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Ruta Angustifolia Essential Oil: Behavioral and Insecticidal
Effects Against Larvae and Adults of Tribolium castaneum

Houssam Annaz,*®® ¢

' Hamass Zerrad,” Mouna Moullamri,”! Ayoub Ajaha,”

Ayoub Kounnoun,™ Francesco Cacciola,*® Ammar B. Altemimi,”! Roberto Lagana Vinci,”
Abdelhay Arakrak,™ Amin Laglaoui,” Noureddin Bouayad,” and Kacem Rharrabe® ¢

The study aims to evaluate the behavioral and insecticidal effects
of Ruta angustifolia EO (RAEO) against larvae and adults of a major
pest insect, Tribolium castaneum. RAEO exhibited a strong
repellency against both adults and larvae where percentages as
high as 74 and 72% of PR (Percentage of Repellency) were
recorded respectively, at 0.47 ul/cm? after 2 h. Regarding the
antifeedant bioassay, no feeding deterrence was recorded in
adults while an increase in appetite was registered in larvae
exhibiting —80% of FDI recorded at 0.2 pL/pellet. In terms of
feeding preference, the response significantly depended on the

Introduction

Pest Insects are considered one of the most detrimental pests that
can cause significant damage to stored products in milling,
processing facilities, commercial warehouses, and retail stores."
These pests are considered a significant risk to food safety,
especially with the alarm side effects of climate change and the
increase of global warming which can create optimal conditions
for their proliferation.? The red flour beetle Tribolium castaneum
(T. castaneum), is considered one of the commonly found pest
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developmental stage (F=97.19, P<0.05) and larvae were at-
tracted to treated pellets recording percentages of 84 and 73 % of
PI (Preference index) after 5 and 30 min at 0.05 ulL/pellet; on the
other hand, adults expressed a repulsive behavior at 0.2 pL/pellet
with a Pl of —81.1 (20 min), and —69.2% (30 min). Regarding
topical application toxicity, a significant difference was observed
between larvae and adults (p<0.05F=174.56). The study
promotes the use of RAEO as a repellent and bioinsecticide for the
control of larvae and adults of T. castaneum.

insects and is known for infesting a wide range of stored food
commodities of economic importance.”!

To get rid of this species, management strategies often include
the use of conventional chemical insecticides as the primary
solution.*® However, The overuse of these chemicals has led to
the continuous appearance of resistance cases in this pest’s
populations” Moreover, these chemicals pose a threat to the
environment as they persist in soil and infiltrate into groundwaters
leading to detrimental consequences associated with soil and
water contamination which impacts human health, soil biodiver-
sity, and viability of non-target organisms.®¥ Consequently, it is
crucial to develop new alternatives to replace or diminish the
reliability of these chemicals.

In this regard, botanicals or natural products emerge as
promising eco-friendly alternatives for the control of this pest.
Plants are considered sustainable production engines of natural
molecules which attracted researchers all over the world to
evaluate their activities against different pests including T.
castaneum."®" These plants, especially medicinal and aromatic
plants (MAPs), are widely distributed across the world gathering
large numbers of species containing a mine of molecules that
could be the next potential insecticide.'>"

For instance, the Ruta genus, which belongs to the Rutaceae
family, comprises over 40 species majorly found in the Mediterra-
nean region." The phytochemical studies conducted on these
species highlight the presence of amino acids, saponins,™
alkaloids, flavonoids, coumarins, tannins, volatile oil, glycosides,
sterols and triterpenes."® They are used in the traditional medicine
of many countries for the treatment of a variety of diseases.
Exciting, diaphoretic, antiseptic, antispasmodic, anthelmintic em-
menagogue, abortifacient and anti-inflammatory properties are
inferred to R. chalepensis var. bracteosa, R. graveolens and R.
angustifolia. R. tuberculata treats bone and joint pain, dysmenor-
rhea, infertility in women, anemia and headache.""”

