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seeds of two Cameroonian aromatic plants namely Afrostyrax lepidophyllus Milbdr.

(Huaceae) and Scorodophloeus zenkeri Harms. (Fabaceae). These seeds are generally
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. used to flavour the meals in Cameroon and their essential oils are mainly constituted
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by sulfur-containing compounds (96.1% for S. zenkeri and 91% for A. lepidophyllus)

Corrresponding Authors and with the same major constituent, 2,4,5,7-tetrathiaoctane (52.9% in A. lepidophyllus
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production of progeny was completely suppressed on treated common beans and
Keywords cowpea. Finally, these mixtures of organosulfur compounds from plant origin
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containing  compounds.  Post-
harvest protection, Acanthoscelides alternative to some hazardous pesticides currently use for protection of stored grains

considerably reduce the weight losses of cowpea and common bean grains, without
detrimental effect on their germination. These oils could therefore be used as

obtectus, Callosobruchus maculatus against insect pests.

1. Introduction

Common bean (Phaseolus vulgaris L.) and cowpea Africa and other parts of the developing world, where
(Vigna unguiculata L. Walp.) are two legumes they are a major source of dietary protein that
cultivated throughout seasons in Cameroon. They nutritionally complement staple low-protein cereal
play a critical role in the lives of millions of people in and tuber crops and are a valuable and dependable
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commodity that produce income for farmers and
traders [1-2]. In fact, beans and cowpea are valuable
source of the amino acids as lysine and tryptophan
(essential amino acids), the minerals iron, copper and
zinc, the vitamins (including thiamin, riboflavin,
ascorbic acid, niacin, and folic acid), dietary fibre,
complex carbohydrates and beneficial
phytochemicals, antioxidants, and flavonoids [3-4].
Although low in methionine and cysteine, the dried
seeds of these legumes supply those amino acids
lacking in diets based on maize, rice, or other cereals
[5-6]. In addition, the protein in grain legumes like
cowpea has been shown to reduce low-density
lipoproteins that are implicated in heart disease [7].

In spite of the importance of these beans on the human
health, they are susceptible to many pests and
diseases. In combination with sub-optimal growing
conditions, common in the low-input scenarios used
in developing countries, pests and diseases may act
synergistically to cause significant and sometimes
total yield losses. In Cameroon and mainly in the
western and northern regions which are the main
growing areas of common bean and cowpea
respectively, crops are regularly attacked in storage
by A. obtectus for common bean and C. maculatus for

cowpea.

Zn?*

The organic pesticides registered to deal with are

combinations between pirimiphos-methyl,
thiamethoxam, permethrin and deltamethrin [8], and
the most used combinations are those based on
pirimiphos-methyl which contains a sulfur atom. The
most sulfur-rich organosulphur pesticides are the
dithiocarbamates, some of which are ferbam (1),
mancozeb (2), maneb (3), metam-sodium (4), metiram
(5), nabam (6), propineb (7), zineb (8) ziram (9) and
thiram (10). They are generally used as fungicides or
additives of pesticides, weed-killers or insecticides.
Additional uses are as biocides for industrial or other
commercial applications, and in household products.

Some are used for vector control in public health [9].

Although there is little work on the insecticidal
activities of essential oils rich in sulfur compounds,
those carried out on the garlic essential oil have shown
strong insecticidal activity against several insect pests
[10-11]. In spite of their
dithiocarbamates as well as pirimiphos-methyl are

widespread uses,

not totally healthy for the environment and humans
as, most of these compounds rapidly degrade in the
presence of oxygen, moisture, etc., to form a number
of compounds, some of which are toxicologically
important (e.g: ethylenethiourea, propylenethiourea).

Figure 1 Structures of certain dithiocarbamates showing their sulfur atoms richness.
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Moreover, the acute LCso of dialkyldithiocarbamates
for fishs is less than 1 mg/L, and that of
ethylenebis(dithiocarbamates) (which is another
subclass of DTCs) is in the range 1 - 8 mg/L water. In
humans, regular contact with dithiocarbamates can
cause functional changes in the nervous and
hepatobiliary = systems, contact dermatitis and
sensitization [9]. For example, thiram (100 mg/m?) has
been shown to cause headaches, vertigo, impairment
of mental capacity, muscle twitch, and paraesthesia
[12]. Moreover DTCs are some of the most frequently
detected pesticides and also showed one of the
highest frequencies in exceeding maximum residue
limits in food commodities [13]. Concerning
pirimiphos-methyl particularly, it is very toxic to
aquatic life and can cause damage to organs through
prolonged or repeated exposure [14]. It is therefore
necessary to look for alternative and/or
complementary methods and we think that natural
products from plant origin and more specifically
essential oils can be of good consideration as their
efficiency against several insect pests have been

documented [15-16].

