
The use of plant essential oils has been adopted as less hazardous to the 
environment and human health than synthetic insecticides used for the control 
of insects that transmit diseases. Despite of exerting insecticidal activities 
against several insect disease vectors, the potential impacts on non-target 
organisms exerted by essential oils extracted from Lippia sidoides (Cham.) 
have not received adequate attention. Here, we evaluated the susceptibility 
and potential changes in consumption rates of honey bees, Apis mellifera 
(L.), when exposed to essential oils extracted from L. sidoides. Was exposed 
forager bees to honey syrup (50% v/v) containing L. sidoides essential oil 
for 5 h. After this exposure period, the bees received regular honey syrup for 
another 19 h period. Six essential oil concentrations was used, namely 1.0, 1.5, 
2.0, 2.5, 3.0 and 3.5 µL of essential oil/mL of syrup, and evaluated the syrup 
consumption and bees mortality in both periods (at the 5th and 24th h). The 
results reveal that independent of the essential oil concentration, the forager 
bees fed significantly less on L. sidoides essential oil-containing honey syrup. 
However, feeding on L. sidoides essential oil-containing honey syrup did not 
cause significant mortality when compared with bees that were not exposed 
to the essential oils. Thus, the results demonstrate that L. sidoides essential oils 
exhibited adequate selectivity against honey bees.
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RESUMEN

El uso de aceites esenciales de plantas há sido adoptado como menos 
peligroso para el medio ambiente y la salud humana que los insecticidas 
sintéticos utilizados para el control de insectos portadores de enfermedades. 
A pesar de ejercer actividades insecticidas contra varios insectos vectores 
de enfermedades, los impactos potenciales en los organismos no objetivo 
ejercidos por los aceites esenciales extraídos de Lippia sidoides (Cham.) no 
han recibido la atención adecuada. Evaluamos la susceptibilidad y los posibles 
cambios en las tasas de consumo de las abejas melíferas, Apis mellifera (L.), 
cuando se exponen a aceites esenciales extraídos de L. sidoides. Se expuso a las 
abejas recolectoras a jarabe de miel (50% v / v) que contenía aceite esencial 
de L. sidoides durante 5 h. Después de este período de exposición, las abejas 
recibieron jarabe de miel regular durante otro período de 19 h. Se utilizaron 
seis concentraciones de aceite essencial: 1.0, 1.5, 2.0, 2.5, 3.0 y 3.5 µL de aceite 
esencial / mL de jarabe, y se evaluó el consumo de jarabe y la mortalidad de 
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las abejas en ambos períodos (5 y 24 h). Los resultados revelan que, independientemente de la concentración de aceite 
esencial, las abejas recolectoras se alimentaron significativamente menos de jarabe de miel que contenía aceite esencial 
de L. sidoides. Sin embargo, la alimentación con jarabe de miel que contiene aceites esenciales de L. sidoides no causó 
una mortalidad significativa en comparación con las abejas que no estuvieron expuestas a los aceites esenciales. Por lo 
tanto, los resultados demuestran que los aceites esenciales de L. sidoides exhibieron una selectividad adecuada contra 
las abejas melíferas.

Palabras clave: extractos de plantas, mortalidad, pesticidas, polinizadores.

INTRODUCTION

There is a worldwide trend towards the 
identification of products of botanical origin 
with insecticidal activity associated with a 
lower environmental impact, and essential 
oils, such as those extracted from Lippia 
sidoides Cham. (Verbenacea), have been 
highlighted as an alternative to the pesticides 
commonly used in the control of the mosquito 
vector of important diseases (e.g. A. aegypti) 
(de Lima et al., 2013). However, is necessary 
to know their effect on non-target insects like 
pollinators. 

According to the World Health Organization, 
the mosquito Aedes aegypti L. (Diptera: 
Culicidae) is a vector of viruses related to 
some of the main neglected tropical diseases 
in the world, including dengue, zika, and 
chikungunya (WHO, 2009), but xenobiotics 
used to effectively control this vector can 
have negative impacts on the environment. 
Increased insecticidal efficiency of these 
products is often associated with increased 
persistence in the environment (Lu et al., 
2019), and the residual effect of xenobiotics 
may negatively affect vertebrate animals 
(Corcellas et al., 2015; Hughes et al., 2016). 
Xenobiotics may also have lethal or sublethal 
effects on non-target insects (Tomé et al., 
2012; Ndakidemi et al., 2016; Tomé et al., 
2017; Tschoeke et al., 2019) and may result in 
the development of resistance in populations 
of insect pests (Smith et al., 2016). 

