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ABSTRACT: The objective of the present study was to evaluate the effects of Annona muricata and Allium fistulosum extracts 
in controlling Thrips tabaci and to identify the main secondary metabolites. We obtained extracts from A. muricata seeds and of 
A. fistulosum L. leaves. An in vitro model for evaluating insecticide against T. tabaci was performed. The effect of the extracts 
was individually and subsequently assessed in mixtures for determining the mean lethal concentration. According to the results 
obtained with T. tabaci, the A. muricata L. extract showed LC50 = 82.93 mg L-1, the essential oil showed LC50 = 335.29 mg L-1, and 
the hydrolate showed LC50 = 2348.84 mg L-1. The combinations of extracts reached mortality rates between 50% and 72.62%, 
which are promising results as alternatives for the comprehensive management of this pest. The analysis of the Annonaceae 
extract using HPLC indicated the presence of acetogenins and alkaloids, and the analysis of A. fistulosum L. extracts using 
GC-MS showed the presence of volatile sulfur compounds. The phenol and total flavonoid contents were also determined in the 
essential oil and in the A. fistulosum L. hydrolate.
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Efecto de extractos de Annonaceae y Amaryllidaceae para el control del piojito 
negro de la cebolla, Thrips tabaci Lindeman (Thysanoptera:Thripidae)

RESUMEN: El objetivo de este estudio fue evaluar el efecto de los extractos de Annona muricata, y de Allium fistulosum L. 
para el control del Thrips tabaci L., e identificar los principales metabolitos secundarios a los que se les atribuye la actividad. 
Se obtuvo un extracto polar a partir de la semilla de Annona muricata y dos extractos de las hojas de Allium fistulosum L. Se 
implementó un modelo in vitro para la evaluación insecticida frente a Thrips tabaci L. Se evaluó el efecto de los extractos de 
manera individual y posteriormente en mezclas determinando la concentración letal media. Según los resultados el extracto 
de A. muricata L. presentó un CL50 = 82.93 mg L-1, el aceite esencial de CL50 = 335.29 mg L-1 y el hidrolato de CL50 = 2348.84 
mg L-1. Las combinaciones de los extractos alcanzaron tasas de mortalidad entre el 50% y 72.62 %, resultados promisorios 
como alternativa para el manejo integral de esta plaga. El análisis por Cromatografía liquidad de Alta Eficiencia (HPLC) del 
extracto de Annonaceae indicó la presencia de Acetogeninas y Alcaloides, y el análisis por Cromatografía de gases acoplado 
a espectrometría de masas (GC-MS) de los extractos de Allium fistulosum L. evidenció la presencia de compuestos volátiles 
sulfurados. Adicionalmente, se determinó en el Aceite esencial y en el Hidrolato de Allium fistulosum L. el contenido de fenoles 
y flavonoides totales. 

Palabras claves: acetogeninas; aceite esencial; hidrolato; extracto polar
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Introduction
The long green onion (Allium fistulosum L.), which belongs 

to the Amaryllidaceae family, is listed among the Allium 
species as one of the most economically viable ones due to 
its wide use as a condiment and its medicinal properties, and 
it is considered as one of the most appetizing products of the 
world cuisine. Due to its high production volume, onion ranks 
second among vegetables, and currently more than 3.7 million 
hectares have been planted in approximately 175 countries 
(Ortiz et al., 2012; Chang et al., 2016).

The technological factors involved in onion production 
(such as weight loss in the onion, their color, the presence 
of fungi, deterioration of the bulbs, and the presence of 
stems and sprouts) are mainly associated with complex 
health problems and the deterioration of environmental 
resources, which result in low yields, require intensive use of 
agrochemicals, and have significantly increased production 
costs. This has expedited environmental deterioration and 
accentuated risks to human health (Arevalo et al., 2014).

The phytosanitary problems include a wide range of fungi, 
insects, and mites that attack onions, of which “thrips” (Thrips 
tabaci L.) is the main insect species. These small sucking insects 
are considered the plague that mostly affects onion crops. The 
infestation is characterized by silver spots or streaks on the 
leaves. Experimental data show that an average of 150 thrips 
cause losses of approximately 40% in total crop production. 
A wide range of control measures are available to reduce 
thrips damage in Allium crops (Zamar et al., 2007), where the 
use of chemical inputs has become indispensable due to the 
phytopathological problems that cause crop diseases.

