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1. Introduction

Toxic baits are combinations of insecticides with protein 
sources, with the purpose of attracting, inducing ingestion, 
and causing the death of the target insect more effectively. 
The use of toxic food baits has become one of the main 
methods of controlling fruit flies, mainly species such as 
Anastrepha fraterculus (Wiedemann) and Ceratitis capitata 
(Wiedemann), (Diptera: Tephritidae) (Piovesan et al., 2023).

Ceratitis capitata (Wiedemann, 1824) (Diptera: 
Tephritidae) is considered a pest of global importance 
and stands out among other tephritids for being a 
cosmopolitan species and for its high polyphagy power, 
infesting around 360 botanical species (Bernardi et al., 
2019; Al-Behadili et al., 2020). In general, the damage is 
caused by females when they lay their eggs in the fruits, 

which will give rise to larvae and feed on the pulp, making 
their commercialization impossible, mainly in foreign 
trade due to the quarantine restrictions imposed by some 
countries free from this pest (Baronio et al., 2018, 2019a).

C. capitata management has been carried out mainly 
using the chemical method with insecticide applications in 
full leaf coverage. However, this application method is more 
generic, presenting disadvantages such as the large amount 
of active ingredients released into the environment and 
the lack of selection of non-target organisms (Benelli et al., 
2021). For this purpose, the use of toxic baits appears as 
a good alternative, because they guarantee control of the 
pest without the need for insecticide applications in the 
entire planting area.
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pressure. In the larval stage, the insects were fed an artificial 
diet consisting of 400g of carrot, 4g of nipagin, and 80g 
of brewer’s yeast (Brito, 2007), and during the adult stage 
with a 10% honey solution, kept in an air-conditioned room 
with a temperature of 25 ± 2 °C, relative humidity of 70 ± 
10% and photophase of 12 hours.

The selected insecticides for the study were commercial 
formulations with the active ingredients deltamethrin, 
spinetoram, and malathion. These were chosen based 
on the following criteria: for being registered with the 
Ministry of Agriculture, Livestock and Supply (MAPA) for 
the control of C. capitata; because they are part of different 
chemical groups; present contact and ingestion mode of 
action; because they fall between categories IV and V of 
the toxicological classification, considered as a low-toxic 
product or unlikely to cause acute harm and because they 
are easy to acquire and offer good value for money.

For the tests, the products were used at the maximum 
concentration (C100) of the commercial formulation 
registered for C. capitata (in mL/100 L-1 or g/ha-1), following 
the description on the labels of each product and the 
instructions provided. by MAPA and at a concentration of 80% 
(C80) obtained through a 20% reduction in C100 (Table 1). 
Distilled water was used as a control treatment.

To compose the toxic baits, the food attractants Biofruit® 
(hydrolyzed protein), Cera Trap® (hydrolyzed protein 
of animal origin), and sugar cane molasses (previously 
diluted in 3.0, 1.5 and 7.0% water, respectively), mixed 
with the active ingredients deltamethrin, spinetoram, 
and malathion. After mixing the formulations, 40 μL of 
each bait were deposited on cotton pads on 18 × 18 mm 
coverslips, remaining for 2 hours at a temperature of 25 °C 
to allow partial drying, and then offered to the insects. The 
concentrations of the attractants were defined according to 
the manufacturers’ recommendations and methodologies 
by Baronio et al. (2019b) and Nunes et al. (2019).

The bioassays were carried out in the laboratory under 
controlled conditions (temperature 25 ± 2 °C, relative 
humidity 70 ± 10% and photoperiod 12 hours). Adult 
insects were captured from breeding cages in glass tubes 
(25 × 85 cm) sealed with PVC plastic film, where they were 
anesthetized in the cold (-1 °C/4 min). After sedation, 

The success of the baits depends mainly on the 
effectiveness of the toxicant (Gazit and Akiva, 2017). 
Insecticides from the organophosphate, pyrethroid, and 
spinosyn chemical groups have been the most used as 
lethal agents for these formulations as they act both 
through contact, and ingestion and have records for the 
control of C. capitata (Brasil, 2023).

As with insecticides, the choice of food attractants 
is a point that deserves extreme importance in the 
formulation of toxic baits, as they need to have the capacity 
to compete attractively with the natural food available in 
the insect habitat, in addition to having phagostimulant 
characteristics, to be consumed by flies (Raga and Sato, 
2005). Different food attractants are used to formulate 
toxic baits, however, sugar cane molasses and hydrolyzed 
proteins have been the most used attractants (Botton et al., 
2016; Raga and Galdino, 2018; Santos et al., 2022).