© 2024 The Author(s). Chemistry & Biodiversity published by Wiley-VHCA AG


http://orcid.org/0000-0003-1507-5462
http://orcid.org/0009-0009-5323-2327
http://orcid.org/0000-0002-9956-9066
http://orcid.org/0000-0003-1296-7633
http://orcid.org/0000-0002-0748-1789
http://orcid.org/0000-0002-7019-6649
http://orcid.org/0000-0003-1826-690X
http://orcid.org/0000-0002-2872-4225

doi.org/10.1002/cbdv.202402043

Research Article

CHEMISTRY &
BIODIVERSITY

«

Moreover, essential oils (EOs) of the Ruta genus were reported
in the literature to exhibit antimicrobial effects against different
bacterial and fungal strains."® Besides, These oils also exhibited
antiparasitic and insecticidal activities which promote the use of
Ruta species as a potential alternative for commonly used
synthetic chemicals."**”

However, not all Ruta species were fairly evaluated.
According to a recent review, Ruta chalepensis L., Ruta grave-
olens L., and Ruta montana L. were the three most extensively
studied species.?” On the other hand, Ruta angustifolia EOs
have received limited research attention regarding their chem-
ical composition and biological activity. In this regard, in our
previous study,”” we reported the chemical characterization of
such a species along with antioxidant and antimicrobial
activities, the latter demonstrated against numerous bacterial
and fungal strains. The chemical composition of its EO was
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Figure 1. GC-MS analysis of the Ruta angustifolia essential oil. For peak
identification see ref. [22]..
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Figure 2. 2-undecanone, Ruta angustifolia essential oil major compound

dominated by 2-undecanone (nonyl methyl ketone) (Figure 1)
with a percentage of 80.96%, followed by Moskachane B
(4.43%), Undecyl methyl ketone (2.26%) and Octyl methyl
ketone (2.02%). In total, ketones dominate the volatile content
of R. angustifolia EO accounting for 87.4 of the entire volative
content. Figure 2 reports the structure of 2-undecanone.

Results are similar to a previous study reporting the chemical
composition and antimicrobial activity of the essential oils from
four Ruta species growing in Algeria.? In terms of the insecticidal,
antifeedant, and repellent effect of this EO, to date, no reports
have addressed this application either against pest insects in
general, or T. castaneum in particular.

Hence, this study aims to evaluate the behavioral and
insecticidal activities of Ruta angustifolia essential oil (RAEO)
against larvae and adults of a major stored product pest, T.
castaneum. The behavioral effects evaluated consisted of the
repellent, antifeedant, and feeding preference effect of RAEO while
the insecticidal effect was evaluated against larvae different
exposure routes to the essential oil, starting from repellent effect
to antifeedant and feeding preference bioassay, and finishing with
topical application toxicity bioassay. These effects were assessed
comparatively against both larvae and adults of this pest insect.
This study will provide evidence of the insecticidal/behavioral
effect of this Ruta species for the first time to promote its use in
the management of stored product pests.

Results and Discussion
Topical Application Toxicity

As expressed in Table 1, RAEO exhibited a strong toxic effect
against T. castaneum especially at the highest dose of 0.08 uL/
insect. Mortality was significantly influenced by developmental
stage (p<0.05 F=174.56). For instance, 5" instar larvae turned
out to be the least sensitive (8% of mortality was recorded at the
highest dose after 24 h), compared to the adults one that were
the most sensitive one. On the other hand, 1-day-old adults were

Table 1. Topical application toxicity of Ruta angustifolia essential oil against Larvae (L5) and Adults (A1, A7, A14, A21) of Tribolium castaneum.

