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Introduction
This document provides a review of available information on mycotoxin occurrence in Australian maize,
including published sources and unpublished data from industry testing programs. The extensive literature on
the chemistry and toxicology of relevant mycotoxins is covered only briefly, with primary focus on Australian
work. Risks to human health and that of pets and livestock from contamination are also discussed only in the
Australian context. Emphasis is given to assessing the risks that Australian maize will exceed domestic
standards and internationally accepted limits for mycotoxins, which could impact on marketing. This is a
companion document to ‘Mycotoxin contamination of Australian maize: a strategic risk management plan’
(Blaney 2007) and ‘Supply chain & export protocols for Australian maize’ (Blaney and Cogswell 2007).

Aflatoxins
Chemistry and toxicity
Aflatoxins are a group of chemically similar compounds produced by Aspergillus flavus and A. parasiticus.
They are highly oxygenated heterocyclic compounds characterised by dihydrodifurano moieties fused to a
substituted coumarin. When extracted, separated on thin-layer-chromatography plates and viewed under
ultraviolet light, two fluoresce blue (aflatoxins B1 & B2) and two green (G1& G2).
Aflatoxin B1 is one of the most potent liver carcinogens known (IARC 1993), and has been associated as a cocarcinogen with hepatitis B in the high incidence of liver cancer in parts of Africa and southern Asia
(Groopman et al 1988, Peers et al 1987, Henry et al 2002). Hepatocellular cancer is the most common cancer
in the world with nearly half a million new cases diagnosed each year. Aflatoxins can also cause acute
poisoning if ingested by humans and other animals in high doses, such as occurred in Kenya in April 2004
when consumption of aflatoxin-contaminated maize affected 317 people, with 125 deaths (Lewis et al 2005).
Natural cases of human disease caused by aflatoxin have never been recorded in Australia, but chickens
(Gardiner and Oldroyd 1965), turkeys (Hart 1965), ducks (Bryden et al 1980), dogs (Ketterer et al 1975), pigs
(Ketterer et al 1982) and cattle (McKenzie et al 1981) have been poisoned in the past. The principal result of
aflatoxicosis is severe liver damage (Blaney et al 1987a), but aflatoxin damages other organs and chronic
exposure can damage the immune system, increasing susceptibility to infectious disease. Aflatoxin B1 is
converted to aflatoxin M1 in the mammalian liver, and about 2-6% of aflatoxin B1 ingested by lactating
animals is transmitted into milk as M1.
Tolerances to aflatoxins vary between livestock species and class, and the risk of milk contamination demands
that dairy rations be additionally limited. On the basis of total aflatoxins (mg/kg) in the total diet, guidelines
for maximum levels for various species are: ducklings, 0.005; turkeys, dogs, cats, 0.01; chickens, weaner pigs
0.02; dairy cows, dairy goats and dairy sheep 0.02; young cattle, goats and sheep 0.05; breeding pigs, cattle
and sheep 0.05; horses, 0.05; grower and finisher pigs, 0.1; mature cattle, sheep and goats, 0.1. Lot-fed mature
cattle, sheep and goats and finisher pigs can tolerate >0.1 for short periods.

Sources of contamination
Maize and peanuts grown in tropical conditions around the world often have serious aflatoxin contamination
problems. Aflatoxins are best known in Australia as a problem in rain-fed (non-irrigated) peanuts grown in
parts of the Burnett region in south-east Queensland (Graham 1982, Blaney 1985, Rachaputi et al 2002)
although in Africa, southern Asia and parts of the United States the problem in maize is well recognised. A.
flavus is able to grow in maize of lower moisture content (16% at 35°C; water activity ~0.8) and at higher
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temperatures (12 – 43°C; optimum 30°C) than many other fungi found on field crops, and for this reason it
was originally classified as a ‘storage fungus’. In healthy peanuts and maize, plant defences prevent growth of
Aspergillus spp., but when low available moisture and high temperatures affect kernel development, plant
defences are lowered and these fungi can invade.
The sources of aflatoxin in the Australian livestock poisoning episodes referred to above were peanut meals
and by-products, mouldy bread and other bakery waste, and grain sorghum and maize that were dried
insufficiently and stored with high moisture contents. Aflatoxins are far less common in winter crops,
although they have been detected in extremely mouldy wheat from temporary bunker stores in southern Qld
(Blaney 1986), and on a single occasion at high concentrations in mouldy barley stored in a sealed silo in
summer near Dubbo in NSW (Blaney unpublished data). However, significant concentrations of aflatoxins
have never been detected in wheat and barley (or grain sorghum) without a history of storage problems.
Cottonseed, other oilseeds and nuts like pistachios have minor contamination problems in Australia compared
to elsewhere. Traces might on rare occasions be detected in mouldy hay and straw, but generally A. flavus and
A. parasiticus are not competitive with other fungi on these high-cellulose materials, and they are also far less
suitable substrates for aflatoxin production than grain and oilseeds. In summary, maize is the only grain crop
where aflatoxins are known to cause serious pre-harvest contamination.

