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EFFECTS OF SUBSTRATE AND TEMPERATURE ON GROWTH
OF ASPERGILLUS FLAVUS IN PEANUTS FROM GEORGIA

Premila Achar and Andres Sanchez
Department of Biology and Physical Sciences
Kennesaw State University
1000 Chastain Road
Kennesaw, GA 30144
*pachar@kennesaw.edu
*axs8302@students. kennesaw.edu

ABSTRACT

We investigated the effects of different substrates (potato dextrose
agar [PDA], nutrient agar [NA], and corn meal agar [CMA]) and
temperatures on growth and aflatoxin production in Aspergillus
flavus. Contaminated peanuts from retailers at different locations
in Georgia were used throughout the experiment and 200 seeds
were selected from each sample. PDA, NA, and CMA served as the
substrate to express the mold from the contaminated seeds. Seeds
were plated equidistantly on each of the media and incubated at
10° C, 27° C, 30° C, and 37° C, respectively. Seeds incubated on
moist filter paper served as control. Neither growth of A. flavus nor
detectable levels of aflatoxin was observed at the temperature of 10°
C on any of the media. While no growth of this mold was observed
at a temperature of 37° C in most media, some growth was seen in
PDA media at this temperature. However, maximum growth of A.
flavus, along with detectable levels of aflatoxin, was attained at the
temperatures of 27° C and 30° C. Of the three media tested, PDA
supported vigorous growth of A. flavus at the temperatures on27°
C and 30° C.

INTRODUCTION

Aspergillus flavus and A. parasiticus can invade peanuts in the field
before harvest, during post harvest drying and curing, and in storage and
transportation. Aflatoxins are polyketide secondary metabolites produced by
these two important food contaminating Aspergillus species. The four main
aflatoxins produced, aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1
(AFG1), and aflatoxin G2 (AFGZ2), are furanocoumarin derivatives and potent
liver carcinogens for a wide variety of animal species including humans (Smith
etal., 1994). Isolates of A. parasiticus produce both B and G aflatoxins, while
most North American A. flavus isolates produce only B aflatoxins (Cotty and
Cardwell, 1999). These mycotoxins endanger human health to such a degree
that the Food and Drug Administration currently bans the sale and transport
of peanuts when the level of aflatoxin contamination exceeds 20 parts per

thilliordblilbesial GHOGR). d he coastimpastant facteesdetermining growth and



77
Georgia Journal of Science, Vol. 64 [2006], Art. 1

aflatoxin production by these two molds are substrate and temperature (Park
and Bullerman 1983; Northolt et al. 1976). Under optimum conditions for
growth, A. flavus can produce some aflatoxin within 24 hours and a biclogi-
cally significant amount in a few days (Jacobsen et al., 1993).

In Georgia, aflatoxin is one of the most expensive problems the peanut
industry faces. In Florida, Georgia, and Alabama, aflatoxin outbreaks from
1993 to 1996 caused losses averaging $26 million annually (Lamb and Ster-
nitzke, 2001). Soil populations of A. flavus are predominantly aflatoxigenic
in the southern United States, with over 95% of isolates producing aflatoxins
in the peanut-growing region of Southern Alabama and Georgia (Horn and
Dorner, 1999).

In spite of all the precautionary measures taken during harvest, storage,
and transportation of peanuts and despite all the regulatory measures, both
Aspergillus species exist at large in commercial outlets. It is also evident
from previous studies that damaged peanut kernels contain higher levels of
aflatoxin (Blankenship et al., 1984). Cracked kernels are easier for fungus
to penetrate and may become dehydrated, thus leading to a more favorable
environment for A. flavus (Payne, 1988). Although several research projects
are underway in Georgia and other peanut-growing States to minimize loss
due to pre-harvest infection of peanuts by A. flavus and A. parasiticus, very
little is known about post-infection during storage at retail outlets and farmers
markets. Initial screening of peanuts from several retail outlets at different
locations in Georgia revealed a significant growth of A. flavus compared to
A. parasiticus.

