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Abstract
The aim of this study was to investigate effect of 2(3)-tert-butyl-4 

hydroxyanisole (BHA) and 2,6-di(tert-butyl)-p-cresol (BHT) and their 
formulations on mortality, body weight and total protein content of Oryzaephilus 
surinamensis (L.) and Tribolium castaneum, Herbst; two natural pest of stored 
peanut. The effect of free BHA and BHT and their formulations (F-BHA and 
F-BHT) at dose range to 10 from 45 mM, in peanut kernel was evaluated. BHA 
and BHT free antioxidant showed significant mortality percentages upper than 
80%. Besides, microencapsulated antioxidants at 20 and 30 mM significantly 
affected the survival of insect populations after 45 days of exposure. BHA and 
BHT formulation showed insecticidal activity of 100 and 70%, respectively. 
Insect weight was significantly affected by all studied treatments and the major 
effect for O. surinamensis was produced by time especially with the application of 
BHA follow by F-BHA and F-BHT. Body mass weight of T. castaneum showed 
the highest reduction after application of F-BHA, followed F-BHT, BHT and 
BHA. Total protein content of insects also was affected by both free antioxidants 
and formulation treatments. Formulations preserved insecticidal effectiveness 
of antioxidants and extended their effect for up to 45 days which could act as 
new strategies to control these insect pests. Besides, sub-lethal levels of these 
compounds results in a loss of insects’ weight and change in protein content. 
Results showed the first step in the toxicity of free and microencapsulated 
formulations of BHA and BHT against O. surinamensis and T. castaneum.
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Introduction
Argentina is one of the major producer and supplier of food worldwide. 

Córdoba, from the center of this country, is an important peanut producing 
area. In 2015/16 harvest season Argentina had a total production around of 1.17 
million tons ranking seventh among the world’s largest producers of peanut [1]. 
Primary peanut production is intended for both industrialization and exportation 
and for the last case there is fluctuation between 0.44 and 0.68 million tons since 
2012 [2]. Peanut, in their different presentations, is very little consumed internally 
which makes all production is oriented to exportation. At the moment industry 
elaborate peanut for direct consume and flavored peanut, pasta and peanut butter, 
oil and peanut pellets. Considering that 6% of the raw material can be lost due to 
fungi contamination and infest with insect during harvest, transport and storage, 
so it is necessary to have safe methods of preservations and control to the different 
contaminants.
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Two important species of insect pest saw-toothed 
grain beetle [Oryzaephilus surinamensis (L.) (Coleoptera; 
Silvanidae)] and the red flour beetle [Tribolium castaneum 
Herbst (Coleoptera; Tenebrionidae)] which attack already 
infested or malformed grains, preferring stored cereal products 
and oleaginous seeds [3-5]. Besides, they can acts as vector 
for potential toxigenic molds such as Aspergillus spp. and 
the constant migration of insect populations within granary 
ecosystem efficiently contributes to dispersion of viable fungal 
spores which are carried on the vector’s body surface or are 
deposited with its feces [6]. Some research has shown that 
both type of genera of these insects’ acts as vector of Aspergillus 
flavus in storage seeds as maize and peanut [7-9]. Control of 
these types of insects is considered of great importance as they 
can remain in continuous contact with raw material in the 
storage system, thus they can disperser fungal spores of fungi 
potentially producing mycotoxins.

Some works have demonstrated butylated hydroxyanisole 
(BHA) and butylated hydroxytoluene (BHT) (phenolic 
antioxidants) effectiveness against toxigenic molds and these 
storage pests [10, 11]. However, analysis of antioxidant residual 
levels in stored peanuts showed a fast reduction of these 
substances, probably due to the environmental and biological 
factor interactions [12]. To improve the performance of 
these preservatives “in situ” both antioxidants were subjected 
to a microencapsulation process in order to protect them of 
different environmental agents according to Girardi et al. [13], 
who reported residual levels after 2 and 3 of storage months. 
Previous studies showed that both formulations maintained 
the insecticidal effect against O. surinamensis for more than 45 
days [9]. Insecticidal activity of pure BHA and formulation 
of both antioxidants were demonstrated in O. surinamensis by 
Nesci et al. [7] and Garcia et al. [9], respectively. However, 
insecticidal activity on T. castaneum and harmful effects on 
both types of insects it is unknown. To advance in this sense, 
the proposal of this study was to investigate effect of free and 
microencapsulated BHA and BHT on i) mortality; ii) body 
weight and iii) total protein content in O. surinamensis and T. 
castaneum.

