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a b s t r a c t

The purpose of this study was to investigate the insecticidal activity of two benzoic acids 2(3)-tert-butyl-
4 hydroxyanisole (BHA) and 2,6-di(tert-butyl)-p-cresol (BHT); two phenolic acids 3-phenyl-2-propenoic
acid (CA) and trans-4-hydroxy-3-methoxycinnamic acid (FA) and two essential oils of Eugenia
caryophyllata (clove tree) and Thymus vulgaris (thyme) against Sitophilus zeamais, Tribolium confusum and
Rhyzopertha dominica, vector carriers of aflatoxigenic fungi in stored maize. The susceptibility of insects,
the frequency of isolation of Aspergillus section Flavi in insects and maize, and the analysis of aflatoxin B1

in maize were determined. BHA, BHT, BHA/BHT mixture and the natural phytochemicals AF and AF/AC
mixture showed the highest insecticidal activity against S. zeamais, T. confusum and R. dominica after 120
days of incubation. The insecticidal efficacy of the volatile fraction of essential oils of clove and thyme
showed less inhibition. There was no contamination of Aspergillus section Flavi in dead and live insects
collected from maize treated with BHA. No aflatoxin B1 accumulation was detected in the control and
treatments. The information obtained shows that these substances have the potential to control pest
insect vectors of aflatoxigenic fungi in stored maize in microcosms during 120 days.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

In Argentina maize is a key crop in terms of national production
of grains (SAGPyA, 2009). This cereal can be colonized by fungal
communities at harvest and storage (Etcheverry et al., 1999; Nesci
et al., 2008), this contamination reduces the quality and quantity
of grain production. Among these fungi, some species of Aspergillus
section Flavi produce toxins associated with harmful effects on
animal and human health (Coulombe, 1993; Eaton and Gallagher,
1994). Aflatoxins are produced by Aspergillus flavus Link, Asper-
gillus parasiticus Speare, Aspergillus nomius Kurtzman et al. (1987),
Aspergillus bombycis Peterson et al. (2001) and Aspergillus pseudo-
tamari Ito et al. (2001). The positive correlation between the
consumption of food contaminated with aflatoxin B1 (AFB1) and

increased incidence of liver cancer has led to the classification of
AFB1 in a group 1 A carcinogen by the International Agency for
Research on Cancer (IARC, 1993).

Insects such as Sitophilus zeamais (Motschulsky), Rhyzopertha
dominica (Fabricius) and Tribolium confusum (Jacquelin du Val)
cause significant damage to stored maize (Mejía, 2007). During
periods of postharvest, temperature, humidity and other factors
play an important role in the growth of toxigenic fungi and insects
in the storage ecosystem. The constant movement of insect pop-
ulations within a granary ecosystem contributes the dispersal of
viable spores of fungi of various species, including species of
Aspergillus spp and Penicillium spp, which are carried on the body
surface or deposited in insect frass (Saint Geroges-Gridelet, 1984).
Insects in storage systems break the seed coat of grains, which is
a natural barrier to fungus growth, which promotes easy spread of
the fungus (Setamau et al., 1998).

Synthetic phenolic compounds such as butylatedhydroxyanisole
(BHA) and butylated hydroxytoluene (BHT), have been used exten-
sively for many years as antioxidants to preserve and maintain the
freshness, nutritive value, flavor and color of food and animal feed
products (JECFA,1996). Phytochemicals such as cinnamic and ferulic
acids are present in cereals, which contain a wide range of phenolic
compounds (White and Xing, 1997). Flavor compounds are
secondary metabolites with unique properties of volatility, fat
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solubility and low solubility in water. Because of these properties,
volatile compounds are very useful in postharvest protection. Their
natural occurrence as partof thehumandiet and its biodegradability
suggest a low toxic residue problem (Tripathi and Dubey, 2004;
Newberne et al., 2000).