The main objective of the present research work is the
search of essential oils with sulfur-containing
compounds as the main constituents and which could
be used as alternatives to the synthetic organosulfur
pesticides such as DTCs, classified as hightly
hazardous pesticides [17]. As such, essential oils
extracted from two Cameroonian aromatic plants
used as spices namely A. lepidophyllus and S. zenkeri
seeds mainly constituted of sulfur components were
evaluated for their insecticidal activities against A.
obtectus and C. maculatus, respectively pests of
common bean and cowpea seeds and the results are
herein reported.

2. Materials and methods

2.1 Plant material and extraction of the oils

Oils used for biological assays were obtained from dry
seeds of A. lepidophyllus and S. zenkeri. These spices
were bought on the market in Dschang (Menoua
division of the west region of Cameroon) and
identified at the Cameroon National Herbarium by
Mr. Victor Nana (n° 44853/HNC/SRF for A.
lepidophyllus and n° 3884/HNC/SRF for S. zenkeri).

Given that the essential oils from these spices were

completely water-soluble, the aromatic water

collected was extracted as previously described [18].

2.2 GC-FID and GC-MS analyses

Analyses by GC-FID as by GC-MS were performed
with Agilent gas chromatographs equipped with a
flame ionization detector (FID) for the former and
with a mass selective detector for the latter. The
column characteristics, the oven, the injector and the
detector temperature programming, as well as the
injection, the calculation of the retention index and
compounds identification, were carried out as
previously described [18].

2.3 Insects rearing.

The objective of this step is to obtain a homogeneous
population of insects for the different tests. Adult
insects collected from a permanent rearing ongoing at
the Research Unit of Environmental and Applied
Chemistry of the University of Dschang were reared
on local varieties of beans and cowpeas (for A. obtectus
and C. maculatus respectively). 1500g of each bean and
adult insects were introduced into a 3 1 glass jar. The
whole was covered with a piece of porous cloth and
kept at 27.1 + 0.5° C. and 73% + 3% RH. After 20 days,
all the insects were removed from the rearing medium
and the bean kept under the same conditions until the
emergence of insects used for the bioassays (F1

progeny).

2.4 Clay powder preparation.

The white clay used for powder preparation was
chemically characterized by Tonle [19]. It has been
sampled at Bambili in the locality of Bamenda (North-
west division of Cameroon). In order to obtain a clay
with fine particles, it has been sieved with a 0.05 mm-

pore-size sieve.

2.5 Bioassay experimental conditions.

Repellency tests were carried out in petri dishes (9 cm
diameter) at 24.1 + 0.6 °C and 76.3% + 4.1% RH while
contact toxicity and fumigation assays were
performed in 270 cm? glass containers placed in a
chamber with a 10 h light, 14 h dark photoperiod at
27.1 £ 0.5°C and 73% * 3% RH. Two-day-old insects

were used for the different tests.
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2.6 Repellency test

Since infestation begins before harvest, a repellent oil
would not only prevent the insects from attacking the
seeds in the field, but also their transport from the
fields to the granaries. The ability of sulfur-containing
compounds to repel these bruchids was evaluated
according to the method described by McDonald et al.
[20] and the repellent classes assigned according to the
scale of Juliana and Su [21]. Evaluated concentrations
were obtained by diluting 2, 4, 8, and 16 pul of oil in 0.5
mL of acetone. After impregnation into a half-disc of
9 cm filter paper, the final concentrations were 0.062,
0.125, 0.251, and 0.503 pl/cm?2.

2.7 Contact toxicity on filter paper.

This test ensures that the toxicity of the oils is linked
to the interaction between the constituents of the oil
and the normal physiological processes of the insects,
and not between the constituents of the oil and those
of the seeds. Indeed, oils must protect grains without
modifying their quality. Filter paper discs of 9-cm
(63.6-cm? surface) in petri dishes were impregnated
with 4, 8, and 16 pl of oils diluted in 1 mL of acetone
and air dried for 10 min to evaporate the solvent. Each
dish was inoculated with bruchids (twenty adults of
A. obtectus or C. maculatus ) and mortality was noted
1, 2, 3, and 4 days. Each experiment was repeated 4
times.