Materials and Methods
Substrate and insects

Natural peanuts collected during the harvest season 2014-
2015 from Córdoba, Argentina, with an initial water content 
of 0.67 were used throughout this study. Seeds were sterilized 
by autoclave at 120 °C for 20 min and water activity (aw) 
was checked with an AquaLab Water Activity Meter 4TE 
(Decagon Devices, Inc.) with an accuracy of ± 0.001. Strain 
of the saw-toothed grain beetle O. surinamensis and red flour 
beetle T. castaneum were obtained from the Laboratory of 
Agricultural Zoology, Faculty of Agronomy, and University 
of Buenos Aires, Argentina. Mixed-sex adults 1-3 weeks old 
were used in the assays separately. Insects were reared on a 
diet of wheat flour, corn starch and yeast (10:10:1.5) in plastic 
containers containing 200 g of the mixture at 27 ± 1 °C and 70 
± 5% relative humidity (RH).

Preparation of antioxidant formulation
Industrial grade antioxidants, 2(3)-tert-butyl-4 

hydroxyanisole (BHA) and 2,6-di(tert-butyl)-p-cresol (BHT), 
obtained from Eastman Chemical Company (Kingsport, 
Tennessee, USA) were used as core material. BHA had a purity 
of 98.5% containing as trace elements sulphated ash 100 μg/g, 
citric acid 2.5 μg/g, arsenic 3 μg/g, and heavy metals 10 μg/g. 
BHT had a purity of 99% containing as contaminants ash 100 
μg/g, arsenic 3 μg/g and heavy metals 10 μg/g. Contaminant 
compounds of industrial grade antioxidants did not exceed 
allowed levels by JECFA [14]. Gelatin (type A, gel strength 
240 bloom) and gum arabic were used as the wall material. 
All other chemicals used in this work were of analytical grade. 
Microcapsules were made by complex coacervation following 
the methodology proposed by Girardi et al. [13]. Microcapsules 
obtained were frozen at -80 °C during 3 hours and freeze-dried 
with a chamber (L-T8-A-B3-CT, RIFICOR) pressure <0.05 
mbar and -45 °C for 72 h. Empty capsules were performed 
with the same methodology but without the addition of BHA 
or BHT, in order to be used as control by replacing the core 
material with peanut oil.

Microcosm assay
Insecticidal effect determination: To determine 

insecticidal activity of free chemicals and in their formulations, 
150 g of sterile peanut kernels were distributed into plastic jars 
of 500 mL capacity and treatments were added at different 
doses: 10, 20 and 30 mM for O. surinamensis and 15, 30, 45 
mM for T. castaneum. Fifteen adults of each type of insect were 
introduced into a jar and incubate in chamber under controlled 
conditions (25 ± 1 °C, 70 ± 5% r.h.). Assay was done using 
three replicates per treatment and number of dead insect was 
determined at different times during a 45 days holding period. 
Treatments with empty capsules (without BHA or BHT) and 
without capsules were used as control. 

Body weight evaluation: Insects were weight before to 
start the assay (time 0) and at different period time till the end 
of the experiment for all conditions (treatment and controls). 
Weight loss was calculated by difference between the data 
obtained at the different evaluation times. 