The essential oils of L. sidoides contain as major 

compounds thymol and carvacrol (Melo et al., 
2011), which have anti-infective, antiseptic, 
and anti-inflammatory properties (Botelho 
et al., 2016), and may be used as insecticides 
(Figueiredo et al., 2017), acaricides (Camilo et 
al., 2017), and as fungicides and fungiostatics 
(Baldim et al., 2019; Ferreira et al., 2018). The 
larvicidal effect of L. sidoides essential oils on 
A. aegypti was observed at concentrations 
(LC50) ranging from 3.74 to 3.85mg/ml-1 

(Furtado, 2005) and 25.5μg/ml -1 (de Lima 
et al., 2013). The variations in these results 
can be related to the different locations of 
L. sidoides cultivation, plant treatments, and 
times of collection of the botanical material, 
all of which can greatly alter the proportions 
of major compounds present in L. sidoides 
plants used for the extraction of essential oils. 

The application of insecticides commonly 
used in the control of A. aegypti in urban 
areas is generally carried out by applying 
the insecticide to pots of ornamental 
plants. However, the insecticidal potential 
of a product also requires the evaluation 
of its effects on non-target insects such as 
pollinators or natural enemies (van Lexmond 
et al., 2015). Bees are non-target insects that 
can be affected by insecticides, as they can visit 
the flowers of the treated plants. There are an 
estimated 20,000 bee species in the world 
(Wilson-Rich et al., 2018). Of these, the honey 
bee, Apis mellifera L., has a high economic 
and environmental importance, since, in 
addition to the exploitation of hive products 
(e.g. honey, pollen, wax, propolis, and royal 
jelly), honey bees are also used worldwide 
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in pollinating services for agricultural crops 
(Tschoeke et al., 2015). Although several 
previous studies have evaluated the effects 
of botanical insecticides on target insects, it 
is also important to evaluate the effects of 
botanical insecticides on non-target insects, 
in order to ensure the viability of the use of 
these insecticides.

Some insecticides such as Spinosad and 
Azadirachtin, although natural, have been 
tested on Apis mellifera bees and have been 
found to have deleterious effects on non-
target organisms (Bailey et al., 2005; Barbosa 
et al., 2015).

The objective of this study was to verify if the 
lowest dose of essential oils extracted from 
L. sidoides described in the literature with 
insecticidal effect for the control of A. aegypti 
larvae can also have insecticidal effects on 
adult worker honey bees.

MATERIAL AND METHODS

Obtaining essential oils from L. sidoides. 
Fresh leaves of L. sidoides were collected in 
Gurupi (11°44’48’’S, 49°02’55’’W), Tocantins, 
Brazil, according Mourão et al. (2018). The 
taxonomic identification was confirmed by 
specialists at the herbarium of the Federal 
University of São João Del Rei, MG, Brazil, 
and deposited under reference number 
8303. The extraction of essential oils was 
done using the hydrodistillation process in 
modified Clevenger apparatus (Aguiar et 
al., 2015) in the Laboratory of Integrated 
Pest Management of the Federal University 
of Tocantins (UFT), at the Gurupi Campus 
(Mourão et al. 2018). Extracted essential oils 
were stored at 4°C until further analysis.

Gas chromatography-mass spectrometry 
(GC-MS) analysis. Qualitative analyses were 