Concentration (uL/insect)

0.02 0.04 0.08

24h 48 h 72 h 24 h 48 h 72h 24 h 48 h 72h
L5 4+2a 8 +2a 14+2a 6 +2a 8 +2a 12+2a 8 +2a 30+3a 58 +2a
Al 10+ 0a 12 £2a 16 +2a 38+4 40+4b 40+4b 100+0b 100+ 0b 100+0b
A7 2+2a 4 +2a 4+2b 10+3a 10+3a 10+3a 58 +2c 64+ 2c 64+ 2c
A14 6+2a 10 £3a 12 +2b 42+4b 444 2b 48+4b 70 +3d 70+£3c 72+2c
A21 8+2a 8 +2a 8+2b 40+3b 48+2b 48+2b 68 +4cd 70+£3c 70+£3c
F 2.5 1.57 4.46 28.82 42.73 35.08 174.563 86.278 54.417
P 0.075 0.221 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

L5 =5th instar Larvae, A1 =1 day old adults, A7 =7 day old adults, A14= 14 days old adults, A21 =21 days old adults. Values expressed as the mean of
mortality percentage + Standard error for five replicates. Results are considered significant when the letters are different at a P <0.05 at different

developmental stages using One-way ANOVA and Tukey post hoc
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the most sensitive while 7-day-old were less sensitive where 100
and 58% of mortality were recorded respectively after 24 h.

This toxicity investigation for RAEO is hereby reported for the
first time and can be attributed to its major compound, viz. 2-
undecanone. The latter was exclusively studied in house fly Musca
domestica exhibiting significant topical application toxicity with an
LD50 value of 58.1 ug/fly.?¥ Additionally, 2-undecanone induced
100% mortality at 1% against three stored product pests (Tenebrio
molitor, Tribolium confusum, and Acanthoscelides obtectus) in filter
paper contact bioassay.””’ When applied to grains, 2-undecanone
caused 98.9% and 87.8% of mortality in Tenebrio molitor adults
and larvae respectively after 7 days at 1000 ul/kg wheat®® As for
sealed petri dish assays, 2-undecanone exhibited strong fumigant
toxicity ranging between 94 and 97.9% at 2.8 pg/cm® against
three species of flies, namely house fly, flesh fly: and blow fly,
respectively, after 2 h/? On the other hand, it is important to
mention that other 2-undecanone-rich EOs were reported in the
literature for their insecticidal effect. For instance, Ruta chalepensis
(64.35% of 2-undecanone) caused 100% mortality in T. castaneum
adults after 48 hours of exposure at 0.62 pL/mL*”’ Moreover, R.
graveolens EO (16.22% of 2-undecanone) demonstrated strong
toxicity against Ephestia kuehniella and Ectomyelois ceratoniae
leading to an (LC50) values of 1.02 pL/L air and 1.97 pl/L air
respectively.”® The low sensitivity of larvae to RAEO observed in
our study, complies with the studies reported in refs.*** carried
out on T. castaneum, demonstrating reduced sensitivity to
essential oils through contact and fumigant toxicity. Additionally,
similar results were reported in Trogoderma granarium and
Cryptolestes ferrugineus larvae and adults. ***" However, exceptions
exist, as demonstrated by Plata-Rueda etal”? who reported
increased sensitivity in Tenebrio molitor larvae compared to adults.
These findings imply the existence of various factors influencing
this activity. Factors such as the nature of the essential oil and the
physiological differences between larvae and adults play pivotal
roles. Consequently, it is crucial to carry out insecticidal bioassays
on both developmental stages to determine their sensitivity and
the efficiency of the EO.

Antifeedant Effect

T. castaneum adults and larvae did not express different
antifeedant behavior towards pellets treated with RAEO
(Table 2). In terms of adults, no disruption was observed in the
four nutritional indexes while larvae’s appetite increased
especially at 0.2 pL/pellet leading to —80% of FDI. Despite the
lack of an antifeedant effect on nutritional indexes was
observed, statistical analysis revealed that there was a signifi-
cant difference between larvae and adults in their response to
RAEO in all four nutritional indexes (p <0.05 and F equals 4.9,
8.5, 5.9, and 4.5 respectively for RGR, RCR, ECI, and FDI).