Protein content evaluation
Protein content extraction: To determine protein content 

of insects affected by the presence of free and microencapsulated 
antioxidants, 100 g of sterile peanut kernels were distributed 
into plastic jars of 300 mL capacity with 15 adults of each 
insect species. Antioxidants pure and their formulations were 
added at non-lethal doses: 3 and 1 mM of BHA and BHT 
respectively, for O. surinamensis while for T. castaneum 25 and 
3 mM for BHA and BHT respectively, were used. Jars were 
incubated in chamber under controlled conditions (25 ± 1 °C, 
70 ± 5% r.h.). Total proteins were extracted by Lee et al. [15] 
method with some modifications: insects exposed to chemical 
treatments and controls were homogenized with a pestle and 
mortar in 1 mL of 10 mM Tris-HCl buffer, pH 7.5, containing 
0.5% (w/v) Triton X-100. The resultant homogenates were 
centrifuged at 5000 rpm for 20 min using a Presvac (INS-
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EPF-12-A) centrifuge to remove exoskeletal and tissue debris. 
Supernatants were used as crude protein extracts. 

Protein content detection and quantification: To detect 
and quantify protein level, Biuret reaction was used: 100 μL of 
crude protein extract was mixed with 1 mL of Biuret reagent. 
After 5 minutes, absorbance at 545 nm was measured with 
a spectrophotometer (Spectrum SP 2100UV) using Biuret 
solution mixed with and Tris-HCl buffer as blank. A standard 
curve was calculated using bovine serum albumin (BSA) in 
a concentration range from 1 to 200 mg/mL. The assay was 
done using three replicates per treatment at different times 
from 0 to 18 days holding period. Treatments with empty 
capsules (without BHA or BHT) and without capsules were 
used as controls.

Data analyzed
The effect of treatment on mortality, body weight and 

protein content was analyzed with ANOVA. Fisher’s least 
significant difference (LSD) tests were performed to establish 
differences among mean values of variables at p < 0.05. Probit 
analysis [16] was performed to estimate lethal time 50 (LT50) 
and lethal doses 50 (LD50) with a confidence limit of 95%. 
Statistical analyses were carried out with Statgraphics® 
Centurion version XVI.I (Manugistics, Inc, Maryland, USA).

Results
Insecticidal activity of free and microencapsulated BHA 
and BHT Insecticidal 

Toxicity of free antioxidants (BHA and BHT) and their 
formulations (F-BHA and F-BHT) against O. surinamensis is 
summarized in Figure 1A. Mortality percentages of this insect 
estimated in peanut samples treated with both 1) without 
capsules (CWC) and 2) empty capsules (CEC) controls 
were 35 and 55%, respectively. Free BHA showed significant 
mortality percentages (p < 0.05) upper than 80% for all studied 
doses, while free BHT was able to dead the 100% of insects 
at all antioxidant concentrations assayed. Besides, 30 mM 
of both microencapsulated chemical compounds affected 
significantly the survival of O. surinamensis population after 45 
days of exposure (F-BHA= 100% and F-BHT= 70%). 

Lethal time 50 (LT50), is the needed time to kill 50% of 
tested population. Registered values of this parameter under 
the effect of 20 and 30 mM of free BHA were 13 and 4 days, 
respectively (Table 1). While for F-BHA and for the same 
doses, values were 3 and 2 times lower than free antioxidant 
(4 and 2.6 days). However, LT50 obtained with free BHT was 
around 6 days for the three studied doses; but under the effect 
of the formulation, time was extended up to 23 and 22 days 
for 20 and 30 mM, respectively. Besides, lethal concentration 
50 (LC50) was evaluated at 45 days of assay. This parameter 
showed the needed doses of a compound to kill 50% of tested 
population. For this type of insect, BHT showed the lowest 
value (3 mM) follow by BHA (5 mM). However, when 
antioxidants were encapsulated LC50 values increased 2 and 6 
times for F-BHA and F-BHT, respectively. 

