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The objectives of this study were i) to determine the effects of the interactions of water activity, tem-
perature and incubation time on the co-production of AFB1 and CPA by isolates of Aspergillus flavus with
different profile of mycotoxin production and ii) to identify the aW and temperature limiting conditions
for the production of both mycotoxins. Fungi used in this study were selected because they belonged to
different chemotypes: chemotype I (AFB1þ/CPAþ), III (AFB1þ/CPA�) and IV (AFB1�/CPAþ), respectively.
Two culture media were used; Czapek yeast agar (CYA) and corn extract agar (CEM), at different incu-
bated temperatures (10e40 �C) and aW levels (0.80e0.98). AFB1 and CPA production were analyzed after
7, 14, 21 and 28 days of incubation. Significant differences were observed with respect to mycotoxin
production depending on the media evaluated. The AFB1 production occurred more favorably on CYA
while the highest CPA concentrations were recorded on CEM. Within the range of aW evaluated in this
study, 0.83 was the limiting level for both toxins production. The optimum conditions for AFB1 pro-
duction occurred at 0.96 aW and 30 �C after 21 days of incubation, regardless of the media and isolate.
Although different amounts of toxins were produced in each medium, the limiting and optimum con-
ditions for their production were similar in both. No differences in the response of the three isolates to
the abiotic factors discussed were observed despite belonging to different chemotypes. The determi-
nation of the thresholds of mycotoxins co-production, especially in the case of data obtained with the
corn extract medium can be useful to avoid the conditions conducive to co-occurrence of these myco-
toxins in corn.

Crown Copyright � 2013 Published by Elsevier Ltd. All rights reserved.
1. Introduction

Aspergillus flavus is the predominant species of Flavi section
associated to soil and vegetable products, mainly peanuts, maize
and other crops in Argentina (Barros et al., 2003, 2005, 2006;
Magnoli et al., 2006a,b; 2007a,b; Nepote et al., 1997; Nesci and
Etcheverry, 2002; Novas and Cabral, 2002; Pildain et al., 2004,
2005; Resnik et al., 1996; Vaamonde and Varvsavsky, 1979;
Vaamonde et al., 1995). A. flavus is one of the main producers of
aflatoxins, highly toxic and carcinogenic compounds of concern in
food safety (Horn and Dorner, 2001). Some A. flavus isolates are able
to produce cyclopiazonic acid (CPA) in addition to aflatoxins (AFs)
(Burdock and Flamm, 2000). Cyclopiazonic acid is an indole
a).
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tetramic acid toxic to a variety of animals and has been implicated
in human poisoning (Rao and Husain, 1985). Contamination of food
commodities by A. flavus isolates capable to produce AFs and CPA
simultaneously could result in the natural co-occurrence of these
toxins as has been reported in previous studies (Lansden and
Davidson,1983; Martins andMartins,1999; Vaamonde et al., 2003).

Cyclopiazonic acid effects could be masked by concurrent afla-
toxicosis: for example CPA and AFs were isolated from peanut meal
related to the turkey ‘X’ disease that caused the death of over
100,000 turkeys (Cole, 1986; Spensley, 1963). Although AFs were
regarded as the main culprit, CPA likely contributed to some of the
observed pathological clinical signs. Thus, the co-occurrence and
possible toxic synergies between these two classes of mycotoxins
are important to animal health and potentially to human food
safety (Maragos, 2009).

Fernández Pinto et al. (2001) detected co-contamination with
AFs and CPA in two out of 50 peanut samples analyzed in Argentina.
rights reserved.
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Table 1
Chemotype patterns of Aspergillus flavus isolates based on aflatoxins and CPA
production.

Isolates Chemotypea Mycotoxins

AFB1 AFB2 AFG1 AFG2 CPA

BAFC4274 I þ e e e þ
BAFC4275 III þ e e e e

BAFC4273 IV e e e e þ
a According to Vaamonde et al., 2003.
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The levels of these toxins found in the positive samples were 4300
and 493 mg kg�1 for CPA, 625 and 435 mg kg�1 for aflatoxin B1
(AFB1), and 625 and 83 mg kg�1 for aflatoxin G1 (AFG1), respectively.
Another author, Amra (2009) obtained a higher percentage of
positive samples but with lower levels of both mycotoxins from
corn grown in Egypt: 75% of the samples were contaminated with
both toxins with levels that ranged from 0.10 to 45.5 mg kg�1 and 1.2
to 56 mg kg�1 of AFs and CPA, respectively.

In view of the possible health hazards for animals and humans
caused by the co-occurrence of AFs and CPA, the production of
these toxins in agricultural commodities must be controlled. There
are multiple factors involved in the development of A. flavus and in
the biosynthesis of these secondary metabolites, such as humidity,
temperature, presence of oxygen and carbon dioxide, development
time, composition of the substrate, loss of integrity of the grains
caused by insects or mechanical/thermal damage, fungal inoculum
and the interaction between fungal species that share the same
ecological niche. The effects of temperature and water activity (aW)
on aflatoxin production by A. flavus has been widely studied (Arrus
et al., 2005; Ellis et al., 1993; Giorni et al., 2008; Molina and
Giannuzzi, 2002; Ribeiro et al., 2006; Sanchis and Magan, 2004;
Trenk and Hartman, 1970) but there is scarce information on the
effect of these factors on the co-production of AFB1 and CPA
(Gqualeni et al., 1996, 1997; Vaamonde et al., 2006).

On the other hand, toxigenic isolates belonging to the same
species differ in their toxin production profiles, ranging from
nonproducing to highly producing of some, various or all the toxins
registered for that species. Regarding A. flavus, considerable vari-
ability in their mycotoxin-producing potential has been found.
Vaamonde et al. (2003) defined five A. flavus chemotypes based on
their ability to produce aflatoxins of type B and G and CPA. Isolates
able to produce simultaneously aflatoxins type B and CPA (che-
motype I) are frequently detected in different substrates
(Vaamonde et al., 2003; Resnik et al., 1996).

The objectives of this study were i) to determine the effects of
the interactions of water activity, temperature and incubation time
on the co-production of AFB1 and CPA by isolates of A. flavus with
different profile of mycotoxin production and ii) to identify the aW
and temperature limiting conditions for the production of both
mycotoxins.
2. Materials and methods

2.1. Experimental design

A full factorial design was used in which five factors were
assayed: isolate, media, water activity, temperature and incubation
time. The water activity levels assayed were 0.83, 0.86, 0.90, 0.94,
0.96 and 0.98 and the incubation temperatures were 10, 15, 25, 30,
35 and 40 �C. Four replicates for each treatment were used. Two
toxins (aflatoxin B! and cyclopiazonic acid) were measured at each
condition after 7, 14, 21 and 28 days of incubation in two different
culture media.
Please cite this article in press as: Astoreca, A., et al., Abiotic factors and
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2.2. Fungal isolates

Fungi used in this study were isolated from corn used in the
elaboration of poultry feeds (Astoreca et al., 2011). Based on their
high capacity of aflatoxin B1 and cyclopiazonic acid production, and
considering the different chemotypes proposed by Vaamonde et al.
(2003), three A. flavus isolates were selected each one belonging to
chemotypes I (AFB1þ/CPAþ), III (AFB1þ/CPA�) and IV (AFB1�/
CPAþ). AFB1 was the only aflatoxin produced by the isolates
belonging to chemotypes I and III (Table 1).

