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a b s t r a c t

The objective of our study was to evaluate the compatibility of 21 Purpureocillium lilacinum strains with
two benzoic acids 2(3)-tert-butyl-4 hydroxyanisole (BHA) and 2,6-di(tert-butyl)-p-cresol (BHT) and two
phenolic acids 3-phenyl-2-propenoic acid (CA) and trans-4-hydroxy-3-methoxycinnamic acid (FA)
applied alone or in combination, at different water activities. The impact of chemical substances and
entomopathogenic fungi combination on growth parameters and toxin production of Aspergillus section
Flavi in vitro was analyzed. BHT, the mixture BHA þ BHT, CA and BHA did not significantly influence the
count of viable spores of the 21 P. lilacinum strains. The strains JQ926202 and JQ926222 showed
compatibility with the four treatments evaluated. The 21 P. lilacinum strains and the mixture of these
entomopathogenic fungi with BHA (1 mM) increased the lag phase and inhibited the growth rate and
aflatoxin B1 production of Aspergillus flavus at three aw assayed.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The maize agroecosystem can be colonized by fungal commu-
nities at harvest and storage (Etcheverry et al., 1999; Nesci et al.,
2008). Many species of fungi, such as Aspergillus section Flavi,
potentially toxicogenic, are widely distributed in the non-
rhizospheric soil, debris and insect of maize agroecosystem (Nesci
and Etcheverry, 2002). Insects are involved on fungal grain colo-
nization and can cause significant damage to stored maize. Major
insects pest of stored maize include Sitophilus zeamais (Motschul-
sky), Rhyzopertha dominica (Fabricius) and Tribolium confusum
(Jacquelin du Val) (Mejía, 2007). The constant migration of insect
populations within the maize agroecosystem contributes to the
dispersal of viable fungal spores of several species (Saint Geroges-
Gridelet, 1984). A previous study conducted in stored maize
showed a high percentage of live S. zeamais and R. dominica
contaminated with Aspergillus section Flavi (Nesci et al., 2011).
Therefore, insects could facilitate the dispersion of these fungi. The

interaction between the substrate, and the biological and abiotic
factors, may promote a moldy substrate and toxin accumulation in
stored grains. The main toxins produced by same species of
Aspergillus section Flavi are aflatoxins. These toxins are potent
carcinogenic, teratogenic, mutagenic, hepatotoxic and immuno-
suppressive metabolites (IARC, 1993).

Since many insects carry Aspergillus section Flavi internally, they
are important agents that increase the risk of aflatoxin contami-
nation. Therefore strategies to control insects are needed. Current
control measures for these pests rely heavily on the use of synthetic
pesticides (Gurusubramanian et al., 2008). However, the indis-
criminate use of these chemicals has given rise to a number of
problems including resurgence of primary pests (Hazarika et al.,
2009), secondary pest outbreak (Cranham, 1966), and resistance
development (Kawai, 1997; Gurusubramanian et al., 2008; Roy
et al., 2009). One alternative is the use of harmless substances
like food grade antioxidants and natural phytochemicals. The
effective insecticide concentrations range for these substances was
from 20 to 30 mM (Nesci et al., 2011), similar to the effective
fungicide concentrations of these chemical against Aspergillus
section Flavi growth and aflatoxin production (Nesci et al., 2003;
Nesci and Etcheverry, 2006; Nesci et al., 2007, 2008, 2009).

Another strategy in research is biological control of insect pests.
Among the entomopathogenic organisms, fungi are the most
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widely distributed in agriculture (Fiedler and Sosnowska, 2007).
Isolation of indigenous entomopathogenic fungi is essential to
provide a pool of potential biological control agents. The isolation
from the same ecosystem in which they must be effective is an
advantage for pest control purposes (Lacey et al., 1996; Chandler
et al., 1997). Therefore, we isolated and identified native entomo-
pathogenic fungi from different components of maize agro-
ecosystem. The main entomopathogenic genus isolated was
Purpureocillium. All Purpureocillium lilacinum strains showed viru-
lence against the most important insects pest in maize (Barra et al.,
2013). These insects are vectors of aflatoxigenic fungi in this cereal
(Nesci et al., 2011). Purpureocillium lilacinum (Thom) Samson is a
soil saprophyte and has shown promise for use as a biocontrol
agent (Morgan-Jones et al., 1984; Jatala, 1986; Dube and Smart,
1987; Khan et al., 2006).