On the other hand, total population of T. castaneum 
survived along 45 days of holding period in CWC samples. 
Only CEC revealed a 30% of mortality (Figure 1B). Besides, 
these insects showed around 35-60% of mortality in presence 
of free BHA being 45 mM the best doses to kill them 
(Figure 1B). However, BHT pure compound showed the best 
insecticidal activity with mortality higher than 90% regardless 
of the dose assayed (15, 30 and 45 mM). A reduction of the 
insecticidal activity was observed with the application of 
microencapsulated antioxidant. Thus, F-BHA did not exceed 
40% of dead insects and mortality percentages registered after 
F-BHT application were 10, 50 and 100% for 15, 30 and 45 
mM, respectively. 

Lethal time 50 values for T. castaneum are shown in Table 1 
and values were between 38 and 64 days for the three levels 
assayed for free BHA. However, for the BHA formulation 
values were 40% higher than free compound. On the other 
hand, values of LT50 recorded for BHT were around 15 days. 

Table 1: Lethal time 50 (LT50) values of O. surinamensis and T. castaneum 
affected by the application free BHA (BHA), free BHT (BHT), 
microencapsulated BHA (F-BHA) and microencapsulated BHT (F-BHT).

Lethal time 50 (days)

                 O. surinamensis                                                               T. castaneum

10 mM 20 mM 30 mM 15 mM 30 mM 45 mM

BHA 15 13 4 64 50 38

BHT 5 6 7 19 15 12

F-BHA 47 4 2.6 89 60 104

F-BHT 51 23 22 97 41 10

Figure 1: Effect of free and formulation antioxidants (BHA, BHT, F-BHA 
and F-BHT) on mortality of A) O. surinamensis (  10 mM;   20 mM; 
  30 mM;   CEC;   CWC) and B) T. castaneum (  15 mM;   30 mM; 
 45 mM;   CEC;   CWC) in peanut kernels. Bars with different letters 
between controls and treatments are significantly different according to 
LSD test (p < 0.05).
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The lowest value of this parameter for F-BHT was observed 
at 45 mM (10 days). When LC50 was evaluated, BHT and the 
formulation showed the lowest values for this insect (11 and 
29 days, respectively). While, a double dose of F-BHA (65 
mM) was required to achieve the same effect as the free BHA 
(29 mM).

Insects body weight variation affected by the application of 
free and microencapsulated BHA and BHT

Effects of single factors (treatment-T and time-t) as 
well as their two way interactions on insect body weight 
for O. surinamensis treated with free antioxidants and 
their formulations, including both types of controls, were 
determined by ANOVA test (p < 0.05) (Table 2). Insect 
weight was significantly affected by all studied treatment 
(except by free BHT), t and their interactions. The major effect 
was produced by t, especially with the application of BHA 
followed by F-BHA and F-BHT. Effect of free antioxidants 
and formulations on body weight of this insect species through 
time is summarized in Figure 2A. Significant differences were 
found for treatment in each evaluated time (0, 5, 11, 15 and 18 
days) on body weight compared with both controls according 
to LSD test (p < 0.05). In general, weight of insect decreased in 
all treatment and control (except for CEC) in the order of 62, 
38, 64, 69 and 23% for BHA, F-BHA, BHT, F-BHT, CWC, 
respectively from time 0 to 5 days. While for CEC, an increase 
in body weight around a 26% was observed during the same 
period time (0 to 5 days). Significant reduction (p < 0.05) on 
body weight was found at the end of the experiment (18 days) 
compared with the initial time (0 days), especially for insects 
treated with BHA and F-BHA with a 38 and 69% of decrease, 
respectively. This type of insect treated with BHT and F-BHT 
showed a body weight 3 times lower than the initial weight 
after 5 days of treatment. However, this value was gradually 
increasing throughout time but only O. surinamensis treated 
with the free antioxidant recovered initial weight at the final 
of the assay. 

Respect to T. castaneum, ANOVA test showed that body 
weight evaluation for this insect was significantly affected (p 
< 0.05) by all treatments and times assayed (except for time 
in presence of F-BHT) (Table 3). Figure 2B shows body 
weight of T. castaneum at the different times as affected by all 
studied treatments. Both controls (CEC and CWC), showed a 

reduction of 28% in insect weight after 4 days, but the weight 
was increasing with time reaching initial values at the end of 
the study (16 days). 