These synthetic and natural compounds have bioactivity against
fungi. To avoid contamination by mycotoxins, stored products are
often treated with synthetic preservatives such as butylated
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) (Nesci
et al., 2008; Passone et al., 2008), phenolic compounds (Nesci
et al., 2009) and essential oils (Bluma and Etcheverry, 2008).
However, little information exists on these chemicals as effective
pest controls of stored maize.

We evaluated the effect of 2(3)-tert-butyl-4 hydroxyanisol
(BHA), 2,6-di (tert-butyl)-p-cresol (BHT), 3-phenyl-2-propenoic
acid (CA), trans-4-hydroxy-3-methoxycinnamic acid (FA), and
essential oils of Eugenica caryophyllata (clove tree) and Thymus
vulgaris (thyme) against Sitophilus zeamais, Tribolium confusum and
Rhyzopertha dominica in stored maize.

2. Materials and methods

2.1. Substrate, insects and fungal culture

Maize grains collected from a commercial field located in the
Department of Rio Cuarto, Cordoba Province, Argentina, with an
initial water content of 0.43 aw and free of aflatoxin B1 (AFB1) were
used in this study. The substrate was stored at �15 �C for 10 d to
ensure that all treatments were initially free of insects.

Cultures of the maize weevil Sitophilus zeamais (Motschulsky),
the confused flour beetle Tribolium confusum (Jacquelin du Val) and
the lesser grain borer Rhyzopertha dominica (Fabricius) were
obtained from the Department of Agricultural Zoology, Faculty of
Agronomy, University of Buenos Aires, Argentina. Mixed-sex adults
1e3 weeks old were used in the test. The S. zeamaiswere reared on
a diet of seeds of wheat, T. confusum on a diet of wheat flour, corn
starch and yeast (10:10:1,5) and R. dominica in broken maize, all in
plastic containers. The insects were reared total darkness at
27 � 1 �C and 70 � 5% relative humidity (r.h.).

The fungus A. flavus RCM89 was used in these experiments. This
strainwas isolated from storedmaize (Nesci et al., 2008). This strain
was a producer of aflatoxin B1 in liquid medium (110.32 ng g�1),
and is held in the Microbial Ecology Laboratory Collection,
Department Microbiology and Immunology of the National
University of Rio Cuarto, Cordoba (Argentina).

2.2. Synthetic antioxidants, phenolic acids and essential oils

Industrial grade antioxidants, obtained from Eastman Chemical
Company, were benzoic acid, 2(3)-tert-butyl-4 hydroxyanisole (BHA)
and 2,6-di(t-butyl)-p-cresol (BHT). BHA had a purity of 98.5% con-
taining as trace elements sulfated ash <0.01%, citric acid
<2500 mg g�1, arsenic <3 mg g�1 and heavy metals <10 mg g�1. BHT
had a purity of 99% containing contaminants such as ash <0.02%,
arsenic <3 mg g�1 and heavy metals <10 mg g�1. Contaminants from
industrial grade antioxidants do not exceed levels allowed by the
JECFA (1996). Both compounds were added alone (BHA 20 mM
[3.6 mg g�1 of maize], BHT 20 mM [4.4 mg g�1 of maize]) and mixed
(BHAþ BHT 20þ 20mM[3.6þ 4.4mg g�1 ofmaize]). Stock solutions
ofBHA (0.18 gml�1) andBHT (0.22gml�1)wereprepared in95%ethyl
alcohol, and the appropriate amount was added to maize (BHA
20 ml g�1 of maize and BHT 20 ml g�1 of maize).

The phenolic acids used were CA: trans-cinnamic acid (3-phenyl-
2-propenoic acid) and FA: ferulic acid (trans-4-hydroxy-3-methox-
ycinnamic acid) andwere obtained fromAldrich Chemical, Steinheim,

Germany. Both compounds were added to maize at different doses
alone (CA 25 mM [3.7 mg g�1 of maize], FA 30 mM [5.8 mg g�1 of
maize]) andmixed (CAþ FA 25þ 30mM[3.7þ 5.8mg g�1 ofmaize]).
Stock solutions of CA (0.12 gml�1) and FA (0.19 gml�1)were prepared
in 80% ethyl alcohol, and the appropriate amountwas added tomaize
(CA 25 ml g�1 of maize and FA 30 ml g�1 of maize).