However, entomopathogenic fungi cannot completely replace
chemical insecticides in all agroecosystems. Insecticides generally
are required to suppress the rapid expansion of pest populations.
Strategies have been used to increase efficiency and accelerate in-
sect mortality by combining entomopathogenic fungi with suble-
thal doses of chemical and botanical insecticides. A chemical
substance and an entomopathogenic fungi are compatible when
the doses of the chemical substance do not affect the viability,
development and virulence of the fungi (Alves et al., 1998;
Schumacher and Poehling, 2012). The application of selective in-
secticides has improved efficiency of the entomopathogenic fungi
against insects pest (Quintela and McCoy, 1998; Dayakar et al.,
2000; Serebrov et al., 2005; Purwari and Sachan, 2006). There are
numerous examples where the application of sublethal doses of
chemical pesticides has enhanced the efficacy of entomopathogens
against insects pest. Sublethal doses of synthetic chemical in-
secticides may act as physiologic stressors and so predispose the
insect to entomopathogenic fungus attack (Inglis et al., 2001).

The effective establishment of entomopathogenic fungi in the
natural environment for control of pests must be considered as a
practical problem. Ignorance of this knowledge could be a crucial
factor, limiting the consistency of control in the real ecosystem. The
fluctuation of water activity and temperature could have an impact
on biocontrol effect. Hence, biological control fungi must be stable
to fluctuating abiotic factors (Magan, 2001). Moreover, tolerance of
entomopathogenic fungi to sublethal doses of synthetic chemical
insecticides would allow us to produce entomopathogenic fungi
that could compete in a natural storage environment.

The triple effect of losses due to insects, fungi, and mycotoxins
can be devastating when conditions are favorable for maize dete-
rioration. The combined use of different methods such as the use of
biological control agents of insect vectors of aflatoxigenic fungi,
plus the use of food grade antioxidants in sublethal doses, could
help reduce aflatoxins in stored maize. The objective of this study
was to evaluate the compatibility of P. lilacinum strains with
different food grade antioxidants and natural phytochemicals at
different water activities. The impact of the treatments with
chemical substances and entomopathogenic fungi on the parame-
ters of growth and toxin production of Aspergillus section Flavi
in vitro was also evaluated.

2. Materials and methods

2.1. Entomopathogenic fungus

Twenty-one isolates identified as P. lilacinumwere used in these
experiments. These strains were originally isolated from soil sam-
ples collected from the University of Río Cuarto Experimental Field
Station in Río Cuarto, Córdoba, Argentina and were identified and
deposited in GenBank. All strains showed virulence against T.

confusum, R. dominica and S. zeamais, three insect pest vectors of
aflatoxigenic fungi (Barra et al., 2013). These strains are held in the
Microbiology and Immunology Department Collection of the Na-
tional University of Río Cuarto, Córdoba (Argentina).

2.2. Aflatoxigenic fungi

One isolates belonging to Aspergillus section Flavi, aflatoxigenic
Aspergillus flavus (RCM89) was used in these experiments. This
isolate was recovered from stored maize (Nesci et al., 2008) and
identified according to Pitt and Hocking (1997), Klich and Pitt
(1988) and Pitt (1988). The strain is held in the Microbiology and
Immunology Department Collection of the National University of
Río Cuarto, Córdoba (Argentina).