2.8 Fumigant toxicity.

This test evaluates the insecticidal effect of essential
oil vapours. In 270 cm? glass containers, twenty adult
A. obtectus or C. maculatus were introduced. Squares of
filter paper (4 cm?) soaked with 0, 4, 8, 16, and 32 pL
of oils, corresponding to 0.000, 0.014, 0.029, 0.059, and
0.118 pL/cm? respectively, were attached halfway up
the container. Each concentration was repeated 4

times and dead beetles were noted after 6, 12, and 24

h.

2.9 Toxicity of oils by contact on seeds.

Tested doses were obtained by diluting 0, 8, 16, 32,
and 64 pl in 1 mL of acetone. Each dose was mixed
with 50 g of seeds of each legume in 270-cm?® glass
containers and manually mixed before leave for 20
min to evaporate the solvent. Each dose was repeated
4 times, and each jar was inoculated with twenty adult
A. obtectus or C. maculatus before being covered with a

porous cloth. Dead beetles were noted daily for 4 days.

2.10 Contact toxicity of aromatized clay powder on grains.
In order to know if the clay can be used to improve
persistence of sulfur-containing compounds essential
oils and increase their effect, we evaluated the activity
of the aromatized clay powder.

Test doses were prepared by mixing 0.05 g of clay
powder with 0, 4, 8, 16, 32, or 64 puL of oils and
homogenize by stirring manually. Fifty grams of
grains were put in 270 cm?® glass containers and
malaxated with the different doses of the aromatized
clay powder. Control seeds were treated only with
0.05 g of clay powder. After manual homogenization,
final doses were 0.00, 0.08, 0.16, 0.32, 0.64, and 1.28
uL/g (vol/wt), respectively. Twenty A. obtectus or C.
maculatus adults were put into each container, which
was then covered with porous cloth. Each dose was
repeated 4 times and dead beetles were noted daily
for 4 days

2.11 F1 progeny assessment.

The capacity of essential oils and their aromatized
clay powder to kill eggs, larvae and adults, and then
prevent the emergence of a new generation of A.
obtectus or C. maculatus was evaluated. After the
evaluation of mortality in each treatment group, on
the 16 day post-infestation, all adults were removed
and the experiments were conducted under the same
conditions until the emergence of F1 progeny. The
recording of F1 progeny was done every day until no
more emergence was observed, indicating the end of
emergence of this generation. Percentage of reduction
(PR) in progeny production was calculated:

PR = {(Cn — Tn)/Cn} X 100.

Where, Cn is the number of newly emerged insects in
the control, and Tn is the number of emerged adults
in treated jars.

After the F1 adults in each glass jar were removed, the
damaged bean seeds were sieved and weighed to
assess weight loss. Percentage weight loss was
determined:

[(Initial weight -Final weight)/ Initial weight] x 100.

2.12 Seeds germination test.

Legume seeds are usually treated and stored to be

used later either as food or as seedling. In order to

ensure that essential oils composed mainly of sulfur

compounds protect the seeds against damage caused
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by pests while preserving their viability, the
germination test of seeds treated and stored for 3
months was carried out as described by Rahman and
Talukder [22] and modified by Fogang et al. [23].

2.13 Statistical analysis.

Data obtained from each bioassay were recorded as
the mean + standard deviation (SD) and were
submitted to a one-way ANOVA. Differences
between means were evaluated with the Tukey test
using the SPSS 2000 program [24]. The percent
mortality was calculated using the Abbott correction
formula for natural mortality in controls [25]. The
Bliss [26] method based on the regression of the
probits of mortalities [27] was used to determine the
50% lethal dose (LDso) based on the decimal
logarithms of the oil doses.

3. Results and discussion

3.1 Composition of the oils

Sixteen (16) and twenty-two (22) compounds,
representing 93.9% and 98.2% of the total composition
identified
lepidophyllus and S. zenkeri seeds essential oils.

have been respectively in the A.