2.3. Media

Czapek Yeast Agar (CYA) and a 3% corn extract (w/v) medium
(CEM) were used in this study. The latter was made by boiling 30 g
of corn in 1 L of distilled water for 45 min and filtering the resultant
mixture through a double layer of muslin. The volumewasmade up
to 1 L, and 1.5% of agar was added. The water activity of both media
was modified by the addition of known amounts of glycerol to
reach the desired aW levels according to Dallyn and Fox (1980). The
water activity of representative samples of each medium was
checkedwith an AquaLab Series 3 (Decagon Devices, Inc., WA, USA).
Additionally, control plates were prepared andmeasured at the end
of the experiment in order to detect any significant deviation of aW.

2.4. Inoculation and incubation conditions

The media for each treatment were centrally inoculated using
5 ml of a fungal spore suspension harvested from 7-day-old cultures
on malt extract agar (MEA) using glycerol solutions adjusted to the
aW appropriate for each treatment. The suspensions were mixed
and diluted to obtain a suspension of 106 spores ml�1 adjusted
using a Thoma chamber. Inoculated Petri dishes of the same aW
were sealed in polyethylene bags. Four replicate plates per treat-
ment were used and incubated at the selected temperatures for a
maximum period of 28 days.

2.5. Mycotoxins extraction

Aflatoxin B1 and cyclopiazonic acid production was analyzed
after 7, 14, 21 and 28 days of incubation at each assayed medium,
isolate, temperature and water activity. The methodology proposed
by Bragulat et al. (2001) with some modifications was used in both
cases. On each sampling occasion, three agar plugs were removed
from inner, middle and outer points of the colony and extracted
with 1 ml of chloroform for AFB1 and methanol for CPA. The extract
was centrifuged at 14,000 rpm during 10 min. The extracts were
filtered (syringe nylon filtres, 0.45 mm, 13 mm, Advances Micro-
devices PVT, Ambala Cantt, India), evaporated to dryness and re-
dissolved in methanol/water (50:50) to be analyzed by high per-
formance liquid chromatography.

2.6. Mycotoxins quantification

The determination of AFB1 and CPA was done using a Waters
(Milford, MA, USA) chromatograph with a reverse-phase C18 silica
gel column (Waters Spherisorb 3 mm ODS2 4.6 � 150 mm, Milford,
MA, USA), followed by fluorescence detection (Waters 2475 fluo-
rescence detector, Waters, Milford, MA, USA). Post-column deriv-
atization was achieved by using a photochemical reactor for
enhanced detection (PHRED) (LCTech UVE, Dorfen, Germany). For
confirmation of the presence of both mycotoxins, the PHRED was
switched off and the peak decreases were registered. Limit of
detection (LOD) was defined as the system limit of detection for
pure standard and limit of quantification (LOQ) was determined
their interactions influence on the co-production of aflatoxin B1 and
logy (2013), http://dx.doi.org/10.1016/j.fm.2013.07.012
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from a spiked sample. The estimated limit of detection (LOD) and
limit of quantification (LOQ) for aflatoxin B1 were 0.005 and
0.010 mg/g and 0.75 and 1.0 mg/g for cyclopiazonic acid, respectively.
The column oven was set at 30 �C.

For AFB1 determination, excitation and emission wavelengths
were set at 333 and 460 nm, respectively. An isocratic mobile phase
of water/acetonitrile/methanol (70:17:17, v/v/v) was used with a
flow rate of 1.0 ml min�1 (AOAC International, 1995b).

For CPA determination, the mobile phase was pumped at 0.8 ml
min�1 and consisted of an isocratic programmed as follows:
acetonitrile/4 mM zinc sulfate (65:35, v/v) pH 5. An injection vol-
ume of 100 ml was used for both mycotoxins (Da Motta and Valente
Soares, 2000).

2.7. Statistical analysis

Aflatoxin B1 and cyclopiazonic acid production by the three
A. flavus isolates were analyzed statistically using PROC GLM in SAS
program (SAS Institute Inc., Cary, NC, USA) by means of ANOVA.
Means were compared by Fisher LSD test to determine the signif-
icant differences among the different treatments assayed (Quinn
and Keough, 2002). Finally, Spearman rank correlation coefficient
was calculated in order to test the significance of the correlation
between aflatoxin B1 levels produced by different isolates, CPA
levels produced by different isolates and aflatoxin B1 and CPA levels
produced simultaneously by the co-producing isolate.

3. Results

3.1. Effect of water activity, temperature, media and incubation
time on aflatoxin B1 production

Tables 2 and 3 shows the AFB1 production by BAFC4274 and
BAFC4275 isolates on both media at different water activity, tem-
perature and incubation time.

The evaluation of the results by ANOVA showed that the factors
aW, temperature, medium and incubation time were statistically
Table 2
Aflatoxin B1 concentration (mg g�1) �SD produced by BAFC4274 isolate on CYA and corn e

aW Days CYA

15 �C 25 �C 30 �C 3

0.83 7 ND ND ND N
14 ND ND ND N
21 ND ND 0.01 � 0.00 N
28 ND ND ND N

0.86 7 ND ND ND N
14 ND 0.07 � 0.02 0.02 � 0.00 0
21 ND 0.03 � 0.00 0.02 � 0.00 N
28 ND 0.16 � 0.06 0.04 � 0.00 N

0.90 7 ND 5.74 � 1.20 25.71 � 1.65 0
14 ND 18.05 � 3.63 39.85 � 12.10 0
21 ND 11.75 � 4.88 18.54 � 4.13 0
28 ND 48.79 � 14.61 22.43 � 13.64 0

0.94 7 ND 26.63 � 2.38 39.31 � 2.83 2
14 ND 37.01 � 10.89 21.72 � 8.05 0
21 0.03 � 0.01 43.25 � 6.63 50.96 � 8.51 0
28 ND 48.22 � 11.75 11.84 � 3.55 0

0.96 7 ND 79.64 � 14.38 243.61 � 10.00 1
14 0.10 � 0.08 129.20 � 24.63 331.91 � 85.77 1
21 0.18 � 0.04 94.58 � 24.44 500.92 � 80.93 N
28 0.03 � 0.00 42.13 � 17.76 140.19 � 23.16 N

0.98 7 ND 115.60 � 51.74 140.16 � 13.67 4
14 0.41 � 0.11 141.62 � 9.74 255.43 � 28.80 4
21 1.01 � 0.00 91.86 � 9.70 21.38 � 8.90 6
28 0.22 � 0.05 90.61 � 8.52 13.94 � 0.15 N

SD: standard deviation; ND: not detected.
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significant in relation to the AFB1 production by the A. flavus iso-
lates analysed (P < 0.0001).