2.3. Insecticides and aflatoxigenic fungicides

Effective synthetic antioxidants and phenolic acids against in-
sect vectors of A. flavus in maize microcosm (Nesci et al., 2011) were
used at different doses to check that their not affect the spores
viability of the entomopathogenic fungus. Moreover, these sub-
stances showed fungicide effect on Aspergillus section Flavi growth
parameters and aflatoxin production in culture medium, sterilized
grain and naturally contaminated grain (Nesci et al., 2003, 2007,
2009; Nesci and Etcheverry, 2006).

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%
containing 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 heavymetals<10 mg g�1. Contaminants from
industrial grade antioxidants do not exceed levels allowed by the
Expert Committee on Food Additives (JECFA) (1996). Both com-
pounds were added alone (BHA: 1 mM [1.8 mg ml�1], BHT: 7 mM
[1.48 mg ml�1]), and mixed (BHA: 0.7 mM þ BHT: 6 mM
[0.126 mg ml�1 þ 1.27 mg ml�1]). Stock solutions of BHA
(0.18 g ml�1) and BHT (0.22 g ml�1) were prepared in 95% ethyl
alcohol and the appropriate amount was added to maize meal
extract agar (MMEA).

The phenolic acids usedwere CA: trans-cinnamic acid (3-phenyl-
2-propenoic acid) and FA: ferulic acid (trans-4-hydroxy-3-methox-
ycinnamic acid) and were obtained from Aldrich Chemical, Stein-
heim,Germany. Both compoundswere added tomediumat different
doses alone (CA: 1mM[0.14mgml�1], FA: 7mM[1.35mgml�1]) and
mixed (CA: 0.6 mM þ FA: 2 mM [0.08 mg ml�1 þ 0.39 mg ml�1]).
Stock solutions of CA (0.14 mg ml�1) and FA (0.19 mg ml�1) were
prepared in 80% ethyl alcohol, and the appropriate amount was
added to MMEA.

2.4. Entomopathogenic fungus spores viability assay

The compatibility of 21 P. lilacinum strains with the best dose of
synthetic antioxidants and natural phytochemicals was evaluated
according to the methodology described by Nesci et al. (2004). The
basic medium used in this study was 3% MMEA. These media were
made by boiling 30 g dry maize meal in 1 l distilled water for
60 min. The resulting mixture was filtering through a double layer
of muslin. The volume was made up to 1 l with distilled water and
the appropriate amount of agar was added (Marín et al., 1998). The
water activity (aW) of the basic medium (0.99) was adjusted to 0.97
and 0.95 by addition of glycerol (Dallyn and Fox, 1980). MMEA was
autoclaved at 121 �C for 15 min before cooling to 50 �C and pouring
into sterile plastic Petri dishes. The solutions of synthetic antioxi-
dants and natural phytochemicals were added at different doses

P. Barra et al. / Journal of Stored Products Research 54 (2013) 67e7368



Author's personal copy

alone and mixed to the MMEA. In the control treatment, the
equivalent amount of ethyl alcohol was added, while in each
treatment the amount of water was maintained.

Entomopathogenic fungi were grown on Potato Dextrose Agar
(PDA) (dextrose 10 g l�1, potato 200 g l�1, agar 15 g l�1) for 7 days at
25 �C to obtain heavily sporulating cultures. Fungal count was
determined using serial dilutions from a spore suspension of 107

sporesml�1 and 0.1ml aliquots of ten-fold dilutions were spread on
the plates of different treatments. Petri plates of the same aW values
were sealed in polyethylene bags, and incubated for 25 days at
25 � 1 �C. The fungal count as CFU ml�1 was determined in each
treatment.

To assess the effect of chemical insecticides on the fungal count
the viability of the entomopathogenic fungi spores, in vitro on solid
culture media, was determined. The data collected were compared
to controls to determine effect on spores viability. The treatments
were grouped as compatible or non-compatible. In the compatible
group, an enhancement of spore viability (>100%) over control was
recorded, whereas that in non-compatible category, reduction in
viability (<100%) over control was observed (Ganga Visalakshy
et al., 2005).