Phenylpropanoids, being represented by eugenol (1.2%

for A. lepidophyllus and 1.6% for S. zenkeri) were found
in both oils while monoterpene hydrocarbons were
present at small amounts and only in S. zenkeri oil
(Table 1). These seed-oils were characterized in the
majority by sulfur-containing compounds (12
representing 91.0% for the former and 16 representing
96.1% for the latter) and possessed the same most
abundant compound (2,4,5,7-Tetrathiaoctane; 52.9%
for A. lepidophyllus and 51.5% for S. zenkeri). The
number of sulfur atoms in these chemicals varies
between 2 for 2,4-Dithiapentane and 6 for 2,4,5,7,8,10-
Hexathiaundecane and 5-methyl-2,3,4,6,7,9-

hexathiadecane (Table 2).

In this work, the A. lepidophyllus fruits oil was pale-
yellow and got 16 volatile compounds, unlike the
colourless essential oil from the barks with only seven
compounds [28]. Though both were characterized
mostly by sulfur-containing compounds, they didn’t

have the same major compound. Other previous work
listed on this plant had always been carried out either
on the barks or on the extracts and not on the seeds oil
[29-31]. Concerning S. zenkeri oil, its composition was

consistent with that previously reported for the bark
oil [32-33].

3.2 Repellency
It appears from table 3 that the two oils have a
repellent effect against the adults of these two insects
with a more pronounced effect firstly against C.
maculatus and secondly for the A. lepidophyllus
essential oil.

Table 1 Chemical composition of the essential oils of
Afrostyrax lepidophyllus (A. 1.) and Scorodophloeus
zenkeri (S. z.) seeds

Compound name and class Content [%]
A.l S.z
Sulfur-containing compounds
2,4-Dithiapentane tr
2,3,4-Trithiapentane 0.6
1,2,4-Trithiolane 0.4 tr
1,3,5-Trithiacyclohexane tr
2,3,5-Trithiahexane 8.1 24.2
3-Methyl-2,4,5-trithiahexane 0.1
Dimethyltetrasulfide 0.1
Tris( methylthio )methane 0.1 0.5
2,3,4,6-Tetrathiaheptane 1.2 6.2
2,3,5,7-Tetrathiaoctane 1.6 0.3
2,4,5,7-Tetrathiaoctane 529 515
3,6-Dimethyl-2,4,5,7-tetrathiaoctane 1.6 0.3
2,4,5,6,8-Pentathianonane 2.4 9.0
2,4,5,7 9-Pentathiadecane 11.7 1.0
6-Methyl-2,4,5,7,9-Pentathiadecane 10.8 2.3
2,4,5,7,8,10-Hexathiaundecane 0.2 tr
5-methyl-2,3,4,6,7,9-hexathiadecane tr
Monoterpene hydrocarbons
a-Pinene 0.1
Limonene 0.2
(Z)-b-Ocimene tr
( E )-b-Ocimene 0.2
Phenylpropanoids
Eugenol 1.2 1.6
Others
tetradec-1-ene 0.1
n —-Tetradecane 0.2
2,4-Bis( 1,1-dimethylethyl )phenol 1.4 tr
Total identified [%] 939 982

This repellency was globally dose-dependent. The
average percent repellencies were 68.10% and 46.33%
against A. obtectus and 91.3% and 82.5% against

Page | 43



J. Essent. Oil Plant Comp. 1(2), 39-53, 2023 Hervet Paulain Dongmo Fogang et al., 2023

Table 2 Structure of sulfur-containing compounds of the essential oils of Afrostyrax lepidophyllus and

Scorodophloeus zenkeri seeds

S ] S S S
NN PN
2,4-Dithiapentane 2,3,4-Trithiapentane A ! e S\S S e

3-Methyl-2,4,5-trithiahexane
1,3,5-Trithiacyclohexane

S / N / \ /S\S/\S/ I
Dlmethyltetrasulﬁde 2,3,5-Trithiahexane )\
\/ \s s/

1,2,4-Trithiolane Tris(methylthio)methane

S S S S S
e \S/ N /S\/s\/s\s/ / \/ \S/\S/
2,3,4,6-Tetrathiaheptane 2,3,5,7-Tetrathiaoctane 2,4,5,7-Tetrathiaoctane
S S S S

e \( \S s/ 2.4,5,6,8-Pentathianonane

3,6-Dimethyl-2,4,5,7-tetrathiaoctane
S S
N \s/\s/\s/ )\
2.4,5,7,9-Pentathiadecane S S
N \s s /\s /

6-Methyl-2,4,5,7,9-Pentathiadecane

S S S S
PN N NV
2,4,5,7,8,10-Hexathiaundecane /S\/S\S S/S\S/

S-methyl-2,3,4,6,7,9-hexathiadecane
Table 3 Repellency effect of oils from Afrostyrax lepidophyllus and Scorodophloeus zenkeri seeds against

Acanthoscelides obtectus and Callosobruchus maculatus as a function of concentration.