In general, insects treated with free and encapsulated 
antioxidants showed that body weight was gradually decreased 
with time. Significant differences of this parameter were 
observed between treatments and controls according to 
LSD test (p < 0.05). The highest reduction of the weight was 
observed with the application of F-BHA (64%), followed by 
F-BHT, BHT and BHA with 60, 28 and 11% of decreased, 
respectively, at the end of the assay (16 days) compared with 
initial time (0 days). 

Insects total protein content affected by the application of 
free and microencapsulated BHA and BHT

Figure 3A shows total protein content of O. surinamensis 

Table 2: ANOVA test. Effect of treatment (T) and time (t) and their 
interactions on the O. surinamensis body weight in presence of free BHA 
(BHA), microencapsulated BHA (F-BHA), free BHT (BHT) and 
encapsulated BHT (F-BHT).

Factors DF BHA F-BHA BHT F-BHT

    MS f-value MS f-value MS f-value MS f-value

T 2 7.5 1197.4* 2.7 223.2* 0.2 1.4 2.2 112.2*

t 4 10.1 1603.5* 11.6 965.2* 6.4 55.2* 7.1 355.5*

T*t 8 6.4 1020.4* 6.5 539.6* 10.3 88.7* 8.5 424.9*

Error 38 0   0.0       0  

DF: degree freedom; MS: mean square. Values with asterisk are statistically 
significant (p < 0.05)

Table 3. ANOVA test. Effect of treatment (T) and time (t) and their inter-
actions on the T. castaneum body weight in presence of free BHA (BHA), 
microencapsulated BHA (F-BHA), free BHT (BHT) and encapsulated 
BHT (F-BHT).

Factors DF BHA F-BHA BHT F-BHT

    MS f-value MS f-value MS f-value MS f-value

T 2 13.5 4.1* 69.4 23.0* 26.5 3.5* 99.2 4.4*

t 4 39.5 11.9* 29.9 9.9* 60.3 7.9* 33.6 1.5

T*t 8 6.9 2.1 53.5 17.7* 43.2 5.7* 43.2 1.93

Error 38 3.3   3.0   7.6   22.4  

DF: degree freedom; MS: mean square. Values with asterisk are statistically 
significant (p < 0.05)

Figure 2: Changes in mean body weights of treated and control A) O. 
surinamensis and B) T. castaneum on peanut kernel.   BHA;   F-BHA;         
BHT;   F-BHT;   CEC; and  CWC. Data are presented as mean of 
three replicates ± standard deviations. Bars with different letters for each time 
between controls and treatments are significantly different according to LSD 
test (p < 0.05).
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affected by the application of free and encapsulated antioxidants 
as a function of time. Protein level detected in both controls 
(CWC and CEC) gradually increased throughout experimental 
time reaching 25 and 22 mg protein/mg insect, respectively. 
These values are 5 times higher than initial concentrations.

All treatments (BHA, F-BHA, BHT and F-BHT) 
applied to this insect revealed a peak in protein level around 11 
days. However, after this time, the amounts start to decrease 
reaching levels 3 times lower than both controls at the end of 
the experiment.

As for O. surinamensis, protein content of T. castaneum 
showed a gradual increase when insects developed on both CWC 
and CEC samples range to 36 to 78 and 72 mg protein/mg 
insect, respectively at the end of the assay. Similar trend was 
observed when this pest was exposed to BHA, reaching 82 
mg protein/mg insect. However, insects showed a decreased of 
39% in presence of F-BHA. Finally, both BHT and F-BHT 
produced an increment in protein levels during the first 5 days 
around of 3 and 4 times, respectively. Nevertheless, these levels 
were gradually reduced from 5 to 16 day, with final amounts of 
30 mg, similar to the initial one.

Discussion
O. surinamensis and T. castaneum are two very important 

pests of stored grains producing economic losses. In this work 
the effect of the food grade antioxidants BHA and BHT, free 
and microencapsulated were evaluated on mortality, body 
weight and total protein content variations for these insects. 