2.5. Interaction between chemical substances and P. lilacinum
strains on aflatoxigenic A. flavus growth and aflatoxin B1
accumulation

The inhibitory activity on lag phase and growth rate of the
synthetic antioxidants, natural phytochemicals and entomopatho-
genic fungus against A. flavuswas tested. A. flavus strainwas grown
on malt extract agar (MEA) for 5 days at 30 �C to obtain heavily
sporulating cultures. Entomopathogenic fungal suspensions were
prepared following the procedure used for spores viability assay.
The basic medium used in this assay was MMEA at three different
aw (0.99, 0.97 and 0.95). The assay consisted of evaluating the
following interactions: A. flavus RCM89 þ P. lilacinum strains;
A. flavus RCM89 þ BHA (1 mM) and A. flavus RCM89 þ P. lilacinum
strains þ BHA (1 mM). For the first interaction each entomopa-
thogenic fungal suspension with 107 spores ml�1 was pour-plated
in 20 ml of MMEA. In the second interaction, MMEA medium was
amended with BHA 1 mM, and in the last interaction the medium
with BHA was poured into the Petri dishes which contained the
suspension of P. lilacinum. In all treatments, after medium solidi-
fication, A. flavus RCM89 was spot inoculated with spores sus-
pended in semi-solid agar (Pitt, 1979).

Petri plates of the same aw values were sealed in polyethylene
bags. The inoculated plates were incubated at 25 �C and the colony
radii weremeasured daily during 11 days. For each colony, two radii
measured at right angles to one another were averaged to find the
mean radius for that colony. All colony radii were determined by
using three replicates for each test interaction. A linear model was
used to described mycelial fungal growth. The radial growth rate
(mm day�1) was subsequently calculated by linear regression of the
linear phase for growth and the time at which the line intercept the
x-axis was used to calculated the lag phase in relation to Aspergillus
RCM89, entomopathogenic fungal strain, synthetic antioxidant and
water activity. Lag phase is referred to a delay before the visual
fungal growth occurred. During lag phase begins the germination of
the spores and the initial hyphal formation (Meletiadis et al., 2001).
Once germination has taken place, hyphae elongate leading to
mycelium spreading and macroscopic colonies formation.

After 11 days of incubation at 25 �C, a plug of agar medium and
biomass (1 � 1 cm) was taken from each colony of each treatment
for aflatoxin B1 determination. It was transferred to an Eppendorf
tube, and 500 ml of chloroform was added. The mixture was
centrifuged at 850 � g for 20 min, and the solvent was removed

from the chloroform extract under nitrogen gas. The residue was
redissolved in 10 ml of chloroform for screening by TLC (Geisen,
1996). Samples were quantitatively determined by HPLC
following the methodology of detection of Trucksess et al. (1994).
Pure AFB1 solution (Sigma, St. Louis, MO, USA) was used as stan-
dard. The limit of detection of the analytical method was 1 ng g�1.

2.6. Statistical analysis

The effect of treatment and water activity on spores viability of
entomopathogenic fungus was analyzed with ANOVA. To establish
significant differences, WallereDuncan k-ratio t-test (P < 0.05) was
performed. Also, the ANOVA was done for lag phase and growth
rate; and the Tukey test (P < 0.001) was performed to establish
significant differences. For all statistical analysis SAS (version 9.1,
SAS Institute Inc, Cary NC, USA.) was used.

3. Results

3.1. Compatibility of different antioxidants and natural
phytochemicals with P. lilacinum strains

Statistical analyses of the effects of antioxidants and natural
phytochemicals and the interaction between P. lilacinum strains
and treatments on spores viability of each strain showed significant
differences (P < 0.001). The major effect was that of chemical
substances (F ¼ 39.15). No significant differences between strains
(F ¼ 1.87, P > 0.0116) and aw (F ¼ 0.10, P > 0.9015) were observed;
thus, Fig. 1 summarizes the effect of treatments on the 21 fungal
strains and the three aw tested. The food grade antioxidants BHA,
BHT, the mixture BHA þ BHT and the natural phytochemical CA did
not significantly influence the count of viable spores of the 21
P. lilacinum strains. FA and the mixture FA þ CA caused a significant
inhibition of the count of viable spores relative to the untreated
control. The entomopathogenic viable spores count was signifi-
cantly affected with highest concentrations of BHA and CA (2, 3, 4,
5, 7 and 10 mM) and BHT and FA (10 mM).