The AFB1 production occurred more favourably on CYA than on
CEM for both isolates; in most environmental condition assayed,
the toxin amounts detected in the former were significantly higher
than in the latter (P < 0.0001).

AFB1 was produced over the temperature range from 15 to 35 �C
and aW range from 0.86 to 0.98. This metabolite was not detected at
10 or 40 �C throughout the range of aW tested. At 15 �C and
aW � 0.94, AFB1 was produced only on CYA medium. Within the
range of aW evaluated in this study, 0.83 could be considered as the
limiting value for AFB1 production since at this aW level only low
amounts were detected during the incubation period at 30 �C (0.01
and 0.77 mg g�1 by BAFC4274 and BAFC4275 isolates, respectively).

In general, 7 days of incubation were sufficient for AFB1 detec-
tion except at marginal conditions. Maximum AFB1 amounts were
detected at different days of incubation depending on the isolates,
media and environmental conditions (Tables 2 and 3).

The conditions under which equivalent AFB1 concentrations
occurred were joined to produce contour lines and draw a map of
the relative optimum andmarginal AFB1 production by the A. flavus
isolates. As seen in Fig. 1, the two isolates showed very similar
contour maps for production which represent conditions of similar
production levels in each media. The optimum conditions for AFB1
production occurred at 0.96 aW and 30 �C after 21 days of incuba-
tion, for both isolates regardless the medium. On CYA the
maximum toxin concentrations were 500.9 and 460.2 mg g�1 by
BAFC4274 and BAFC4275 isolates, while on CEM the levels detected
were significantly lower reaching 2.99 and 0.63 mg g�1 by BAFC4274
and BAFC4275 isolates, respectively (see Tables 2 and 3).
3.2. Effect of water activity, temperature, media and incubation
time on cyclopiazonic acid production

The CPA production by BAFC4273 and BAFC4274 isolates on both
media at different water activity, temperature and incubation time
is shown in Tables 4 and 5, respectively. Analysis of variance
xtract media (CEM) at each temperature, water activity and incubation time assayed.

CEM

5 �C 15 �C 25 �C 30 �C 35 �C

D ND ND ND ND
D ND ND ND ND
D ND ND ND ND
D ND ND ND ND
D ND ND ND ND
.01 � 0.00 ND ND ND ND
D ND ND 0.02 � 0.00 0.02 � 0.02
D ND ND ND ND
.13 � 0.08 ND 0.01 � 0.01 0.02 � 0.00 0.02 � 0.00
.02 � 0.00 ND ND 0.02 � 0.00 0.06 � 0.00
.08 � 0.05 ND 0.02 � 0.00 0.12 � 0.02 0.01 � 0.00
.02 � 0.00 ND 0.02 � 0.00 ND ND
.11 � 0.73 ND 0.03 � 0.01 0.03 � 0.00 0.02 � 0.00
.02 � 0.00 ND 0.19 � 0.00 0.04 � 0.00 0.03 � 0.01
.05 � 0.00 ND 0.02 � 0.00 0.01 � 0.00 0.02 � 0.01
.06 � 0.00 ND 0.03 � 0.00 0.03 � 0.00 ND
4.17 � 1.98 ND 0.04 � 0.00 0.06 � 0.01 0.05 � 0.04
28.93 � 8.05 ND 0.13 � 0.00 0.54 � 0.06 0.40 � 0.00
D ND 0.94 � 0.24 2.99 � 1.30 0.26 � 0.00
D ND 0.02 � 0.00 ND ND
2.91 � 7.63 ND 0.01 � 0.00 0.04 � 0.00 0.02 � 0.00
4.45 � 19.09 ND 0.04 � 0.00 0.02 � 0.00 0.19 � 0.06
1.28 � 7.17 ND 0.03 � 0.00 ND 0.02 � 0.00
D ND 0.02 � 0.00 0.02 � 0.00 0.17 � 0.06

their interactions influence on the co-production of aflatoxin B1 and
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Table 3
Aflatoxin B1 concentration (mg g�1) �SD produced by A. flavus BAFC4275 isolate on CYA and corn extract media (CEM) at each temperature, water activity and incubation time
assayed.

aW Days CYA CEM

15 25 30 35 15 25 30 35

0.83 7 ND ND ND ND ND ND ND ND
14 ND ND ND ND ND ND ND ND
21 ND ND 0.77 � 0.00 ND ND ND ND ND
28 ND ND 0.49 � 0.32 ND ND ND ND ND

0.86 7 ND ND ND ND ND ND ND ND
14 ND 1.00 � 0.70 0.65 � 0.28 0.09 � 0.04 ND ND ND ND
21 ND 0.03 � 0.00 0.12 � 0.04 4.25 � 3.78 ND 0.05 � 0.02 0.04 � 0.00 0.02 � 0.00
28 ND 0.60 � 0.10 ND 9.71 � 1.05 ND ND ND ND

0.90 7 ND 26.35 � 0.00 23.54 � 8.60 0.03 � 0.00 ND ND ND 0.01 � 0.00
14 ND 21.11 � 10.26 33.32 � 9.66 0.04 � 0.00 ND ND 0.03 � 0.00 0.01 � 0.00
21 ND 4.96 � 2.82 51.35 � 10.29 0.04 � 0.00 ND 6.37 � 2.80 0.03 � 0.02 0.04 � 0.01
28 ND 5.92 � 1.81 11.34 � 3.69 0.02 � 0.00 ND ND ND ND

0.94 7 ND 10.08 � 1.55 11.31 � 3.32 0.01 � 0.01 ND 0.02 � 0.00 0.05 � 0.02 0.02 � 0.00
14 ND 46.97 � 1.44 7.31 � 1.55 0.48 � 0.11 ND 0.05 � 0.00 0.04 � 0.00 0.03 � 0.00
21 0.02 � 0.01 ND 4.99 � 1.13 0.03 � 0.01 ND ND 0.07 � 0.03 0.05 � 0.00
28 0.03 � 0.00 0.07 � 0.01 27.91 � 0.00 0.01 � 0.00 ND ND ND 0.01 � 0.00

0.96 7 ND 19.37 � 7.47 172.03 � 63.56 1.90 � 1.00 ND 0.04 � 0.03 0.11 � 0.03 ND
14 ND 166.60 � 6.50 361.35 � 12.30 20.40 � 2.99 ND 0.06 � 0.05 0.26 � 0.03 0.03 � 0.00
21 0.84 � 0.16 86.21 � 12.40 460.20 � 15.89 11.37 � 10.40 ND 0.05 � 0.00 0.63 � 0.09 0.11 � 0.00
28 0.28 � 0.07 24.71 � 9.56 ND 19.65 � 3.14 ND ND 0.36 � 0.00 0.17 � 0.00

0.98 7 ND 0.01 � 0.00 185.75 � 9.83 5.34 � 1.13 ND 0.03 � 0.00 0.08 � 0.02 0.01 � 0.00
14 ND 286.63 � 28.45 130.91 � 17.45 7.16 � 0.00 ND 0.04 � 0.00 0.05 � 0.03 0.02 � 0.00
21 1.29 � 0.25 255.22 � 21.20 256.19 � 49.83 6.44 � 2.45 ND 0.03 � 0.00 0.06 � 0.01 0.03 � 0.00
28 8.36 � 1.10 160.7 � 77.33 ND 4.19 � 2.86 ND 0.03 � 0.00 ND 0.02 � 0.00

SD: standard deviation; ND: not detected.
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revealed that the factors water activity, temperature, medium and
incubation time had a significant influence on CPA production by
both isolates (P < 0.0001).