The odor and palatability of the attractants influence 
the greater consumption of the bait, reducing the need for 
a high concentration of the toxicant (Grout et al., 2018). 
This is a point of extreme relevance, considering that even 
after partial degradation of the active ingredient over time, 
toxic baits will continue to be efficient, solving one of 
the main problems in using them in the field. Therefore, 
it is necessary to conduct studies to verify the degree of 
susceptibility of the pest to toxic baits, regarding possible 
degradation and reduction of the effect of active ingredients 
and their food attractants. Therefore, this research aimed 
to evaluate the susceptibility of C. capitata to insecticides 
composed of malathion, deltamethrin, and spinetoram 
associated with the food attractants Biofruit®, Cera Trap®, 
and Sugarcane molasses.

2. Material and Methods

The experiment was conducted at the Invertebrate 
Laboratory (LABIN), belonging to the Biosciences 
Department of the Agricultural Sciences Center (CCA) of the 
Federal University of Paraíba (UFPB), Campus II, Areia – PB.

The adult insects (maximum five days old) in the tests 
came from the C. capitata population maintained in the 
laboratory for eight years, free from insecticide selection 

Table 1. Insecticides and concentration evaluated for the management of Ceratitis capitata.

Active ingredient Chemical group
Concentration1

(%)2

a.i c.p (ml/100 L de H2O)

Malathion Organosphosphate 1000 g/L 200 mL3 100

160 mL 80

Deltamethrin Pyrethroid 25 g/L 50 mL 100

40 mL 80

Spinetoram Espinosinas 250 g/kg 24 g 100

19.2 g 80

Control (water) - - -

1Concentration: g of ai (active ingredient) and mL or g of p.c. (commercial product) 100L/ha; 2Percentage based on recommended 
concentration; 3Concentration for land application.
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they were placed in cages made with transparent plastic 
containers (200 mL), lined with filter paper at the bottom, 
without a lid, which was replaced by voile fabric, where 
they had contact with the baits 4 hours. according to the 
methodology adapted from.18 After the time had elapsed, 
the baits were removed from the cages and the insects 
were fed with water and 10% honey solution throughout 
the evaluation period (1, 3, 6, 12, 24, 48, 72 and 96 hours).

The experimental design was completely randomized 
in a 3 × 3 × 2 factorial scheme (3 insecticides, 3 food 
attractants, and 2 concentrations), with 10 replications 
per treatment composed of 5 couples (n = 100).

Mortality data for C. capitata adults were corrected 
using the Abbott (1925) formula and subsequently, the 
interaction of factors for insect mortality was evaluated 
using a generalized linear model with binomial distribution. 
After adjusting the model, it was evaluated with a half-
normal graph from the “hnp” package (Moral et al., 2017). 
Means were compared using the “glht” function from the 
“multcomp” package (Hothorn et al., 2008).

The evaluation of the effect of baits on insect survival 
was determined from survival curves, and respective lethal 
times using Kaplan-Meier analysis, comparing survival 
curves using the log-rank test. All statistical analyzes 
were performed using R software (R Core Team, 2022).

3. Results

Analyzing the toxicity of the baits on C. capitata, a 
significant interaction (P < 0.05) of insecticidal factors vs 
concentration vs food attractant was observed. At C100 
there was no significant difference between the attractants 
in baits with deltamethrin, with mortality being less than 
50%, thus considered less efficient when compared to 
the insecticide’s malathion and spinetoram. There was 
also no statistical difference in attractants in mixtures 
with malathion, however, C. capitata adults were more 
susceptible to these formulations (mortality ranging 
from 55.29 to 60.00%). However, in baits with spinetoram, 
formulations with Molasses, and Trap® Wax were more 
efficient (mortality of 75.29 and 67.05% respectively) than 
with Biofruit® (50.58%) (Table 2).