Fig. 1. Effect of synthetic antioxidants and natural phytochemicals on 21 P. lilacinum
strains viable spores count at three aw after 25 days of incubation at 25 �C. Bars
represent means and standard errors for different treatment. Different letters above
each bar indicate a significant difference based on WallereDuncan k-ratio t-test (k-
ratio ¼ 100, Critical value of T ¼ 1.75688, Minimum significant difference ¼ 0.1634). (1)
Control, (2) BHA: 1 mM, (3) BHT: 7 mM, (4) BHA þ BHT: 0.7 þ 6 mM, (5) CA: 1 mM, (6)
FA: 7 mM and (7) CA þ FA: 0.6 þ 2 mM.
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The compatibility between the treatments which showed the
least effect on spores viability fungal count is shown in Table 1.
Fourteen, 18, 14 and 8 strains showed spores viability with BHT, CA,
the mixture BHA þ BHT and BHA respectively. In these treatments
spore viability was significantly higher than in the control. The
strain JQ926212 with BHA had the least number of viable spores,
while the strain JQ926202 showed the greatest spore viability
(117.8%) with the mixture BHA þ BHT. The strains JQ926202 and
JQ926222 showed compatibility with the four treatments
evaluated.

3.2. Interactions of A. flavus with BHA and P. lilacinum strains

The lag phase (days) of A. flavus RCM89 at three water activities,
with BHA, the 21 P. lilacinum strains and the combination of BHA
with the entomopathogenic fungus, are shown in Table 2. In un-
treated controls similar lag phases were observed for A. flavus
RCM89 at the three water activities evaluated. They varied from
3.36 to 3.21 days. The lag phase increased by 17 days by interaction
with the 21 P. lilacinum strains. According to the Tukey test the lag
phase of the aflatoxigenic strainwas significantly influenced by the
BHA and BHA þ P. lilacinum mixture.

Paired cultures of A. flavuswith the 21 P. lilacinum strains caused
complete inhibition of growth of the aflatoxigenic strain at all aw
values tested, while BHA gave greater than 70% control at the same
conditions. As well, the mixture BHA þ P. lilacinum strains
completely inhibited growth of A. flavus at 0.99, 0.97 and 0.95 aw.
Thus, the 21 P. lilacinum strains and the mixture of these entomo-
pathogenic fungi with BHA (1 mM) inhibited the growth rate and
increased the lag phase of A. flavus RCM89 at 0.99, 0.97 and 0.95 aw
(Table 3).

We examined the aflatoxin B1 accumulation in paired cultures
between A. flavus RCM89 in interaction with 21 P. lilacinum strains
and thepresence of BHA inMMEAat 0.99, 0.97 and0.95 aw. In control
treatments, A. flavus strain accumulated different levels of aflatoxin
B1. The higher level was detected at 0.97 aw (5.2 ng g�1). At 0.99 and
0.95 aw AFB1 levels were lower (1.27 and 2.06 ng g�1, respectively).
No AFB1 production was detected in the interaction of entomopa-
thogenic fungus, BHA and the mixture of entomopathogenic

fungus þ BHA with the Aspergillus strain assayed at all water
activities.

4. Discussion

The present study was done to evaluate the compatibility of
food grade antioxidants and natural phytochemicals with different
strains of P. lilacinum, isolated from maize agroecosystem. The re-
sults revealed that BHT, the mixture BHA þ BHT, CA and BHA were
the most compatible substances with the 21 entomopathogenic
fungi strains. Moreover the growth of some strains was stimulated
in the presence of some treatments.

