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Abstract. Repellent volatiles to insects might be an important tool for management of bees in
areas which the presence of these organisms is not required. This study aimed to evaluate the
electroantennal and behavioral responses of Africanized honeybees (workers), Apis mellifera
(Lepeletier) (Hymenoptera Apidae), at different ages, to benzaldehyde (BA) and methyl anthranilate
(MA) and to evaluate the potential repellency of these compounds under field conditions. Laboratory
tests were conducted to study electroantennographic responses (mV) and chemotactic behavior of
worker bees aged 1-5 (young) and 20-30 (old) days in four choice olfactometer. Electrophysiological
responses to each compound did not differ between young and old workers. Bees antennae (young)
triggered significantly greater responses to BA, in the older ones, a higher response was observed
to MA, both compared to control (ethanol). The threshold response to BA and MA was achieved at
10 pg/uL, both compounds repelled bees at the same dose in olfactometer. Treatments with BA and
MA, in field conditions, were less visited by scouter honey bees than those without these compounds

& Coordenacgéo de Aperfeicoamento (control).
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a natural crossing of Apis mellifera scutellata Lepeletier

(Hymenoptera, Apidae) (African honeybee) and Apis
mellifera ligustica Spinola (Hymenoptera, Apidae) (European
honeybee) (MicHENER, 1975). These bees use flower volatiles for
guidance during foraging. They are composed of a complex
mixture of chemical products, such as those belonging to the
groups of terpenes, alcohols, aldehydes, ketones and esters
(KNuDsEN et al. 2006). Some plant metabolites may also act as
a mechanism of physiological defense, as shown to methyl
anthranilate (MA) (Pacare et al. 2015). This ester is released
by plants damaged by herbivorous (Huot et al. 2014; PAGARE
et al. 2015), it repels some insects (Pankiw 2009; Mural et al.
2000) and birds (Pankiw 2009) and is also attractive to some
predators and parasitoids (Murai et al. 2000). Benzaldehyde
is another secondary plant volatile, found in bay essential oil
(Laurus nobilis L.- Lauraceae) and bitter almond oil (Amygdalus
communis Ludwig - Rosaceae), among other plants (Azamsuja
2020). This compound is an effective insect repellent (PAuLraj
etal. 2011), including bees of European and Africanized races
(CotLins et al. 1996).

I_|__|_Ihe Africanized honey bee (AHB) had its origin through

The use of repellent substances can be an important tool
for AHB management in rural areas in which the presence
of these organisms is not required, e.g., bees can infest
vineyards during grape’s ripening, damaging fruits (HickeL &
ScHuck 1995). In passion fruit crops, bees are able to remove
the pollen, but they are too small for pollination, it might
also impact fruit production (FanceLul & Mesquita 1998). Thus,
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this study aimed to evaluate the electrophysiological and
behavioral responses of Africanized honeybees (workers),
A. mellifera, at different ages, to methyl anthranilate and
benzaldehyde, as well as, to observe the potential repellency
of these compounds under field conditions.

MATERIAL AND METHODS

The AHB workers were isolated from different hives with
mature honeycomb and divided into two age groups, 1-5
days (young/nursing) and/or 20-30 days (old/foragers). First,
the honeycombs were removed from the beehives and kept
in a climate-controlled chamber until the emergence of
adult bees. For age control, bees were marked on the thorax
with daily changing colours (Uniposca® pen), following
emergence, and were released back into the origin hive,
where they remained until the assays. One hour before the
test, the hive was handled with a bee smoker and the marked
worker bees were captured and transferred, with a modified
portable vacuum cleaner (Makita, mod. CI100 Dw), to plastic
cups (200 ml) with distilled water, offered in cotton balls.

