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Insecticidal effect of garlic essential oil on Diatraea saccharalis 
(Fabricius, 1794) (Lepidoptera: Crambidae) eggs 

Studies have reported the resurgence of insect pests that are resistant to chemical and, more recently, to biological pesticides. Diatraea saccharalis is one of the 
main pests in sugarcane crops and responsible for large losses in the sugar and alcohol industries. The use of plant extracts including garlic essential oil (Allium 
sativum) which contains allicin, a compound that interferes with biochemical and physiological factors of target insects is considered an efficient and sustainable 
alternative for integrated pest management. The objective of this study was to test the toxicity of garlic essential oil on D. saccharalis eggs by analyzing rates of 
unhatched eggs, changes in external morphology, and esterases profile, enzymes related to insect resistance. For this, 24, 48, and 72-h-old eggs were immersed in 
0.1, 0.5, and 1% garlic essential oil solutions for 2 min. Observations on embryonic development were made every 24-h for 72-h. Data on unhatched eggs were 
collected 288-h after treatments. For the esterases profile, eggs at 24-h after treatment with 1% solution were used. Eggs at 24-h-old, showed the least resistance 
to bioinsecticide, being that, 24-h after treatments with solutions 0.1, 0.5, and 1%, unhatched rates 80, 91.7, and 89.2%, respectively. The absence of embryos, 
ruptures, and protrusions on the chorionic region, and partial inhibition of EST-9, 10, and 11 were observed 24-h after the bioassays. These results demonstrate 
that garlic essential oil affects D. saccharalis eggs, partially inhibiting enzymes related to the insect immune system and can be used as a sustainable alternative for 
the integrated management of this insect pest. 
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Efeito insecticida do óleo essencial de alho em ovos da Diatraea 
saccharalis (Fabricius, 1794) (Lepidoptera: Crambidae) 

Estudos têm relatado o ressurgimento de insetos pragas resistentes a inseticidas químicos, e recentemente biológicos. Diatraea saccharalis é uma das principais 
pragas na cultura canavieira, sendo responsável por grandes perdas nas indústrias sucroalcooleiras. O uso de extratos vegetais, incluindo o óleo essencial de alho 
(Allium sativum), contém como ativo a alicina, um composto que interfere nos fatores bioquímicos e fisiológicos dos insetos, sendo considerado uma alternativa 
eficiente e sustentável para o manejo integrado de pragas. O objetivo deste estudo foi testar a toxicidade do óleo essencial de alho em ovos da D. saccharalis, 
analisando os percentuais de ovos não eclodidos, alterações na morfologia externa e perfil de esterases, enzimas relacionadas à resistência em insetos-alvo. Para 
isso, ovos com 24, 48 e 72-h de idades foram imersos em soluções de óleo essencial de alho à 0,1, 0,5 e 1% por 2 min. Observações sobre o desenvolvimento 
embrionário foram feitas a cada 24-h por 72-h. Dados de ovos não eclodidos foram coletados 288-h após os bioensaios. Para o perfil de esterase, foram utilizados 
ovos tratados com solução 1%, 24-h após os bioensaios. Ovos com 24-h de idade, demonstraram menor resistência ao bioinsetida, sendo que, 24-h após 
tratamentos com soluções de 0,1, 0,5 e 1%, foram obtidas as taxas de não eclosão 80, 91,7 e 89,2%, respectivamente. A ausência de embriões, rupturas e protrusões 
na região coriônica e inibição parcial de EST-9, 10 e 11 foram observadas nos ovos, 24-h após os bioensaios. Estes resultados demonstram que o óleo essencial de 
alho afeta os ovos de D. saccharalis, inibindo parcialmente as enzimas relacionadas ao sistema imunológico de insetos e pode ser usado como uma alternativa 
sustentável para o manejo integrado desta praga. 

Palavras-chave: Broca da cana-de-açúcar; Controle alternativo; Esterase; Melanização; Manejo integrado de pragas. 
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INTRODUCTION 
 

Bioinsecticides based on microorganisms are utilized as an alternative to chemical pesticides, and 

their use can protect plants from attacks by insect pests (COSTA et al., 2012). Although bioinsecticides are 

considered safe, the sustainability of their use has raised several questions, for instance, on the interaction 

of toxins with non-target organisms and the evolution of resistance in target insects (FONTES et al., 2002; 

CARVALHO et al., 2018; LIAO et al., 2019).  