Previously, we performed a study of the insecticidal activity of
synthetic antioxidants and natural phytochemicals against insect
vectors of A. flavus in stored maize, and we observed that BHA, BHT,
the mixture BHA þ BHT, FA and the mixture FA þ CA, in the con-
centration range of 20e30 mM, had the highest insecticidal activity
against S. zeamais, T. confusum and R. dominica after 120 days of in-
cubation (Nesci et al., 2011). Moreover, we previously evaluated the
effect of these substances on Aspergillus section Flavi growth pa-
rameters and aflatoxin production in culture medium, sterilized
grain and naturally contaminated grain (Nesci et al., 2003; Nesci and
Etcheverry, 2006; Nesci et al., 2007; Nesci et al., 2008; Nesci and
Etcheverry, 2009; Nesci et al., 2009). The results of these studies
showed that the effective fungicide concentration range for these
substances was from 10 to 30 mM, similar to the insecticide con-
centration range.However, in thepresent studyweobserved that the
treatments in the concentration range of 0.6e7mMdid not affect the
count of viable spores. This range is lower than those effective fun-
gicides and insecticides concentrations. Therefore, the combination
of low doses of these chemical substances with the entomopatho-
genic fungus promote a level of insect and aflatoxigenic fungi sup-
pression similar to that achieved with full chemical treatment.

This outcome of insecticides on the growth of fungi can be
different due to the chemical nature of products and the fungal
species that are interacting with it (Antonio et al., 2001; Kumar

Table 1
Percentage of viable spores of P. lilacinum strains at different treatments.

P. lilacinum strains
(GenBank accession N�)

Treatments

BHT BHA þ BHT CA BHA

JQ926202 104.5 (C) 117.8 (C) 111.5 (C) 102.1 (C)
JQ926203 91.5 112.4 (C) 84.1 93.0
JQ926204 107.8 (C) 113.5 (C) 96.2 101.9 (C)
JQ926205 101.1 (C) 96.1 105.8 (C) 104.7 (C)
JQ926206 108.4 (C) 114.8 (C) 103.0 (C) 95.8
JQ926207 104.3 (C) 101.9 (C) 103.2 (C) 95.6
JQ926208 100.4 (C) 99.1 106.1 (C) 96.5
JQ926210 96.5 100.6 (C) 99.3 98.7
JQ926211 108.9 (C) 102.8 (C) 105.0 (C) 98.2
JQ926212 104.5 (C) 113.2 (C) 102.3 (C) 83.2
JQ926214 103.9 (C) 95.6 110.0 (C) 97.4
JQ926216 93.4 86.9 111.5 (C) 102.4 (C)
JQ926217 98.2 112.8 (C) 105.6 (C) 105.2 (C)
JQ926218 96.1 101.1 (C) 103.2 (C) 93.7
JQ926220 97.3 105.8 (C) 107.6 (C) 86.5
JQ926222 107.1 (C) 112.2 (C) 102.6 (C) 101.7 (C)
JQ926223 103.9 (C) 102.3 (C) 110.6 (C) 98.7
JQ926225 100.2 (C) 90.4 116.1 (C) 101.7 (C)
JQ926226 101.7 (C) 93.8 108.4 (C) 101.7 (C)
JQ926227 110.4 (C) 101.5 (C) 102.6 (C) 99.3
JQ926228 85.8 99.1 104.1 (C) 87.4

BHT: 7 mM; BHA þ BHT: 0.7 þ 6 mM; CA: 1 mM; BHA: 1 mM.
Compatible (C): an enhancement of spores viability (>100%) over control.
Non-compatible: reduction in viability (<100%) over control.

Table 2
Effect of P. lilacinumesynthetic antioxidanteA. flavus interactions on the lag phase
(days) under different water activity conditions.

Treatment A. flavus RCM89

0.99 0.97 0.95

Control 3.21 � 0.09a 3.44 � 0.16 a 3.36 � 0.49a
BHA 1 mM 16.23 � 2.32b 12.30 � 1.77b 15.35 � 0.21b
BHA þ P. lilacinuma >c >c >c
P. lilacinuma >c >c >c

Values are the mean of three replicates. Means in a column with a letter in common
are not significantly different (P < 0.05, Tukey test).
>17 days.

a Effect of 21 P. lilacinum strains on A. flavus lag phase.