Occurrence in Australian maize
The main growing regions for maize in Queensland are the Darling Downs and Burnett in southern Qld and
the Atherton Tableland and surrounding areas of northern Qld, with smaller amounts grown in central Qld. In
New South Wales, most maize is grown in the Northern Rivers and North Coast, the Liverpool Plains, Central
NSW and the Riverina. Some maize is also grown in the Murray Valley in Victoria and in Western Australia.
Southern Queensland
The first Australian survey for aflatoxin in maize was in 1978, when the Queensland Grain Growers
Association (QGGA), aware of serious aflatoxin contamination of the peanut crop in the Burnett region, and
problems in maize in the south-east of the USA (Lillihoj 1986), approached the Department of Primary
Industries (DPI) to conduct surveys for aflatoxins in maize. The resultant survey showed a low level of
contamination, and also validated the association of a Bright, Greenish-Yellow-Fluorescence (BGYF) of
cracked grain under long-wave ultraviolet light, with aflatoxin contamination, as originally demonstrated in
the USA (Fennell et al. 1973). In this initial survey, 800 maize samples grown in the Burnett region were
screened under ultraviolet light for BGYF - of 140 samples judged most likely to be contaminated, aflatoxins
were detected in 15 (11% positive), average 0.045 mg aflatoxins/kg, and from 70 samples chosen at random
from the remainder, only 2 were positive (3%), average 0.007 mg aflatoxins/kg (Blaney 1981).
In the drought year of 1980, contamination followed a similar pattern - the QGGA conducted a survey of 768
samples from the Burnett and Darling Downs, from which 41 samples were selected as BGYF positive and 28
of these contained >0.02 mg aflatoxins B1/kg (J G Twyford, personal communication).
In a more recent survey in southern Qld in 1998 (mainly southern Darling Downs with some from the
Burnett), 12 samples out of 73 were positive (average 0.01 mg aflatoxins/kg) (Maryam and Blaney
unpublished). None of these surveys indicated alarming aflatoxin concentrations of maize at harvest in
relation to the main target market of stockfeed, and maize is usually blended with other grains in compounded
stockfeed, which also reduces the risk. However, the average concentration across all samples in some years
might have exceeded the human food standard of 0.005 mg/kg, so monitoring by millers was warranted.
A series of serious droughts and high temperatures has increased the aflatoxin risk for rain-fed maize in
southern Qld over the past decade, particularly in the Burnett. This was demonstrated by surveys conducted
over the 2004, 2005 and 2006 seasons (Bricknell et al 2007). In the Burnett, 27 out of 168 crop samples
assayed exceeded the milling standard of 0.005 mg total aflatoxins/kg, although another 33 samples were
positive but <0.005 mg/kg. The central Burnett region, particularly the Coalstoun Lakes district, appears to
present an unacceptable high risk for production of milling maize. On the Darling Downs, only 3 out of 146
samples exceeded milling grade (Bricknell et al 2007).
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Northern Queensland
On the northern tablelands, the cooler and wetter climate is more suited to Fusarium species (see below) than
A.flavus. BGYF screening is not effective in these circumstances. Two surveys for aflatoxins were reported
prior to 2003. In 1982, 293 samples were all negative and in 1983, only 3 from 174 samples were positive
(average 0.019 mg/kg) (Blaney et al. 1984b, 1986). This low frequency of contamination was mirrored by the
minor aflatoxin contamination of peanuts grown there (Blaney 1985).
Of 41 samples tested from the 2004 and 2005 maize crops (Bricknell et al 2007), all met the standard for
milling grade (0.005 mg/kg). Consequently, the risk of aflatoxin contamination can be considered low in
traditional growing districts. On the other hand, maize production is expanding in some areas of northern Qld
where the climate is hotter, drier and more conducive to contamination, so continued monitoring is warranted.
Central Queensland and Callide
Maize production is relatively recent in this region, and is dependant on rainfall and irrigation. No surveys
were conducted in this region prior to 2004, but occasional samples tested as a result of diagnostic
investigations by DPI did show some cause for concern (Blaney unpublished). One survey conducted during
2004 showed moderate to heavy contamination of a single large crop grown under partial irrigation (Bricknell
et al 2007). Climatic modeling (Chauhan et al 2007) suggests that the high temperatures occurring over
summer in this region might not prevent stress on the maize plant leading to aflatoxin contamination even
with adequate irrigation, and planting time should be adjusted to avoid kernel formation during
January/February (see below for discussion of control measures).
Northern rivers and northern tablelands NSW
No surveys for aflatoxins have been reported, but this region has moderate temperatures and more reliable
rainfall than that in the inland grain growing regions of NSW, which suggests low risk of pre-harvest aflatoxin
contamination. One out of 13 samples collected during 2004, 2005 and 2006 from this region assayed by
Bricknell et al (2007) had a trace of aflatoxin (<0.002 mg/kg).
Liverpool Plains and central NSW
No surveys have been reported prior to those conducted recently. However, there have been indications
(personal communication from industry representatives) that occasional cases of pre-harvest contamination
had been detected, although much higher concentrations could be associated with flooding and storage
problems, such as occurred in 2001 (Blaney et al 2007). Bricknell et al (2007) detected aflatoxins in 7 out of
74 samples collected from these regions in 2004, 2005 and 2006: only 4 samples exceeded the milling
standard of 0.005 mg/kg, and all of these were from around Narromine in the central west.
Data provided to the author from another large processing company in NSW indicated contamination in only 3
from 108 crops harvested in 2005 at various sites in central NSW and the MIA, but more serious
contamination in maize harvested around the Liverpool Plains and the MIA in 2006 which required substantial
grading to meet requirements. From 96 crops, 32 would not have met the NACMA milling grade, and 17 fell
into the Feed #2 grade before cleaning and processing. Some suspicion fell on the hybrids grown, but planting
times, climatic conditions and insect damage are likely to have played a large part.
Riverina
It has been known for over 20 years that maize grown under irrigation in the MIA was not exempt from
aflatoxin problems. Occasional contamination was generally ascribed to patches of maize on the fringes of
fields suffering irregular water deficits and kernel stress cracks, and being exposed to increased insect attack
(personal communications from milling industry representatives). BGYF screening and aflatoxin testing were
used in the past by one large milling company to divert contaminated maize away from human food into
livestock feed (personal communications). All 96 samples tested by that milling company from the 1996/97
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season until 2001/02 met the company standard of <0.005 mg/kg, although frequent detection of 0.001 –
0.003 mg/kg levels did cause some unease.
In 2002/03, irrigation restrictions and high temperatures increased crop stress, and 9 crop samples out of 25
received from contracted growers exceeded the limit of 0.005 mg/kg. Four of these samples exceeded 0.015
mg/kg, the present standard for ‘prime’ maize. This caused major concern and disruption, not only to growers
who had to find stockfood markets, but also to the milling company and its clients.
Subsequent testing by Bricknell et al (2007) in this region in the 2004/05 and 2005/06 seasons showed that 68
out of 73 samples met the milling grade and the other 5 met the prime grade of 0.015 mg/kg. However, about
20% of crops harvested by a processing company in the MIA (Griffiths, Colleambally, Hay, etc) in 2006 had
substantial aflatoxin levels (0.02-0.1 mg/kg).
Northern Victoria
The risks are probably similar to the Riverina, but insufficient data are available. Five samples tested in
2004/05 all met milling grade (Bricknell et al 2007).
South-western Western Australia
Insufficient data are available. Of two samples tested by Bricknell et al (2007), one contained low levels of
aflatoxin, but both met milling grade (<0.005 mg/kg).