Resistance to chemical (TERRIERE, 1984) or biological insecticides (BALLESTER et al., 1999; XU et al., 

2016; KIM et al., 2017; YANG et al., 2018; RIAZ et al., 2020) may be associated with responses of the immune 

system (JACOBS et al., 2014) such as the activation of proteases (DUBOVSKIY et al., 2008; NAKHLEH et al., 

2016) and esterases (RUVOLO-TAKASUSUKI et al., 2002), which are enzymes responsible for containing 

pathogens and substances harmful to the organism (LAUFER, 1961). In lepidopterans, esterases (SHARE et 

al., 1988) and proteases (RAIKHEL et al., 1992) are synthesized and stored in the eggs during vitellogenesis 

and were described by Maki et al. (2001), Ruvolo-Takasusuki et al. (2002), and Kanost et al. (2012). 

Diatraea saccharalis is a holometabolous lepidopteran considered is one of the main pests in 

sugarcane crops, causing great damage to the sugar and alcohol industry (BERGAMO et al., 2019; DAQUILA 

et al., 2019a; DAQUILA et al., 2019b; DAQUILA et al., 2021). The control of this species populations using 

plant extracts has been suggested in many studies as a promising and sustainable method (e.g., SILVA et al., 

2012; SILVA et al., 2013; BELL et al., 2015; SCHNEIDER et al., 2017; LOURENÇO et al., 2018; SCUDELER et al., 

2019; VILLEGAS-AGUDELO et al., 2019; MAGIEROWICZ et al., 2020). 

Garlic (Allium sativum) essential oil has a strong and characteristic smell (ATTIA et al., 2011; SANTOS 

et al., 2012). The main components in its extract are thioacrolein, ajoene, and allicin (2-Propene-1-

sulfinothioic acid S-2-propenyl ester), compounds that interfere in biochemical and physiological factors of 

target insects (TSAI et al., 2012; IBRAHIM, 2020). Allicin, in particular, acts on enzymatic degradation 

(DOUGOUD et al., 2019), and its use is considered a complementary alternative for integrated pest 

management (ISMAN et al., 2006; ISMAN et al., 2014; OSMAR et al., 2020).  

Considering that essential oils have short residual activity and are less persistent in the environment 

than conventional pesticides (MIRESMAILLI et al., 2006; CLOYD et al., 2009), the interference of allicin on 

enzyme activity (DOUGOUD et al., 2019) may reduce the selection of resistant insects. The application of this 

substance on insect eggs is suggested to lead to embryonic mortality, but this has not yet been thoroughly 

studied (SHU-SHENG et al., 1997). The present study aimed to evaluate the biocontrol effect of garlic essential 

oil on D. saccharalis eggs at different ages by investigating external morphology alterations, embryo 

development, and possible responses of the immune system using an esterase profile analysis. 

 
MATERIALS AND METHODS 
 
D. saccharalis eggs 
 

Glass slides containing 24, 48, and 72-h-old D. saccharalis eggs were obtained from the Laboratory 
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for Biological Control, Morphology, and Cytogenetics of Insects, Department of Biotechnology, Genetics and 

Cell Biology, State University of Maringá-UEM, Maringá, Paraná, Brazil (23°25഻30" S, 51°56഻20" W). 

 
Bioassays 
 

Bioassays were carried out using garlic (A. sativum) essential oil containing 45% allicin (2-Propene-1-

sulfinothioic acid S-2-propenyl ester) - C6H10OS2 (CAS certified organic product: 8000-78-0, commercially 

obtained from Destilaria Bauru, São Paulo, Brazil). Three concentrations: 0.1% (0.045 mg a.i./mL), 0.5% (0.225 

mg a.i./mL), and 1% (0.45 mg a.i./mL), were obtained by diluting the commercial product in autoclaved 

distilled water at pH 7.0 and 25 °C. The solutions were mixed using a vortex (Global Trade Technology®, 

Monte Alto, São Paulo, Brazil) for 2 min immediately before the bioassays. The eggs (n = 40) were submerged 

in 30 mL aliquots of biopesticide solutions for 2 min. For the control group, an autoclaved distilled water at 

pH 7.0 and 25 °C was used. Each bioassay was performed in triplicate.  

