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INTRODUCTION

With the development of fish farming in Brazil, 
problems emerged that reached critical levels, among 
which we can highlight the predation of fingerlings by 
adults and larvae of aquatic insects. The highly preda-
tory habit of these larvae has constituted a problem 
not only in Brazil but also in other countries (Santos 
et al., 1998). In fishponds, this is one of the factors 
that contributes to the reduction of the survival of the 
fingerlings and consequently to the decrease of pro-
duction profits (Zaniboni Filho, 2000).

In the cultivation of aquatic organisms, as in 
every food production sector, chemical products are 
inputs that are largely used to benefit production. 
They range from relatively simple, as in extensive 
systems that can be limited by the use of chemical 
and organic fertilizers, to the most complex, semi- and 
super-intensive types, where a variety of natural and 
synthetic products are used (Rohana et al., 1996).

The use of organophosphate insecticides 
and other pesticides with the objective of controlling 
odonata larvae and the main zooplankton groups that 
are predators of post-larval fish in Brazil dates back 
to the beginning of the 1980s (Garadi et al., 1988). 

In Europe, such compounds had already been used 
for fifteen years to prepare fishponds for fish farming 
(Woynarovich & Horváth, 1981; Garadi et al., 1988). In 
Brazil, the efficiency of trichlorfon and methyl parathion 
to combat odonatas has been evaluated by Garadi et 
al. (1988). Although this type of control is efficient, it is 
prohibited in many countries because it causes water 
contamination and death of part of the zooplankton 
necessary as food for post-larval fish and fingerlings 
(Zaniboni Filho, 2000). Currently, synthetic pesticides 
continue to be used for these purposes and the control 
of ectoparasites in fishponds (Tamassia, 1996; Cruz, 
2005; Santos, 2007). In recreational fishing areas, they 
are also consistently used, which may lead to various 
problems, as they are dangerous and resistant pro-
ducts whose degradation products in the environment 
may be just as or more deleterious to the organisms 
than the original product form (Eler et al., 2006).

The use of chemical products such as insecti-
cides and bactericides in culture tanks may have a 
cumulative effect and represent a risk to food secu-
rity and to the environment (Boyd & Massaut, 1999). 
Application of these insecticides may result in high 
levels of residues in the fish, including at the time of 
eating, as the grace periods for these chemicals are 
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typically not respected by the fish farmers (Rodrigues 
et al., 1997). Santos (2007) detected an accumulation 
in fish fillets subjected to diflubenzuron and methyl 
parathion with values that exceeded the maximum 
limits recommended for food according to the Codex 
Alimentarius.

The availability of natural products for use in 
aquaculture in substitution of synthetic products to 
control pests and diseases opens up new frontiers for 
study. These products are rich in a variety of nutrients 
and serve as a repository of new additives for food 
for aquatic animals. Research has show the use of 
natural products to increase the digestibility of nutri-
ents, improve food conversion, increase weight gain, 
control parasites, as immunostimulants, antiviral and 
antibacterial activity (Ghosh et al., 2014; Chakraborty 
and Ghosh, 2014; Xiang & Zhou, 2000; Ardó et al., 
2008; Abutbul et al., 2005). Other studies have shown 
the use of natural products with the use of Aloe vera 
L. in water transport to control the stress in Matrinchã, 
Brycon amazonicus (Zanuzzo, 2010), in the control of 
monogenetics in Astronotus ocellatus, among young 
tambaqui Colossoma macropomum (Claudiano et 
al., 2009), and in the control of white spot virus in 
Penaeus monodon (Balasubramanian et al., 2007; 
Balasubramanian et al., 2008). 

These studies open up an extensive field of 
phytochemical study on the identification of chemical 
groups and the identification and isolation of biologi-
cally active molecules for use in aquaculture.  Based 
on this emerging field, the objective of this work is to 
evaluate the effect of chinaberry, Melia azedarach L., 
vegetable extract in the control of odonata larvae that 
are predators of young fish and to compare its effects 
with those of a traditionally used insecticide.

