi et al [13] in Sudan who obtained mainly 2,5,9-trimethylcycloundeca-4,8-dienone
(13.44%), alloaromadendrene oxide-(1) (8.47%), piperitone (7.37%), B-lemol (7.14%), selina-6-en-4-ol (7%) and
longiverbenone (4.30%). Of all the major compounds in the essential oil of C. rotundus from Sudan, only
longiverbenone is present in the majority (11.3+0.6%) in the essential oil of C. rotundus from Senegal. On the
other hand, the work of Lui et al [21] from China revealed a chemical composition of C. rotundus essential oil
consisting of a-cyperone (29.38%), cyperene (13.97%), caryophyllene oxide (6.71%) and B-selinene (6.47%). It
is noteworthy that in the chemical composition of the Senegalese essential oil, the content of caryophyllene oxide
far exceeds that contained in the Chinese essential oil sample [21]. In South Africa, a study on the chemical
characterization of C. rotundus essential oil from two localities revealed qualitatively and quantitatively different
compositions. For the first locality, the chemical composition is dominated by a-cyperone (11.0%), myrtenol
(7.9%), caryophyllene oxide (5.4%) and B-pinene (5.3%), while the second locality revealed B-pinene (11.3%), a-
pinene (10.8%), a-cyperone (7.9%), myrtenol (7.1%) and a-selinene (6.6%) as main compounds [22]. Although
the harvests were made in the same country but in different localities, the chemical composition of C. rotundus
rhizomes remains different not only qualitatively but also quantitatively compared to our work on the same species.
Moreover, this qualitative and quantitative difference in the chemical composition of C. rotundus essential oil has
been reported in several studies on the same species [22-24].

5.3 Chemical composition of Cyperus rotundus powder

Volatile constituents of aromatic powders are often analysed by headspace solid phase microextraction coupled
with detection by gas chromatography and HS-SPME/GC-MS [25-27]. However, in the literature, little work has
been done on the characterization of C. rotundus powder by the HS-SPME method [18]. The particularity between
the different HS-SPME characterizations lies in the nature of the fibre used. In this study, the characterization of
C. rotundus powder was done using a PDMS/CAR/DVB fibre. This fibre was chosen because of its affinity with
volatile and semi-volatile molecules. Indeed, this analysis allowed to identify mostly caryophyllene oxide, a-
ylangene, a-cubebene, B-pinene, a-pinene and 3-selinene. The results are different from those obtained by Er6z
Poyraz et al [28] in Turkey who identified predominantly, with a polydimethylsiloxane/dimethylbenzene
(PDMS/DVB) fibre and for a 15-minute incubation at a temperature of 40 °C, cyperene (28.0%), a-copaene
(12.0%), a-ylangene (10.5%) and rotundene (8.7%). These qualitative and quantitative differences recorded would
be due to the nature of the fibre and the experimental parameters. In addition, the majority compounds represent
59.6% of the volatile compounds in C. rotundus powder. Thus, C. rotundus powder is dominated by hydrocarbon
sesquiterpenes and oxygenated sesquiterpenes. This result is in perfect agreement with the work of Kilani et al
[29], who obtained 70.0% of sesquiterpene derivatives. This abundance of sesquiterpenes in C. rotundus powder
can be explained by their affinity with the PDMS/CAR/DVB fibre which gives a good extraction efficiency for a
wide range of volatile and semi-volatile compounds. Indeed, this affinity can be attributed to the fact that larger
molecules can be adsorbed by the DVB layer, while smaller molecules are attracted to the
polydimethylsiloxane/carboxen (PDMS/CAR) coating [28]. Qualitatively, the chemical composition of C.
rotundus powder from Senegal is comparable to that from China. However, the a-ylangene, which is among the
majority compounds of the Senegalese C. rotundus species, was not identified in the same species in China [30].
The high presence of a-ylangene in C. rotundus powder is thought to be related to the concentration of the molecule
in the sample, the extraction temperature, the absorption/desorption time and its affinity with the
PDMS/CAR/DVB fibre [30]. It should be noted that C. rotundus powder generally consists of volatile molecules
of low and medium polarity. Thus, the use of PDMS/CAR/DVB fibre favours more the extraction of hydrocarbon
monoterpenes such as a-pinene, B-pinene and p-cymene, at the expense of some oxygenated monoterpenes such
as mytenal, pinocarvone, verbenol and p-cymen-8-ol.