Overall, this effect was evaluated for the first time using this
EO In the literature, no antifeedant effect was reported using
RAEO or any other Ruta species with the exception of one study
where the antifeedant effect against Spodoptera frutiperda larvae
was explored.®

Feeding Preference

The response of larvae and adults to different concentrations of
RAEO depends on developmental stages (Figure3, 4). For
example, larvae were attracted to treated pellets where Pl
(preference index) of 84 and 73% were recorded as the highest
preference index (Pl) after 5 and 30 mins respectively, at the
lowest concentration (0.05 pL/pellet). The Pl decreased significantly
in a dose-dependent manner reaching 55 and 7 % respectively for
0.1 and 0.2 ul/pellet after 5 minutes and decreasing to 25 and
—24% after 30 min. In contrast, adults expressed a repulsive
behavior towards pellets treated with RAEO where the highest
value of Pl (—85%) was recorded for 0.1 uL/pellet after 5 minutes.
Overall, the highest concentration (0.2 uL/pellet) expressed the
optimal response, with —80.9%, —81.1%, and —69.2% recorded
after 10, 20, and 30minrespectively. Statistical analysis indicates a
highly significant difference between concentrations and also life
stages throughout the 30-minute experiment. For example, there
is a highly significant difference between life stages (F=97.2 p<
0.05) and concentrations (F=4.74, p<0.05) respectively after
10 minutes of exposure.

Table 2. Antifeedant effect of Ruta angustifolia essential oils on Adults and Larvae of Tribolium castaneum.
Concentration (uL/pellet) RGR! RCR™ ECI” FDI[*]
(mg/mg/day) (%) (%) (%)
Adults 0 0,023 £0,002% 0,204 £0,014% M2+£1,19 0,000
0,05 0,027 0,010 0,196 £0,007" 13,9 4£53™ 0,39 £6,3"
0.1 0,025 4-0,004® 0,235 +0,010® 10,6 1,8 —-19,7 6,4
0.2 0,023 +0,002% 0,217 £0,014% 10,8 £ 1,6 —7,5+43"
Larvae (] -0,010 £0,005" 0,079 £0,017% —34,6 £27,.2% 0,000%
0,05 0,006 +0,010" 0,114 £0,012 1,64 £11,79 —13,0 £13,5"
0.1 0,011 £0,029% 0,213 £0,065™ —1,5+11,69 —21,4+£11,3®
0.2 0,007 £0,0179 0,208 +0,039% —9,1 £17,9® —80,9 £27,79
[a] Values expressed as the mean of mortality percentage + Standard error for five replicates. Results are considered significant when the letters are
different at a P < 0.05 at different concentrations using One-way ANOVA and Tukey post-hoc.*RGR : Relative Growth Rate *RCR : Relative Consumption Rate
*ECI : Efficacy of Conversion of Ingested Food *FDI : Feeding Deterrence Index
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Figure 3. Feeding Preference of (a) larvae and (b) adults of Tribolium castaneum exposed to Ruta angustifolia essential oil. Values are expressed as the mean of
preference index (Pl) + standard error. Significant differences are determined between treatments for ten replicates and means with the same letter are not

significantly different following one-way ANOVA and Tukey post-hoc.
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Figure 4. Heatmap representing the feeding behavior of Larvae and Adults
of Tribolium castaneum to Ruta angustifolia EO. Values expressed as the
mean of preference Index (%) for ten replicates.