The slides were kept in 90 x 15 mm glass Petri dishes containing moist filter paper and kept in a 

conditioned room at 25 ± 2 °C, 12-h photoperiod, and 70 ± 10% Relative Humidity (RH) following Araújo 

(1987). Observations on morphological changes and embryonic development were performed every 24 for 

72-h. Embryo mortality was evaluated after 288-h. 

 
Light microscope analyses 
 

Control and treated eggs were collected 24 and 72-h after the beginning of the bioassays (n = 4 per 

group), analyzed as described by Chen (1984) under a light microscope (Omicron medical microscope 

Axioskop 40; Carl Zeiss, Gottingen, Germany) and acquired using AxioCam MRc (Carl Zeiss, Oberkochen, 

Germany). 

 
Scanning electron microscope (SEM) analyses 
 

Control and treated eggs were collected 24, 48, and 72-h after the beginning of the bioassays and 

put in 1% garlic essential oil (n = 15 per group). These eggs were then fixed in alcoholic Bouin solution (7.5 

mL formaldehyde, 2 mL picric acid, and 0.5 mL acetic acid; v/v) for 24-h at room temperature (25 °C). These 

samples were dehydrated in increasing concentrations of ethanol (70, 80, 90, and 100%; v/v) and then 

subjected to critical point drying (Leica EM CPD030, Leica Biosystems, Wetzlar, Germany), coated with a gold 

layer in an IC-50 metallizer (Shimadzu, Kyoto, Japan), and analyzed using a Quanta 250 scanning electron 

microscope FEI (FEI Company, Eindhoven, Netherlands) at the Microscopy Center of the Complex of Research 

Support Center of the State University of Maringá, Paraná, Brazil. 

 
Analyses of esterase profile using polyacrylamide gel electrophoresis (PAGE) 
 

Esterases were analyzed using standard methods: DAVIS (1964) and LAEMMLI (1970). Control and 

treated (1% solution) eggs were analyzed in vertical PAGE (12%), with the stacking gel at 4%. The 24, 48, and 

72-h-old eggs (n = 10) were macerated in 25 μl of 0.1 p-mercaptoethanol 1% containing 10% glycerol. Then, 
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20 μl of each sample was applied to the gel in six repetitions, and these gels were electrophoresed for 4-h at 

4 °C and a constant voltage of 200 V. Tris-glycine buffer (0.1 M, pH 8.3) was added to fill the upper and lower 

compartments of the electrophoresis chamber. For esterase identification, the gels were preincubated in 50 

mL of phosphate buffer (0.1 M, pH 6.2) for 30 min, followed by the removal of the buffer and addition of the 

staining solution. The gels were maintained in the dark at 25 ± 1 °C until the complete visualization of the 

bands (~1-h of incubation). The gels were then maintained in a preservative solution (acetic acid and water) 

and scanned. 

 
Statistical analyses 
 

The mortality data collected after 288-h were submitted to statistical analysis using the GraphPad 

Prism 5.0 software and are herein expressed as mean ± standard error. Data were compared by analysis of 

variance (ANOVA) followed by Tukey's test at a level of significance (p < 0.05%). 

 
RESULTS 
 
Unhatched eggs 
 

All tested concentrations of garlic essential oil were toxic to the D. saccharalis eggs, causing changes 

in embryo development that resulted in increased mortality and reduced eclosion rates. The reduction of the 

hatching rate in 24, 48, and 72-h-old eggs treated with garlic essential oil showed significant differences (p < 

0.05). Multiple comparison analysis indicated that all treatment concentrations in eggs at different ages 

differed from the control (p < 0.001). The reduction in the hatching rate of treated D. saccharalis eggs was 

proportional to the increase in garlic essential oil concentration; however, the percentage of unhatched eggs 

reduced with the increase in the age of the treated eggs, thus indicating a relationship between egg age and 

concentration of garlic essential oil (Figures 1A-C). 