In contrast to the results obtained for AFB1, the highest CPA
concentrations were recorded on CEM for both isolates.

CPA was produced over the temperature range from 15 to 35 �C
and aW range from 0.86 to 0.98. At 15 �C and aW � 0.96, CPA was
produced on both medium by both isolates although the BAFC4273
was also able to produce low amounts on CYA at this temperature
and 0.94 aW. CPAwas not detected at aW 0.83 regardless neither the
media nor isolate.

Data obtained for the two CPA producers (BAFC4273 and
BAFC4274 isolates) were used to develop contour maps in order to
identify the influence of aW and temperature interactions on CPA
production (Fig. 2). The maximum CPA amounts were registered on
CEM at 0.96 aW and 30e35 �C for BAFC4273 isolate and 0.98 aW at
30 �C for BAFC4274 isolate, although this isolate produced similar
concentration at 0.96 aW/35 �C. The reached CPA concentrations at
these optimum conditions were 1255 and 1091 mg g�1 of CPA for
BAFC4273 and BAFC4274, respectively. In general, CPA concentra-
tions decreased as aW decreased.

The conditions for optimal CPA production by both isolates on
CYA were different to those observed on CEM: the maximum CPA
concentrations on CYA were achieved at 0.98 aW/30 �C for
BAFC4273 and 0.96 aW/35 �C for BAFC4274 isolate (327 and
250 mg g�1 of CPA, respectively) (Tables 4 and 5).

In general, CPA production increased with incubation time for
both A. flavus assayed showing the maximal production at 28 days
of incubation; however, in some combinations of environmental
conditions the maximum concentration was observed at 7 days of
incubation (e.g. 0.94 aW/25e35 �C and 0.98 aW/30 �C for BAFC4273
on CYA).

3.3. Correlations between AFs and CPA production

A significative correlation between AFB1 production by the two
aflatoxigenic isolates was observed in both media with a Spearman
Please cite this article in press as: Astoreca, A., et al., Abiotic factors and
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coefficient of 0.72 for CYA and 0.57 for CEM. A higher correlation
was found for CPA production by BAFC4273 and BAFC4274 isolates
in CYA (Spearman coefficient ¼ 0.92) and CEM (Spearman
coefficient ¼ 0.96). In both cases this confirmed that the conditions
leading to either maximum levels of AF or CPAwere very similar for
both producing isolates.

As regard to the correlation between AF and CPA production by
BAFC4274 isolate, the correlation between both toxin levels was
weak, suggesting thatmaximumproduction of one of the toxins did
not take place under the same conditions as the other toxin.

4. Discussion

Several previous works have pointed out that the obtained re-
sults onmycotoxins production on culture media cannot be directly
extrapolated to the natural substrates (Bellí et al., 2004; Comerio
et al., 1998; Garcia et al., 2011; Pardo et al., 2004). However, in
view of the results of the present work, it could be suggested that
corn extract added to CEM enhanced CPA production and dimin-
ished AFB1 production and this effect was observed with all the
studied isolates. Although different amounts of toxins were pro-
duced, the limiting and optimal conditions for their production
were similar in both media.

Regardless of the influence of the substrate, the behavior of
both aflatoxigenic isolates in relation to AFB1 production was the
same, since they presented identical limiting values and combi-
nations of aW, temperature and incubation time for maximum
production. Optimum temperature for AFB1 production obtained
in this study was 30 �C confirming previous studies on aflatoxin
production by A. flavus isolates (Abdel Hadi et al., 2012; Giorni
et al., 2007, 2011; Klich, 2007; Mousa et al., 2011; Schindler
et al, 1967). In the conditions of the present study, this toxin
was optimally produced at 0.96 aW, although 0.98 was also a
favorable aW level. It is generally accepted that AFB1 production
decreases with decreasing aW. Limiting aW value for AFB1 pro-
duction in the present work is also coincident with those re-
ported by other authors since this toxin was not detected at 0.83
their interactions influence on the co-production of aflatoxin B1 and
logy (2013), http://dx.doi.org/10.1016/j.fm.2013.07.012



Fig. 1. Two dimensional contour maps of aflatoxin B1 (AFB1) production profiles of Aspergillus flavus isolates: A) BAFC4274 and B) BAFC4275 from corn in relation to temperature and
water activity on CYA and CEM media. The numbers on the contour lines refer to mean AFB1 concentrations (mg g�1).
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aW and relatively low amounts were produced at 0.86 aW in the
range of favorable temperatures (25e30 �C). Similar results were
obtained by Pitt and Miscamble (1995), Giorni et al. (2007) who
reported minimal aW values for AF production by A. flavus from
0.83 to 0.87.

Few published studies have examined how environmental fac-
tors can affect simultaneous production of two or more mycotoxins
by a single isolate. Gqaleni et al. (1997) reported the interaction of
temperature, aW and time in determining the production of afla-
toxins and CPA by a co-producing isolate of A. flavus on two agar
media. They found that these toxins were not affected in the same
way as they had different optimum temperature and minimum aW
values for production. In the present study limiting aW and tem-
perature values were the same for both toxins but conditions for
maximum CPA production were slightly different from those
observed for AF production. Although maximum CPA production
was detected at different aW, temperature and incubation time for
each isolate, it can be concluded that optimum conditions for CPA
production involve higher aW levels (0.96e0.98) and temperatures
(30e35 �C). These results are in contrast with those obtained by
Gqaleni et al. (1996) who reported that 20 �C was a more favorable
Please cite this article in press as: Astoreca, A., et al., Abiotic factors and
cyclopiazonic acid by Aspergillus flavus isolated from corn, Food Microbio
temperature than 25 or 30 �C for CPA production in culture me-
dium. Vaamonde et al. (2006) reported maximum accumulation of
CPA in peanuts at 25 �C but also a considerable production was
detected at the lowest temperature studied (20 �C) and high aW.
Influence of temperature on CPA production by Penicillium species
was also studied. Le Bars (1979) found optimal temperature of 25 �C
for CPA production by P. cammemberti in Czapek agar. Gqaleni et al.
(1996) reported that high aW and low temperature favored high
CPA production by Penicillium commune. However, Sosa et al.
(2002) found maximum CPA production by the same species at
20 �C and 0.90 aW in a medium based on meat extract.