Risk factors for aflatoxin
The combination of drought and high ambient temperatures is now recognised as the primary environmental
factor leading to aflatoxin contamination in the growing crop, with insect damage also contributing. Although
aflatoxin research into factors predisposing maize to contamination has mostly been conducted in the USA
(Lillehoj 1986), Australian observations support similar principles. The American research has shown that the
critical period for aflatoxin production begins approximately twenty (20) days after anthesis and, if average
temperatures exceed 27°C and approach 32°C, two conditions are met: firstly, the natural resistance of the
maize plant to fungi in general is compromised; and secondly, the relatively heat-tolerant A.flavus has the
advantage over other fungi present. At this stage, windblown fungal spores (A. flavus spores are highly
resistant to desiccation) can enter through the silks. Physical damage to the ear from insects (especially boring
insects) or birds also is a critical factor in aflatoxin contamination, since it exposes the endosperm to
premature drying and A. flavus invasion. The specific problems associated with European corn borer and other
insects in the USA are not relevant in Australia, and the impact of insects in Australian maize has not been
quantified.
Climatic modeling (Chauhan et al 2007) has since shown that the high temperatures experienced in
January/February in many growing regions (central Burnett in Qld, central highlands in Qld, central west
NSW, MIA) present an inherently high risk for aflatoxin contamination in crops planted late so that kernel
formation occurs in this hot period, and if irrigation is inadequate.
Aflatoxin contamination is often limited to ears in a small section of a field, for example if soil depth is
shallower and/or irrigation across the field is uneven so that a few plants get less water than the rest. After
harvest, most aflatoxin can be present in a tiny proportion of kernels (eg 0.1%) in a given batch of maize.
However, once fungal growth has begun, it can continue until the moisture content of the grain reduces below
14%, so that delaying harvest can increase contamination.

Risk management
Risk management for aflatoxins in Australian maize has been reviewed by Bricknell et al (2007), and should
involve both good agricultural practice (GAP) and quality systems based on Hazard Analysis and Critical
Control Point (HACCP) (Codex 2003).
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GAP for managing aflatoxin in growing maize involves selection of planting times to avoid extreme
temperatures during the critical period of kernel formation, maintaining irrigation evenly across fields while
monitoring any sections where soil holds less moisture, good nutrition, insect control, early harvest,
minimising light-weight material at harvest, and drying (if necessary) to <14% moisture before storage. In
regard to field monitoring, aerial photography can be used to detect patches of stressed and wilting plants due
to lesser soil depth and water availability, as is done with peanuts in the Burnett region (Wright et al 2002).
Aflatoxin can be an even greater problem in stored maize. At moisture contents even slightly above 14%,
temperature fluctuations will cause the smaller amount of ‘available moisture’ to migrate into pockets and if
these pockets reach 16% with average temperatures around 35°C , the ‘water activity’ (aw) of maize reaches
the minimum of 0.80 at which A. flavus can start to grow. Initially, the fungus will grow in the very small
proportion of infected kernels, but this growth releases more moisture from the maize and the fungus will
rapidly spread into adjacent sound kernels. This process is greatly accelerated by storage insects which
damage kernels, transport fungal spores into the kernels and also release more moisture as they consume
grain. Good agricultural practice for aflatoxin management includes: minimising damaged kernels before
storage, either during harvest or gravity grading; using appropriate types of storage – shape of container and
grain depth must not restrict air flows; managing night-day air flows as appropriate for ambient temperatures
to avoid moisture condensation; and controlling insects with appropriate chemicals or modified atmospheres
(Hocking 1991).
For millers and processors of maize, risk management includes selective sourcing of maize from lower risk
crops, grading to remove damaged grain, and taking into account the effects of processing on aflatoxin
contents. Dry milling produces large grits used for corn flakes, bran, germ, meal and flour. Studies have
shown that only a small proportion remains in the large grits, with highest concentrations in the germ, bran
and fines (Brekke et al 1975). Wet milling also concentrates aflatoxins into the germ, fibre and gluten
fractions (Bennett and Anderson 1978). The implications need to be taken account of when deciding
acceptable aflatoxin levels in raw ingredient, and also the impact of increased aflatoxin in fractions used for
subsequent incorporation into human food and pet food. The relative frequency of contaminated batches
entering a processing stream and the variability in aflatoxin contents within each batch also involve risk
assessment and management decisions.

Regulations and trading standards
Aflatoxin B1 is currently regulated to 0.02 mg/kg in grain for stockfood under Queensland state regulations
(Anon 2003). Standards for human food, however, are applied nationally; the Food Standards Code is called
into force by the Food Act 1981 in Queensland, and by similar legislation in other States and New Zealand. In
the 1999 review of Standard A12, it was recommended that the 0.005 mg/kg standard for aflatoxin in foods
other than peanuts, peanut products, tree nuts and tree nut products be removed, as it was “unnecessary and
inconsistent with the draft Codex Standard”. However, it remains important to the maize industry that
Australian maize can be demonstrated to meet international standards, the most commonly applied standard
being 0.005 mg total aflatoxins/kg, which is also the NACMA trading standard for ‘milling’ grade maize.
It is noted that the Feed #2 NACMA standard of 0.08 mg total aflatoxins/kg also specifies a limit of 0.02 mg
aflatoxin B1/kg to harmonise with the Qld Stockfood Regulations (Anon 2003). The suitability of these
NACMA grades for different livestock species depends obviously on degree of dilution in the total diet,
period of feeding, and risk of residues in animal products like milk. A brief summary was complied by
Kopinski and Blaney (2006).

Cyclopiazonic acid
Chemistry and toxicity
Cyclopiazonic acid (CPA) is a tetramic acid which has been associated with ‘Kodua’ millet poisoning of
humans in India (Rao and Husain 1985), and might also contribute to the toxicity of mouldy maize containing
aflatoxin to livestock (Cole 1986). It only seems to be toxic once it passes a certain threshold, fairly high
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concentration, when it causes damage to various organs (liver, kidney, spleen). It has been found to be
mutagenic in the Ames assay, but is not known to be carcinogenic or proven to have other chronically toxic
effects.

Sources of contamination
CPA is another mycotoxin that is produced by A. flavus (but not A. parasiticus), and by several other
Aspergillus and Pencillium species.

Occurrence
CPA has been detected in maize in other countries such as the USA (Gallagher et al 1978) and Indonesia
(Widiastuti et al 1988). It is produced by Australian fungi (Blaney et al 1991), but has not yet been surveyed
in Australian maize.

Risk factors & management
Processes to minimise aflatoxin contamination of maize will also minimise CPA contamination.

Regulation
CPA is not currently regulated internationally (EMAN 2004).