Electroantennography (EAG). The honeybees were
immobilized and observed with a stereo microscope (400
X amplification) where sectioning of the right antenna was
performed. The antennae were attached to a two-filament
silver electrode using conductive gel (Spectra 360, Electrode
Gel-Parker). The antennae were subjected to air pulses
generated by a flow controller (CS -02, Synteche) in
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a volume of 2.5 mL/ 0.5 s with different treatments.
It has been stipulated time of one minute between
successive stimuli so that the antenna regained
their capacity to perceive odorant. Analogical signal
responses, measured in mV, were captured, amplified
and processed with a data acquisition controller (IDAC
-4 Synteche) and subsequently recorded by software
(EAG2000, Syntech).

For the sensitivity test (dose-response), we used five doses
from 102 to 102 pg/uL, solutions in ethanol (Sigma-Aldrich) of
benzaldehyde (99%; Sigma-Aldrich) and methyl anthranilate
(MA) (98%; Sigma-Aldrich), as well as, pure substances. The
treatments were applied (10 pL) individually on filter paper
(1.5 X 2.5 cm) (Whatman, 4 x 15 cm/80g/m?) and then placed
into a Pasteur pipette. The selectivity of young and/or old
bees was recorded using 10 pL of BA or MA (both at 10 pg/
pL) with an automatic pipette (Confort® Discovery).

The stimuli order display to the antenna was pseudo-random
procedure, except for the control (ethanol - 10 pL), which was
always used at the beginning and the end of each bioassay.
We performed 18 replicates/treatment. The antennae
were used only once in each repetition.

Chemotactic behavioral assays. Chemotactic behavioral
bioassays were conducted to test the responses of young
(1-5) and/or old (20-30 days) A. mellifera workers to BA and
MA in a four-arm olfactometer (22 cm in length and 1.5 cm
internal diameter). Charcoal-filtered and humidified air was
pushed into the system at 0.3 L/min and pulled out at 0.4 L/
min, therefore it was allowed to form a gradient flow inside
of the olfactometer. This “push-pull” system prevents entry
of contaminating volatiles from the exterior. The tests were
conducted with controlled conditions (25 + 1 °Cand 70 + 10%
RH) and in the light (900 lumens).

Three of the olfactometer arms received the same treatment
benzaldehyde or methyl anthranilate (10 pL - 10 pg /uL) and
the fourth arm was connected to a syringe containing filter
paper treated with 10 pL of ethanol (control). After every four
replicates, the odor source was replaced and after every eight.
At this time the olfactometer was exchanged and cleaned
with detergent, distilled water, and acetone. Silicone tubing,
filter papers, and glass syringes were baked in an oven for
at least 12 h at 45 °C prior to use and the treatment arms
were rotated. The bees were released at the center of the
olfactometer and the residence time (measured as the mean
of total bioassay time spent in each arm of the olfactometer),
was quantified when the insect moved 2.0 cm into one of the
four arms of the olfactometer. Each individual was sampled
only once. Each assay lasted 5 min and was replicated 40
times. The insects that remained in the central area were
considered non-responsive and they were not considered in
the statistical analysis.

Field assay. Tests were performed in Porto Alegre, RS,
Brazil from October to December, on days with temperature
between 20 and 30 °C, without rainfall.

In each testwe used 2 ml of pure BA or MA, pipetted onto filter
paper disks (10 cm &; Whatman, 80 g/m?). The disks were
placed on Petri dishes (13 cm @), and a feeder containing 40
mL of honey solution (25%) was added to the central portion
of each dish. The assembly (Petri dishes, filter paper with
treatment and feeder) was fixed on a stake and positioned
80 cm above the ground and distanced, approximately, 10
m from colonies of A. mellifera and 2 m each other, forming
a triangle. As a control, we used a dish containing only a
filter paper disk (no compounds) and a feeder with the
honey solution. We performed one repetition every day with
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each substance, totaling 30 replicates. The experiment was
conducted between 10:00 and 12:00 h and lasted for 30 min
for each substance. The bees that fed during the visits were
counted and marked with non-toxic ink (UniPOSCA® pen),
with different colors for each treatment.