However, chemical control is no longer deemed 
sufficient as high resistance has been reported (Martin et 
al., 2003; Lebedev et al., 2013; Nazemi et al., 2016). The 
use of entomopathogenic nematodes and fungi has been 
implemented as an alternative for thrips control (Patil et al., 
2016; Azazy et al, 2018) along with the use of biopesticides 
from plant extracts, with promising results (Khaliq et al., 2014; 
Satyanarayana & Singh, 2016).

The use of biopesticides from plant extracts as a strategy 
for controlling insects is safe for the environment and human 
health (Leite et al., 2012; Celestino et al., 2016). Several studies 
have been reported where pepper (Capsicum frutescens 
L.) stands out in the Solanaceae family, the castor oil plant 
(Ricinus comunis I.) stands out in the Euphorbiaceae family, 
and plant extracts such as neem (Azadirachta indica A. Juss) 
and paradise (Melia azedarach L.) stand out in the Meliaceae 
family (Celis et al., 2008). 

Among other families with promising plant extracts that 
are used as biopesticides are Amaryllidaceae, where garlic 
(Allium sativum L.) and long green onion (A. fistulosum L.) with 
various biological activities stand out, and their cytoxicities 
are of interest as options for the prevention and control of 
insect-pest infestation (Roldán et al., 2007; Denloye, 2010; 
Llana-Ruiz-Cabello et al., 2015) and Annonaceae, where the 
insecticide activity of different fruit species is highlighted, A. 

muricata L. being the most studied (Moghadamtousi et al., 
2015; Dos Santos et al., 2018).

The long green onion (A. fistulosum L.) is of great 
importance in Colombia due to the great demand for this 
product at a national level as it has significantly contributed 
to the development and generation of employment in rural 
areas. However, the use of pesticides for pest control has 
generated a problem for the safety and environmental impact 
of onion crops in the municipality of Pereira, Colombia 
(Guzmán & Palacios, 2008) because chemical insecticides 
applied by runoff or infiltration processes reach water sources 
and remain in the environment through bioaccumulation 
and/or biomagnification, causing pollution processes (RAPAL 
Uruguay, 2010).

To address this problem, considering that Colombia has 
a great diversity of fruit species (Murillo, 2001) and various 
onion crops of economic importance as well as different 
species of Amaryllidaceae (Guzmán & Palacios, 2008), the 
current investigation aimed to establish the potential of A. 
muricata L. and A. fistulosum L. extracts for exerting control 
over the insect-plague by T. tabaci L. that affects onion 
plantations.

Materials and Methods
Vegetable material

The seeds of A. muricata L. were obtained from fruits 
of crops grown in the municipality of Pereira, Department 
of Risaralda, Colombia, in 2017. The long green onion (A. 
fistulosum L.) was harvested on the “El Manzano” farm, 
located in the Department of Risaralda, Colombia, in 2017. The 
material was subsequently transported to the OLEQUIMICA 
research group’s laboratory at the Technological University of 
Pereira.

Obtaining the Annona muricata L. extract
The seeds were washed with TEGO 51 soap and dried in 

an oven at 37 °C. Subsequently, the material was crushed 
in a blade mill and the powder obtained was subjected to 
extraction by passive maceration at room temperature with 
regular agitation for one week using ethanol as the solvent 
at a 1:4 (w v-1) solvent-sample ratio in accordance with 
that used in previous studies (Castro et al., 2010; Giraldo & 
Guerrero, 2018); the macerate was then vacuum filtered and 
concentrated in a rotary evaporator under reduced pressure 
and kept at 4 °C.

Obtaining the Allium fistulosum L. extracts
The onion leaves were washed with plenty of water to 

remove dirt. The hydrolate and the essential oil were obtained 
using hydro distillation from leaves and stems of fresh onion 
(A. fistulosum L.) with a 1:1 sample-solvent ratio. The essential 
oil obtained was received in an ice bath and then subjected to 
a liquid-liquid extraction using ethyl acetate as a solvent. The 
solvent was removed by rota-evaporation and nitrogen flow 
and was preserved at 4 °C for further analyses.
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Preliminary lethality test with Artemia salina (BSLT)
A preliminary evaluation of the bioactivity and toxicity of 

the A. muricata L. and A. fistulosum L. extracts was performed, 
for which the Artemia salina nauplii methodology was 
implemented with some modifications (McLaughlin, 2008). 
Eggs were hatched in a 3.7% artificial sea solution at 30 °C for 
48 h. Each toxicity bioassay was performed in triplicate, and 
four concentrations of each extract were analyzed. Ten nauplii 
were deposited; an ethanol solution was used as a positive 
control, while the artificial sea solution was used as a negative 
control. Mortality was recorded 24 h after exposure and LC50 
was determined using the Probit method.