Ochratoxin A
Chemistry and toxicity
Ochratoxin A is a substituted coumarin derivative with an acidic carboxy group. As with the aflatoxins, it is
also highly fluorescent under long-wave ultraviolet fluorescence. It is known to cause severe kidney damage
and immunosuppression in several animal species as well as inducing DNA damage in rodents in the
laboratory. To date there is no conclusive evidence that the toxic effects of ochratoxin A are the same in
humans as in animals, but given its effects as a kidney toxin in most animals tested it would be reasonable to
expect it is also a kidney toxin in humans. Additional animal evidence is sufficient for the International
Association for Research into Cancer (IARC 1993) to classify it as a possible human carcinogen.
There have no proven cases of ochratoxin poisoning of livestock in Australia. High concentrations (70 mg/kg)
were identified in mouldy bread thought to be the cause of poisoning of goats (Connole et al 1981), but
ochratoxin A is rapidly converted to the non-toxic ochratoxin α in the rumen of ruminants, which makes this
less likely, and aflatoxins were also detected in the bread. Ochratoxin (0.1 mg/kg) was present in combination
with aflatoxins (10 mg/kg) in mouldy sorghum that affected pigs in southern Qld (Ketterer et al 1982), but
probably played little part in the syndrome, as a subsequent experiment showed that these toxins are not
synergistic in pigs (Tapia and Seawright 1985).
In toxicity studies, dogs and pigs were found to be the most sensitive species. Young beagle dogs dosed with
ochratoxin A at 0.1 and 0.2 mg/kg bw/day for 14 days did not have reduced kidney function, but microscopic
lesions in the kidney were detected. This level equates to about 1 mg/kg in feed. A similar result was obtained
in female pigs fed 1 mg/kg feed for 2 years (see review by Kuiper-Goodman and Grant 2007). Australian
broiler chickens (3 weeks of age) fed 1 mg/kg for 5 weeks were not adversely affected (Reichmann et al
1982). In regards to tolerances of pets and livestock, 1 mg/kg has been shown to produce minor kidney
damage in long-term feeding studies with dogs and young pigs, so 0.1 mg/kg would appear to offer a generous
safety margin for these species.

Sources of contamination
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Ochratoxin A is produced by Aspergillus ochraceus, A. carbonarius, A. niger and Penicillium verrucosum
(Pitt et al 2000). Ochratoxin contamination has been identified in grapes and grape products in Australia as a
result of growth, mainly of A. carbonarius (A Hocking pers. comm.) and is known as a contaminant of coffee
beans and figs elsewhere. Growth of P. verrucosum in storage can cause serious ochratoxin contamination of
barley and other grains in Canada and Europe, but the fungus is not significant in Australian barley (J Pitt
pers. comm..). Webley and Jackson (1998) reported a single instance of ochratoxin A contamination in wheat
stored in cold wet conditions, but negative results otherwise in extensive screening.
Ochratoxin A, probably produced by A. ochraceus has been detected on several occasions in grain sorghum
stored with high moisture contents (>16%) in central Queensland, usually in combination with aflatoxins
(Ketterer et al 1982, Blaney unpublished data). However, it was not detected during screening of several
hundred ‘fair average quality’ sorghum samples from that region in 1983, 1984 and various other years
(Blaney, unpublished data). Connole et al (1981) reported ochratoxin production by A. ochraceus isolates in
Qld.

Occurrence in Australian maize
Ochratoxin A has been detected only on rare occasions and in very low concentrations (0.001 – 0.004 mg/kg)
in maize at harvest in Australia. These detections were in irrigated maize in the Murrumbidgee Irrigation Area
(MIA) (data provided by milling company). The most likely species producing ochratoxin in Australian maize
is A. ochraceus. However, members of the A. niger group have relatively recently been identified as
ochratoxin producers and, since these do occur in Australian maize, might also contribute to ochratoxin
contamination. However, surveys of maize produced in northern Qld (Blaney et al 1984b, 1986), southern Qld
(Maryam & Blaney unpublished) and other Australian regions (Bricknell et al 2007) have all been negative.
Ochratoxin in maize is also uncommon in the USA, where high concentrations (1-7 mg/kg) have only been
associated with maize that has undergone extensive mould growth in storage. A similar instance was observed
in southern Queensland some years ago (Blaney, unpublished data). Even in parts of south-east Asia where
aflatoxins are common in maize due to slow sun-drying and storage problems, ochratoxins appear to be only
occasional contaminants (Widiastuti et al 1988). All indications are that ochratoxin does not present a
significant risk to human health or livestock in Australia. However, current proposals in the EU to set limits of
0.005 mg/kg in raw grain and 0.003 mg/kg in derived products (see below) has potential to affect trade risks
for exported maize.

Risk factors and management
While it can be concluded that A. ochraceus is far less common than A. flavus in maize, the occasional case of
contamination is hard to predict, since little is known about factors controlling pre-harvest A. ochraceus
infection. In laboratory cultures, A. ochraceus grows over a similar range of temperature and moisture as A.
flavus, but there are apparently other factors limiting toxin production in field maize. These factors could
include survival of spores on soils (relative resistance to desiccation), ability to invade the developing ear, and
ability to compete with other fungi like A. flavus, A. niger and Fusarium species for damaged kernels.
Similarly, little is known about factors that might promote ochratoxin production by A. niger in maize.
However, some interaction has been shown between A. niger and A.flavus in regard to mycotoxin production.
Until more is known about these factors, it is reasonable to assume that processes for managing aflatoxin in
maize will also minimise the risk of ochratoxin contamination.

Regulation and standards
The EU has proposed a limit of 0.005 mg/kg in raw grain materials and 0.003 mg/kg for derived cereal
products and grain for direct human consumption (EMAN 2004). The impetus for these stringent controls are
results from recent surveys (SCOOP) across the EU showing widespread and extensive contamination of
grains, grape products, beer, coffee, figs, olives and processed meats with ochratoxin A (Walker 2002). This
sensitivity could influence international regulatory bodies, and eventually impact on Australian maize exports.
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In contrast to the situation in Europe and Canada, the only identified potential sources of ochratoxin A in the
Australian diet are maize and some grape products (both of which appear quite insignificant) and perhaps
some imported products like coffee, olives and red wine. However, there appears very little justification for
regular monitoring of Australian maize for ochratoxin A, unless there is a history of mould growth in storage.