For C80, the attractants showed no statistical difference 
in the formulations using deltamethrin, with a mortality 
rate of less than 35%. In baits with spinetoram, the 
attractants differed from each other, with higher mortality 
for Biofruit (96.42%) and lower for Cera Trap (72.61%), 
both with no difference for Molasses (85.71%). Similar 
results were also observed for baits using malathion, 
which showed higher mortality for the Molasses attractant 
(98.80%), followed by the Biofruit® attractant (91.66%) and 
Cera Trap® (88.09%). Comparing the efficiency of the baits 
about the insecticide concentrations, it was observed that 
malathion at C80 was more efficient than C100 for all the 
attractants used. The C80 concentration of spinetoram was 
also more efficient than the recommended concentration 
when mixed with Biofruit® (Table 2).

According to the survival curves of C. capitata treated with 
baits using the Biofruit attractant, there was a significant 
difference between the treatments (P < 0.0001). C. capitata 
adults were susceptible to all toxic bait formulations 
depending on time. Malathion at C80 caused rapid mortality 
with a median lethal time (LT50) of 1 h, a value significantly 
different from that obtained in all other treatments. 
The baits formulated with spinetoram at C80 (LT50 = 6 
hours) and malathion at C100 (LT50 = 6 hours) presented 
an intermediate median lethal time, with overlapping 
confidence intervals. In contrast, baits formulated with 
deltamethrin at C80 exhibited a survival time similar to 
baits formulated with deltamethrin at C100 (LT50 values 
of 96 hours and 42 hours, respectively), being considered 
less efficient than the other baits (Table 3, Figure 1).

When the baits were formulated with the Cera Trap® 
attractant, there was a significant difference in survival 
(P< 0.001). The baits formulated with malathion at C80 
caused greater susceptibility in C. capitata insects, with 
lower LT50 values (1 hour), differing from the insecticides 
spinetoram and malathion at C100 with LT50 = 3 hours in 
both, which presented overlapping confidence intervals. In 
contrast, formulations with deltamethrin at C80 and C100 
presented LT50 = 48 hours (Table 3, Figure 2).

In the formulation with the attractive sugar cane 
molasses, there was a significant difference in survival 
(P< 0.001) and susceptibility was observed in all toxic 

Table 2. Efficiency of toxic baits formulated with deltamethrin, spinetoram and malathion plus the food attractants Biofruit®, Cera 
Trap® and sugar cane molasses according to adult mortality from Ceratitis capitata, after 72 hours of ingestion.

Treatments Concentration (%)
Food attractant

Biofruit® Cera Trap® Molasses

Deltamethrin 100 37.64 ± 3.94Ba 38.82 ± 6.97Ba 49.41 ± 5.82Ba*

Spinetoram 100 50.58 ± 7.18ABb 67.05 ± 4.71 Aa 75.29 ± 4.45Aa

Malathion 100 55.29 ± 7.18Aa 58.82 ± 5.33Aa 60.00 ± 6.12ABa

Deltamethrin 80 27.38 ± 6.26Ba 27.38 ± 5.15 Ca 34.52 ± 4.77Ba

Spinetoram 80 96.42 ± 1.81Aa* 72.61 ± 4.71Bb 85.71 ± 6.59Aab

Malathion 80 91.66 ± 3.57Aab* 88.09 ± 3.54Ab* 98.80 ± 1.19Aa*

Averages followed by the same capital letters in the columns (insecticide in the same concentration) and lowercase letters in the 
rows (attractant in each insecticide in the same concentration) do not differ from each other. *Shows a significant difference between 
concentrations (insecticide in each food attractant) due to the model contrasts generalized linear with binomial distribution (P ≤ 0.05).
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baits. For the insecticide malathion at C80 (LT50 = 1 hour), 
a shorter median lethal time was required, indicating 
greater susceptibility of adults to this formulation. In 
contrast, the longest lethal time was observed in toxic 
baits with deltamethrin for C80 and C100, which had their 
confidence intervals overlapping with LT50 of 24 and 12 
hours, respectively (Table 3, Figure 3).

4. Discussion

The malathion and spinetoram formulations were more 
efficient at C80, which may be related to the acceptance 
and consumption of the baits. This is because lower 
concentrations are more attractive and less repellent, 
possibly due to the dilution of the active ingredient 
(Baldin et al., 2018). Similar result to studies by Gazit and 
Akiva (2017), lower concentrations of malathion provided 
greater intake of baits when tested on fruit flies.

It can also be highlighted that even after a 20% reduction 
in the initial concentration, malathion and spinetoram were 
efficient in controlling C. capitata. This finding is considered 
important for integrated pest management, considering 
that one of the main limitations of the use of toxic baits 
is the degradation of active ingredients, resulting in low 
persistence of formulations in the field (Harter et al., 2015).