Table 3
Effect of synthetic antioxidant and P. lilacinum on growth rate (mm d�1) of A. flavus
RCM89 under different water activity conditions.

Treatment A. flavus RCM89

0.99 0.97 0.95

Control 0.93 � 0.03a 0.87 � 0.04a 0.94 � 0.15a
BHA 1 mM 0.19 � 0.02b 0.25 � 0.03b 0.19 � 0.01b
BHA þ P. lilacinuma NGc NGc NGc
P. lilacinuma NGc NGc NGc

mm d�1 ¼ radial growth rate.
Values are the mean of three replicates. Means in a column with a letter in common
are not significantly different (P < 0.05, Tukey test).
NG: no growth.

a Effect of 21 P. lilacinum strains on A. flavus growth rate.
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et al., 2000). The use of incompatible insecticides and fungal agents
may lead to suppression of growth and reproduction of the agent,
and thus limit its effect on integrated pest management (Anderson
and Roberts, 1983; Duarte et al., 1992; Malo, 1993). Akbar et al.
(2012) showed that isolates of Metarhizium anisopliae were badly
affected by chlorpyrifos, match, profenofos and metalaxyl. Huang
et al. (2008) showed that the inhibitory effects on Paecilomyces
fumosoroseus conidia germination increased when the triadimefon,
chlorothalonil and abamectin concentrations were increased.

The inhibitory effects of chemical substances on the germination
and growth of entomopathogenic fungi often vary among taxa and
strains. Therefore, it may be possible to select genotypes which are
naturally less susceptible (Inglis et al., 2001). Nevertheless, in this
study no significant differences were observed between P. lilacinum
strains. There are different studies regarding the effect of compati-
bility of substances that are commonly used as pesticides and ento-
mopathogenic fungi. However, this study is the first report of
compatibility between natural phytochemicals present in maize and
food grade antioxidants on viability of P. lilacinum spores. Inglis et al.
(2001) showed that all classes of agrochemicals are potentially
inhibitory to entomopathogenic Hyphomycetes, including herbi-
cides, insecticides and fungicides. More recent research performed a
comprehensive study on the effect of chemicals on the development
of entomopathogenic fungi and concluded that insecticides and
herbicides are generally not harmful to the growth of these kinds of
fungi (Klingen andHaukeland, 2006). Alizadeh et al. (2007) tested the
effectof several pesticides on entomopathogenic fungal development
and showed relatively little fungal inhibition of imidacloprid. Some
authors showed that the addition of plant oilswith insecticide effects,
such as coconut, neem and sunflower oil could accelerate mycelia
growth and sporulation of Paecilomyces farinosus, thereby enhancing
its infectivity against target pests (Ganga Vishalakshy et al., 2005).
Nana et al. (2012) demonstrated that combination of emulsificable
extract from Calpurnia aureawith M. anisopliae did not affect fungal
growth parameters, namely, germination, radial growth, mycelial
dried weight and conidial yield regardless of the concentrations
tested. Alves et al. (1998) and Moino Jr. and Alves (1998) suggested
possible explanations for this compatibility: The fungi, as a physio-
logical mechanism of insecticide resistance, would be able to
metabolize and use it as secondary nutrient. Conversely, in a toxic
environment, the fungus could increase the production of conidia.

The mechanisms of action of antioxidants and natural phyto-
chemicals as insecticides have not been studied. Only one study
showed the antioxidant BHT as a protective agent of synthetic sex
pheromone of Acleris fimbriana, increasing the catching efficacy
(Liu and Meng, 2003). The combination of entomopathogenic fungi
and sublethal concentrations of insecticides can exhibit synergistic
(Anderson et al., 1989) or additive (Delgado et al., 1999) effect. The
enhanced efficacy (i.e. synergistic effect) of Beauveria bassiana
applied in combination with imidacloprid against Diaprepes
abbreviatus was due to the effect of imidacloprid as a neural toxin
that can affect the behavior of various insects promoting fungal
colonization (Quintela and McCoy, 1998; Boucias et al., 1996).