MATERIAL AND METHODS

Plant material 
Chinaberry (Melia azedarach, L., 1753) is a tree 

belonging to the Meliaceae family. It is popularly known 
as chinaberry, chinaberry tree, Persian lilac, white 
cedar, and pride-of-India, among others (Jain et al., 
2015). Originating in Southeast Asia, this species is a 
short-lived, deciduous tree with a height of 6-15 m and 
a trunk that is 30-60 cm in diameter. It has drupe type 
fruits, which are semi-rounded with a smooth pericarp 
that is slightly transparent. The fruits become yellow 
when they are ripe, are around 15 mm in diameter, 
yellow, and initially smooth but turn rough. They bloom 
in the Brazilian spring during the months of September, 
October, and November (Schneider, 1987).

Preparation of plant extract
The chinaberry fruits were collected on a rural 

property located in the municipality of Guatambu, SC, 
with coordinates of 27º 06’ 34.24” S and 52º 42’ 39.65” 
W. Then, the fruits were weighed (total mass of 1.34 
kg), dried at a temperature of 40ºC, and ground with 
ethanol for seven days in a percolator. After this period, 
the ground up samples were filtered, collected, and 
concentrated in a rotary evaporator under reduced 
pressure at a temperature of 40ºC, obtaining 57.67 g 
of crude chinaberry ethanolic extract (CEE).

Adsorption of plant extract from chinaberry and 
methyl parathion in silica gel 

To perform the biological tests, both the CEE and 
methyl parathion (MP) were adsorbed in 60 F254 silica 
gel (Merck) in a rotatory evaporator with reduced pres-
sure for complete homogenization with total removal 
of the solvents, which were ethanol for the extract of 
chinaberry and dichloromethane (DCM) for methyl 
parathion. In 200 g of silica gel, 27.67 g of CEE and 
89 µL of MP were adsorbed. 

Chromatographic analysis and isolation of 
compounds 

The phytochemical screening was done as 
described in literature (Yunes & Calixto, 2001). This 
analysis was conducted by observing colorimetric 
variation after the addition of specific reagents. The 
phytochemicals analyzed are terpenes,  flavonoids,  
coumarins,  alkaloids and tannins.

The CEE (15g) was fractionated on chromato-
graphic column over Silica gel 60 (Merck). The eluents 
of hexane (Hx), dichloromethane (DCM), ethyl acetate 
(EA), and ethanol were used in a gradient of increa sing 
polarity.  By elution with DCM/AE (60/40) given 70 mg 
of melianone and with DCM (100%) given 40 mg of 
linoleic acid, which were identified by spectroscopic 
data (IR, 1H and 13C NMR, MS) and compared with 
literature values (Lavie et al., 1967).

Toxicity test of MP and CEE on odonata larvae
In a previous study, Tomazelli et al. (2011) con-

cluded that Neuraeschna larvae were present with 
the greatest frequency, classifying these larvae as the 
main predators of fingerlings among the odonatas in 
the fishponds used in their study; thus, this genus of 
larvae was used in toxicity tests. 

The mortality tests were performed inside a 
room at a temperature of 23 0C with 12/12 h light and 
dark photoperiods. Polyethylene tanks were used with 
dimensions of 17 cm in length x 11.5 cm in width x 10 
cm in height, with a capacity of 1.0 L. The tanks were 
installed on a bench and supplied with local water from 
a deep tube well. The tanks were prepared with 0.5 



Braz. J. Aquat. Sci. Technol., 2016, 20(1). 

56

cm of sand on the bottom, which had been sterilized 
at 121ºC for an hour. The concentrations of the treat-
ments were obtained by weighing the silica adsorbed 
from the MP and the CEE; these concentrations were 
subsequently applied over a substrate of sand with 
water. The efficiency of the use of silica at the bot-
tom of the containers was tested with the MP sample 
first, which is an organophosphate widely used in fish 
farming to control insect larvae. 

Odonata larvae, Neuraeschna (Aeshnidae), 
were collected from a nursery pond of fingerlings of 
common carp (Cyprinus carpio) and immediately taken 
to the laboratory in a container with water from the 
nursery pond where they were measured for length and 
total weight and then acclimated in the laboratory for a 
period of 24 hours prior to testing. To perform the tests, 
the individual larvae were separated and randomly 
distributed in the previously prepared tanks. They were 
then exposed to increasing concentrations of MP and 
CEE adsorbed in silica and to the control treatment, 
with five repetitions of each. The preliminary biological 
assays with MP were performed in concentrations of 
5.0, 2.0, 1.0, and 0.50 mg L-1 and the definitive bio-
logical assays used concentrations of 0.50, 0.25, 0.13, 
and 0.06 mg L-1. For the CEE, the preliminary assays 
were performed with concentrations of 5.0, 2.0, and 
1.0 mg L-1, and the definitive assays had concentrations 
of 2.0, 1.0, 0.5, and 0.25 mg L-1.