According to our results it can be concluded that changes in
temperature from 25 to 30 �C leads to no statistically differences in
the maximum AFB1 production and the same effect was observed
for CPA production in the range from 30 to 35 �C. In contrast, water
availability seems to be the more important factor in determining
contamination levels with both toxins.

No differences in the response of the three isolates to the abiotic
factors discussed were observed despite belonging to different
chemotypes. The statistical analyses reflect that neither the isolate
nor its interactions with other factors had a significant influence on
their interactions influence on the co-production of aflatoxin B1 and
logy (2013), http://dx.doi.org/10.1016/j.fm.2013.07.012



Table 4
Cyclopiazonic acid concentration (mg g�1) �standard deviation (SD) produced by A. flavus BAFC4273 isolate on CYA and corn extract media (CEM) at each temperature, water
activity and incubation time assayed.

aW Days CYA CEM

15 �C 25 �C 30 �C 35 �C 15 �C 25 �C 30 �C 35 �C

0.86 7 ND ND ND ND ND ND ND ND
14 ND 1.41 � 0.71 10.20 � 2.30 10.57 � 3.45 ND ND ND ND
21 ND 4.37 � 1.96 16.91 � 4.01 9.41 � 2.42 ND ND 121.46 � 15.19 ND
28 ND 8.30 � 2.90 87.89 � 12.61 51.00 � 3.37 ND 29.39 � 10.18 142.83 � 62.40 104.78 � 70.12

0.90 7 ND 2.35 � 0.97 95.92 � 16.80 82.02 � 1.19 ND ND ND ND
14 ND 1.96 � 0.28 7.36 � 2.37 13.64 � 6.58 ND 45.77 � 6.21 69.34 � 30.24 63.53 � 15.48
21 ND 7.44 � 2.32 26.04 � 9.30 21.19 � 7.95 ND 47.72 � 12.62 77.88 � 26.29 138.89 � 10.83
28 ND 21.22 � 3.41 15.49 � 8.59 246.14 � 41.65 ND 117.72 � 28.74 131.63 � 41.54 116.15 � 21.25

0.94 7 ND 98.23 � 14.26 272.27 � 19.74 227.52 � 72.07 ND 32.91 � 10.62 104.20 � 37.87 60.17 � 6.10
14 ND 6.47 � 2.44 9.76 � 5.01 22.22 � 10.13 ND 163.58 � 43.07 170.52 � 74.65 138.41 � 61.41
21 1.24 � 0.69 16.39 � 4.84 25.87 � 6.07 51.23 � 11.43 ND 154.12 � 16.83 397.48 � 50.17 373.14 � 76.23
28 2.55 � 1.07 19.46 � 8.52 49.54 � 9.29 115.52 � 36.95 ND 255.91 � 75.37 355.92 � 61.61 126.62 � 53.47

0.96 7 ND 96.20 � 23.33 76.35 � 26.55 174.61 � 15.30 ND 52.03 � 11.79 115.13 � 74.87 81.88 � 44.76
14 6.39 � 1.05 163.57 � 34.05 24.72 � 7.08 31.90 � 10.95 ND 215.30 � 90.31 194.89 � 76.01 207.48 � 70.20
21 8.46 � 2.66 25.62 � 7.89 40.75 � 11.84 48.62 � 13.57 84.95 � 24.95 264.95 � 60.22 382.19 � 17.95 584.51 � 271.82
28 11.53 � 1.04 34.61 � 7.49 86.17 � 22.56 61.41 � 16.38 86.69 � 15.50 451.09 � 71.67 1136.62 � 82.70 1255.64 � 280.23

0.98 7 ND 71.32 � 6.12 327.11 � 82.12 168.53 � 8.91 ND 92.25 � 0.04 132.97 � 31.55 119.73 � 47.96
14 7.92 � 1.39 16.77 � 6.50 129.14 � 17.80 26.87 � 3.49 ND 421.20 � 47.51 397.37 � 33.25 275.17 � 82.68
21 9.63 � 2.00 26.47 � 12.09 46.28 � 12.91 52.17 � 12.24 77.04 � 23.49 359.10 � 70.27 540.59 � 52.83 485.58 � 94.65
28 14.67 � 3.25 124.01 � 17.22 57.59 � 16.28 201.94 � 32.72 155.17 � 48.86 616.75 � 61.29 986.49 � 57.50 614.06 � 71.79

ND: not detected.
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both mycotoxins production. Besides, the contour maps obtained
from aflatoxigenic and CPA-producing isolates support this obser-
vation. The correlation analysis showed that each couple of isolates
compared produced the toxins under similar conditions. Interest-
ingly, in some combinations of environmental conditions in which
the co-producing A. flavus isolate (BAFC4274) produced the highest
concentration of CPA, AFB1 was not detected (e.g. 0.96 and 0.98 aW
at 35 �C after 28 days of incubation in CYA and 0.96 aW at 35 �C after
28 days of incubation in CEM). This point was supported by the
correlation analysis.

The production of AFB1 and CPA by A. flavus isolates from corn at
the aW and temperature combinations investigated suggests that
their occurrence in this cereal could present particular risks to
Table 5
Cyclopiazonic acid concentration (mg g�1) �standard deviation (SD) produced by A. flavus
activity and incubation time assayed.

aW Days CYA

15 �C 25 �C 30 �C 35 �C

0.86 7 ND ND ND ND
14 ND 19.53 � 5.46 4.47 � 2.58 10.46 � 1.01
21 ND 3.58 � 1.54 13.29 � 1.71 20.76 � 6.38
28 ND 2.92 � 1.68 25.82 � 4.61 85.15 � 23.2

0.90 7 ND 1.64 � 0.07 21.03 � 2.19 5.34 � 1.89
14 ND 4.88 � 1.52 16.95 � 2.63 14.38 � 4.33
21 ND 16.81 � 2.66 36.64 � 13.99 55.75 � 12.2
28 ND 14.09 � 3.29 144.55 � 15.45 157.76 � 22

0.94 7 ND 7.20 � 3.87 22.40 � 6.04 8.88 � 2.50
14 ND 33.52 � 1.37 46.68 � 4.91 29.60 � 3.65
21 ND 35.82 � 6.12 73.16 � 8.71 62.85 � 11.8
28 ND 50.67 � 6.85 154.85 � 14.66 88.56 � 18.4

0.96 7 ND 24.77 � 8.12 26.67 � 1.81 17.77 � 4.88
14 ND 41.43 � 5.00 66.60 � 12.66 66.95 � 11.9
21 17.19 � 6.82 56.18 � 9.52 117.83 � 17.12 102.47 � 34
28 21.39 � 4.12 117.38 � 26.73 80.82 � 10.54 249.03 � 19