Maize meal extract agar (MMEA) was specifically chosen
because entomopathogenic fungi and A. flavuswill be in interaction
in stored maize. The successful development of P. lilacinum strains
in MMEAwas supported by other authors who noted that the ideal
substrate for optimal development of entomopathogenic fungi is a
cereal, because carbon and nitrogen, supplied by this cereal, are the
main nutrients required for growth and sporulation. Maltose, one
of the best carbon sources present in maize, release by the action of
starch hydrolyzing enzymes present in the fungus induces sporu-
lation (Coudron et al., 1985).

In the current study, spore viability of P. lilacinum strains was not
affected by the range of aw evaluated. Moreover, in the MMEA

medium P. lilacinum strains showed good growth at the water activ-
ities and temperature appropriate for growth and toxinproductionby
Aspergillus Section Flavi (Gqaleni et al., 1996). To select potential
biocontrol agents, it is important to consider the relationship be-
tween biological interactions and stressful environmental factors
(Nesci et al., 2005). Many fungal interactions are influenced by water
activity, temperature and substrate (LaceyandMagan,1991). Changes
in these environmental factors have an impact that could be crucial in
determining the level of co-existence and dominance of species in a
particular ecological niche (Marín et al., 1998; Nesci et al., 2005). In
this studyweobserved a total inhibition ofA. flavus growth ratewhen
this toxigenic strain interacts with all P. lilacinum strains. However,
BHAproduced an increase of the lag phase and a reduction ofA. flavus
growth rate. A total A. flavus growth inhibition was observed when
this fungus interactswith the entomopathogens and the antioxidant.
It is important to know when the germination of the spores begins,
because spoilage occurs as soon as visible hyphae can be observed.
Therefore, an effective treatment must affect the germination and
elongation rates of spores, resulting in longer lag phases.

The entomopathogenic fungi and the mixture of these with the
antioxidant BHA showed higher inhibitory effect on the growth of
the pathogen that when the antioxidant was evaluated alone. The
ability of a microorganism to compete and exclude toxigenic spe-
cies during the colonization of a particular niche, increase the
possibility to establish the potential biocontrol agent in the specific
niches and contribute to reduce the undesirable inoculums in the
specific ecosystem (Etcheverry et al., 2009).

Aflatoxin B1 production only occurred in control treatments at
all water activities evaluated. Total inhibition of aflatoxin produc-
tion was observed in the presence of BHA 1 mM. This result coin-
cided with a previous study in which we evaluated the effect of
antioxidants on aflatoxin B1 accumulation in MMEA at different
water activities (Nesci et al., 2003). In this previous study we
observed stimulation of toxin production in the presence of BHT 1,
10 and 20 mM at 0.98 aw. The same effect of stimulation was
observed in the presence of cinnamic acid 1 and 5 mM at different
water activities (Nesci and Etcheverry, 2006). The BHA used at
sublethal doses did not show stimulation on aflatoxin production,
therefore the compatibility of this substance with the entomopa-
thogenic fungi suggests that it is possible to perform this combi-
nation to achieve an integrated pest management.

From a human health perspective, the Codex Alimentarius
(2006) and the US Food and Drug Administration (FDA) allow the
use of phenolic antioxidants in foods because they are regarded as
safe (GRAS) chemicals. Furthermore, the large differentiation in
host infection between strains of Paecilomyces lilacinus (Fiedler and
Sosnowska, 2007), recently rename as P. lilacinum (Luangsa-ard
et al., 2011), consider the use of this biological control agent safe
for the environment. Therefore the rational use of reduced level of
these chemicals in combination with the biocontrol agent is a
promising strategy of integrated pest management. Research to
further study and the evaluation of the implementation in the real
ecosystem are now in progress.
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