The evaluations were performed at intervals of 
six hours after the beginning of the tests, registering 
the number of dead larvae in each treatment. The 
data of water temperature, the concentration of dis-
solved oxygen (DO), pH, and electric conductivity were 
obtained during the evaluations with a digital oxygen 
meter, pH meter, and conductivity meter, respectively.

Evaluation of the toxicity of CEE in fingerlings of 
common carp (Cyprinus carpio) 

The common carp (Cyprino carpio) fingerlings 
used in the toxicity tests were captured on a rural 
property that produces fingerlings obtained through 
induced reproduction. The fingerlings had been in a soil 
fishpond for fifteen days where they were fed plankton 
and balanced diet powder.

The tests were performed in a room at a tempe-
rature of 23˚C and 12/12 h light and dark photoperiods. 
Polyethylene tanks with dimensions of 17 cm in length 
x 11.5 cm in width x 10 cm in height were used, with a 
capacity of 1.0 L. The tanks were installed in a bench 
and supplied with water from a deep tube well. The 
tanks were prepared with 0.5 cm of sand on the bottom, 
which had been sterilized at 121ºC for an hour. After 
obtaining the measurements of length and total weight, 
three fingerlings were randomly placed in each tank. 
The tanks had been previously prepared and exposed 

to increasing concentrations adsorbed in silica of 2.0, 
1.0, 0.50, and 0.25 mg L-1 in addition to the control 
treatment, with five repetitions. 

The evaluations were performed at intervals of 
six hours after the beginning of the tests, registering 
the number of live fingerlings in each treatment. The 
data of water temperature, the concentration of dis-
solved oxygen (DO), pH, and electric conductivity were 
obtained during the evaluations, with a digital oxygen 
meter, pH meter, and conductivity meter, respectively.

Statistical analysis
All results represent the means of five replicates. 

Regression analysis and lethal concentration (LC50) 
were performed using R (R Development Core Team 
2014) and the add-on package‘nls’. 

RESULTS 

Phytochemical screening 
In the phytochemical analysis, the fractions of 

Hx, DCM, EA, and ethanol showed positive results for 
terpenes and steroids. The fractions of DCM, EA, and 
ethanol also showed positive results for coumarins 
when screened with UV rays. None of the fractions 
had positive results for flavonoids when tested with 
3% iron (III) chloride (FeCl3). For alkaloids, there was 
a positive result in the fraction of EA when screened 
with a Dragendorff solution. There was no evidence of 
tannins in any of the fractions (Table 1). 

Two compounds, linoleic acid and melianone, 
were isolated and identified from CEE. The latter is a 
member of the proto-limonoids, which are considered 
biogenetic precursors of limonoids (Polonsky et. al., 
1977); its chemical structure, tetracyclic triterpene, 
was isolated and identified by Lavie et al. (1967) from 
extracts from Melia azedarach fruits. 

Toxicity test of MP on Neuraeschna larvae
In the preliminary tests, the highest concentra-

tion tested was 10 times the concentration indicated for 
direct use in water, and the lowest concentration coin-
cided with the concentration indicated by Woynarovich 
& Horvath (1981) and Garadi (1988). After 6 hours of 
exposure, there were mortalities at concentrations of 

Table 1 - Phytochemical screening of CEE by TLC.
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5.0 mg L-1 and 2.0 mg L-1 of two larvae and one larva, 
respectively. The first treatment with total mortality 
was the concentration of 5.0 mg L-1 after 12 hours of 
exposure, when the mortalities began with the treat-
ments of 2.0 and 0.5 mg L-1. At 18 hours, the two 
treatments with the greatest concentrations presented 
total larval mortality, whereas the concentrations of 1.0 
and 0.5 mg L-1 had mortalities of 80%. The experiment 
was concluded after 24 hours with total mortality in all 
of the treatments except for the concentration of 1.0 
mg L-1, with one surviving larva, which nonetheless did 
not react when stimulated with predation. 