Assessment of biocidal activity against Thrips tabaci L.
The evaluation of the biocidal activity of the extracts was 

performed at the El Jardín farm (Risaralda). Second and third 
instar stage of Thrips tabaci L. larvae were net-collected from 
onion growing (N 4° 46’ 24.9”, E 75° 38’ 0.04”) located near 
Pereira, Colombia, from early January to late March 2018. 
The bioassays were performed at room temperature of 23 °C 
± 1 °C, with a relative humidity (RH) of 25 % ± 10 %. Based 
on previous tests (Martin et al., 2003), plastic Petri boxes 
having dimensions of 16 cm (diameter) x 1.5 cm (height) were 
employed; holes were made in the lid of the boxes to aerate 
their content.

Plants infested with the pest were chosen, and transverse 
cuts were made in the leaves where larvae were present. 
These pieces were deposited in Petri boxes with an average 
of 10 larvae per box (experimental unit). Survival of larvae 
was evaluated 24 hours after the application of the extracts; 
individuals showing no mobility were considered dead.

The mixture of the extracts was applied using a micro 
atomizer which helped to completely impregnate the onion 
leaves. The doses were tested in independent trials and with 
the same review and control treatment. The experimental 
design used in each trial was randomized, with six repetitions 
per treatment. The control experiments were performed in 
parallel; a blank containing the same amount of dimethyl 
sulfoxide (DMSO) was used to dissolve the extracts and an 
insecticide of toxicological category II that is often used by 
onion growers was used to establish a relative level of activity 
of the active compounds of the extracts..

Insecticidal effect of the extracts and selectivity of the 
concentrations in a mixture

The raw extracts were individually evaluated at different 
concentrations to establish a range of concentrations for the 
extract combination. The A. muricata L. extract was evaluated 
at 10, 50, 100, and 150 mg L-1, while the essential oil was 
assessed at 100, 250, and 500 mg L-1 and the hydrolate at 
1853, 9265, and 18530 mg L-1. LC50 was determined by the 
Probit method after 24 h of exposure.

Three combinations were evaluated at different 
concentrations based on the response obtained from the 
individual extracts. The A. muricata L. extract and the onion’s 
essential oil were prepared at a concentration ranging from 

100 to 200 mg L-1, and the hydrolate at a concentration 
ranging from 1850 to 9265 mg L-1. DMSO was used as a solvent 
to homogenize the preparation of the extracts and blend, and 
they were adjusted to 25 mL with distilled water.

Instrumentation
For the chromatographic profile of the Annonaceae 

extract, a Jasco 2000 plus chromatograph liquid (LC 2000Plus 
Analytical, Japan) was used, which was equipped with 
quaternary gradient pump (PU-2089 Plus), an intelligent auto-
sampler (AS-2059 Plus), a column oven (CO-2065 Plus), a diode 
array smart detector (MD-2015 Plus), and chromatograms 
were recorded using the EZCHrom Elite software. A UV-Visible 
Shimadzu spectrophotometer (UV-1700 PharmaSpec, Japan) 
was used for the analysis of the total phenol and flavonoid 
content. For the determination of sulfur compounds in the 
onion extracts, a Supelco SPME polydimethylsiloxane fiber 
(PDMS, 100 µm) was used, which was conditioned according 
to the manufacturer’s instructions. Gas chromatography-mass 
spectrometry (GC-MS) analyses were performed on a GC 
Shimadzu QP 2010 plus gas chromatograph, with electronic 
pressure control, equipped with split/splitless injector, on an 
SH RXi column (30 m, 0.25 mmID, 0.50 μm df), coupled to a QP 
2020 mass spectrometer (GC-MS QP2020 Shimadzu, Japan).

Identification of acetogenins and alkaloids with high 
efficiency liquid chromatography (HPLC)

A chemical analysis of the A. muricata L. extract was carried 
out with high performance liquid chromatography (HPLC) 
using a μBondapak C18 reverse phase column (125 ° A x300 
mm x 7.8 mm id) 10 μm. An isocratic method using a mobile 
phase of 75:25 acetonitrile:water was used. The separation 
was performed at a wavelength ranging from 200 to 400 nm. 
Running time was 60 min. An injection volume of 20 μL and a 
concentration for each test sample of 100 μg mL-1 were used.