Repellency (%)?
A. obtectus C. maculatus

Doses (ul/cm?) A. lepidophyllus S. zenkeri A. lepidophyllus S. zenkeri
0.062 47.5+6.3° 27.5+9.2 65.0£13.2° 55.0+18.42
0.125 60.0+7.0° 35.0+6.4% 100.0+0.0¢ 77.5+4.70
0.251 82.5+6.3¢ 47.8+4.7° 100.0+0.0¢ 97.5+2.5b¢
0.503 82.5+2.5¢ 75.0+6.4¢ 100.0+0.0¢ 100+0.0¢
Mean 68.1+5.5 46.3316.6 91.3+3.3 82.5+6.4
Repellency Class v I \% \%

a Values are the means + standard deviation. Within each oil, means with different letters are
significantly different (P<0.05) based on the Tukey test.

C. maculatus, which puts the oils in repellency classes according to this scale: non-repellent, almost repellent,
IV and III against A. obtectus and V against C. slightly repellent, moderately repellent, highly
maculatus, respectively for A. lepidophyllus and S. repellent and extremely repellent, it could be
zenkeri oils according to Juliana and Su [21]. Moreover, deducing that both oils were extremely repellent
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against C. maculatus while the A. lepidophyllus oil was
highly repellent and that of S. zenkeri moderately
repellent against A. obtectus.

The repellent effect shows that like the monoterpene
hydrocarbons [34] and the oxygenated monoterpenes
[23], the sulfur-containing compounds also possess
repellent properties towards A. obtectus and C.
maculatus.

3.3 Filter paper contact toxicity

Figures 2a, 2b, 2c and 2d illustrate the evolution of the
percentages of cumulative and corrected mortalities
compared to the control of adults of C. maculatus and
A. obtectus as a function of time and of the dose of
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»
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N
o
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N
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essential oils. After 4 days of exposure (except the oil
from S. zenkeri against A. obtectus), the dose 0.251
ul/cm? had caused the death of all the insects. The
other doses induced increasing mortalities but which
were not total at the end of this exposure time. The
LDso obtained were 0.091 and 0.132 pl/cm? for A.
lepidophyllus oil, and 0.300 and 0.128 ul/cm? for S.
zenkeri oil against A. obtectus and C. maculatus
respectively

3.4 Fumigation of A. obtectus and C. maculatus with
essential oils.

The vapours of these oils have been shown to be toxic
against both insects (Fig. 3a, 3b, 3c and 3d). In fact, the

N
o

I -
T pe
)’ —&— 0,000 pl/cm2
e= 0,125 pl/cm2
0,251 pl/cm2
1 2 3 4
Exposure time (day)
Fig (2b)
i
- —4—0,000 pl/cm2
0,125 ul/cm2
- 0,251 ul/cm2
F 2 3 4

Exposure time (day)

Fig (2d)

Fig. 2 Percent mortality (CM + SD) on filter paper discs of:

a: A. obtectus as a function of time and dose of essential oil from seeds of A. lepidophyllus.
b: C. maculatus as a function of time and dose of essential oil from seeds of A. lepidophyllus
c: A. obtectus as a function of time and dose of essential oil from seeds of S. zenkeri

d: C. maculatus as a function of time and dose of essential oil from seeds of S. zenkeri

CM, corrected mortality; SD, standard deviation.
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Fig. 3 Percent mortality (CM + SD) of:
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0,029 pl/em3
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—=—0,014 ul/cm3
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Exposure time (hour)
Fig (3d)

a: A. obtectus as a function of time and dose of fumigated essential oil of A. lepidophyllus.

b: C. maculatus as a function of time and dose of fumigated essential oil of A. lepidophyllus.

c: A. obtectus as a function of time and dose of fumigated essential oil from seeds of S. zenkeri
d: C. maculatus as a function of time and dose of fumigated essential oil from seeds of S. zenkeri

CM, corrected mortality; SD, standard deviation.