performed through gas chromatography 
coupled to mass spectrometry (GC-MS) 
using the Shimadzu GC2010 model equipped 
with a selective detector for the mass Model 
QP2010Plus, acoording Mourão et al. (2018). 
The equipment was operated using a fused 
silica capillary column RTX-5MS (30m × 
0.25mm × 0.25μm film thickness), with 
the following temperature schedule in the 
column: 60 to 240°C (3°C/min), temperature 
of the injector: 220°C, helium gas carrier, 
injection with rate of split (1:100) with an 
injected volume of 1µL of a solution diluted 
1:1000 in hexane. For the mass spectrometer 
(MS), an impact energy of 70 V was used, and 
the temperature of the source of ions and the 
interface was set at 200°C. A homologous 
series of n-alkanes (C9H20…C26H54) were 
injected under the same conditions as for 
samples. The constituents were identified 
by comparing their mass spectra with those 
from the databases from the Nist and Wiley 
229 libraries, and also by comparing between 
their rates of retention calculated using 
those reported in the literature (Adams, 
2007). The quantification of the levels of 
the compounds, expressed as a percentage 
based on the standardization of areas, was 
obtained by using a gaseous chromatograph 
equipped with a detector flame (DIC), using 
a diagnostic Shimadzu GC-2010, under the 
following experimental conditions: a capillary 
column RTX-5MS (30m × 0.25mm × 0.25μm 
film thickness); temperature of the injector: 
220°C; temperature of the DIC: 300°C. The 
column was programmed as follows: initial 
temperature of 60°C with a heating rate of 
3°C/min up to 240°C, then increasing to a 
heating rate of 10°C/min up to 300°C and 
remaining at this temperature for 10min; 
nitrogen drag gas (1.18mL min−1); rate of 
split: 1:50; pressure in the column: 115 kPa, 
and injected volume: 1µL, diluted in hexane 
(1:100v/v). The calculated retention index 
was performed according to Mühlen (2009), 
(Mourão et al. 2018).
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Toxicity bioassays. The tests were performed 
with adult worker honey bees from four 
colonies maintained at the UFT experimental 
apiary and at the Laboratory of Zoology of the 
Federal University of Tocantins (UFT), Gurupi 
Campus.

The bees were collected in transparent 
PET bottles (500mL) at the entrance of the 
beehive. After the bees were taken to the 
Zoology Laboratory, they were anesthetized 
with CO2 and then placed in plastic pots 
(500mL) with perforated caps to allow gas 
exchange. The bees were maintained under 
controlled conditions which were similar to 
those of the colony in an incubator BOD (34 ± 
1°C and 70 ± 1% humidity), and fasted for one 
hour before the start of each assay.

The experimental design was Completely 
Randomized, with six treatments plus two 
controls and five replicates. Each experimental 
unit consisted of a pot containing 20 bees. 
During the first five hours of the experiment, 
the bees received one of the treatments 
that consisted of syrup (50% sugar distilled 
water), supplied in Eppendorf® tubes (2mL), 
mixed with the essential oils extracted from L. 
sidoides, diluted in dimethylsulfoxide (DMSO) 
at 1.5% (v/v). Treatments comprised the 
following doses of essential oils: 1.0, 1.5, 2.0, 
2.5, 3.0, and 3.5μL of essential oil/mL, as well 
as a control treatment consisting of only syrup, 
and a control treatment consisting of DMSO 
at 1.5% (v/v) and syrup. The bees consumed 
only syrup after five hours of experiment, 
when the feeder was changed until the end of 
the experiment, 24 hours after the beginning.

To evaluate how much of the syrup was 
consumed by the bees, the tubes containing 
the treatments were weighed before being 
supplied to the bees. After five hours of 
feeding the bees with the treatments (syrup + 
oil), the tubes in each experimental unit were 

replaced by others containing only sugar water 
syrup, with known weight. Tubes containing 
the treatments that were removed from the 
pots were weighed, and the consumption 
data was obtained for the first five hours of 
the experiment. Twenty four hours after 
initiation of feeding, tubes were weighed again 
to evaluate syrup consumption from hours 5 
to 24h of the experiment. Consumption data 
were divided by the number of live bees and 
per unit of time (hour). Syrup consumption 
was measured after the first five hours of 
bee supply and the result was the difference 
between the initial and final weight of 
syrup-containing eppendorf and oil at the 
doses of each experimental unit. The weight 
was divided by the number of bees and the 
amount of hours consumed (5 hours). After 
five o’clock, another eppendorf containing 
syrup feathers was supplied to the bees. 
The consumption of this period (from 5 to 
24 hours = 19 hours) was calculated by the 
eppendorf weight difference before and after 
the supply divided by the number of bees in 
the unit and per hour (19 hours). 

Mortality assessments of the different doses 
of essential oils were performed 5 h after 
food exposure, and 24 h after the start of the 
experiment.