Evaluation of the control of Neuraeschna larvae 
with CEE 

By adsorbing the EEC in silica occurs decanting 
since it is denser than water and release the extract or 
the insecticide in the bottom of the tank where are the 
odonata larvae. In the preliminary tests, at 12 hours of 
exposure to the treatments of 5.0 and 2.0 mg L-1, the 
first mortalities occurred. At 18 hours in the 5.0 mg L-1 
treatment, there was 60% mortality, and in the 2.0 
and 1.0 mg L-1 treatments, the mortality was 80%. 
The 2.0 mg L-1 treatment presented a mortality of all 
larvae after 24 hours of the test, and the 5.0 mg L-1 
and 1.0 mg L-1 treatments had mortalities of 80%. The 
test conducted after 36 hours of exposure to CEE had 
100% mortality in the 2.0 and 1.0 mg L-1 treatments. 
In the 5.0 mg L-1 treatment, one larva remained alive, 
but it presented no reaction to predation.

In an attempt to find the minimum lethal con-
centration, the biological tests were performed with 
four more treatments of 2.0, 1.0, 0.50, and 0.25 mg L-1.

In the definitive test, the treatment of 2.0 mg L-1 
was consistent with the preliminary test, with morta-
lity beginning after 12 hours of exposure, whereas 
mortality began at 18 hours in the other treatments. 
After 24 hours, all larvae were dead in the 2.0 and 

0.5 mg L-1 treatments, with 80% and 40% in the 1.0 and 
0.25 mg L-1 treatments, respectively. At 30 hours of ex-
posure in the treatment with the lowest concentration, 
0.25 mg L-1, 60% of the larvae were dead, which was 
maintained until a time of 36 hours, when the test was 
concluded; the remaining larvae at that time presented 
slow movements with no reaction when stimulated with 
food (Fig. 2). At the end of the experiment, the control 
treatment larvae exhibited normal movement and 
reflexes. The Table 2 shows the values for the linear 
equations, R2, and  lethal concentration (LC50) (mg L-1) 
of MP and CEE for Neuraeschna larvae.

Evaluation of the toxicity of CEE among 
fingerlings of common carp (Cyprinus carpio) 

During the 36 hours of the tests with fingerlings 
of common carp (Cyprinus carpio) exposed to 
treatments of 2.0, 1.0, 0.5, and 0.25 mg L-1 of CEE 
adsorbed in silica, there was no mortality. The mobility 
and reflexes of these fingerlings remained unaltered 
when compared to the control treatment (without CEE). 

DISCUSSION 

Phytochemical screening 
According to Rana (2008) and Ntalli et al. (2010), 

meliantriol and melianone are the main compounds 

Figure 1 - Neuraeschna mortality exposed to increasing 
concentrations of MP adsorbed in silica  and to the control treatment.

Figure 2 - Neuraeschna mortality exposed to increasing concentra-
tions of CEE adsorbed in silica and to the control treatment.

Table 2 - Linear equations, R2 and lethal concentration (LC50) (mg L-1) 
of MP and CEE for Neuraeschna larvae.
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present in the fruits of the Melia genus, although cin-
namoylmelianolone and melianol are also present.

Su et al. (1990), evaluating the phage-inhibiting 
compounds for the fruit of Phellodendron chinese with 
action against Reticulitermes speratus, demonstrated 
phage inhibition activity for melianone in a concentra-
tion of 100 µg/disk with a higher intensity at high doses 
(1000 µg/disk).

Toxicity test of MP on Neuraeschna larvae
Methyl parathion is a potent acetylcholinesterase 

inhibitor with a profound effect on the nervous system 
of exposed organisms, causing continuous excitation 
and leading to paralysis (Edwards & Thounwou, 2005; 
Santos, 2007). Organophosphate insecticides are used 
generally in fish farming by directly applying them to 
water to control for odonatas and external parasites. 
The most widely applied recommendation for control 
of odonata larvae is 0.5 mg L-1 of MP, considering the 
total volume of water of the nursery fishponds for the 
calculation of the dilution (Woynarovich & Horváth, 
1981; Garadi, 1988; Tamassia, 1996). There is no study 
indicating the concentration of this organophosphate 
available for benthic insects that can be compared 
with this study.