The essential oils of Eugenia caryophyllata (Thunb) and Thymus
vulgaris (L.) were purchased from Casa Gaia� (Buenos Aires,
Argentina). Bothessential oilswereusedatdifferent concentrations:
2000 ppm (2000 mg g�1 of maize) and 3000 ppm (3000 mg g�1 of
maize).

2.3. Insecticidal activity of synthetic antioxidants and phenolic
acids, and fumigant activity of essential oils

Subsamples of maize grains of 500 g were weighed in micro-
cosms. They consisted of plastic jars of 500 ml capacity and the
solutions of synthetic antioxidants and phenolic acids were added at
different doses. These substances were sprayed onto the maize
grains during mixing to obtain a homogeneous distribution. They
were shaken to obtain a uniform distribution of chemical
compounds. Plastic jars containing maize grains of all treatments
were inoculatedwith 1ml of the spore suspension (104 spores/ml) of
the Aspergillus flavus strain. Twenty adults of insects were placed per
jar. Tests of three replicates of each insect type were performed. All
jars were placed in a chamber with controlled conditions (27 � 1 �C,
70 � 5% r.h., in the dark). All samples for the determination of
fumigant, contact and digestive activities were observed at 120 days
and compared with the untreated control samples.

The method used to determine the fumigant activity of essential
oils was based on that described by Prates et al. (1998) with some
modifications. Maize grains subsamples of 500 g were weighed in
plastic jars of 500 ml capacity. The plastic jars of all treatments
were inoculated with 1 ml of the spore suspension (104 spores/ml)
of the Aspergillus flavus strain. Twenty adults of insects were placed
per jar. Tests of three replicates of each insect type were performed.
The essential oils of E. caryophyllata and T. vulgaris at different doses
were tested under controlled conditions (27 � 1 �C, 70 � 5% r.h., in
the dark). Essential oils were applied every 30 days with a micro-
pipette on a filter paper placed on top of plastic containers, which
were then tightly sealed. All samples for the determination of
fumigant activity were observed at 120 days and compared with
the untreated control samples. Treatments assayed were made
according to the scheme showed in Table 1.

Table 1
Treatments assayed.

Chemical compounds

T1 e

T2 e

T3 BHA 20 mM
T4 BHT 20 mM
T5 BHA/BHT 20/20 mM
T6 AF 30 mM
T7 AC 25 mM
T8 AF/AC 30/25 mM
T9 2000 ppm essential oil of clove tree
T10 3000 ppm essential oil of clove tree
T11 2000 ppm essential oil of thyme
T12 3000 ppm essential oil of thyme

Substrate: 500 g of maize in each treatment. Insects: T1: 0 insects;
T2 to T12: 20 insects in each treatment. Three replicates of each insect
type were performed in each treatment. The same treatments were
repeated for each insect species: S. zeamais, T. confusum and R. dominica.
Fungal inoculum: A. flavus strain was inoculated in each treatment.
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2.4. Determination of fungal contamination in maize and insects

The colonization of maize grains with Aspergillus section Flavi
was assessed as propagules per g after 120 days of incubation. From
each treatment 10 g of grains subsamples were taken, milled and
homogenized with 0.1% peptone-water. Serial dilutions were per-
formed and 0.1 ml of dilution was spread plate on DRBC (dichloran
rose bengal chloramphenicol agar) media (Pitt and Hocking, 1997).
Fungal populations were determined using three replicates for each
experiment. The fungal count was expressed as log10 per g of maize.
After Aspergillus populations had been evaluated, 50 g of all
samples of incubation were frozen for later extraction and quanti-
fication of aflatoxin B1.