 

 
Figure 1: Percentages of unhatched D. saccharalis eggs at different ages and exposed to different treatments with 

garlic essential oil after 288-h. (A) 24-h-old eggs. (B) 48-h-old eggs. (C) 72-h-old eggs. Control (C). *** p < 0.001. 
 

The multiple comparison analysis of the percentage of 24-h-old unhatched eggs showed significant 

differences between the control group (5.0 ± 1.4%) and each of the concentrations of oil- 0.1% (80.0 ± 2.5%), 

0.5% (91.7 ± 1.7%), and 1% (89.2 ± 4.6%)-, but the values of the different treatments did not differ among 

themselves. For 48-h-old eggs, the control group (5.0 ± 1.4%) differed from each of the treatments- 0.1% 
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(54.2 ± 1.7%), 0.5% (62.5 ± 4.3%), and 1% (72.5 ± 1.4%)-, but treatments 0.1% and 0.5% and 0.5% and 1% did 

not differ from each other. For 72-h-old eggs, the control groups (5.0 ± 1.4%) differed from the treatments- 

0.1% (53.3 ± 2.2%), 0.5% (76.7 ± 3.0%), and 1% (73.3 ± 3.0%)-, and 0.1% differed from 0.5 and 1%, whereas 

no significant difference was observed between the latter two groups (Table 1). 

 
Table 1: Percentages of unhatched 24, 48, and 72-h-old D. saccharalis eggs under different concentrations 
of garlic essential oil after 288-h. Control (C), Mortality (M) and eclosion (E). 

Garlic 
essential oil 
dilution (%) 

Age of the eggs 
         24-h-old  48-h-old  72-h-old 
M E M E M E 

C 5.0 ± 1.4a 95.5 ± 1.4a 5.0 ± 1.4a 95.5 ± 1.4a 5.0 ± 1.4a 95.5 ± 1.4a 
0.1 80.0 ± 2.5b 20.0 ± 2.5b 54.2 ± 1.7b 45.8 ± 1.7b 53.3 ± 2.2b 46.7 ± 2.2b 
0.5 91.7 ± 1.7b 8.3 ± 1.7b 62.5 ± 4.3bc 37.5 ± 4.3bc 76.7 ± 3.0c 23.3 ± 3.0c 
1 89.2 ± 4.6b 10.8 ± 4.6b 72.5 ± 1.4c 27.5 ± 1.4c 73.3 ± 3.0c 26.7 ± 3.0c 

Means followed by the same letter in the same column are not statistically different according to Tukey’s 
test (p > 0.05). Different letters indicate significant differences. 
 
Observational analysis 
 

The analysis of slides with D. saccharalis eggs evidenced the chorionic regions and the yolk. The 

embryo is inserted in the yolk region, which is delimited by a thin membrane (Figures 2A-C). The control eggs 

and embryos were observed after 48-h-old (Figure 2A), 72-h-old (Figure 2B), and 96-h-old (Figure 2C). In the 

72-h-old eggs, the stomodeum and advanced segmentation regions were observed (Figure 2B). The 

membrane persisted in all eggs that were last observed 72-h after bioassays. The embryos had an elongated 

body and their yolk region reduced with development (Figure 2C). 

 

 
Figure 2: Embryonic development in D. saccharalis eggs 48 and 72-h after treatment with garlic essential oil. (A): 24-h-

old control group; (B): 48-h-old eggs; (C): 72-h-old eggs. The eggs are surrounded by the chorion (cr) and contain yolk (y) for 
embryonic (e) nutrition in the central region. At 48-h, the stomodeum (es) and segmentations (s) can be observed. (D and G): Eggs 

treated with a 1% solution for 24-h; (E and H) 48-h; and (F and I) 72-h. (D and G): After treatment, melanization (ml) and 
protrusions (pt) are observed in the chorionic region of eggs at all ages. In 24 and 48-h-old eggs, the embryo appears to 

degenerate; in 72-h-old eggs, the embryonic development suffers interference. Scale bar A-I = 200 μm. 
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Eggs at all ages maintained the same characteristics 24 and 48-h after the bioassays; therefore, we 

analyzed only images of observations made 48 and 72-h after treatments. An absence of embryo 

development was observed in 24 and 48-h-old eggs submitted to the 1% treatment. All treated eggs showed 

a reduction in volume, evidenced by the flattening of the chorion (Figures 2D-E, G-H). In treated eggs of all 

ages, melanization and chorionic protrusions were observed until the end of the observations (Figures 2D-

H). In 72-h-old eggs, the embryonic development was maintained, but the embryos presented degenerations 

(Figures 2F and I). 