insecticidal activity of these oils was worthless after
3h of exposure and then increased remarkably
between 12 and 24 h for all the doses tested. After 6 h
of exposure, except in the glass jar treated with S.
zenkeri oil against C. maculatus where mortalities were
already total with the highest concentration (0.118
pl/cm3), mortalities recorded were less than 20% but
after 24 h of fumigation, 85.00 and 88.75% of mortality
were obtained for the concentration of 0.118 pl/cm3
against A. obtectus for A. lepidophyllus and S. zenkeri
respectively. The mortalities recorded between 12 and
24 h were significantly different (P<0.05). The LDso
values obtained were 0.316 and 0.159 pl/cm? against A.
obtectus, 0.088 and 0.045 pl/cm?® against C. maculatus
respectively for A. lepidophyllus and S. zenkeri,
confirming the high toxicity of these essential oils
against adults of C. maculatus. The noticed fumigant

activity shows that the sulfur-containing compounds
essential oils are a source of biologically active
vapours that are potentially efficient insecticides.

3.5 Insects mortality in beans and cowpea treated with oils
From figures 4a, 4b, 4c and 4d, it can be seen that all
the doses tested caused mortalities which rise with the
doses and time toward both insects. The dose 0.64 /g
of S. Zenkeri oil induced total mortality of C. maculatus
and A. obtectus after just 1 and 2 days of exposure
respectively (Fig. 3c and 3d) while it's with the dose
1.28 pl/g of A. lepidophyllus oil that the total mortality
has been observed and after 2 days of exposure (Fig.
3a and 3b). Apart from the dose 0.32 ul/g of S. zenkeri
oil against C. maculatus, others tested doses were
certainly effective, but did not induce total mortality
after 4 days of exposure (Fig. 4a, 4b, 4c and 4d). The 2-
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a: A. obtectus as a function of time and dose of essential oil of A. lepidophyllus on common bean grains.
b: C. maculatus as a function of time and dose of essential oil of A. lepidophyllus on cowpea grains.

c: A. obtectus as a function of time and dose of essential oil of S. zenkeri on common bean grains

d: C. maculatus as a function of time and dose of essential oil of S. zenkeri on cowpea grains.

CM, corrected mortality; SD, standard deviation.

day LDso were 0.27 and 0.19 pl/g against A. obtectus
and, 058 and 0.17 ul/g against C. maculatus
respectively for A. lepidophyllus and S. zenkeri oils.

3.6 Insect mortality in beans and cowpea treated with
Aromatized Clay Powder (ACP).

It appeared that the mortality increased with time and
the complete mortality of A. obtectus and C. maculatus
was obtained with only 0.32 pl/g (except against C.
maculatus with A. lepidophyllus ACP) (Fig. 5a, 5b, 5¢
and 5d). These formulations have a LDso of 0.33 and
0.12 pl/g against A. obtectus, 0.78 and 0.18 pl/g against
C. maculatus respectively for A. lepidophyllus and S.
zenkeri oils.

The ACP was more active than the essential oil against
A. obtectus. Indeed, even at the dose 0.08 pul/g,
mortality of A. obtectus adults was significantly

different (p<0.05) to the control on the fourth day of
exposure with the ACP contrary to the essential oil.
Moreover, complete mortality was obtained with the
ACP at the dose of 0.32 pl/g whereas it was only 92.5%
with the essential oil after 4 days of exposure. From
these observations, it can be established that the
combination of oil with clay limited its volatility and
contributed to the increase in its activity over time.

3.7 F1 progeny production

It was observed that without protection, a farmer
could lose up to 9. 20% of the weight of common beans
and up to 6.40% of the weight of harvested cowpeas
(Table 4). However, protection at doses of 0.64 /g for
the essential oil, 0.32 and 0.64 pl/g for the ACP
(against A. obtectus and C. maculatus respectively), not
adult
suppresses the production of F1 progeny of these

only kills insects, but also completely
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a: A. obtectus as a function of time and dose of ACP of essential oil of A. lepidophyllus on common bean.
b: C. maculatus as a function of time and dose of ACP of essential oil of A. lepidophyllus on cowpea

c: A. obtectus as a function of time and dose of ACP of essential oil of S. zenkeri on common bean d: C.
maculatus as a function of time and dose of ACP of essential oil of S. zenkeri on cowpea.

CM, corrected mortality; SD, standard deviation; ACP, aromatized clay powder.

insects. Emergence of adult insects from all control
samples indicated that the quantity of clay powder
and the volume of acetone used for bioassay was not
toxic to the insects.