Identification of volatile sulfur compounds with gas 
chromatography-mass spectrometry (GC-MS)

The presence of sulfur compounds presents in the 
essential oil extracted from onion and in the hydrolate was 
determined by micro extraction in solid phase using Supelco 
polydimethylsiloxane (PDMS, 100 µm) fiber. Such fiber was 
conditioned in the injection port at 250 °C for 30 min; 5 mL of 
sample was taken for the hydrolate and subjected to constant 
agitation for 30 min at 50 °C. Next, the PDMS fiber was 
exposed in the head space for 30 min, as followed in previous 
studies (Soto et al., 2015). The essential oil was diluted at a 
ratio of 1:1000 with distilled water prior to testing, and the 
same procedure used for the hydrolate was followed.

The qualitative analysis was performed by electronic 
impact ionization at 70 eV through GC-MS using Shimadzu 
GC2010 Plus + QP2020, with helium as the entrained gas (Flow: 
0.94 mL min-1) and a capillary column of fused silica SH-Rxi-5Sil 
MS (30 m × 0.25 mm × 0.25 μm). Temperature programming 
was implemented at 40 °C as the initial temperature which 
was maintained for 2 min and then increased at a rate of 3 °C 
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min-1 until it reached 90 °C (3 min); it was then increased to 3 
°C.min-1, up to 150 °C (5 min), and finally a heating rate of 10 
°C min-1 was used until it reached 280 °C (1 min), for a total 
running time of 60.67 min. The injection mode was splitless 
with a sampling time of 1.5 min in scan mode (range 35–500 
m z-1). Identification of the compounds was performed by 
comparison using NIST14 mass spectral library.

Total phenol content
For determination of the total phenol content, the 

methodology described by Calderón-Oliver et al., (2016) 
was used with some modifications; 50 μL of each extract 
was taken, and then 250 μL of distilled water and 250 μL of 
Folin-Ciocalteau reagent (1:1) were added. The mixture was 
homogenized and pre-incubated for 5 min. Next, 750 μL of a 
20% Na2CO3 solution was added and incubated for 30 min at 
room temperature and protected from light. Absorbance was 
then measured at a wavelength of 760 nm. The results were 
expressed as mg eq. gallic acid (EAG).100g-1 dry sample. All 
extracts were analyzed in triplicate.

Total flavonoid content
The flavonoid content was determined on the basis of the 

methodology described by Garrido et al. (2013) with some 
modifications; 20 μL of the samples were taken and 600 μL of 
95% ethanol, 40 μL of a 10% aluminum chloride solution, 40 μL 
of magnesium acetate solution (1 M), and 1120 μL of distilled 
water were added. The mixture was then homogenized and 
allowed to incubate for 30 min at room temperature and 
protected from light. Finally, absorbance was measured at 470 
nm. The assays were performed in triplicate and the results 
were expressed in equivalent milligrams of quercetin (mg 
EQ.100 mL-1 of sample).

Statistical analysis
The results of the biocidal activity are presented as a 

percentage of average mortality (Mean ± SD). The mortality 
data were subjected to the concentration-response analysis 
using the Probit tool of the software Infostat version 
2008. Based on the mathematical model adjusted for the 
observed data, the mean lethal concentration (LC50) values 
were determined. In the comparison of mortality data, for 
individual extracts and combination between extract were 
first submitted of test normality and variances using 0.01 as 
the significance value. Then, the Tukey test was performed for 
comparision of the means at a statistical significance level of 
0.05 threshold with the statistical program Infostat.

Results and Discussion
According to the results of the Artemia salina test, all the 

evaluated extracts are active with LC50 values ​​< 1000 μg mL-1, 
which gives them biocidal potential (Grzybowski et al., 2012). 
In the present study, we emphasized that the A. muricata L. 
extract presented an average lethal concentration of LC50 = 
2.558 μg mL-1 (< 10 μg mL-1), which classifies it as highly active; 

the essential oil with a LC50 = 97.2 μg mL-1 (< 100 μg mL-1) is 
considered very active and, finally, the hydrolate with a LC50 = 
390.7 μg mL-1 is considered moderately active.