This effect is hereby reported for the first time; this adapted
bioassay makes it a first of its kind in stored product insects
especially since it focuses on feeding behavior, and not mortality
or other commonly studied parameters. For instance, in the case
of Trogoderma granarium, both adults and larvae avoided the food
sources, with no significant difference noted. * Similarly, Lazarevi¢
etal. ® found that both developmental stages of the Colorado
potato beetle were repelled by the essential oil pure compounds
camphor and thujone, challenging the trend observed in our
study. Furthermore, they reported that the choice of treated leaf
pellet did not depend on the life stage of the Colorado potato
beetle Leptinotarsa decemlineata. The observed attractant effect of
larvae in our study suggests a promising approach for eliminating
larvae from stored products. This difference in responses may be
attributed to factors related to the insect’s olfactory and gustatory
systems, as well as the concentration of the treatment employed.
Therefore, our findings open avenues for further exploration and
underscore the need for a nuanced understanding of feeding
behavior in stored product insects.

Chem. Biodiversity 2025, 22, e202402043 (4 of 7)

Repellency on Filter Paper

RAEO exhibited effective repellent activity against both larvae and
adults of T. castaneum as illustrated in Figures 5, 6. For the larvae,
the highest repellency rate was observed at the lowest concen-

Percentage of Repellency (%)

0.094
Larvae Adults
Concentration (pL/cm2)

@2h @4h

Figure 5. Repellent Effect of Ruta angustifolia essential oil against larvae and
adults of Tribolium castaneum. Values are expressed as mean percentage of
repellency (PR) £ standard error. Significant differences are determined
between treatments for five replicates and means with the same letter are
not significantly different following one-way ANOVA and Tukey post-hoc.
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Figure 6. Heat map representing The repellent effect of Ruta angustifolia EO
against larvae and adults of Tribolium castaneum. Values are expressed as
the mean percentage of repellency (PR) for five replicates.
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tration tested (0.047 uL/cm?), with a PR (percentage of repellency)
of 74 after 2 and 4 h. At higher concentrations (Class V), no
significant difference was observed, where 70 and 64 % of PR were
recorded at 0.094 and 0.189 pL/cm?, respectively, after 4 h. For the
adults, the highest PR (76%) was observed at the highest
concentration after 4h belonging to class IV. The lowest
concentration, also, showed high PR of 72% and 66 % after 2 and
4 h, respectively. Statistical analysis showed no significant differ-
ence between concentrations (F=3.130 and p=0.57) or between
larvae and adults (F=2.593 and p=0.117).

Nevertheless, no study has reported this effect using RAEO
against T. castaneum, or any other insect species. This repellent
effect is highly due to 2-undecanone, which has been reported to
display a significant repellent effect against some pest insects. For
instance, 1% of 2-undecanone induced the highest levels of
repellency against adults of three stored product pest insects
(Tenebrio  molitor, Tribolium confusum, and Acanthoscelides
obtectus.”®. Fuskova et al.>* reported a significant repellent effect
of this compound on adults of the western corn rootworm
Diabrotica virgifera. Against flies, In a two-choice behavioral assay,
194.6 ug/cm” of 2-undecanone gave 84.7% and 80.7% overall
mean repellencies, respectively when exposed to blow flies and
house flies.” Other plants containing this major compound also
showed promising levels of repellency; for instance, 1.92x10” ng/
cm? of Ruta chalepensis EO (40.1% of 2-undecanone) showed a
potent repellent effect against both male and female of
Aegorhinus superciliosus using four-arm olfactometric bioassays.>
Moreover, Ruta graveolens (44.7% of 2-undecanone) repelled
Sitophilus zeamais adults especially when loaded in mineral
matrices.”” Additionally, Ruta chalepensis EO (6435% of 2-
undecanone) displayed 100% PR against adults of T. castaneum at
a dose of 0.038uL/mL following the same protocol of
repellency.”” As for the absence of significance between larvae
and adults, the same observation was reported in T. castaneum in
ref®® The same observation was also reported in other stored
product species such as Tenebrio molitor®™ and Tribolium
confusum.®?