Malathion presented high levels of mortality, reaching 
50% of the population within a short period of 1 hour after 
treatment. Rapid action of malathion was also observed 
by Reynolds et al. (2017), who found that this insecticide 
presented LT50 in less than 1 hour for the fruit fly Bactrocera 
tryoni. Similar findings were found by Harter et al., 2015, who 
found a mortality of 84.8% in 24 hours in adults of A. fraterculus. 
The effectiveness of malathion can be explained by the form 
of action of organophosphates, which act by inhibiting nerve 
transmissions and causing the death of insects shortly after 
contact or ingestion of the product (Harter et al., 2015).

As with malathion, high mortality was also observed 
for baits with spinetoram, in this case, a longer exposure 
time was necessary. Spinosyns, in turn, act in the insect 
organism slowly, causing the death of individuals by 
inducing paralysis (Harter et al., 2015). This may explain 
the need for a longer time to reach 50% mortality of the 
population in this study.

The effect of deltamethrin at both concentrations was 
delayed when compared to malathion and spinetoram, 
which does not match its rapid mode of action, which 

Table 3. LT50 lethal time (hours) and confidence interval (CI) in Ceratitis capitata adults exposed to toxic baits.

Inseticide/concentration
Biofruit Cera Trap Molasses

LT 50 (CI 95%)1 LT 50 (CI 95%)1 LT 50 (CI 95%)1

Deltamethrin 100 42 (12 - 48) 48 (12 - 48) 12 (6 - 72)

Deltamethrin 80 96 (24 - 96) 48 (48 - 96) 24 (24 - 24)

Spinetoram 100 12 (12 - 48) 3 (1 -12) 6 (3 - 12)

Spinetoram 80 6 (6 - 24) 12 (6 -24) 6 (6 - 12)

Malathion 100 6 (1 - 24) 3 (3 - 24) 3 (3 - 12)

Malathion 80 1 (1 - 1) 1 (1 - 1) 1 (1 - 1)

1LT 50 = time needed to reach 50% of a tested population; CI 95% = confidence interval of 95%.

Figure 1. Efficiency of toxic baits using different concentrations 
of deltamethrin, spinetoram and malathion with the attractant 
Biofruit® on Ceratitis capitata, according to the probability of 
survival as a function of time.

Figure 2. Efficiency of toxic baits using different concentrations 
of deltamethrin, spinetoram and malathion with the attractant 
Cera Trap® on Ceratitis capitata, according to the probability of 
survival as a function of time.

Figure 3. Efficiency of toxic baits using different concentrations of 
deltamethrin, spinetoram and malathion with the attractant sugar 
cane molasses on Ceratitis capitata, according to the probability 
of survival as a function of time.
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acts by blocking sodium channels, interrupting normal 
electrical signalling in nerve cells (Casida and Durkin, 2013; 
Santos et al., 2016). However, results similar to those found 
in this work were seen by Baronio et al. (2019a), who, when 
testing a toxic bait composed of Biofruit® and deltamethrin, 
observed LT50 28.8 hours after ingesting the bait.

Considering the persistence of toxicity and the rapidity 
of action of products on C. capitata, the effectiveness of 
toxic baits formulated with food attractants and with 
insecticides malathion and spinetoram in concentrations 
of 80% (C80) in relation to the recommended one is proven.

Regarding the positive results for the food attractants 
used (Biofruit®, Cera Trap®, and Sugarcane Molasses), it 
is clear the possibility of mixing insecticides with these 
food sources without compromising the efficiency of the 
lethal agents used.

Other studies that can evaluate the effectiveness of toxic 
baits on C. capitata after degradation of part of its active 
ingredients in semi-field and field conditions are necessary, 
as natural conditions will make the results more reliable, 
especially if these studies evaluate the susceptibility of 
populations of C. capitata from different locations.

5. Conclusions

Toxic baits formulated with malathion and spinetoram 
remain efficient in controlling C. capitata after a 20% 
reduction in the concentration recommended by the 
manufacturer of each product and can be formulated with 
Biofruit®, Cera Trap®, or sugar cane molasses without 
compromising the expected outcome. C. capitata have 
low susceptibility to toxic bait formulations formulated 
with deltamethrin.
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