Fumonisins
Chemistry and toxicity
Fumonisins are a group of chemically related polar compounds based on a hydroxylated hydrocarbon chain
with methyl and amino (or acetyl) substituents. The most common and most toxic is called fumonisin B1
(FB1), with FB2 and FB3 usually accompanying FB1 but in much lower concentrations. Fumonisins are
particularly toxic to horses, where they cause liquefaction of the brain known as equine
leucoencephalomalacia. The disease has been reported in many countries, including Australia (Shanks et al
1995.) Pigs can be affected with pulmonary oedema (Osweiler et al 1992), but no cases have been confirmed
in Australia. Whether or not fumonisins have a role in human disease is still being investigated, but they have
been associated with oesophageal cancer and diseases resulting from inhibition of sphingolipid biosynthesis
(Riley et al 1996). The toxicity and carcinogenicity of AF B1 is thought to be linked to its conversion to a
highly reactive epoxide (McKean et al 2006).
Tolerances to fumonisins vary between livestock species and class (CFSAN/FDA 2001). On the basis of total
fumonisins (mg/kg) in the total diet, suggested maximum levels for various species are: horses and rabbits, 1;
dogs, cats, weaner pigs, 5; grower/finisher pigs, weaner cattle, 10; breeder pigs, cattle, sheep and poultry, 15;
dairy ruminants, 15; non-breeding poultry and lot-fed ruminants, 30. Fumonisins are not considered to
produce significant residues in milk of meat.

Sources of contamination
Fumonisins appear only to occur in maize, being produced by several Fusarium sp. that are associated with
ear rot and stalk rot in maize worldwide. The most common species is Fusarium verticillioides (previously
called F. moniliforme, Seifert et al 2003) which appears to be the main source of fumonisins. It is also the
most common in Australian maize (Watson et al 2006), but F. proliferatum, F. subglutinans, F. thapsinum
and F. nygamai have also been isolated from ear-rotted maize in NSW, and are on record as capable of
producing fumonisins.
F. verticillioides is common in maize from both northern Queensland (Blaney et al. 1986) and southern
Queensland. The incidence of kernel-rot varies between seasons, for example it was severe on the southern
Downs in 1985/86 (Williams et al. 1992a)

Occurrence in Australian maize
Queensland
In 1998, a survey for fumonisins was conducted in 73 maize samples representing grower deliveries to bulk
grain depots in southern Qld (Maryam and Blaney, unpublished). Fumonisins were detected in all samples,
averaging about 3 mg/kg (range 0.1 to 8.5 mg/kg). Fumonisins were also detected in a few samples of maizebased human foods purchased in supermarkets at up to 6 mg/kg – which is at odds with reports from the USA
suggesting that processing of human foods usually results in a substantial reduction in fumonisin
concentration.
Some concentrated samples of damaged kernels obtained during 1985/86 on the southern Downs were later
found to contain up to 40 mg fumonisins/kg. Feeding trials with pigs in that year (Williams et al. 1992b) did
not indicate high toxicity, but withdrawal of two pigs with pneumonia from the trial in hindsight raised
suspicions of pulmonary oedema.
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Surveys by Bricknell et al (2007) in 2004, 2005 and 2006 found 95% of samples from the Burnett and Darling
Downs met the milling standard of 2 mg/kg for fumonisins and only 2 samples out of 314 exceeded the Prime
standard of 5 mg/kg. In northern Qld, one sample out of 41 exceeded the Prime standard.
New South Wales - general
One survey for fumonisins in Australian maize was reported by Bryden et al (1995). Of 53 samples from
‘human and animal food manufacturers and grain merchants’, only 6 did not contain the toxin, and
concentrations ranged from 1 to 40 mg/kg. At the University of Sydney, a couple of hundred samples of
maize (most from NSW and some from Qld) were assayed for fumonisin using rapid test kits during 1995-97.
This showed a moderate frequency of contamination at levels around 1 mg/kg (W Bryden personal
communication).
Samples associated with leucoencephalomalacia in horses in NSW contained 164 mg/kg (Christley et al 1993,
Shanks et al 1995).
Surveys by Bricknell et al (2007) in 2004, 2005 and 2006 found that 66 out of 79 samples from parts of NSW
other than the MIA met the milling grade, 6 met prime grade (2- 5 mg/kg), 1 met feed #1 (5-10 mg/kg), 5 met
feed #2 grade (10-40 mg/kg) and 1 sample exceeded 40 mg/kg. These results show a possible trend towards
greater fumonisin contamination in NSW than in Qld.
NSW - Riverina
Of 96 samples tested by a large milling company based in the Riverina (MIA) from the 1996/97 season until
2001/02, 40 samples contained 1-2 mg/kg, and only 2 samples contained 2-5 mg/kg. In 2002/03, irrigation
restrictions and high temperatures increased crop stress, and 7 crop samples out of 25 received from
contracted growers exceeded the company standard of 2 mg/kg (all <5 mg/kg). This caused major concern and
disruption, not only to growers who had to find stockfood markets, but also to the milling company and its
clients. As part of the process of sourcing new markets for this rejected grain, 66 samples were tested for
fumonisins: 32 contained <2 mg/kg; 5 contained 2-5 mg/kg; 21 contained 5-10; and 8 exceeded 10 mg/kg.
Only two samples of screening exceeded 40 mg/kg (56 & 152 mg/kg) (O’Keeffe 2003, Blaney & Bricknell
unpublished).
Surveys by Bricknell et al (2007) assayed 73 samples collected in 2004, 2005 and 2006 from this region with
the following results: milling grade, 57; prime grade, 8; feed #1, 1; feed #2, 5; and 2 >40 mg/kg. These results
are similar to those in other parts of NSW, and also to those obtained in the MIA in 2003.

Risk factors for fumonisins
F. verticillioides is systemic in the maize plant, but seems to grow rapidly and increase fumonisin
concentrations only when plant defences are impaired. F. verticillioides requires a higher moisture content
than A.flavus and is less heat tolerant. While drought stress is a significant factor in fumonisin contamination,
the association with very high temperatures is not as strong as with aflatoxin. This might underlay the
apparent trend towards more fumonisin contamination in NSW than in Qld. Irregular water availability (which
can occur at the edges of irrigated fields) can produce sudden contraction and expansion of the pericarp,
causing a ‘starburst’ pattern of fine cracks which appears to be associated with increased growth of F.
verticillioides and production of fumonisins. Insect damage can also increase fumonisin contamination.
Physical damage increases access to the endosperm, and stress might also reduce the activity of a beneficial
maize fungus Acremonium zeae (Wicklow et al 2005). Different maize hybrids could vary in susceptibility to
fumonisin (Butron et al 2006), but more research is needed in this area.