The data of consumption were analyzed 
using Generalized Linear Models to adjust 
the consumption and the ratio of dead bees to 
essential oil concentrations. The model used 
considered the difference in consumption 
between treatments and repetitions. There 
was no significant difference between 
repetitions, only between treatments 
(essential oil concentrations).  The Variance 
Analysis was performed with quasipoisson 
distribution and test F. The data were analyzed 
using R Statistical Software (RCoreTeam, 
2019).
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RESULTS AND DISCUSSION

As demonstrated in other investigations 
(Ferreira et al., 2018), the results revealed 
that thymol was the main component of oils 
extracted from L. sidoides. The chemical 
components (expressed as percentage), 
the retention time of the components, the 
calculated retention rate are shown in Table 1. 

The addition of the essential oils at the different 
doses to the syrup solution, significantly 

reduced (p>0,001) feed intake by the bees 
in the first 5h of the experiment (Figure 1A). 
After the feeding, from the 5th to the 24thh of 
the experiment, only syrup was offered, 
and during this period, no significant 
difference was observed (p=0.05) in the 
consumption per bee per hour (Figure 1B). 
As demonstrated in Figure 1C, the presence 
of L. sidoides essential oils and solubilizer 
(DMSO) affected the total consumption 
(p>0,001).

Table 1. Chemical constituents of L. sidoides essential 
oil and percentage content.

aNC Compounds bRT cCRI %
1 α-Thujene 5.915 927 0.051
2 α-Terpinene 8.680 1018 0.091
3 ρ-Cymene 8.944 1025 1.162
4 γ-Terpinene 10.176 1058 0.250
5 cis-Sabinene hydrate 10.656 1071 0.102
6 4-Terpineol 15.19 1182 0.453
7 Thymol methyl ether 17.264 1230 0.430
8 Thymol 20.075 1294 92.684
9 (E)-caryophyllene 25.369 1419 2.235

10 α-Humulene 26.849 1456 0.134
11 Caryophyllene oxide 31.878 1582 0.617

             Total 98.179
aNC: Number of compounds; bRT: retention time; cCRT: calculated 
retention index.
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It is worth to note that the syrup solution 
containing essential oil did also contain 
DMSO (at 1.5 % (v/v)). The lines in the 
graphs indicate significant differences 
between the results.

Despite the results had revealed a 
significant reduction in the consumption 
of the mixture (syrup + L. sidoides 
essential oils) by the bees, there was no 
significant difference in bees mortality 
among the essential oil doses tested at 
the two exposure intervals (Figure 2A 
and 2B). There was also no statistical 
difference in relation to the total number 
of bee deaths in 24 h (Figure 2C).  

The bees used in this study received the 
necessary amount of sugars to stay alive 
during the experiment. The consumption 
of syrup by bees in the control treatment 
was approximately 8mg of syrup per day, 
and a reduction in syrup consumption 
occurred when the syrup contained L. 
sidoides essential oils. An adult worker 
bee requires approximately 4mg of 
usable sugars per day to survive (Barker 
and Lehner, 1974), and when it is in field 
work, its caloric reserves are enough 
for a flight of 15 to 60 minutes. The 
concentration of glucose and trehalose 
(energy reserve) declines by 50% after 
30 minutes without feeding, and this 
can be restored in 10 minutes after 
feeding (Brodschneider and Crailsheim, 
2010).  Caged bees fed exclusively on 
carbohydrates survived better when fed 
sucrose (LT 50 = 56.3 days) compared to 
honey (31.3 days) or high fructose corn 
syrup (37.7 days) (Barker and Lehner, 
1974; Brodschneider and Crailsheim, 
2010).

Figure 1. A Consumption of syrup mixed 
with Lippia sidoides essential oils at different 
concentrations during the exposure time (i.e., 
from 1st to 5th hour).  B Syrup consumption, 
from the 6th to 24th h after the start of the 
experiment. C Total consumption of syrup 
during the 24 h period.