After 120 days all insects found were collected and counted. The
insects that survived the experiment were killed by freezing
at �20 �C. All insects were plated directly on malt extract agar
(MEA) with 10% NaCl media and incubated at 25 �C for 7 days, and
the number of insects fromwhich Aspergillus section Flavi colonies
developed was counted. Fungal colonies isolated from insects
identified as Aspergillus section Flavi were subcultured on malt
extract agar (MEA) for further identification. Taxonomic identifi-
cation of all colonies was achieved according schemes proposed by
Pitt and Hocking (1997) and Klich and Pitt (1988).

2.5. Moisture content of maize grain

The aw of each sample (2 g) was determined just after sampling
using an equipment AquaLab (Series 4, TE, USA).

2.6. Aflatoxin B1 analysis

Aflatoxins determination was performed according to AOAC
OfficialMethod994.08withmodifications. Groundmaize (25 g)was
extractedwith 100ml of acetonitrile:water (84:16) for 30min using
an orbital shaker, and the supernatant was filtered through What-
man N� 4 filter paper. An aliquot of 5 ml of extract was applied to
a multifunctional cleaned column (MycoSep� 224 AflaZon column,
Romer Labs, Inc. America). The filtrate (2 ml) was evaporated to
dryness and redissolved in 400 ml of mobile phase until HPLC anal-
ysis. Aflatoxin quantification was performed by high-performance
liquid chromatography (HPLC) according to Trucksess et al. (1994)
with some modifications. An aliquot (200 ml) was derivatized with
700 ml of trifluoroacetic acid:acetic acid:water (20:10:70). Derivat-
ized aflatoxins (solution of 100 ml) were analyzed by reverse-phase
HPLC/fluorescence detection system. The HPLC system consisted of
a HewlettePackard workstation. Chromatographic separations
were performed in a stainless steel C18 reversed-phase column
(150� 4.6mm i.d. 5 mmparticle size) (Luna-Phenomenex, Torrance,
CA, USA). Water:methanol:acetonitrile (4:4:1) was used as mobile
phase at a flow rate of 1.5 ml min�1. Fluorescence of aflatoxin
derivatives was recorded at excitation and emissionwavelengths of
360 and 440 nm. Standard curves were constructed with different
levels of aflatoxins. Aflatoxins were quantified by correlating peak
height of sample extracts and calibration curves. The detection limit
under these conditions was 1 ng g�1.

2.7. Statistical analysis

The analysis of variance in a completely randomized designwas
used to compare the frequency of Aspergillus section Flavi, the
number of dead and live insects and the percentage of insects
contaminated with Aspergillus section Flavi. Means were compared
with Tukey test (P < 0.05). The analysis was conducted using PROC
GLM in SAS (SAS System for Windows 6.1; SAS Institute, Cary, NC,
USA).

3. Results

3.1. Effects of treatments on Aspergillus section Flavi populations in
maize grain

The total population of Aspergillus section Flavi in the presence of
synthetic antioxidants, phenolic acids and essential oils at 27 �C are
shown in Fig.1. The untreated controls without andwith insects (T1
and T2, respectively) showed no significant differences for the total
population of Aspergillus. The mixture of AF/AC (T8) showed
a reduction of 100% of the population of Aspergillus section Flavi in
maize infested with S. zeamais, T. confusum and R. dominica. AF (T6)
showed a total suppression of the population of Aspergillus in maize
infested with T. confusum and R. dominica. The same effect was
observed with treatments 9 and 11 of maize infested with
R. dominica. Statistical analysis showed significant differences
between treatments throughout the incubationperiod (P< 0.0001).