Risk management
Stress reduction in crops by good irrigation, correct fertilization, and insect control appear the keys to
minimising the risk of excessive fumonisin contamination. However, hybrid susceptibility might also be
playing a part, and maize breeders need to accommodate this in breeding objectives.
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Because Fusarium species require a moisture content of 30-40% and relative humidity of ~95%, fumonisins
are very unlikely to increase in maize post-harvest.
When serious fumonisin contamination does occur, it has been shown that a major proportion can be in the
lightweight fraction, and removable by gravity grading.
Processing has been shown in the USA to cause substantial reductions in fumonisins. Dry milling produces
large grits used for corn flakes, bran, germ, meal and flour. It has been shown that highest concentrations
remain the bran and fines, less in germ and smallest grit fraction, but very little in the largest grits used for
corn flakes (Katta et al 1997). Wet milling leaves little fumonisins in the corn starch, but concentrates it into
the gluten, fibre and germ fractions (Bennett et al 1996). These principles need to be checked in Australian
processing plants, but it seems likely that similar results will be obtained. The implications need to be taken
account of when deciding acceptable fumonisin levels in raw ingredient, and also the impact of increased
fumonisins in fractions used for subsequent incorporation into human food and pet food. The price of these
products needs to reflect the cost of fumonisin contents, the associated risks to end-users, and the costs of
minimisation (additional testing, premiums for raw ingredient, and reduced value of by-products).

Regulation and standards
In the USA, recommended limits for fumonisins range from 1 to 50 mg/kg in the complete feed of livestock
and companion animals, with higher concentrations allowed in raw maize ingredient (US-FDA 2001). In
maize for human food, 2 mg/kg is recommended in degermed dry milled maize products such as grits, 3
mg/kg for popcorn, and 4 mg/kg for some other maize products. Fumonisins are regulated only in a few
countries ranging from 1 to 3 mg/kg. This includes a few members of the European Community, but the EC
has not yet harmonised limits (EC 2005).
Fumonisins are not currently regulated in Australia. However, the NACMA trading standards are consistent
with overseas proposals (CFSAN/FDA 2001), and human dietary exposure to fumonisins in Australia appears
similar to that in North America. The results obtained in surveys above suggests a need for regular monitoring
of maize intended for humans, for pet food and for horses. The risks for other livestock appear low and given
that maize is rarely the main grain component of mixed diets in this country, testing might only be warranted
when there is evidence of substantial pre-harvest damage (a known history of extensive F. verticilioides kernel
rot, or shrunken, lightweight grain).

Zearalenone
Chemistry & toxicity
Zearalenone (ZEA) is a substituted resorcyclic acid lactone. It is non-steroidal estrogenic mycotoxin that has
been implicated in some forms of infertility in pigs, cattle, sheep and possibly other animals. It has not been
proven to affect human health (Anon 2004). Young pigs appear to be the most susceptible animal species. It
has a very low acute toxicity, and it has been described as a myco-oestrogen rather than a mycotoxin.
In Australia, ZEA poisoning of pigs is not common, but cases have been recorded: in the highlands of central
Victoria (apparently, as zearalenone was not assayed; Pullar and Lerew 1937); on the Atherton Tableland of
far-north Queensland (Blaney et al 1984); and in the Northern Rivers district of New South Wales
(unpublished data). The effects of ZEA are often mixed with those produced by trichothecenes (see below) as
both are produced by certain Fusarium spp.
Young female pigs appear to be the most susceptible class of animal to zearalenone, where oestrogenic effects
can be produced at levels of 0.2 mg/kg in the complete diet, although these effects are more consistent at 1
mg/kg (Williams et al 1988). Chickens and non-breeding cattle and pigs can tolerate much higher
concentrations. Some pet food manufacturers have expressed concern about ZEA possibly affecting breeding
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of cats and dogs, but the scientific panel of the EC (Anon 2004) recently expressed the opinion that there were
no reliable data for the effects of ZEA on cats, dogs, rabbits and horses. Limited data suggests that humans
might have a similar susceptibility to pigs, and ZEA has been patented as an oral contraceptive (Hagler et al
2001).

Sources of contamination
In maize, zearalenone is primarily produced by F.graminearum, a fungus responsible for causing ear and stalk
rots. There are a few other Fusarium species that produce zearalenone, such as F. culmorum, F.
pseudograminearum, F. equiseti and F. crookwellense, but these are less prevalent in maize. Zearalenone is
also produced in pasture grasses by some Fusarium species, including F. culmorum and F. crookwellense
(Lauren et al 1988).

Occurrence in Australian maize
The only place where zearalenone in significant concentrations can be regularly detected in Australian maize
is on the tablelands of far north Qld, where the persistently wet climate favours ear rot by F. graminearum.
Concentrations of around 1 mg/kg can be quite common (Blaney et al. 1984b, 1986) and storage of maize
without drying can increase this sufficiently to affect pigs (Blaney et al. 1984a). The most contaminated
kernels can be distinguished by a dark purplish colouration. In samples collected in the worst affected regions
in 1983 and 1984, average concentrations of ZEA in samples with <0.25% purple kernels was 0.04 mg
ZEA/kg, in samples with 0.25-1% purple kernels was 0.21 mg ZEA/kg, and in samples with >1% purple
kernels was 0.61 mg ZEA/kg. Samples with 2% of purple kernels contained about 1 mg ZEA/kg. Continued
breeding of maize hybrids for resistance to ear rot appears to have decreased ZEA concentrations over the last
20 years.
Another area where F. graminearum is relatively common is in the wet coastal districts of south-east
Queensland and northern NSW. Zearalenone contamination in these zones is related to the presence of
inoculum, but incidence is determined by timing of rainfall in relation to silking and the relative resistance of
the maize hybrids planted. While surveys have not been reported, a few positive samples have been identified
in diagnostic investigations into livestock disease, and it is probable that zearalenone is regularly present (even
if only at low concentrations) in maize grown in these areas.
Such weather conditions are uncommon in other Australian maize-growing regions (Burgess et al 1981).
However, this does not mean that ZEA will be completely absent. Monitoring in the MIA by a milling
company regularly detected levels of 0.05 – 0.1 ZEA mg/kg (10 – 100% of samples) over the years 1996/97 to
2002/03 (T. Micklasavich, pers,comm.). Lowest levels in feed known to affect young pigs, the most sensitive
species, are about 0.25 mg/kg. It is of note that concentrations did not increase in 2002/03 when ear rot was
particularly severe – another indication that F. verticillioides rather than F. graminearum was dominant (see
risk factors).
Surveys in 2004, 2005 and 2006 by Bricknell et al (2007) across all regions detected levels exceeding 0.1 mg
ZEA/kg in only a few samples out of nearly 600, mainly from the Atherton Tableland.