Particularly, for O. surinamensis both free antioxidants showed 
a high insecticidal activity (higher than 80% of mortality) after 
45 days of incubation. Only BHA preserved the insecticidal 
effect in their formulation for the two highest doses assayed 
(20 and 30 mM). Although, F-BHA doubled LC50 value 
respect to free BHA, LT50 value was reduced around 3 and 
2 times at 20 and 30 mM, respectively. However, when 
F-BHT was evaluated, both LC50 and LT50 were more than 
3 times higher compared with the free antioxidant. *Notably 
that result of mortality, LD50 and LT50 from this insect by 
F-BHA and F-BHT were extracted from Garcia et al. [9]. 
In the case of T. castaneum, mortality never exceed the 70% 
of dead insects with the application of pure BHA, and with 
application of formulation the maximum observed mortality 
was 35% for the highest dose assayed (30 mM). For this, LT50 
values for F-BHA were always higher than 45 days and LC50 
value was twice higher compared with the free compound. 
Nevertheless, the total mortality of this insect was produced 
by the presence of the two highest doses of BHT (30 and 45 
mM). This effect was keeping for the highest dose assayed of 
F-BHT (45 mM) where a decreased of 2 days for LT50 was 
recorded compared to the free chemical. Insecticidal effects 
of this food grade antioxidants without microencapsulation 
process (BHA and BHT) and the mixture of them (BHA/
BHT) were demonstrated against O. surinamensis in stored 
peanuts by Nesci et al. [7] with a 100% of mortality at 20 mM 
of each chemical compound and the mixture 20 mM/20 mM. 
Also, Barra et al. [8] founded that free BHA and BHT and 
the mixture of them (20 mM concentration) produced a high 
mortality against Sitophilus zeamais, Tribolium confusum and 
Rhyzopertha dominica after 120 days of incubation. Shtykova 
et al. [11] could to establish a complete inhibition of feeding 
on pine weevil (Hylobious abietis) with BHT microcapsules 
containing Eudragit copolymer and surfactant. However, in 
our work, a dual effect was observed of microencapsulated 
antioxidants; on the one hand F-BHA and F-BHT had 
the best insecticidal effect by reducing the LT50 value in O. 
surinamensis and T. castaneum respectively; but on the other 
hand the LD50 was more than double but always without 
exceeding the limits allowed of these antioxidants in peanut 
(200 μg/g of peanut oil). This means that formulation made 
under complex coacervation preserved insecticidal effect 
of the antioxidants. As our knowledge, this is the first work 
that evaluates the influence of these food grade antioxidants 
(free and microencapsulated) against O. surinamensis and T. 
castaneum. Some works reported LT50 and LD50 values of this 
insect but they always used free compounds as commercial 
insecticides and essential oils [17-24].

Control methods of insects are based on the use of 
insecticides, which are generally the most effective management 
tools and provide the only feasible method of reducing insect 
pest population to acceptable levels [25, 26]. However, is 
important to know the effect of the insecticidal agents on 
the pests to avoid possible development of resistance and 
evaluate the implementation of the product in the ecosystem. 
In this sense, we evaluated changes in body weight and total 
protein content of both insect pests in presence of sublethal 
levels (3 and 1 mM for O. surinamensis and 2.5 and 3 mM 