Concerning S. zenkeri essential oil and its ACP, no C.
maculatus progeny was produced in cowpea treated
with the dose 0.16 pl/g. The same effect has been
observed in common beans treated with the dose 0.32
ul/g for the EO and 0.16 pl/g for the ACP. The results
of F1 progeny inhibition suggested that these two
sulfur-containing EOs and their ACP, either

suppressed oviposition or killed the larvae hatching

from eggs laid on grains, preventing feeding and
damage.

The toxicity of the essential oils both by contact on
filter paper and by fumigation testifies that it can also
be used as a fumigant to protect certain foodstuffs,
such as flour, which should not come into direct
contact with the pesticide. Moreover, the presence in
this oil of eugenol which has antimicrobial [35] and
cytotoxic properties [36], would protect the seeds in
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Table 4 F1 progeny production by adult A. obtectus and C. maculatus and percent reproduction inhibition in beans

and cowpea treated with essential oils (EO) or aromatized clay powder (ACP) from A. lepidophyllus (A.L) and S.

zenkeri (S.z.)

Dosa- A. obtectus C. maculatus
ge Nb. of emerged % inhibition % bean Nb. of emerged % inhibition % cowpea
(ul/g) insects of F1 adults weight insects of F1 adults weight
loss loss
EO
AL S.z Al S.z Al Sz A.lL S.z A.L S.z Al Sz
0.00 172.0£54.8  221,0£37,6 0,0 0,0 6.40 8.60 66,0415  256,0+48,0 0,0 0.0 340 640
0.08 - 24,0+ 3,6 - 89,1 - 3.40 - 11,0+ 20,3 - 95,7 0.60
0.16 56.0+ 18.9 8,0+ 5,3 67,4 96,3 1.60 140 - 0,0+0,0 - 100,0 - 0.00
0.32 16.0+2.8 0,0£0,0 90,7 100,0  0.80 0.00 35,0+32,2 0,0£0,0 47,0 100,0 1.80 0.00
0.64 0.0+0.0 0,0+ 0,0 100,0  100,0  0.00 0.00 0,0+0,0 0,0+0,0 100,0 1000  0.00 0.00
1.28 0.0£0.0 - 1000 - 0.00 - 0,0£0,0 - 1000 - 0.00 -
ACP
0.00 179.0£2 .1 171,0+19,7 0,0 0,0 4.80 7.54 102,0£52,1  374,0+172,6 0,0 0,0 240 11.60
0.08 34.0+7.4 84,0+17,4 81,0 49,9 1.60 4.60 - 36,0+ 43,0 - 90,4 - 4.00
0.16 10.0£2.2 0,0£0,0 94,4 100,0 1.20 0.00 - 0,0£0,0 - 1000 - 0.00
0.32 0.0+ 0.0 0,0+ 0,0 100,0  100,0  0.00 0.00 1,0+ 0,9 0,0+0,0 99,0 100,0 0.00 0.00
0.64 0.0£0.0 - 1000 - 0.00 0,0£0,0 - 1000 - 0.00 -

storage against damage caused by fungi and bacteria
whose contamination generally appear after pest

infestation.

Previous studies performed with volatile sulfur
compounds have shown that thiosulfinates and
thiosulfonates have nematicidal effects [37] while
disulfides [38].
According to Miller [39], the mechanism of action
activity of the
dithiocarbamates is the inhibition of metal-dependant

and trisulfides are larvicidal

associated with the pesticidal

and sulfhydryl enzyme systems in fungi, bacteria,
plants, and insects, as well as mammals. Moreover,
according to many authors, the rapid toxicity of garlic
essential oil (which is an enriched sulfur-containing
compounds essential oil) and their constituents in
insects indicates neurotoxic action as reported to Delia
radicum, Musca domestica, Cacopsylla chinensis, and
Diaphorina citri with hyperactivity, hyperextension of
the legs and abdomen and rapid knock-down effect or
immobilization [10, 40-41]. Acetylcholinesterase is an
enzyme that has been shown to be inhibited by garlic
compounds and can act only or in synergism as diallyl
disulide, diallyl trisulide, [42-43].
Halliwell and Gutteridge [44] also demonstrated that
the presence of the diallyl sulide in garlic compounds

and allicin

may be responsible for the toxic effect in T. molitor and
may cause inhibition by cross-linking with essential

thiol compounds in enzyme structures, altering the
functional shape of the protein and denaturalization.
From this mechanism, we can notice that the sulfur
atoms play a key role in the organosulfur action and
some of our identified molecules contained up to 6
sulfur atoms.