3.2. Insecticidal activity of chemical agents

All compounds showed statistically significant differences in the
insecticidal activity after 120 days of exposure (P < 0.0001). BHA,
BHT, the mixture of BHA/BHT, AF and the mixture of AF/AC were
very effective against S. zeamais and T. confusum (Fig. 2). The
mixture of BHA and BHT (T5) was as active against S. zeamais and
T. confusum as synthetic antioxidants alone. The same behavior was
observed with the mixture of AF/AC compared with AF alone. BHT,
the mixture of BHA/BHT, AF and the mixture of AF/AC give 100%
mortality of R. dominica. Tests for fumigant efficacy of the essential
oils of clove and thyme showed higher insecticidal effect against
S. zeamais. The essential oil of thyme at 2000 ppm (T11) was highly
effective against R. dominica, this concentration caused 100%
mortality. However, an increase of live insects was observed with
treatments 9, 10 and 12.

3.3. Effect of chemical agents on infection of S. zeamais, T. confusum
and R. dominica with Aspergillus section Flavi

The frequency of isolation of Aspergillus from insects of stored
maize treated with and without chemical compounds is shown in
Fig. 3. Aspergillus section Flaviwas isolated fromdead and live insects
of different treatments. The isolation of Aspergillus section Flavi from
dead and live insects expose to chemicals showed significant differ-
ences (P < 0.0001). The control treatment (T2) showed a high
percentage of live S. zeamais and R. dominica contaminated with
Aspergillus section Flavi. No Aspergillus section Flavi contamination
was found in dead and live insects collected frommaize grain treated
with BHA (T3). The same behavior was observed in dead and live
S. zeamais and T. confusum in maize grain treated with BHA/BHT
mixture (T5); however live R. dominica showed 100% of Aspergillus
section Flavi contamination in this treatment. Dead S. zeamais,
T. confusum and R. dominica in T7 showed a low percentage of infec-
tion (2%, 12% and 7% respectively) with Aspergillus section Flavi. Also
a low incidence and prevent contamination with Aspergillus section
Flaviwere observed in dead S. zeamais and T. confusum in treatment 8
(Fig. 3) coinciding with no isolation of Aspergillus section Flavi in
maize treated with the mixture AF/AC (Fig. 1). Treatment 11 showed
more S. zeamais and T. confusum live than dead in the presence of
chemical compounds (Fig. 2), however, a high percentage of dead
insects was contaminated with Aspergillus section Flavi compared to
the low contamination percentage in live insects (Fig. 3). A similar
effect was observed in R. dominica dead in the treatments 10 and 12.

Statistical analysis showed no significant differences in the
values of water activity (Table 2). Thewater activities of the samples
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Fig. 1. Aspergillus section Flavi population (Log CFU) isolated from maize grains under different treatments. T1: control; T2: insects; T3: insects þ BHA 20 mM; T4: insects þ BHT
20 mM; T5: insects þ BHA/BHT 20/20 mM; T6: insects þ AF 30 mM; T7: insects þ AC 25 mM; T8: insects þ AF/AC 30/25 mM; T9: insects þ 2000 ppm essential oil of clove tree; T10:
insects þ 3000 ppm essential oil of clove tree; T11: insects þ 2000 ppm essential oil of thyme and T12: insects þ 3000 ppm essential oil of thyme. Bars indicate means and standard
deviation.

Fig. 2. Insecticidal activity of chemical agents against Sitophilus zeamais, Tribolium confusum and Rhyzopertha dominica exposed for 120 days. Black: dead insects, Rhombus: live
insects, Live and dead insects for each treatment with the same letter are not significantly different according to Tukey test (P � 0.05).

A. Nesci et al. / Journal of Stored Products Research 47 (2011) 231e237234
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ranged from 0.424 to 0.444. No aflatoxin B1 accumulation was
detected in the control and treatments (data not shown).