The preliminary results obtained with Artemia salina 
nauplii allowed to continue with the in vitro evaluation of the 
three extracts with T. tabacci. The percentages of mortality 
reached by each type of extract are presented in Figure 1. 
As can be observed, the A. muricata L. extract reached the 
highest percentage of mortality (77%) at a concentration of 
150 mg L-1, while the essential oil of A. fistulosum L. reached 

Figure 1. Mortality seen in the biocidal assays against Thrips 
tabaci L. with A. Allium fistulosum L. essential oil B. A. 
fistulosum L. hydrolate C. Annona muricata L. polar extract.
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the same percentage of mortality, but at a concentration 
of 500 mg L-1. On the contrary, the hydrolate did not reach 
lethality percentages higher than 50% even at concentrations 
higher than 1000 mg L-1, and the maximum percentage of 
lethality reached was 43% at 9265 mg L-1. No significant 
differences were noted between the treatments applied for 
the hydrolate and the essential oil.

The results of the insecticidal activity of A. muricata L. 
extract showed very similar percentages of mortality at the 
concentrations used (50, 100, and 150 mg L-1). No statistically 
significant differences were found between them, which 
indicates that there was no increase in the mortality of thrips 
larvae using extract concentrations higher than 50 mg L-1.

According to the findings of the Probit analysis, the polar 
extract of A. muricata L. showed the lowest mean lethal 
concentration (LC50 = 82.93 mg L-1), while the essential oil of A. 
fistulosum L. presented a concentration that was approximately 
four times that of the A. muricata L. extract (LC50 = 335.29 mg 
L-1), and the hydrolate showed a concentration approximately 
28 times that of the A. muricata L. extract (LC50 = 2348.84 mg 
L-1). This indicates that the extract with the highest lethality 
was that of A. muricata L. 

According to the HPLC analysis of the of A. muricata L. 
extract (Figure 2), 27 compounds were recognized, of which 
the ones that eluted the first 15 min correspond, according 
to their ultraviolet spectrum, to isoquinoline alkaloids (Figure 
2 A). These are probably of the aphorfinic type according 
to their absorbance maxima between 265 and 357 nm 
(Egydio-Brandão et al., 2017). Conversely, from 18 to 57 
min, acetogenin-like compounds eluted, according to their 
UV spectrum (Figure 2b), with absorbance maxima between 
200 and 220 nm, which is characteristic of these metabolites 

(Giraldo & Guerrero, 2018).
The results of the analysis by GC-MS of the essential oil 

and the hydroxide of A. fistulosum L. are presented in Table 1. 
For the essential oil, 19 sulfide compounds were identified, of 
which the dipropyl disulfide was the major compound with a 
percentage of relative area of 44.21%. While, for the hydrolate, 
a total of eight compounds were found, of which dipropyl 
disulfide and dipropyl trisulfide were the most abundant, 
with percentages of relative area of 31.84% and 31.99%, 
respectively. The compounds identified are characteristic 
of the Amaryllidaceae family, according to reports by other 
authors (Kameoka et al., 1984; Lanzotti, 2006; Gîtin et al., 
2014).

According to the results of the total phenol and flavonoid 
content analysis for A. fistulosum L. extracts, it could be 
established that the hydrolate is more concentrated in these 
compounds than the essential oil. The hydrolate had a total 
phenolic content of 2552.01 ± 11.54 mg EAG 100 g-1 and 1153 
± 0.119 mg EQ 100 mL-1 of flavonoids, while the essential 
oil had a concentration of 905.33 ± 24.95 mg EAG 100 g-1 of 
total phenols and 7679 ± 0.297 mg EQ 100 mL-1 of flavonoids. 
The values ​​obtained in this study are above those reported 
by other authors for polar extracts from different parts of A. 
fistulosum L. (Chang et al., 2016), which can be attributed to 
the study material and its origin (Pino et al., 2013).

According to the chemical analysis conducted, the A. 
muricata L. extract is characterized by the presence of two 
types of secondary metabolites that provide it with an 
important activity; acetogenins, potent inhibitors of complex 
I (NADH: ubiquinone oxidoreductase) of the mitochondrial 
electron transport system and of the NADH coenzyme in the 
cell membranes of arthropods, causing paralysis in insects, as it 

Figure 2. Chromatographic profile of Annonaceae extract A. Characteristic UV spectrum of isoquinolinic alkaloids B. Characteristic 
UV spectrum of Acetogenins.
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Table 1. Volatile sulfur compounds identified in Allium fistulosum L.

The percentage (%) of the compounds’ relative area comprises only the sulfides.

affects normal nerve transmission that eventually leads to death 
(Nwankwo et al., 2015; Souza et al., 2017); and isoquinoline 
alkaloids, which are characterized by affecting acetylcholine in 
the sodium channels in the membranes of nerve cells, which 
also leads to the insect’s death (Rattan, 2010).