 
Scanning electron microscope  
 

Ultrastructurally, D. saccharalis ovoposite superimposed eggs (Figures 3A-D). The 24-h-old control 

eggs observed 24, 48, and 72-h after bioassays did not show changes in their external morphology. Eggs are 

joined by a cementing material, and they show a uniform chorion featuring chorion sculptures in 

predominantly pentagonal format (Figure 3A). After 24-h of treatment, the eggs remained together, but only 

superficially, and protrusions and bumps were observed (Figure 3B). At 48-h of treatment, the previously 

observed characteristics were maintained, but the eggs showed a reduction in volume, with folds at their 

ends (Figure 3C); these characteristics became more evident at 72-h of treatment (Figure 3D). Control and 

treated eggs had circular openings that were present on the chorion sculptures, the aeropiles. Chorion 

sculptures and aeropiles were not affected by the treatment and their shapes were maintained (Figures 3D-

F). 

 
Esterase profile 
 

PAGE analysis identified esterases EST-6, 8, 9, 10, and 11, attributed to the expression of five loci in 

D. saccharalis eggs (Figure 4A). Regarding the specificity to the substrates α-naphthyl acetate and β-naphthyl 

acetate, EST-6 was classified as an α-esterase and EST-8 as a β-esterase. The other esterases hydrolyzed both 

substrates. Based on the pattern of bands in the gels, only EST-9 had a dimeric structure, while the others 

had no quaternary structure. 

The analysis of eggs after different oviposition periods demonstrated that there was a differential 

expression of these isoenzymes during embryonic development. While EST-6, 8, and 11 were expressed in 

24, 48, and 72-h-old eggs, EST-10 was apparently expressed in 24 and 72-h old eggs, but not in 48-h old ones. 

Similarly, EST-9 was not expressed in all analyzed samples and was predominant in some 48 and 72-h old egg 

samples (Figure 4A). Treatment of eggs with garlic oil extract partially inhibited EST-6, 9, 10, and 11 after 72-

h (Figure 4B). In other periods, esterases in eggs treated with the bioinsecticide (Figure 4B) were not 

significantly different from those in the control eggs. 
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Figure 3: Scanning electron microscope images of control D. saccharalis eggs and eggs treated with 1% garlic essential 
oil. Control (A and E); After 24, 48, and 72-h of treatment (B, C, D, and F, respectively). (A) Eggs (e); Cement material 

(cm). (B) Eggs; Cement material; Protrusions (pt); bumps (*). (C) Eggs; Cement material; Protrusions. D) Eggs; Cement 
material. E) Chorus sculptures (cs); Aeropiles (ar). F) Chorus sculptures; Aeropiles. Scale bar. A-D = 500 µm. E-F and 

insertion = 100 µm). 
 

DISCUSSION 
 

Few studies have evaluated the insecticidal effect of garlic oil extracts on insect eggs. The efficiency 

of bioinsecticides containing allicin on controlling other stages of insect development was previously 

described by Jarriel (2001), Douiri et al. (2013), Chaubey (2014), Nwachukwu et al. (2014), and Chaubey 

(2016). 

Tavares et al. (2011) reported rates of unhatched eggs similar to those herein found; moreover, these 

authors reported that eggs treated with different concentrations of piperine had reduced rates of unhatched 

eggs as the concentrations decreased, and that the age of the D. saccharalis eggs increased, varying between 

93% and 100%, at concentrations 1% and 2% respectively. Karci et al. (2007) reported a 99.29% rate of 

unhatched eggs in 72-h. These results are similar to those of the present study, as we found that garlic oil 

extract caused a 91.7% rate of unhatched eggs in 24 h old eggs after 24-h of exposure to a 0.5% concentration. 