4. Discussion

The application of natural and synthetic antioxidants and
volatile fractions of essential oils caused an insecticidal effect and
decreased the dispersion of Aspergillus aflatoxigenic during storage
of maize in vitro. Food grade antioxidants BHA, BHT, and the
mixture BHA/BHT and the natural phytochemicals AF and the

mixture of AF/AC showed the highest insecticidal activity against
S. zeamais, T. confusum and R. dominica after 120 days of incubation.
The insecticidal efficacy of the volatile fraction of essential oils of
clove and thyme showed less inhibition. Insecticidal effect of food
grade antioxidants BHA, BHT and the mixture BHA/BHT were
demonstrated against the saw-toothed grain beetle Oryzaephilus
surinamensis (L.) in stored peanuts (Nesci et al., 2010a).

In thepresent studynoAspergillus section Flavicontaminationwas
observed in dead and live insects collected from maize treated with
BHA. In previous studies, the total count of fungi and populations of
Aspergillus section Flavi inmaize treatedwith themixture of BHA and
n-propyl-p-hydroxybenzoate (PP) were significantly reduced (Nesci
et al., 2008). The same behavior was observed in peanut treated
with BHA, BHT and PP (Passone et al., 2008). These previous studies
showed fungicidal and fungistatic activity of synthetic antioxidants
against aflatoxigenicA. flavus andA. parasiticus, with consideration of
the effect of the major environmental factors such as water activity.
The mechanisms of action of antioxidants to inhibit the mycelial
growth of toxigenic fungi are not clear. Themodeof actionof BHAand
BHTappears to be associatedwith attenuation of the oxidative stress
response of the fungus to organic peroxides (Deshpande et al., 1996).
Khan et al. (2001) suggested that propyl paraben, and BHA seem to
workprimarily in thecellmembrane level, eliminating thepH-related
component of the proton motive force and affecting energy trans-
ductionand substrate transport. BHAhas also shownadirect effecton

Fig. 3. Effect of chemical agents on infection (percentage) of Sitophilus zeamais, Tribolium confusum and Rhyzopertha dominica with Aspergillus section Flavi. Lines: live insects
contaminated with Aspergillus, Black: dead insects contaminated with Aspergillus, Live and dead insects contaminated with Aspergillus section Flavi for each treatment with the
same letter are not significantly different according to Tukey test (P � 0.05).

Table 2
Water activity determination of each treatment.

Treatments aw (mean � SD)

T1 0.43 � 0.01
T2 0.43 � 0.00
T3 0.44 � 0.01
T4 0.42 � 0.01
T5 0.43 � 0.01
T6 0.42 � 0.12
T7 0.43 � 0.01
T8 0.42 � 0.01
T9 0.43 � 0.27
T10 0.44 � 0.27
T11 0.44 � 0.01
T12 0.43 � 0.01

A. Nesci et al. / Journal of Stored Products Research 47 (2011) 231e237 235
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mitochondrial electron chain of trypanosomes, thus inhibiting
respiration. BHT seems to cause a reduction in the permeability of
vesicles of phospholipid bilayer membranes (Singer andWan, 1977).

Plant phenolics may be used for insect pest management
(Johnson, 2005). Some phenolic acids such as p-coumaric acid
(Hattori et al., 1992) and ferulic and sinapic acids (Grant and
Langevin, 2002) deter oviposition by Etiella zinckenella (Lepidop-
tera: Pyralidae) and Choristoneura fumiferana (Lepidoptera: Tor-
tricidae) respectively. Cinnamic and ferulic acids showed
insecticidal effect against a vector of Aspergillus section Flavi in
peanut (Nesci et al., 2010a). The fungicidal and fungistatic effect of
cinnamic and ferulic acids on the mycelial growth and AFB1
production by A. flavus and A. parasiticus was demonstrated in
maize meal extract agar (Nesci and Etcheverry, 2006), in irradiated
maize (Nesci et al., 2007) and in natural maize grain (Nesci et al.,
2009). The inhibitory effect of phenolic compounds has been
attributed to the presence of OH groups able to form hydrogen
bondswith the active sites of target enzymes, whichwas thought to
increase antimicrobial activity (Farag et al., 1989). Three phenolic
compounds (acetosyringone, syringaldehyde and sinapinic acid)
disrupted enzyme-catalyzed reactions required to complete the
synthesis of AFB1 (Hua et al., 1999). One group, hydroxylated cin-
namic acid derivatives such as ferulic acid, methyl-cis-3,4-dime-
thoxycinnamate, and methyl-cis ferulate are effective in inhibiting
the germination of fungi (Stahmann et al., 1975; Trione, 1981;
Pacifici, 2004).