5.4 Insecticidal activity of the essential oil of Cyperus rotundus against Callosobruchus maculatus
Marked by the presence of three oxygenated monoterpenes: trans-pinocarveol, myrtenal and verbenone, the
chemical composition of the essential oil of C. rotundus from Senegal consists mainly of sesquiterpene molecules.
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Despite the low content of monoterpenes (4.7%), known for their insecticidal properties, the essential oil of C.
rotundus was also toxic against C. maculatus. Evaluation of the insecticidal activity by fumigation of C. rotundus
essential oil against C. maculatus resulted in 66.7% mortality with an LD50 of 0.19 pl.cm= after 72 hours. This
insecticidal activity would probably be linked to the presence of the main compounds of this essential oil, notably
caryophyllene oxide, humulene oxide 11 and longiverbenone. It should be noted that there are several mechanisms
and modes of action of essential oils against insect pests. Several studies have reported the repellent and
insecticidal power of essential oils with a high content of caryophyllene oxide and longiverbenone [31-33]. In
addition, some studies attribute insecticidal activity not only to the majority compounds in an essential oil, but to
the synergistic effect that the molecules may have with each other [34, 35]. Representing 4.0% of the total chemical
composition, alcoholic derivatives such as trans-pinocarveol, viridiflorol and nerolidol, play a determining role in
the toxicity of C. rotundus essential oil against C. maculatus as it has been shown that alcoholic derivatives can
affect the cuticle of the insect's exoskeleton and thus facilitate the entry of other volatile compounds [36].

5.5 Insecticidal activity of Cyperus rotundus powder against Callosobruchus maculatus

C. rotundus powder at different treatments (2.0g; 3.0g and 4.0g) showed a significant insecticidal effect against
adults of C. maculatus. From these results, it can be said that the efficacy of C. rotundus is not only proportional
to the amount of powder used, but also to the duration of treatment. The results obtained are in agreement with
those of Gueye et al [37] and Ka et al [38]. According to these authors, the longer the treatment time and the higher
the dose used, the greater the mortality. The presence of significant amounts of caryophyllene oxide, a-ylangene
and o-cubebene could be at the origin of the insecticidal activity of C. rotundus powder against adults of C.
maculatus. In addition, the insecticidal activity of caryophyllene oxide against Tribolium confusum has also been
reported by the recent work of Ainane et al [30]. However, it should be noted that the mode of action of the major
compounds (caryophyllene oxide, a-ylangene and a-cubebene) with the weevil receptors is still unclear. It should
be noted that volatile and semi-volatile molecules of essential oils are good candidates to interfere with insect
physiology by different mechanisms [40]. They can also act on GABA chloride channels, thus causing
overexcitation followed by spasm and death of the insect [41]. In addition, certain oxygenated monoterpenes such
as 1,8-cineole, a-terpineol, and 4-terpineol, although present in relatively small quantities in C. rotundus powder,
have a remarkable insecticidal power against C. maculatus [42]. Indeed, a high binding affinity of the a-terpineol
molecule with the octopamine receptor has been demonstrated in the American cockroach [43]. In addition, 1,8-
cineole, known to be a strong acetylcholinesterase inhibitor, acts by blocking the octopamine receptor pathway in
protein models and by affecting the insect GABA system [44, 45]. In addition, nootkatone, although at a low
concentration in C. rotundus powder (0.6+0.1%), has already shown promising AchE inhibition activity [46].
Nootkatone has been shown to have repellent activity against Sitophilus zeamais and Sitophilus oryzae with
percentages of 93.1+2.3% and 67.2+6.8% respectively [47]. This compound could have exactly the same effect
against C. maculatus. The insecticidal activity of C. rotundus could also be attributed to the abrasive effect of the
powder on the cuticles of adult insects. In addition, C. rotundus powder would mainly have a reproductive
inhibitory activity thanks to a-terpineol and p-cymene, which would respectively prevent egg laying (oviposition),
and larval penetration (ovicide and/or larvicide) in the seed [48]. Thus, after testing (over 9 months), no emergence
was observed on the substrate. In this respect, C. rotundus powder can be considered as a bioactive substance
against adults and larvae of C. maculatus.

6 Conclusion

This study allowed us to determine the chemical profile of the essential oil and the powder of C. rotundus. Indeed,
humulene oxide 11, caryophyllene oxide and longiverbenone were in the majority in the essential oil whereas in
the powder caryophyllene oxide, a-ylangene and a-cubebene were the main compounds. Compounds such as
longiverbenone and caryophyllene oxide identified in the essential oil and powder are known to be insecticidal. It
should be noted that both the essential oil and the powder of C. rotundus showed efficacy against C. maculatus,
the main pest of cowpea in Senegal. However, the powder was more effective in the long term than the essential
oil, which has a short-term insecticidal activity due to the volatility of the compounds. Thus, for a better
valorization of the results, it is preferable to use the powder, which is more accessible to rural populations. As for
the essential oil, it could be fixed on a support to facilitate its use.
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