With the incorporation of MP in silica, there was 
a reduction of a factor of 2.94 in the lethal dose in rela-
tion to the traditional technical indication for control of 
odonatas in fish farming. The most important result of 
this experiment was the effectiveness of this method in 
pest control, which can lead to using silica as a basis 
for the application of natural products (plant extracts) 
in substitution of synthetic pesticides. 

There was no significant difference in the F test 
(p > 0.05) among the physical-chemical variables of 
the water among the treatments (Table 3). The values 
were found to be within the range considered as ideal 
for fish farming (Boyd, 1990).

Evaluation of the control of Neuraeschna larvae 
with CEE

Extracts from the fruits and leaves of Melia 
azedarach and of the Azadirachta indica neem have 
been studied to control insect pests in agronomic 
crops and in the control of fish parasites (Viegas, 2003; 
Cruz, 2005; Hammad & Mcauslane, 2006; Scapinello 
et al., 2014a,b). Experiments performed with diffe-
rent concentrations of seed and leaf extracts of Melia 
azedarach have demonstrated the phage-inhibition 
activity and the negative effect on the development 
and survival of various species of insects that attack 
various agronomic crops (Carpinella et al., 2006), but 
no studies were found on the use of extracts of this 
plant for the control of aquatic insects.

In a study that evaluated the effect of the extract 
of Melia azedarach L. on the predation of fingerlings 
of common carp (Cyprinus carpio) by Neuraeschna 
larvae, Tomazelli et al. (2011) concluded that the larvae 
of Odonata in the treatments with extract available at 
the bottom of the tanks presented a significantly lower 
consumption of fingerlings when compared to the treat-
ments without extract application.

In contrast, the lethal concentration of MP and 
that found in this study justify the incorporation both 
of MP and of CEE in silica, as it allows the chemical 
compounds to be available closer to the target larvae, 
which is probably the explanation for having obtained 
a minimum lethal concentration 8 times lower than the 
concentration traditionally used in fish farming.

Similar to the MP treatment, there was no signifi-
cant difference (p > 0.05) among the physical-chemical 
variables of the water among the treatments (Table 4). 
The values obtained were found to be within the range 
considered ideal for fish farming (Boyd, 1990).

Evaluation of the toxicity of CEE among 
fingerlings of common carp (Cyprinus carpio) 

CEE did not prove to be toxic in the concentra-
tions and the period tested for common carp fingerlings.

As before, there was no significant difference 
(p > 0.05) among the physical-chemical variables of 

Table 3 - Total length of the Neuraeschna larvae exposed to increa-
sing concentrations of MP adsorbed in silica, mean and standard 
deviation of physical-chemical variables of the water.

Table 4 - Total length of the Neuraeschna larvae exposed to increas-
ing concentrations of CEE adsorbed in silica, mean and standard 
deviation of physical-chemical  variables of the water.



Tomazelli, O.Jr., et al. (2016). Control of fingerlings predators by herbal extract.

59

the water among the treatments (Table 5). The values 
obtained were within the range considered ideal for fish 
farming (Boyd, 1990).

CONCLUSIONS

The absorption of MP into silica allowed us 
to determine a minimum lethal concentration for the 
odonata larvae, which was significantly different from 
the one used in fish farming.

The MP and CEE adsorbed in silica proved ef-
ficient in the control of odonata larvae, yet the onset 
of mortality was 12 hours later for the CEE treatment 
in relation to the MP tests and took 12 hours longer to 
reach completion.

The CEE demonstrated acute toxicity for the 
Neuraeschna larvae during the tests of predation, and 
it was not toxic to the common carp (Cyprinus carpio) 
fingerling at concentrations up to 7.4 times greater 
than the lowest lethal concentration calculated for 
Neuraeschna larvae. 

For aquaculture to be responsibly developed, 
contributing to the improvement of the environment 
and guaranteeing the safety of the workers and of the 
general population, effective management and the 
development of “clean” technologies are necessary for 
the control of pests and diseases. In this context, the 
substitution of synthetic pesticides for natural products 
is a path that leads to the sustainability of fish farming. It 
is suggested that tests with odonatas continue in order 
to evaluate the biological activity of melianone and of 
the other semi-purified fractions of CEE.
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