Gupta et al. (1993) suggested the toxic potential of allicin by using the immersion method, in which 

eggs of Meloidogyne incognita submerged at 25 ppm showed a 100% rate of unhatched eggs. This toxicity 

caused by garlic oil extract may be a result of the synergistic effect of its components, i.e., trisulfate and 

disulfate (HUANG et al., 2011). According to Prowse et al. (2006), the ovicidal effects may be a result of the 

direct contact of eggs with the garlic solution or of the exposure to the volatile form of allicin, as was 

described for Sitophilus zeamais (NWACHUKWU et al., 2014). Previous data support the results obtained in 
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the present study, in which we observed reductions in the rate of embryo development of D. saccharalis eggs 

under different concentrations of garlic oil extract. 

 

 
Figure 4: Esterase profile in D. saccharalis eggs. (A) control eggs; (B) eggs treated with 1% garlic essential oil. 24-h-old 

(1-6), 48-h-old (7-12), and 72-h-old eggs (13-18). 
 

Alterations in the external morphology of treated D. saccharalis eggs were observed in the total 

assembly and confirmed in the SEM analysis; these alterations and the partial rupture of the exochorion were 

also described for Aedes aegypti eggs exposed for two days to garlic oil extract (JARRIEL, 2001). The large 

number of aeropiles in the exochorion could explain this effect as a greater exposure to garlic oil extract may 

result in the obstruction of the aeropiles, thus preventing oxygenation. This alteration can also favor the 

bioinsecticide entering the egg and interfering in embryonic development (GAUTAM et al., 2014). 

Mead et al. (2016) showed that after immersion in mahlab seed oil, eggs of Spodoptera frugiperda 

had ruptures on the exochorion surface and an increased number of folds on the surface. These results are 

similar to those of the present study, in which the reduced volume and increased chorionic protrusions of 

the eggs probably blocked the entrance of oxygen through the aeropiles. 

D. saccharalis eggs are enveloped by a thin, transparent, and malleable membrane called chorion, 

through which morphological variations of the embryo such as the texture and colors can be observed during 

different levels of embryonic development. The chorion is composed of follicular cells of the ovary arranged 

in two layers: the exochorion and the endochorion (CÔNSOLI et al., 1999). The exochorion presents 

numerous aeropiles distributed on crests interconnected by bridges (BAKER et al., 2012; MEAD et al., 2016). 

The structure of the chorion delimits the homogeneously distributed yolk, which occupies most of the interior 

of the egg. Before embryo development, the majority of the cytoplasmic content is granular, formed by 

proteins, lipids, and glycogen (DOSSI et al., 2006). Glycogen (i.e., yolk) is essential for embryo nutrition until 

eclosion. The findings of Martínez-Morales et al. (2014) for Neochetina eichhorniae are similar to those herein 
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shown for D. saccharalis. Initially, the dense material disaggregates from the periphery of the egg and forms 

the periplasm. This central content is then modified into specific characteristics, which differentiate each 

embryonic segment during the complete formation of the larva with brown appearance. 

The melanization herein observed in the treated eggs is similar to that described by Vieira et al. (2013) 

for alterations and melanization in D. saccharalis eggs treated with neem oil, and Daquila et al. (2021) in eggs 

treated with Bacillus thuringiensis Aizawai-GC91. This melanization may be related to the immune system of 

D. saccharalis and its defense against external factors. The melanization process is controlled by proteases 

(Kanost et al., 2012; Jacobs et al., 2014) that trigger a cascade of serine proteases, which subsequently 

culminate in the activation of prophenoloxidase, a melanogenesis-controlling enzyme, and phenoloxidase, 

which oxidizes tyrosine to dihydroxyphenylalanine, resulting in the production of dihydroxyphenylalanine 

and dopamine, the precursors of melanin (Dubovskiy et al., 2008; Nakhleh et al., 2016). The presence of these 

enzymes in lepidopteran eggs was confirmed by Maki et al. (2001) and Kanost et al. (2012). 

Esterases have essential functions related to behavior, reproduction (Roe et al. 1993), hormonal 

metabolism (YOO et al., 1996), digestive processes (KAPIN et al., 1980), lipid metabolism (ZHU et al., 1990) 

and resistance to insecticides (HEALY et al., 1991; VERMUNT et al., 1998; HAUBRUGE et al., 2002; BARATA et 

al., 2004). The expression of esterases has previously been studied during the development of D. saccharalis. 