Conclusions

The present study highlights the effectiveness of RAEO in repelling
both larvae and adults of T. castaneum which is crucial to protect
stored products from their invasion. Our findings reveal a strong
significant difference in the feeding behavior of larvae and adults
either in the feeding deterrence or feeding preference bioassays.
This study also provides compelling evidence of the strong and
stage-dependent insecticidal effect through direct contact. Overall,
these results contribute significantly as novel evidence of the
potent behavioral and insecticidal effects of this EO, suggesting
the necessity of including both feeding stages in further studies,
and possible inclusion in formulation or in combination with other
insecticides to reduce the reliance on these products.
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Experimental Section

Insect Culture

Larvae and adult individuals of the red flour beetle (Tribolium
castaneum) used in this study were obtained from a laboratory culture
at the Faculty of Science and Technology in Tangier, Morocco. The
beetles were raised in a mixture of wheat flour and dried yeast in a
1:19 ratio (w/w), and were kept in bottles at a temperature of 30°C
and humidity of 60+5% in the dark. Fifth instar larvae were used in
all bioassays and experiments, while 7-14 days adults were used for
antifeedant, feeding preference, and repellent bioassays. For toxicity
by topical application, adults 1, 7, 14, and 21 days old were used and
labeled as A1, A7, A14, and A21 respectively.

Plant Material and Essential oil Extraction

Ruta angustifolia plant materials, extraction procedure as well as
chemical composition assessment were conducted as stated in®? In
summary, wild Ruta angustifolia was harvested from Targuist, Morocco
in June 2019. The identity of the plant was confirmed by Pr.
Mohammed Bakkali and a voucher of the specimen (Code
MPUO008384) was deposited in the Department of Botany and Plant
Ecology of the Scientific Institute of Rabat (Morocco). After harvest, the
aerial parts were dried in obscurity at room temperature for 10 days.
One hundred grams of dried plant material was subjected to
hydrodistillation using a Clevenger-type apparatus for 3 h.

Chemical Characterization

The chemical composition, of the essential oil of Ruta angustifolia was
analyzed using gas chromatography-flame ionization detector/mass
spectrometry (GC-FID/MS) In summary, GC-MS analyses were carried
out on a GCMS-QP2020 system (Shimadzu Europa GmbH, Duisburg,
Germany) equipped with a split-splitless injector and ‘AOC-20i" auto-
injector system. The column was an SLB-5ms fused-silica capillary
column (30 mx0.25 mm i.d.x0.25 um df film thickness), which was
obtained from Merck Life Science (Merck KGaA, Darmstadt, Germany).

Topical Application Bioassay

Topical application bioassay, also known as contact toxicity, was
carried out by applying different concentrations directly to the body
of the insect. Three concentrations were prepared in acetone (2, 4,
and 8%) giving a final concentration of 0.02, 0.04, and 0.08 pL/insect.
1 uL of each concentration was applied to the body of the adult/larva
using a precision micropipette (0.5-10 pL) while the control received
1 ul of acetone. Each concentration was performed in five replicates
and The mortality rate was recorded after 24, 48, and 72 h. No
correction was needed as no mortality was recorded in the control.

Antifeedant Bioassay

The antifeedant effect of essential oils was carried out using the
method proposed by Huang et al.* with some modifications. Flour
pellets were prepared according to the method by Xie et al.*™ where
10 g of the culture media (1:20 g/g) of Yeast and flour was added to
20 mL of distilled water and continuously stirred. Aliquots of 100 pL
were then pipetted onto a plastic petri dish. The flour pellet was then
left overnight to dry. The next day, dry flour pellets were equilibrated
at 30°C for 24 h, and only the ones weighed from 36 to 39 mg were
used.

Each pellet was next treated with 10 uL of each EO concentration (0.5,
1, and 2%) giving a final concentration of 0.05, 0.1, and 0.2 pL/pellet

© 2024 The Author(s). Chemistry & Biodiversity published by Wiley-VHCA AG
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respectively. The treated flour pellets were then left at room temper-
ature for 20 minutes to ensure the complete evaporation of acetone.
The disk was next weighed and placed in a petri dish containing 5
adults/larvae previously weighted and starved for 24 h. Control pellets
received acetone only and followed the same procedure. 3 days later,
Insects and floor pellets’ weight were weighed to calculate nutritional
indexes following the following refs. [42,43].