0.98 7 ND 18.94 � 3.87 41.55 � 5.63 14.81 � 1.50
14 ND 46.91 � 1.65 39.99 � 9.85 26.48 � 5.69
21 15.38 � 1.72 47.57 � 5.39 80.47 � 8.77 119.59 � 24
28 16.80 � 7.67 42.18 � 2.69 174.64 � 26.01 209.80 � 8.7

ND: not detected.
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humans and animals, mainly in tropical and subtropical countries.
Safe storage of corn is a major problem in these regions of the
world. The determination of the thresholds of mycotoxins co-
production especially in the case of data obtained with the corn
extract medium can be useful to design control strategies of these
mycotoxins. Results of this study demonstrated that AFB1 and CPA
production is inhibited at the same limiting levels of aW and tem-
perature. It can be concluded that conditions usually recommended
for safe storage of corn as regard to aflatoxins contamination,
particularly aW lower than 0.85, would be also appropriate to
protect this crop from CPA contamination. Close attention must be
paid to the proper drying of grains at harvest followed by dry and
cold storage.
BAFC4274 isolate on CYA and corn extract media (CEM) at each temperature, water

CEM

15 �C 25 �C 30 �C 35 �C

ND ND ND ND
ND ND ND ND
ND ND 30.47 � 12.65 ND

9 ND ND 72.74 � 41.10 22.71 � 9.53
ND ND ND ND
ND 45.32 � 11.60 89.16 � 7.26 39.00 � 5.79

1 ND 33.97 � 15.85 145.17 � 22.74 55.65 � 11.10
.64 ND 105.6 � 18.58 159.90 � 11.65 200.02 � 44.47

ND 27.14 � 7.78 50.65 � 2.95 38.45 � 3.17
ND 87.81 � 3.48 82.10 � 7.46 144.61 � 43.18

3 ND 113.79 � 4.56 322.37 � 11.09 249.88 � 44.14
3 ND 230.07 � 9.21 497.86 � 21.95 149.95 � 25.88

ND 32.97 � 7.42 88.52 � 14.56 78.39�30.50
2 ND 126.17 � 6.13 194.14 � 20.79 319.50 � 38.38
.04 14.67 � 3.69 177.38 � 22.38 521.15 � 18.82 597.10 � 35.48
.11 92.90 � 8.44 213.71 � 37.53 724.96 � 21.67 1044.75 � 66.52

ND 55.95 � 7.36 87.46 � 22.06 96.25 � 21.25
ND 253.09 � 19.52 243.34 � 23.02 301.40 � 18.22

.90 37.11 � 7.78 232.36 � 11.30 751.72 � 18.11 587.84 � 70.45
1 54.03 � 8.02 286.78 � 25.16 1091.77 � 32.98 519.38 � 32.23

their interactions influence on the co-production of aflatoxin B1 and
logy (2013), http://dx.doi.org/10.1016/j.fm.2013.07.012



Fig. 2. Two dimensional contour maps of cyclopiazonic acid (CPA) production profiles of Aspergillus flavus isolates: A) BAFC4273 and B) BAFC4274 from corn in relation to tem-
perature and water activity on CYA and CEM media. The numbers on the contour lines refer to mean CPA concentrations (mg g�1).

A. Astoreca et al. / Food Microbiology xxx (2013) 1e8 7
Acknowledgment

Dr. Andrea Astoreca is grateful to “Latinamerican Science and
Technology Development Programme” (CYTED) and to “Consejo
Nacional de Investigaciones Científicas y Técnicas” de la República
Argentina (CONICET) for a post-doctoral fellowship held in the Food
Technology Department, Lleida University, Lleida, Spain.

References

Abdel-Hadi, A., Schmidt-Heydt, M., Parra, R., Geisen, R., Magan, N., 2012. A systems
approach to model the relationship between aflatoxin gene cluster expression,
environmental factors, growth and toxin production by Aspergillus flavus.
Journal of the Royal Society Interface 9, 757e767.

Amra, H., 2009. Natural co-occurrence of aflatoxins and cyclopiazonic acid from
corn grown in Egypt. National research Centre, Food Toxicology and Contami-
nants, Cairo, Egypt. Toxicology Letters 189S, S57eS273.

AOAC International, 1995b. Natural Toxins. Official methods of analysis of AOAC
international, Section 990.33, Gaithersburg.

Arrus, K., Blank, G., Abramson, D., Clear, R., Holley, R.A., 2005. Aflatoxin production
by Aspergillus flavus in Brazil nuts. Journal of Stored Products Research 41,
513e527.

Astoreca, A., Dalcero, A., Fernández Pinto, V., Vaamonde, G., 2011. A survey on
distribution and toxigenicity of Aspergillus section Flavi in poultry feeds. In-
ternational Journal of Food Microbiology 146, 38e43.

Barros, G., Torres, A.M., Rodriguez, M.I., Chulze, S., 2006. Genetic diversity within
Aspergillus flavus strains isolated from peanut-cropped soils in Argentina. Soil
Biology and Biochemistry 38, 145e152.
Please cite this article in press as: Astoreca, A., et al., Abiotic factors and
cyclopiazonic acid by Aspergillus flavus isolated from corn, Food Microbio
Barros, G., Torres, A., Chulze, S., 2005. Aspergillus flavus population isolated from soil
of Argentina’s peanut-growing region. Sclerotia production and toxigenic pro-
file. Journal of the Science of Food and Agriculture 85, 2349e2353.

Barros, G., Torres, A., Palacio, G., Chulze, S., 2003. Aspergillus species from section
Flavi isolated from soil at plating and harvest time in peanut-growing regions of
Argentina. Journal of the Science of Food and Agriculture 83, 1303e1307.

Bellí, N., Marín, S., Sanchis, V., Ramos, A.J., 2004. Influence of water activity and
temperature on growth of isolates of Aspergillus section Nigri obtained from
grapes. International Journal of Food Microbiology 96, 19e27.

Bragulat, M.R., Abarca, M.L., Cabañes, F.J., 2001. An easy screening meted for fungi
producing ochratoxin A in pure culture. International Journal of Food Micro-
biology 71, 139e144.

Burdock, G.A., Flamm, W.G., 2000. Safety assessment of the mycotoxin cyclo-
piazonic acid. International Journal of Toxicology 19, 195e218.

Cole, R.J., 1986. Etiology of turkey “X” disease in retrospect: a case for the
involvement of cyclopiazonic acid. Mycotoxin Research 2, 3e7.

Comerio, R., Fernández Pinto, V.E., Vaamonde, G., 1998. Short communication: in-
fluence of water activity on Penicillium citrinum growth and kinetics of citrinin
accumulation inwheat. International Journal of FoodMicrobiology 42, 219e223.

Dallyn, H., Fox, A., 1980. Spoilage of material of reduced water activity by xerophilic
fungi. In: Gould, G.H., Corry, E.L. (Eds.), Microbial Growth and Survival in
Extreme Environments. Academic Press, London, pp. 129e139.