Risk factors
Factors favouring F. graminearum infection are the key to prevalence of ZEA in maize. F. graminearum
causes head blight of wheat, and rotating wheat and maize is a common cause of increased infection in both
crops if climatic factors suit (Blaney et al 1987b; Southwell et al 2003). F. graminearum has also been
isolated from stalk rot of sorghum rotated with wheat and maize (Blaney and Dodman 2002), and inoculum
persists in pasture grasses rotated with maize in wet areas like the Atherton Tableland (Burgess et al 1981).
On the Atherton Tableland, fungal isolations from kernels with a purple discolouration found F. graminearum
to be most common (63%), followed by F. moniliforme (F. verticillioides) (24%), F. subglutinans (8%) and F.
oxysporum (10%). However, in damaged kernels without the purple discolouration, F. verticillioides (47%)
was much more prevalent than F. graminearum (12%), whereas in visibly sound kernels F. verticillioides was
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still isolated at 35% frequency compared to only 4% for F. graminearum and less for other Fusarium spp
(Blaney et al 1986). This result supports the prevailing hypothesis that F. verticillioides can be a widespread
systemic infection in symptomless maize which increases (and produces fumonisins) under conditions of
stress and physical damage. F. graminearum on the other hand tends to invade the ear at silking and attack
developing kernels usually at the ear tip, from whence it can grow down the centre of the cob and eventually
into other kernels.
These different patterns of invasion reflect the different modes of survival among Fusarium spp. According to
Burgess (1981), F. verticillioides survives as mycelium in plant residues near the soil surface and is well
adapted to dispersal in the atmosphere in dry or wet weather as it forms macroconidia in sporodochia and
chains of microconidia in dry powdery masses which are easily dispersed by wind and rain. F. subglutinans is
also in this category. Consequently, spores will always be present on maize and invade whenever the
opportunity presents, such as when insect damage occurs. On the other hand, F. graminearum invades by
active dispersal of ascospores from perithecia produced on infected crop debris on the soil surface. Warm,
humid conditions are required for perithecia formation and ascospore discharge, which needs to occur when
maize is silking and most vulnerable to infection. The extent of growth of F. graminearum and production of
zearalenone is then favoured by persistently moist conditions during maturation. This combination of weather
conditions occurs on the Atherton Tableland (see Blaney et al 2006), and in the warm, summer-dominant
heavy rainfall areas on the NSW north coast and parts of southern coastal Qld.
In other Australian regions where maize is grown, F. graminearum infection is far less prevalent because
warm, wet weather at silking is not as common, and there is less opportunity to build up inoculum on crop
residues on the soil. Watson et al (2006) investigated severe ear rot of maize that occurred in the MIA in
2002/03, and isolated the following species in decreasing frequency: F. verticillioides, F. proliferatum, F.
subglutinans, F. thapsinum, F. nygamai, F. graminearum, F. semitectum and F. equiseti. Of these, F.
graminearum and F. equiseti can produce ZEA. This does not mean that ZEA will not occur in these regions,
but that it will rarely reach concentrations that are significant to human health or to livestock.

Risk management
In the main Australian maize production areas, zearalenone does not appear to warrant specific controls, but if
necessary good agricultural practice would involve reduced stubble retention and avoiding maize-wheat
rotation. Climatic patterns should be monitored, as unusually warm and moist weather during silking could
increase the risk if there is crop debris on the soil. On the Atherton Tableland in far-north Queensland,
effective management involves use of the hybrids specifically developed by DPI&F for disease resistance in
that region, which feature a very long and tight husk cover. This breeding material could be adapted to hybrids
for other areas if zearalenone problems become significant.

Regulations and standards
There are no international regulations for zearalenone in maize at this time. However, maize represents a small
fraction of the Australian diet and intake of ZEA from the main food grains wheat and barley is negligible in
Australia, so a limit of 0.2 mg/kg in raw maize would appear safe and achievable. Imported maize (and wheat
and barley) products appear to have a much higher risk of zearalenone contamination than local grain, and
some scrutiny of such imports is justified.
A limit of 0.2 mg/kg should also be safe for maize and maize products to be incorporated into pet foods, given
that the maize would represent from 10 – 50% of the final product. Complete diets for young pigs should be
limited to 0.1 mg/kg; while that for cattle and poultry should be limited to 0.5 mg/kg. Maize containing up to
2 mg/kg or more would be acceptable for stock food after suitable dilution in diets, but the potential cooccurrence of trichothecenes should be considered (see trichothecenes below).
The NACMA standard (NACMA 2003) for all maize grades currently contains a ‘nil’ tolerance for Fusarium
(pink) fungal stained grain. This was set in regard to wheat affected by F. graminearum head blight and is
achievable because of the low incidence of head blight in Australia. It might require some modification in
future for maize, since such a stringent standard could unnecessarily restrict marketing of maize from wetter
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coastal areas of Australia, and because maize with <0.2% pink/purple Fusarium-infected grain is unlikely to
contain >0.1 mg ZEA/kg (Blaney et al 1984b).