Statistical analysis. The electrophysiological responses
of each treatment were recorded in mV and the EAG
average responses were compared by Kruskal-Wallis
(Dunntest; a=0.05). Theresidence timein the olfactometer
bioassays was evaluated with Friedman test and the mean
number of honeybees who visited the treatments was
compared by ANOVA (Tukey test; a = 0.05) with Bioestat
5.3® software (Avres, 2007) (P < 0.05).

RESULTS
Electroantennography. The threshold response to
concentrations obtained from electroantennographic

bioassays (EAG) to BA (P < 0.0001, gl: 6) (Figure 1) and MA (P
=0.0043, gl: 6) (Figure 2) was achieved at 10 pg/uL (Kruskal-
Wallis). Concentrations below these values were similar to
the control (ethanol) (P > 0.05).
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Figure 1. Electrophysiological responses (+ SEM) of Apis mellifera
(20-30 days old) at six concentrations of benzaldehyde and the
solvent ethanol (control). *Means followed by different letters are
statistically different (Kruskal-Wallis, P < 0.05) (n = 18).
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Figure 2. Electrophysiological responses (+ SEM) of Apis mellifera
(20-30 days old) at six concentrations of methyl anthranilate: and
the solvent ethanol (control). *Means followed by different letters
are statistically different (Kruskal-Wallis, P < 0.05) (n = 18).

Electrophysiological responses of A. mellifera to each
compound (selectivity) did not differ between young and old
worker bees (Tukey, P > 0.05). Bee's antennae between one
and five days old triggered significantly greater responses
to BA treatment compared to control (ANOVA, P < 0.01). In
the older ones, a higher response was also observed for MA,
when compared to ethanol (ANOVA, P < 0.0001) (Table 1).

Chemotactic behavioral assays. We observed, for both for

young and old bees, a longer residence time in the arm of
the olfactometer that contained the control treatment than
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in the other three arena’s arms, containing both MA (P =
0.0008) and BA (P < 0.0001) (Figure 3).

Field assay. Both, MA and BA, were repellent to bees. The
average number of visitors at the feeder containing the
honey solution in the presence of MA was 1.37 + 1.06, and at
its control, 9.3 + 2.59 (Tukey; P < 0.001). In the BA treatment,
the number of bees observed was 1.17 + 1.21 and, in control,
7.13 + 2.3 (Tukey; P < 0.0001).

Table 1. Electrophysiological responses + SEM (mV) of bees in two
age groups (1-5, and 20-30 days) with benzaldehyde (BA), methyl
anthranilate (MA) and ethanol (control) (n = 18).

Workers age (days) (response (mV+ SEM)

Treatment
1-5 20-30
BA 10.12 +1.20 Aa 9.90 + 0.90Aa
MA 8.65 + 1.25 ABa 6.98 £ 0.70 Ba
Ethanol (control) 6.07 + 0.56 Ba 412 +£0.51Ca

* Means followed by different capital letters in columns and lowercase letters,
lines, differ by ANOVA (P <0.05).
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Figure 3. Residence time (+ SE) of worker Apis mellifera 1-5 and
20-30 days old in four arms olfactometer containing ethanol and
benzaldehyde or methyl anthranilate (10 pg /pL). Columns of the
same color followed by different capital letters and, from different
colors (within each treatment), followed by minuscule letters,
differs by Friedman test (a = 0.05). Observing time: 5 min.

DISCUSSION

We noticed that benzaldehyde and methyl anthranilate
triggered, comparing to control, greater electrophysiological
responses. The perception of these odors is probably related
to the presence of GOBPs (General Odor Bind Proteins)
receptor proteins associated with these substances in the
sensilla of A. mellifera, which act as chemical signals, filtering
only the compounds physiologically important to the insect
(PeLosi et al. 2018). FrasNeLLI & VALLORTIGARA (2017) had already
observed that olfactory sensilla of A. mellifera have the ability
to respond to various odors, with cells more sensitive to
some types of compounds than to others, thus the intensity
of response depends on its importance on the insect's life
cycle. In A. mellifera workers respond and memorize odors
of interest and can recognize key substances from a range
of volatiles, which may be pointing, for example, to food
sources (Sanpoz 2011).