3.8 Effect of oil treatment on the germination of bean and
cowpea seeds.

From table 5, it appears that indices increased with
time between the second and fifth day, period after
which they began to stabilize or change very slowly.
After 2 days, the percent germination was already
higher than 50% (except with S. zenkeri EO at dose 1.28
ul/g, 47.5%) for the seeds treated with the essential oils
or their ACP, acetone and clay.

Although not significantly different (except S. zenkeri
ACP, (P>0.05), the viability indices of the treated seeds,
at the end of germination time, were in general higher
than those of the controls. The action of the ACP from
A. lepidophyllus oil on the viability of the cowpea seeds
was not carried out because it was not possible to
obtain a powdery formulation with 0.1 g of clay and
the doses to be tested (doses close to LDso, LD1oo and
2DLioo). Like
enriched sulfur-containing compounds essential oils

synthetic organosulfur pesticides,

protect bean seeds without affecting their germination.
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63.7 £ 8.54

75.0+10.84

72.5+2.94
75,0 £ 4,04
76.3 +£6.34
80,0 + 4,04
80.0 +£8.14
83,8 £4,84
83.8+£9.44
85.7 £7.0A
86.3 +4.84
86.3 +4.84
87.5 +5.04

52.5 +6.48 65.0+10.04 47.5+878
87.5 + 6.4~

63.8+6.34

68.8 +8.54

P.v.

87.5+9.54

88.8 +8.54

88.3 +6.24

73.8+11.14

87.5+644

77.5+16.64

V.u

65.0 £ 7.04

78.8+10.34

65.0+7.04 81.3+8.54 63.8+£8.54

81.3+6.34

77.5 £11.94

P.v.

96.3 +4.88

92.5 +6.48

925 +6.44

91.3+4.84

96.3 +£2.54

925+ 644

91.3+£8.54

V. u.

80.0+£9.14

81.3+13.14

725+9.64 86.3 £4.84 68.8+10.34

825+ 6.44

825+8.74

P.v.

96.3 +4.88

95.0 +4.08

93.8+6.34 93.8 £6.34
90.0 +4.04

97.5+294

95.0 £4.04

95.0 £4.04

V.u

82.5+9.54

85.0+9.14

80.0 £4.04

85.0+£7.04 86.3+754 775+1194

P.v.

98.8 +2.58

97.5+2.98

96.3 +4.84

95.0+7.04

98.8 +2.54

95.0 £4.04

925+ 644

V. u.

88.8 +£6.34
91.3 +£8.54
91.3 +£8.54

86.3+10.34
88.8 +£7.54
88.8 +7.54

85.0+9.14 90.0 £4.04 85.0+7.04

86.3+7.54

86.3+6.34

P.v.

88.8+7.54 91.3+4.84 81.3+2.54

86.3+7.54

86.3+6.34

P.v.

86.3+6.34 - 875+6.44 925+644 91.3+4.84 86.3 +4.84

P.v.
a Within each line, means with the same letter do not differ significantly based on the Tukey test.
b Control seeds were treated in acetone at 0.02 mL/g of beans or cowpea. P.v., phaseolus vulgaris; V.u., Vigna unguiculata; S.z., Scorodophloeus zenkeri; A.l., Afrostyrax lepidophyllus

4. Conclusions

Essential oils from the seeds of A. lepidophyllus and S.
zenkeri are sources of sulfur-containing compounds
and eugenol which possesses antimicrobial activity.
These oils have been shown to be extremely repellent
to C. maculatus and highly repellent to A. obtectus. By
contact on grains, they not only kill the adults, but also
the eggs and larvae of A. obtectus and C. maculatus,
thereby preserving the quality and quantity of
common bean and cowpea seeds in storage without
affecting their viability. These essential oils being
characterized

mostly by sulfur-containing

compounds, constitute natural  organosulfur
insecticides and can be used as alternative to synthetic
organosulfur pesticides. The use since immemorial
time of these two plants as remedy and as spice
testifies their harmlessness both for the consumer and
for the environment and, make their essential oils

natural pesticides that respect the biosphere balance.
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