 

A

A

B

C
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Oral toxicity tests in laboratory studies 
on the effect of pesticides on bees 
have already established appropriate 
methodologies. In these tests, the bees 
have free access to the food, and a 
uniform distribution of food between all 
bees is assumed, either by direct contact 
or trophallaxis (Crailsheim, 1998). The 
results of the experiments are more 
reliable when more bees are included 
in treatment groups (more than 10 
bees per cage) and receive feeding for 
a longer period of time (up to 48 h) 
(Brodschneider et al., 2017). Caged bees 
consume harmful solutions if there are 
no other options for food consumption 
(Desmedt et al., 2016), and, in larger 
groups the distribution of food available 
to the bees is more uniform. These 
results explain why during a short 
period of treatment supply (5h), bees 
avoided consuming food with oil.  

A reduction in syrup consumption 
was observed with increasing doses 
of L. sidoides essential oils, which 
demonstrates a deterrent effect on the 
bees. However, L. sidoides essential oils 
were not toxic to the bees in the first 24h 
of exposure, since the bees’ mortality 
rates did not differ between treatments. 
Another study conducted using the same 
oil, but for control of Varroa sp. (Acari: 
Varroidae) mites showed similar results, 
and no toxicity to bees was reported 
(Moreira et al., 2016). However, in the 
study by Moreira et al. (2016), the bees 
were exposed to a 1cm2 sponge soaked 
with the essential oil at doses of 100 and 
200μL, but the oil was not offered for 
consumption by the bees.

Figure 2. .A Percentage (%) of dead bees after 
the 5 h of exposure to honey syrup containing the 
Lippia sidoides essential oil. B Percentage of dead 
bees recorded from the 6th to 24th h after the start 
of the experiment. C Total mortality during the 24 
h period. It is worth to note that the syrup solution 
containing essential oil did also contain DMSO at 
1.5% (v/v). There was no significant difference 
between treatments in any of the periods.
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B
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Although the mechanism of thymol act on 
bees is not fully undesrtood yet, it has been 
demonstrated that thymol have toxic effects 
on various organisms through the inhibition 
of acetylcholinesterase (AChE) (Jukic et al., 
2007). The enzyme AChE is responsible 
for hydrolyzing the neurotransmitter 
acetylcholine (ACh) in cholinergic synapses, 
and this affects the transmission of nerve 
impulses from the nervous system of insects, 
which is responsible for vital functions 
including skeletal muscle tone, intestinal 
peristalsis, and secretion. If AChE is inhibited, 
ACh in insects would be constantly active, 
resulting in nervous hyperactivity, tetany, and 
death.  Thus, the potential effects of L. sidoides 
essential oil on AChE of A. Mellifera still need 
to be provided.

Even though essentials oils extracted 
from L. sidoides were not found to have an 
acute lethal effect on bees, there may be 
sublethal effects on reproduction over time. 
The defense of insects against xenobiotics 
includes enzymatic detoxification by 
cytochrome monooxygenases, or by 
esterases and several transferases, which 
are normally present in the intestine and 
adipose tissue of insects, contributing 
to the degradation of contaminants that 
penetrate the cuticle (Zaworra and Nauen, 
2019). This detoxification process requires 
energy and resources normally used in basic 
physiological processes, resulting in lower 
reproductive fitness (Rand et al., 2015: 
Gashout et al., 2018). Studies on sublethal 
effects of pesticides on natural enemies are 
important because target species and their 
natural enemies are exposed to sub-lethal 
concentrations for a period longer than they 
are exposed to lethal concentrations as a 
result of insecticide residues in the field.

Most studies on the effects of insecticides on 
bees are concentrated on adult workers, which 

were also used in this study. However, all 
stages of development and castes of bees can 
potentially be affected by insecticide residues 
(Tomé et al., 2012) and there is also the 
possibility of the pesticide leaving residues in 
bee products, as has been demonstrated, for 
example, in the case of thymol (Serra Bonvehí 
et al., 2016).

CONCLUSIONS

Bees selected against consumption of the 
essential oils extracted from L. sidoides, and 
that these oils did not cause acute toxicity 
in honey bees at the doses tested. However, 
there is a possibility of contamination, and 
pesticides can have sublethal effects. As such, 
it is recommended that, before using L. sidoides 
essential oils as a botanical insecticide, 
further studies should be conducted to build 
upon these results. Such studies should 
evaluate the effects of L. sidoides essential oils 
on immature stages of honey bees, and on 
the reproductive performance of honey bee 
colonies.
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