Most of the active ingredients secreted in plants as chemical
defense against pest organisms are secondary metabolites. Among
the components of essential oil, the monoterpenoids have attracted
the most attention for fumigant activity against stored-product
insects (Rajendran and Sriranjini, 2008). Some studies showed the
fumigant toxic activity of monoterpenoids, linalool and eugenol
(Regnault-Roger and Hamraoui, 1995). These compounds had
oxygenated structures or are precursors of phenolic compounds.
Monoterpenoids cause insect mortality by inhibiting acetylcholin-
esterase enzyme (AchE) activity (Houghton et al., 2006) and may
also act on other vulnerable sites as cytochrome P450-dependent
monooxygenases (Ketoh et al., 2002).

In a previous study the volatile fraction of the essential oil of
clove, with eugenol as the main component (Bluma and Etcheverry,
2008) showed insecticidal activity (Nesci et al., 2010a). Besides
toxicity on insects, the essential oil of clove and its main component
eugenol showed inhibition of growth and mycotoxin production in
Aspergillus spp., Penicillium spp. and Fusarium spp. (Cairns and
Magan, 2003; Hope et al., 2003; Velluti et al., 2003, 2004; Bluma
and Etcheverry, 2008). Eugenol exerts its biological effects through
its antioxidant properties, including the inhibition of Cu2þeH2O2
catalyzed lipid peroxidation (Nagashima, 1989) and non-enzymic
inhibition of lipid peroxidation (Nagababu and Lakshmaiah, 1992).

Sitophilus zeamais appeared to be less involved in the distribu-
tion of A. flavus during the 120 days of storage, as observed in most
treatments a lower rate of infection of these insects with Asper-
gillus. Rhyzopertha dominica was more sensitive to most chemicals
tested, but showed a high percentage of these insects, both live and
dead, contaminated with A. flavus. Perhaps the greatest suscepti-
bility of R. dominica to natural and synthetic chemicals makes them
more susceptible to fungal contamination. Sublethal doses of
chemical insecticides can act as physiological stressors and/or
behavioral modifiers and thereby predispose insects to fungal
colonization (Inglis et al., 2001). On the other hand, the associated
host death may benefit both saprophytic insect exploitation and
movement to grain resources (Bennett, 1981).

Aspergillus section Flavi population was maintained in control
treatments, throughout the storage period in spite of lower water
activity in the substrate. These results are consistent with previous

study in stored maize grain in Argentina (Nesci et al., 2008). Mixed
AF/AC showed a complete reduction of Aspergillus section Flavi
populations in maize infested with S. zeamais, T. confusum and
R. dominica. AF/AC mixture (30/25 mM) was effective treatment in
inhibiting the population ofAspergillus section Flavi in naturalmaize
invitro (Nesci et al., 2009). SauerandBurroughs (1974) reported that,
in yellowandwhitemaizewith lowmoisture content, A. flavus grew
rapidly and produced aflatoxins. In a previous study in peanuts
stored, AFB1 was detected, despite the low water activity of the
substrate (Nesci et al., 2010a). The same behavior was observed in
peanuts stored in a storage company in Argentina, for five months,
with the aw values ranged between 0.43 and 0.57 (Nesci et al.,
2010b). However, this did not happen in the present study where
water activities ranged from0.424 to0.444. AFB1wasnotdetected in
stored maize with 0.65 aw (Nesci et al., 2008).
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