Da Motta, S., Valente Soares, L., 2000. Analytical, nutritional and clinical methods
section: simultaneous determination of tenuazonic and cyclopiazonic acids in
tomato products. Food Chemistry 71, 111e116.

Ellis, W.O., Smith, P.J., Simpson, B.K., Khanizadeh, S., Oldham, J.H., 1993. Control of
growth and aflatoxin production of Aspergillus flavus under modified atmo-
sphere packaging conditions. Food Microbiology 10, 9e21.

Fernández Pinto, V., Patriarca, A., Locani, O., Vaamonde, G., 2001. Natural co-
occurrence of aflatoxin and cyclopiazonic acid in peanuts grown in Argentina.
Food Additives and Contaminants 18, 1017e1020.
their interactions influence on the co-production of aflatoxin B1 and
logy (2013), http://dx.doi.org/10.1016/j.fm.2013.07.012

http://refhub.elsevier.com/S0740-0020(13)00151-2/sref1
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref1
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref1
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref1
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref1
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref2
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref2
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref2
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref2
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref3
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref3
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref4
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref4
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref4
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref4
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref5
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref5
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref5
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref5
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref6
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref6
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref6
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref6
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref7
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref7
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref7
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref7
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref8
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref8
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref8
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref8
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref9
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref9
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref9
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref9
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref10
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref10
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref10
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref10
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref11
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref11
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref11
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref12
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref12
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref12
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref13
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref13
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref13
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref13
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref14
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref14
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref14
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref14
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref15
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref15
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref15
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref15
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref16
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref16
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref16
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref16
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref17
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref17
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref17
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref17


A. Astoreca et al. / Food Microbiology xxx (2013) 1e88
Garcia, D., Ramos, A.J., Sanchis, V., Marín, S., 2011. Intraspecific variability of growth
and patulin production of Penicillium expansum isolates at two temperatures.
International Journal of Food Microbiology 151, 195e200.

Giorni, P., Battilani, P., Pietri, A., Magan, N., 2008. Effect of aW and CO2 level on
Aspergillus flavus growth and aflatoxin production in high moisture maize post-
harvest. International Journal of Food Microbiology 122, 109e113.

Giorni, P., Magan, N., Pietri, A., Battilani, P., 2011. Growth and aflatoxin production of
an Italian strain of Aspergillus flavus: influence of ecological factors and nutri-
tional substrates. World Mycotoxin Journal 4, 425e432.

Giorni, P., Magan, N., Pietri, A., Bertuzzi, T., Battilani, P., 2007. Studies on Aspergillus
section Flavi isolated from maize in northern Italy. International Journal of Food
Microbiology 113, 330e338.

Gqaleni, N., Smith, J.E., Lacey, J., 1996. Coproduction of aflatoxins and cyclopiazonic
acid in isolates of Aspergillus flavus. Food Additives and Contaminants 13, 677e
685.

Gqaleni, N., Smith, J.E., Lacey, J., Gettinby, G., 1997. Effects of temperature, water
activity, and incubation time on production of aflatoxins and cyclopiazonic acid
by an isolate of Aspergillus flavus in surface agar culture. Applied and Envi-
ronmental Microbiology 63, 1048e1052.

Horn, B.W., Dorner, J.W., 2001. Effect of competition and adverse culture conditions
on aflatoxin production by Aspergillus flavus through successive generations.
Mycologia 94, 741e751.

Klich, M.A., 2007. Review: environmental and developmental factors influencing
aflatoxin production by Aspergillus flavus and Aspergillus parasiticus. Myco-
science 48, 71e80.

Lansden, J.A., Davidson, J.I., 1983. Occurrence of cyclopiazonic acid in peanuts.
Applied and Environmental Microbiology 45, 766e769.

Le Bars, J., 1979. Cyclopiazonic acid bioproduction by Penicillium camemberti Thorn:
effect of temperature on individual strains. Annuals of Veterinary Research 10,
601e602.

Magnoli, C., Astoreca, A., Chiacchiera, S.M., Dalcero, A., 2007a. Occurrence of
ochratoxin A and ochratoxigenic mycoflora in corn and corn based foods
and feeds in some South American countries. Mycopathologia 163, 249e
260.

Magnoli, C., Astoreca, A., Ponsone, L., Chiacchiera, S., Dalcero, A., 2006b. Ochratoxin
A producing fungi in stored peanut seeds from Córdoba province, Argentina.
Journal of the Science of Food and Agriculture 86, 2369e2373.

Magnoli, C., Astoreca, A., Ponsone, M.L., Fernández-Juri, M.G., Barberis, C.,
Dalcero, A., 2007b. Ochratoxin A and Aspergillus section Nigri in peanut seeds at
different months of storage in Córdoba, Argentina. International Journal of Food
Microbiology 119, 213e218.

Magnoli, C., Hallak, C., Astoreca, A., Ponsone, L., Chiacchiera, S., Dalcero, A.M., 2006a.
Occurrence of ochratoxin A-producing fungi in commercial corn kernels in
Argentina. Mycopathologia 161, 53e58.

Maragos, C.M., 2009. Photolysis of cyclopiazonic acid to fluorescent products. World
Mycotoxin Journal 2, 77e84.

Martins, M.L., Martins, H.M., 1999. Natural and in vitro coproduction of cyclo-
piazonic acid and aflatoxins. Journal of Food Protection 62, 292e294.

Molina, M., Giannuzzi, L., 2002. Modelling of aflatoxin production by Aspergillus
parasiticus in a solid medium at different temperatures, pH and propionic acid
concentrations. Food Research International 35, 585e594.

Mousa, W., Ghazali, F.M., Jinap, S., Ghazali, H.M., Radu, S., 2011. Modelling the effect
of water activity and temperature on growth rate and aflatoxin production by
two isolates of Aspergillus flavus on paddy. Journal of Applied Microbiology 111,
1262e1274.

Nepote, M., Piontelli, E., Saubois, A., 1997. Occurrence of Aspergillus flavus strains
and aflatoxins in corn from Santa Fe, Argentina. Archivos Latinoamericanos de
Nutrición 47, 262e264.
Please cite this article in press as: Astoreca, A., et al., Abiotic factors and
cyclopiazonic acid by Aspergillus flavus isolated from corn, Food Microbio
Nesci, A., Etcheverry, M., 2002. Aspergillus section Flavi populations from field maize
in Argentina. Letters in Applied Microbiology 34, 343e348.

Novas, M.V., Cabral, D., 2002. Association of mycotoxin and sclerotia production
with compatibility groups in Aspergillus flavus from peanut in Argentina. Plant
Disease 86, 215e219.