Figure 3: Total protein content of A) O. surinamensis and B) T. castaneum 
treated with free antioxidants and their formulation.  CEC;   CWC;  
○ BHA; ● F-BHA; □ BHT; ■ F-BHT.
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for T. castaneum for BHA and BHT, respectively) of free and 
microencapsulated antioxidants. Both controls (CWC and 
CEC), showed a maintenance of O. surinamensis body weight 
over time. However, from initial to the end of the experiment, 
addition of BHA showed around 38% reduction of body weight 
and this decline was almost duplicated with the application 
of F-BHA. This effect may be is due to microcapsule wall 
material which could enhance the free antioxidant effect 
respect to the body weight reduction. In relation to BHT and 
its formulation, the influence on body weight was negligible 
(3-5%) for this insect. On the other hand, a high decrease in 
body weight for T. castaneum was detected with the application 
of both antioxidant formulations with reductions of 52 and 
46% for F-BHA and F-BHT respectively, being 6 to 11 times 
higher than free chemicals. As for O. surinamensis affected by 
BHA, microcapsule ingredients could help to the decreased 
T. castaneum body weight, giving specific properties of the 
capsules coating. This result is agreed with Shtykova et al. [11] 
and Garcia et al. [9] which founded an increase of insecticidal 
effect when these antioxidants were microencapsulated and 
evaluated against pine weevil (H. abietis) and O. surinamensis, 
respectively. Besides, Patil and Jadhav [27] founded change in 
mean body weight on the larval of Helicoverpa armigera when 
they fed leaves treated with 2000 Um/L of chitinase, where 
until day 7 insects showed a retarded in body mass. In our 
case, reduction of the weight in both insect could be due to 
an inhibition of feeding after 5-7 days. Many studies reported 
a high anti-feedant activity in insects using extracts of leaves 
and stems, essential oils, antioxidants, commercial insecticides 
and chemical compounds [28-34]. Particularly, Shtykova 
et al. [11], could establish an anti-feedant activity close to 1 
(complete inhibition of feeding) on pine we evil with BHT 
microcapsules containing Eudragit copolymer and surfactant. 

Finally, total protein content on both insects was altered 
by the presence of the antioxidants and their formulations, 
except with the interaction between free BHA and T. 
castaneum where final protein levels were similar to controls. 
This result is agreed with the mortality and body weight 
obtained with BHA application on this insect, which had no 
any effect. However, Khater and El-Shafiey [35] founded an 
increase in total protein content of T. castaneum by using LC50 
of Wedelia trilobata (Fam.: Astracae) and Melissa officinalis 
(Fam.: Lamiacae) essential oils, suggesting that activity of 
protein biosynthesis attributed to synthesis of proteinases 
needed for insecticides substance detoxification [36]. In this 
study we show the decrease in proteins would be responsible 
for the weight loss observed after treatments. According to the 
existing information in this subject, this is the first research on 
the protein level detected in O. surinamensis by the presence of 
food grade insecticidal substance.

Results obtained of weight loss and variation in 
total protein content, using sub-lethal doses of free and 
microencapsulated antioxidants for both insect pests, may 
be attributed to a starvation effect, where insects lost weight 
and therefore, protein could acts as a source of energy thus 
decreasing their level. However, many authors revealed insects 
protein levels modifications after a starvation period and 
results are varied: e.g. Heller and Moklowska [37] reported 

a 40% decrease in the protein of Deilephila euphorbiae but 
no significant change in protein amounts were reported by 
Chaudahary et al. [38] in the larval composition of T. confusum. 
Hence, protein modifications evaluated under starvation effect 
is insect species dependent.

Conclusion
As conclusion, both food grade antioxidants and their 

formulations could acts as effective insecticidal agents against 
the studied insects especially BHA, BHT and F-BHA for 
O. surinamensis and BHT and F-BHT for T. castaneum. In 
general, microcapsules solution process preserved insecticidal 
activity of antioxidants studied and extended their effect for 
up to 45 days. Therefore, microencapsulated antioxidants 
maintain their effect as in their free condition and could 
use as new strategies to control these pests. Besides, sub-
lethal doses of these compounds resulted in a loss of insects’ 
weight and change in protein content. Our results show 
the first step in the studied of mechanism of insect toxicity 
produced by free BHA and BHT and their formulations. It 
is of great importance because these organisms can develop 
some mechanism of resistance that can be transferred 
from generation to generation. Knowing the way in which 
these compounds acts, different ways of application of the 
formulation on the beans can be evaluated and modified their 
preparation in front of potential resistance. For this, further 
studies are needed to elucidate if an anti-feedant effect may be 
associated to the application of theses antioxidants and if there 
is a development of resistance to these insecticidal compounds 
by O. surinamensis and T. castaneum.
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