Plants release volatiles that attract nectarivorous and/or
pollinivorousinsects, such as bees, which pollinate them while
feeding themselves (Burkie & Runvon 2016). Therefore, we
suggest that these odors (BA and MA), in low concentrations
and/or in mixtures with other substances present in the
flowers, can act in positive chemotropism with these insects
in the field, helping them to locate pollen and/or nectar.

e-ISSN 1983-0572

The type of behavioral response triggered by the insect to
certain odor may also be linked to endogenous factors such
as age and reproductive status (Gapenne et al. 2016). In this
study, however, no differences were observed in the size of
the responses to the same odor by young and old bees. In
this sense, the bees of different age ranges can be equally
sensitive to the main substances related to the resources in
the vicinity of the hive. We observed that older bees were
more selective to odors, i.e., they were more responsive to
BA than to MA. Benzaldehyde is present in the composition
of the scents of flowers from species such as Passiflora
sp. (Passifloraceae), Pyrus malus L. (Rosaceae) and others
(ReinHArRD et al. 2010). These plants are visited by A. mellifera
during the flowering stage; therefore, benzaldehyde is
considered to be a volatile important for the guidance of
forager bees (Kiat et al. 2013).

In bioassays with BA and MA at a concentration of 10 pg/L
(laboratory) or even in pure forms (field), we found that the
bees were repelled. Thus, we assume that MA and BA can
act in repellency of bees. However, we also should consider
that a new odor exposed to bees may create a conflict in the
olfactory memory triggering a temporary repellent behavior
(AsramsoN et al. 2006).

Benzaldehyde was also reported as a repellent for Drosophila
melanogaster Meigen (Diptera: Drosophilidae) (VerscHuT et al.
2019) and A. mellifera (Townseno 1963), corroborating the
data obtained in this study. According to Townsenp (1963),
benzaldehyde (75%) and methyl benzoate (50%) triggered
a percentage of repellency in European bees of 85% and
81%, respectively. Free et al. (1989) also found that another
compound from the benzyl group (benzyl acetate), when
applied in liquid paraffin at concentrations of 0.5 and 5
mg/100 pL, repelled A. mellifera away from sunflower plants,
Heliantus annuus L. (Asteraceae).

As in this study, the negative chemotropism triggered by MA
had also been recorded for bees and wasps. Pankiw (2009),
when performing tests to evaluate the defense potential of
A. mellifera colonies, found that methyl anthranilate (10%),
when applied to the apiarist’s clothes, reduced the number
of attacks by 94% when compared to the control treatment.
The author also observed a reduction in the number of nests
built by the wasp Polistes sp. (Hymenoptera: Vespidae) in the
presence of this substance.

Compounds from the anthranilate group (ethyl anthranilate,
butyl anthranilate and dimethyl anthranilate) have also been
described as repellents of D. melanogaster (Kain et al. 2013)
and Aedes aegypti L. (Diptera: Culicidae) (AriFry et al. 2014).
Contrary to what was observed in A. mellifera, Mural et al.
(2000) observed that MA was attractive for Thrips hawaiiensis
Morgan (Thysanoptera: Thripidae) and Thrips coloratus
Schmutz, as well as for the Ceranisus menes Walker parasitoid
(Hymenoptera: Eulophidae).

Further studies on the chemotactic action of methyl
anthranilate and benzaldehyde on A. mellifera, especially
regarding the concentrations and formulations to be used,
can result in an important tool for management of bees in
areas in which the presence of these organisms (individuals
and/or swarming) are not wanted, such as in Vitis vinifera
L. (Vitaceae) orchards during harvest time. It is important
to point out that the use of these compounds depends on
more detailed studies on their interactions, especially with
the insect fauna present in the environment.

The electroantennographic response threshold of Africanized
A. mellifera for methyl anthranilate and benzaldehyde was 10
pg/pL, bees aged 1 to 5 days and 20 to 30 days perceive the
odors equally; MA and BA trigger a repellency behavior on A.
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mellifera in olfactometry and, when pure, in the field.
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