Ruvolo-Takasusuki et al. (2002), described the electrophoretic profiles of eight esterases in adult sugarcane 

borers. Martins-Parra et al. (2016), identified seven esterases in larvae and pupae (EST-1, 2, 3, 4, 7, 8, and 9) 

and five esterases in adults (EST-3, 4, 7, 8, and 9) of D. saccharalis using naphthyl substrates. Mosconi (2012) 

identified 11 esterases (EST-1 to EST-11) that were expressed during the larval period in this species. 

In the present study, five esterase regions were identified using PAGE: EST-6, 8, 9, 10, and 11, which 

are equivalent to esterases expressed in larvae as described by Mosconi (2012). These results indicate that 

esterases had different expression patterns in eggs of different ages as well as among batches of eggs of the 

same age; this possibly indicates the existence of regulatory mechanisms that increase or inhibit esterase 

expression according to the metabolic functions they perform during each embryonic period. Since these 

esterases initiate their expression in the embryonic period and continue to be expressed in all larval instars 

of this species (MARTINS-PARRA et al., 2016), including in pupae (RUVOLO-TAKASUSUKI et al., 2002), it is 

possible that these isoenzymes act on metabolic processes essential to insect development and survival, such 

as the metabolic detoxification of xenobiotics (PRICE, 1984). 

To evaluate the participation of these isoenzymes in the detoxification process, eggs of different ages 

were exposed to the garlic oil extract. The 24 and 48-h-old eggs showed high mortality rates and no change 

in esterase expression; therefore, it is possible that the bioinsecticide may have rapidly penetrated the eggs, 

crossing the physical barriers (chorion and extraembryonic membranes) (BLUM et al., 2008), as described by 

Beament (1949), and interfered in embryo formation. 

Because of regulatory mechanisms, not all synthesized and stored enzymes act readily to contain and 

metabolize the garlic essential oil components (MONTELLA et al., 2012). The bioinsecticide could have acted 

in other physiological systems, interrupting embryonic development and causing the death of the embryos. 
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Conversely, 72-h-old eggs showed low mortality rates, probably because of their greater resistance and the 

longer time of exposure to the diversity of environmental interactions. As larval development occurs 

predominantly in this period, the containment and metabolization of the garlic essential oil components 

possibly occurred with less intensity. In this case, EST-6, 9, 10, and 11 esterases, which were partially inhibited 

in the treated eggs, possibly participated in this metabolic detoxification process, as noted by (RILEY et al., 

1999). 

Each insect species seems to have unique genetic supplements, and the esterase family has shown 

rapid evolution (MONTELLA et al., 2012). Although the inhibition of esterases may suggest a low enzymatic 

activity, the reduction in the intensity of the bands in the gels may be correlated with the enzymatic 

degradation caused by the effect of allicin on eggs (DOUGOUD et al., 2019). 

Changes in the expression of proteases may interfere with embryonic development. Proteases 

control the transduction of signals that regulate embryonic development (MORISATO et al., 1995; LEMOSY 

et al., 1999; MOUSSIAN et al., 2005), thus changes in these enzymes affect organogenesis and cause 

embryonic degeneration or malformation (KANOST et al., 2012). At all concentrations herein tested, D. 

saccharalis eggs showed absence or incomplete formation of the embryo, commonly with a reduction of the 

abdominal region. These results are in agreement with those of S. frugiperda eggs treated with azadirachtin 

for 24 and 72-h at different concentrations (CORREIA et al., 2013), in which the embryo was not formed or 

its incomplete formation was observed, besides a ruptured exochorion, absence of sculptures, and 

dehydrated eggs. Eggs of D. saccharalis treated with garlic oil extract presented these same alterations even 

at a relatively lower concentration than that of azadirachtin. 

 
CONCLUSIONS 
 

We thus conclude that garlic essential oil has a bioinsecticidal effect on D. saccharalis eggs, being 

toxic at all tested concentrations and periods of embryonic development. This effect may result from the 

inhibition of esterase and allicin acting on the insect’s immune system and thus reducing the species’ 

resistance to garlic essential oil. Therefore, we propose garlic essential oil as a potential tool for sustainable 

pest management. 
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