Pardo, E., Marín, S., Sanchis, V., Ramos, A.J., 2004. Prediction of fungal growth and
ochratoxin A production by Aspergillus ochraceus on irradiated barley grain as
influenced by temperature and water activity. International Journal of Food
Microbiology 95, 79e88.

Pildain, M.B., Cabral, D., Vaamonde, G., 2005. Aspergillus flavus populations in
cultivated peanut from different agroecological zones of the Argentina, toxi-
genic and morphological characterisation. RIA 34, 3e19.

Pildain, M.B., Vaamonde, G., Cabral, D., 2004. Analysis of population structure of
Aspergillus flavus from peanut based on vegetative compatibility, geographic
origin, mycotoxin and sclerotia production. International Journal of Food
Microbiology 93, 31e40.

Pitt, J.I., Miscamble, B.F., 1995. Water relations of Aspergillus flavus and closely
related species. Journal of Food Protection 58, 86e90.

Quinn, G.P., Keough, M.J., 2002. Experimental Design Data Analysis for Biologists.
Cambridge University Press, Cambridge, UK, p. 520.

Rao, L.B., Husain, A., 1985. Presence of cyclopiazonic acid in kodo millet (Paspalum
scrobiculatum) causing ‘kodua poisoning’ in man and its production by associ-
ated fungi. Mycopathologia 89, 177e180.

Resnik, S.L., González, H.H.L., Pacin, A.M., Viora, M., Caballero, G.M., Gros, E.G., 1996.
Cyclopiazonic acid and aflatoxins production by Aspergillus flavus isolated from
Argentinean corn. Mycotoxin Research 12, 61e66.

Ribeiro, J.M.M., Cavaglieri, L.R., Fraga, M.E., Direito, G.M., Dalcero, A.M., Rosa, C.A.R.,
2006. Influence of water activity, temperature and time on mycotoxins pro-
duction on barley rootlets. Letters of Applied Microbiology 42, 179e184.

Sanchis, V., Magan, N., 2004. Environmental profiles for growth and mycotoxin
production. In: Magan, N., Olsen, M. (Eds.), Mycotoxins in Food: Detection and
Control. Woodhead Publishing Ltd.

Schindler, A.F., Palmer, J.G., Eisenberg, W.V., 1967. Aflatoxin production by Asper-
gillus flavus as related to various temperatures. Applied Microbiology 15, 1006e
1009.

Sosa, M.J., Córdoba, J.J., Díaz, C., Rodríguez, M., Bermúdez, E., Asensio, M.A.,
Núñez, F., 2002. Production of cyclopiazonic acid by Penicillium commune iso-
lated from dry-cured ham on a meat extract-based substrate. Journal of Food
Protection 65, 988e992.

Spensley, P.C., 1963. Aflatoxin, the active principle in turkey ‘X’ disease. Endeavour
22, 75e79.

Trenk, H. l., Hartman, P.A., 1970. Effects of moisture content and temperature on
aflatoxin production in corn. Applied Microbiology 19, 781e784.

Vaamonde, G., Varvsavsky, E., 1979. Producción de aflatoxinas sobre diferentes
variedades de maní. Anuales de la Asociación Química Argentina 67, 139e152.

Vaamonde, G., Degrossi, C., Comerio, R., Fernández Pinto, V., 1995. Aspergillus flavus
y A. parasiticus en maní cultivado en la provincia de Córdoba (Argentina):
Características diferenciales y capacidad aflatoxicogénica. Boletín de la Sociedad
Argentina de Botánica 30, 191e198.

Vaamonde, G., Patriarca, A., Fernández Pinto, V., 2006. Effect of water activity and
temperature on production of aflatoxin and cyclopiazonic acid by Aspergillus
flavus in peanuts. In: Hocking, A.D., Pitt, J.I., Samson, R.A., Thrane, U. (Eds.),
Advances in Food Mycology, Series: Advances in Experimental Medicine and
Biology, pp. 225e235.

Vaamonde, G., Patriarca, A., Fernández Pinto, V., Comerio, R., Degrossi, C., 2003.
Variability of aflatoxin and cyclopiazonic acid production by Aspergillus section
Flavi from different substrates in Argentina. International Journal of Food
Microbiology 88, 79e84.
their interactions influence on the co-production of aflatoxin B1 and
logy (2013), http://dx.doi.org/10.1016/j.fm.2013.07.012

http://refhub.elsevier.com/S0740-0020(13)00151-2/sref18
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref18
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref18
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref18
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref19
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref19
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref19
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref19
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref19
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref19
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref20
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref20
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref20
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref20
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref21
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref21
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref21
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref21
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref22
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref22
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref22
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref23
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref23
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref23
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref23
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref23
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref24
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref24
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref24
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref24
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref25
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref25
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref25
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref25
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref26
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref26
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref26
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref27
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref27
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref27
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref27
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref28
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref28
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref28
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref28
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref29
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref29
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref29
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref29
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref30
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref30
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref30
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref30
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref30
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref31
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref31
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref31
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref31
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref32
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref32
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref32
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref33
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref33
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref33
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref34
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref34
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref34
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref34
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref35
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref35
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref35
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref35
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref35
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref36
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref36
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref36
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref36
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref37
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref37
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref37
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref38
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref38
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref38
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref38
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref39
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref39
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref39
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref39
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref39
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref40
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref40
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref40
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref40
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref41
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref41
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref41
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref41
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref41
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref42
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref42
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref42
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref43
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref43
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref44
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref44
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref44
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref44
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref45
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref45
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref45
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref45
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref46
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref46
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref46
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref46
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref47
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref47
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref47
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref48
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref48
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref48
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref49
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref49
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref49
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref49
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref49
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref50
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref50
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref50
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref51
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref51
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref51
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref52
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref52
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref52
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref53
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref53
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref53
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref53
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref53
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref54
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref54
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref54
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref54
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref54
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref54
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref55
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref55
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref55
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref55
http://refhub.elsevier.com/S0740-0020(13)00151-2/sref55

	Abiotic factors and their interactions influence on the co-production of aflatoxin B1 and cyclopiazonic acid by Aspergillus ...
	1 Introduction
	2 Materials and methods
	2.1 Experimental design
	2.2 Fungal isolates
	2.3 Media
	2.4 Inoculation and incubation conditions
	2.5 Mycotoxins extraction
	2.6 Mycotoxins quantification
	2.7 Statistical analysis

	3 Results
	3.1 Effect of water activity, temperature, media and incubation time on aflatoxin B1 production
	3.2 Effect of water activity, temperature, media and incubation time on cyclopiazonic acid production
	3.3 Correlations between AFs and CPA production

	4 Discussion
	Acknowledgment
	References