Relative Growth Rate (RGR):

_(A-B)
RGR = B x day

where: A: weight of live insect after the experiment (mg); B: weight
of insect before the experiment (mg)

Relative Consumption Rate (RCR):

D

RCR “Bx day

where: D: weight of food consumed by the insect (mg)

Efficacy of Conversion of Ingested Food (ECI)

RGR

Feeding Deterrence Index (FDI):

Where: C: Consumption of control diet and T: Consumption of
treated diet.

The experiment was conducted in 5 replicates. For the four
concentrations and the control.

Feeding Preference Bioassay

A preference test for food treated with essential oils for Larvae/adults
of T. castaneum was conducted using flour pellets prepared
following®" and following the protocol by Rharrabe et al* with
some modifications as illustrated in Figure 7. Two pellets were
separately treated, one with 10 uL of the three concentrations used in
the antifeedant test (0.5, 1, and 2%) giving final concentrations of
0.05, 0.1, and 0.2 uL/pellet and the second with acetone. The two
pellets were then left for 20 minutes at room temperature to allow the
evaporation of the solvent and then deposited separately in the
middle of the two zones. Test and control areas have been marked in
each petri dish. The number of individuals in each area was counted
every 5 minutes for 30 minutes. The preference index (IP) was

Flour pellet
. Treated With
Acetone

Flour pellet
Treated With
Essential oil N
\

S Pa

Figure 7. Food Preference Bioassay Setting.
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calculated from the distribution of individuals in each area using the
following formula previously described.

Nt — Nc

N,=Number of larvae/adults observed in the control area,

N.=Number of larvae/adults observed in the test area.

Ntotal = Ntest + Ncontrol

When the PI value is positive, individuals are attracted to the food
treated. However, when it is negative, individuals are repelled or
express a negative preference for the food treated with the essential
oil.

Each treatment was reproduced 10 times using 10 larvae/adults per
petri dish. Each individual has been tested only once.

Repellency Bioassay

The repellent effect was tested according to Jilani et a.**' Filter paper

circles (9 cm) were cut into two halves of which one received 300 pL
of each concentration (0.5, 1, and 2%) dissolved in acetone giving a
final concentration of 0,047, 0.094, and 0.189 ul/cm? respectively.
While the other half was treated with 300 uL of acetone. Next, treated
and control halves were left to dry for 3 minutes and then attached
edge to edge with duct tape and placed into a petri dish (9 cm in
diameter). Twenty individuals (unsexed adults or larvae) were released
in the middle. The number of individuals that settled on each half of
the filter paper was counted after 2, and 4 h. The average count was
converted to a percentage of repellent (PR) using the following
formula:*®

Nc — Nt

Nc Number of larvae/adults counted in the control half

Nt Number of larvae/adults counted in the treated half
Five replicates were reproduced of each treatment

PR value was used to classify repellency classes from 0 to V:
Class 0: The percentage of repulsion <0.1%: not repellent;
Class I: 0.1% < PR <20%: very poorly repulsive;

Class II: 20.1% < PR <40%: moderate repellent;

Class Ill: 40.1 % < PR <60%: good repellent;

Class IV: 60.1% < PR <80%: very repellent;

Class V: 80.1 % < PR < 100%: perfect repellent

Statistical Analysis

All statistical analyses were conducted using IBM’s software SPSS
V25.0All data were analyzed using one-way ANOVA followed by Tukey
Test as post-hoc at a significance level of p <0.05. Two-way ANOVA
was also assessed to determine the significance between develop-
mental stages and concentrations. Tables of statistical analysis for all
bioassays are provided in supplementary materials.

© 2024 The Author(s). Chemistry & Biodiversity published by Wiley-VHCA AG
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