The essential oil and the hydrolate, according to their 
chemical analyses, contain sulfur compounds, phenols, 
and flavonoids. The sulfur compounds are characterized by 
having a neurotoxic mode of action since they act on the 
octopaminergic system of insects, inhibiting neurotransmitters 
such as octopamine, which leads to the total decomposition 
of the nervous system, altering the locomotor activity that 
leads to paralysis and the insect’s death (Chaubey, 2017; 
Plata-Rueda et al., 2017).

Regarding phenolic compounds, the mode of action has 
been shown to be concentration-dependent (Pereira et al., 
2006). At low concentration levels, they generate changes in 
the membrane due to K+ leaks (Walsh et al., 2003). The activity 
of these compounds is also related to their ability to denature 
proteins, which generally classifies them as active surface 
agents (Pereira et al., 2006).

Based on the different metabolites provided by each 
extract and considering that all of them presented a response 
to the thrips larvae, the extracts were combined at different 
concentrations. The relative proportion of each extract 
with respect to the equivalent was measured in μg.mL-1 in 
each combination. The percentages of mortality (%) for the 
combinations of A. muricata L. and A. fistulosum L. extracts 
versus the T. tabaci L. larvae are presented in Table 2. 

It can be noted that all the combinations showed insecticidal 
activity and achieved mortalities between 50% and 75%, with 
combination 3 reaching the highest mortality percentage (72.62%), 
a result that does not statistically differ from the negative control, 
and which poses an alternative for controlling thrips.

Although the combinations of the extracts resulted in 
mortalities lower than that reached by the A. muricata L. 
extract individually, which indicates that there is no synergy 
between the extracts of A. fistulosum L. and A. muricata L., 
the results obtained by combination 3 show a very significant 
percentage of mortality. This mixture is enriched in sulfides, 
alkaloids, acetogenins, and phenolic compounds, which 
can provide different mechanisms of biocidal activity and, 
therefore, have a great potential for controlling thrips.

The means (± SE) followed by the same lowercase letters in a column do not differ by 5% 
probability with the Tukey test.

Table 2. Mortality (%) of Thrips tabaci L. larvae caused by the 
mixtures of Annonaceae and Allium fistulosum L. extracts, the 
agricultural insecticide Acaramik and 0.04% DMSO solution. The 
results were determined at 23 °C ± 1 °C and RH at 25% ± 10%.
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The observations recorded during the tests showed that 
thrips larvae that were dead 24 h after the application of the 
biocidal mixture presented a darker shade (Figure 3 C) with 
respect to their original color (Figure 3 A). This behavior was also 
observed in the individual assessment of Annonaceae extract.

The above results respond to the mode of action of 
acetogenins and alkaloids, metabolites found in abundance 
in the seeds of fruit species of the Annonaceae family, and 
function as insecticides and food deterrents (Colom et al., 

2007; Rattan, 2010), what confirms that the presence of these 
metabolites contributes to the biocidal activity.

On the contrary, the thrips larvae that were found dead 
in the biocidal evaluation of the A. fistulosum L. extracts 
retained their original color despite being immobilized. 
Muscle contraction was also noted in some cases (Figure 3 B), 
which are effects that can attribute to the sulfur compounds, 
as well as to synergy with the phenolic compounds that are 
contributing to the biocidal activity. 

Studies on A. fistulosum L. have indicated that their polar 
extracts have a high potential for toxicity (Denloye, 2010) 
and antifungal (Sang et al., 2002; Pyun & Shin, 2006) and 
antibacterial activity (Benkeblia, 2004; Chang et al., 2016). 
There are reports of the ovicidal action of the essential oil 
(Denloye, 2010) as well as nematicidal and antimicrobial 
activity, especially in those with trisulfide and thiosulphate 
groups (Tada & Hiroe, 1988). The activity is mainly attributed 
to the instability of these compounds, which leads to 
rearrangements and, consequently, to a great variety of 
derivatives with important biological activities (Benkeblia, 
2004; Lanzotti, 2006). 

Conclusion
The Annonaceae and A. fistulosum L. extracts presented 

important lethality against the plague insect T. tabaci L. and 
can be very promising, both individually and in a mixture, for 
this pest’s comprehensive management. However, the study 
should be continued with field tests to define its effectiveness 
as well as to establish the residual of the active components.
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