Hence the present investigation attempted to detect A. flavus in com-
mercial peanuts during storage at retail outlets in Georgia. More specifically,
the aim of this study was to test the following hypotheses for the growth
and aflatoxin production of A. flavus: i) Variation in temperature affects the
growth of A. flavus and there exists a temperature range that allows for the
maximal growth of this mold; ii) Aflatoxin synthesis by A. flavus is affected
by temperature and there is a temperature range that is supportive of maxi-
mum aflatoxin production by A. flavus; and iii) Substrate affects the growth
of A. flavus and a particular type of substrate supports maximal growth of
this mold.

MATERIALS & METHODS

We collected fresh peanuts from retailers located in Acworth, Kennesaw
and Marietta in Georgia. Two hundred seeds from shelled peanuts were
selected from each sample to conduct the experiment. Potato dextrose agar
(PDA), nutrient agar (NA), and corn meal agar (CMA) served as the substrate
to express the mold from the seeds. Six seeds were plated equidistantly on
each media and incubated at temperatures of 10° C, 27° C, 30° C, and 37°
C, respectively. Seeds incubated on moist filter paper at the different tem-
peratures mentioned served as the control group. Yeast-extract sucrose (YES)
media, which has been shown experimentally to favor the production of high
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concentrations of aflatoxin (Ggaleni et al., 1997), served as the substrate for
the production of aflatoxin from the A. flavus from the peanuts. Ultraviolet
(UV) light was used to detect the presence of aflatoxin production from A.
flavus incubated on YES medium. All experiments were repeated twice. All
experimental data were analyzed using analysis of variance (ANOVA) and
Student’s t test (p < 0.05) to compare the means.

RESULTS

A. flavus was present in contaminated peanuts (10%) from our retailers
at temperature of 37 °C on PDA. There was no significant growth of A.
flavus at a temperature of 10° C (Figure 1). Temperatures of 27° C and 30°
C supported growth of this mold, with maximum growth occurring at 27° C
(Figure 1). Furthermore, it was found that potato dextrose agar (PDA) sup-
ported maximum growth of A. flavus at various temperatures tested (Figure
2). Of the three media tested, PDA supported vigorous growth of A. flavus
at the temperatures of 27° C and 30° C.

Effect of Temperature on Growth of
Aspergillus flavus
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Figure 1. Effect of temperature on growth of A. flavus on the different
media: CMA, NA, and PDA.
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Effect of Substrate on Growth of
Aspergillus flavus
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Figure 2. Effect of substrate on growth of A. flavus at different tempera-
tures tested.

Yeast-extract sucrose (YES) media served as the substrate to trigger the
production of aflatoxin from the A. flavus from collected samples. In order
to detect the presence of aflatoxin, the YES plates, incubated with the A.
flavus, were observed under UV light to see if the mold glowed. Presence of
aflatoxin was detected at temperatures of 27° C and 30° C, while no aflatoxin
was observed at temperatures of 10° C and 37° C (Table I).

Table I. Presence of aflatoxin at different temperatures from Aspergillus
flavus

Temperature Presence of Aflatoxin*
10°C -
27°€ +
30°C +
37°C -

* + Present , -Absent
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DISCUSSION

We conclude from the present investigation that peanuts from few retail
outlets in Georgia were indeed contaminated with A. flavus. When seeds from
these peanuts were exposed to low temperature neither growth of either mold
nor detectable levels of aflatoxin was observed at 10° C. The most important
factors for mycelial growth and sporulation of A. flavus from these peanuts
were temperatures of 27° C and 30° C. While there are species of Aspergil-
lus which grow at low temperatures, such as A. malignus and A. sydouwii,
our experiment showed that A. flavus from our sample do not tolerate such
conditions. The only commonly encountered thermotolerant Aspergillus
species are A. fischerianus, A. fumigatus, and A. nidulans (Morris et al,
1988). Furthermore, our investigation revealed that A. flavus was present
in peanuts from our retailers at temperature 37 °C, however, maximum
growth of this mold, along with detectable levels of aflatoxin was attained at
the temperatures of both 27° C and 30° C. It appears that fresh peanuts in
this region are available to consumers with a certain amount of seedborne
mycelium of A. flavus. Peanuts exposed to variation in temperature during
storage may become a public health hazard because of possible production
of aflatoxin, a potential carcinogen.
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