Trichothecenes
Chemistry and toxicity
Trichothecenes are a large group of sesquiterpenes, that are broadly divided into Type A (T-2 toxin; HT-2
toxin, diacetoxyscipenol, etc), Type B (deoxynivalenol, nivalenol, etc) and macrocyclic trichthecenes
(verrucarins, roridins). Acute exposure to trichothecenes induces anorexia at low doses and emetic effects at
higher doses as well as causing problems with cell replication, irritation of the gastrointestinal tract and effects
on the immune system. There is no current evidence that they are either carcinogens or mutagens. Type A
trichothecenes including T-2 toxin produced by F. sporotrichioides and F. poea in millet have been associated
with the human disease alimentary toxic aleukia (ATA) that was first reported in Russia in the 19th century
(Ueno 1983). The characteristic signs of ATA are fever, necrotic angina, leukopenia, haemorrhaging,
exhaustion of bone marrow and death. Cold, moist grain storage appears to factor these fungi. On the other
hand, Type B trichothecenes tend to be produced by Fusarium species that favour warm to temperate climates,
such as F. graminearum. Human food poisoning by deoxynivalenol (DON, also referred to as vomitoxin)
featured abdominal pain, dizziness, headache, nausea, vomiting, diarrhoea and blood in the stool (Pieters
2002).
Poisoning of either humans or livestock by Type A trichothecenes has never been diagnosed in Australia.
Although DON, nivalenol (NIV) and their acetyl derivatives are known to contaminate maize in some parts of
Australia, DON and NIV are far more common in maize in wetter regions such as parts of New Zealand
(Lauren et al 1991). DON has been responsible for widespread economic losses in North America, particularly
in wheat (Schaafsma 2002). Human exposure to DON and NIV from wheat is rarely significant in Australia
(Tobin 1988, Webley and Jackson 1998), and problems with livestock production (vomiting and reduced feed
intake, particularly by pigs) are also uncommon (Moore et al 1984; Tobin 1988).
The tolerance of pigs to DON (Williams et al 1988) and NIV (Williams and Blaney 1994) in naturally
contaminated grain in Australia have both been tested. Vomiting at high intakes (DON only) and persistent
feed refusal (DON and NIV) were the only adverse effects noted, with the tolerance about 1 mg/kg: feed
conversion was only affected when levels exceeded 8-9 mg DON/kg. Chickens are generally regarded as more
tolerant than pigs, but offered a choice between diets containing 12 mg DON/kg and control diets, chickens
strongly selected against the DON-containing diet, and given no choice, intakes were down and daily gain was
reduced by 12% (Mannion and Blaney 1988). Daily gain also declined by 3 to 8% in chickens fed maize-base
diets containing 3 to 6 mg NIV/kg, respectively (Kopinski et al 1991). Cattle also are considered fairly
tolerant. However, severe feed refusal, depression and scouring was observed in calves fed triticale grown
around Casino in northern NSW, that was subsequently found to contain 30 mg DON/kg (Blaney, unpublished
data).

Sources of contamination
In Australian maize, the fungus primarily responsible for producing NIV and DON is F. graminearum
(Burgess et al 1981, Pitt 2000). F. culmorum is another source of DON but appears more common on wheat
than maize, and prefers cooler latitudes where less maize is grown in Australia. In comparison, F.
graminearum, F. culmorum and F. crookwellense are all associated with DON and NIV contamination of
maize in New Zealand (Lauren et al 1996).
Infection by F. graminearum is favoured by warm, wet conditions during flowering and persistently wet
weather during maturation, which are common in Australia only on wetter localities (Kairi, Malanda,
Herberton) on the tablelands of far-north Queensland and the north coast of NSW (Casino, Kyogle, Grafton).
Research indicates that infection in far-north Queensland produces NIV while infection with the same species
in northern New South Wales tends to produce DON (Blaney and Dodman 2002), and this might be related to
different genotypes (Burgess pers. comm.).
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Other Fusarium species like F. equiseti, F. semitectum, F. acuminatum that have been isolated from maize
and maize soils (Wearing & Burgess 1978; Watson et al 2006) have potential to produce Type A
trichothecenes, but their relatively low frequency in maize suggests that the risk of contamination is also low.
Australian isolates of F. compactum and F. acuminatum subsp. armeniacum and F. acuminatum subsp.
acuminatum tested by Wing et al (1993) produced type A trichothecenes, while several isolates of F. equiseti
were of low toxicity. While widespread, these fungi are weak pathogens on maize, and are more likely to be
associated with severe weather damage and wet, cool storage, both of which are uncommon in Australian
maize areas. Minor contamination of maize with T-2 toxin and scirpenol has been reported in New Zealand
maize (Lauren 1991).
None of this argument rules out the possibility of contamination of Australian maize, which of course can
only be demonstrated by surveys, but it does point to the risk of significant contamination being very low and
probably confined to cooler and wetter districts.

Occurrence in Australian maize
On the north Qld tablelands, NIV (and ZEA) can be detected in individual maize crops, but concentrations
rarely exceed 1 mg/kg. DON has also been detected in maize in the region, but at very low frequency
compared to NIV (Blaney, unpublished data). As with ZEA, monitoring of pink-purple discoloured kernels in
grain is a useful screening test. In samples collected in the worst affected regions of the northern tablelands in
1983 and 1984, average concentrations of NIV in samples with <0.25% purple kernels was 0.13 mg/kg, in
samples with 0.25-1% purple kernels was 0.66 mg NIV/kg, and in samples with >1% purple kernels was 1.21
mg ZEA/kg. The maximum detected was 2.5 mg NIV/kg in a sample with >2% of purple kernels (Blaney,
unpublished data). Continued breeding of maize hybrids for resistance to ear rot in the 20 years since those
surveys has probably reduced the extent of contamination.
The characteristic purple discolouration has been observed in isolated maize crops in the sunshine coast and
gold coast hinterlands in Queensland, but not in the Darling Downs and Burnett regions in the limited
mycotoxin surveys conducted.
Surveys for DON and NIV in maize have not been reported from NSW. Since DON has been detected in
wheat and triticale with head blight from the Northern Rivers district (Tobin 1988), there is little doubt that it
will be an occasional contaminant of maize in the same region.
Industry monitoring in the MIA from 1996/97 until 2003/04 detected DON (>0.5 mg/kg) in 3 out of 90 maize
deliveries (0.6, 0.6, 0.7 mg/kg).

Risk factors & Management
Maize grown on the wetter parts of northern Qld tablelands (Malanda, Kairi, Herberton, Atherton) will
continue to have a high risk of NIV contamination. Currently, this is controlled by resistant hybrids developed
in the region by DPI&F. Other commercial hybrids developed elsewhere are regularly demonstrated to be
extremely susceptible to F. graminearum ear and stalk rots in the region, and presumably to NIV and DON
contamination. This potential for contamination should be taken into account if there are intentions in future to
export maize from this region. Currently, most of the maize is used as feed for dairy and beef cattle, with
some going to pigs and poultry. DON and NIV are more concentrated in visually damaged grain, and the most
contaminated kernels can be distinguished by a dark purplish colouration.
The occurrence of head blight in wheat on the Liverpool Plains in 1999 and 2000 (Southwell 2003) also points
to a moderate risk of DON and NIV contamination of maize grown there, but the extent of ear rot will be
determined by the amount of crop residues present (maize and sorghum), heavy rainfall at silking, and
persistent rainfall during maturation, which is also an unlikely scenario in most years. However, increased
production of maize under pivot irrigation in the region could be increasing the risk.
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Surveys for DON and NIV from other maize growing regions of NSW have not been reported, but one
investigation in 2002/03 did detect F. graminearum at low frequency to other Fusarium species in maize from
central NSW (Watson et al 2006). Low levels of DON and NIV should be expected as occasional
contaminants of maize in wetter seasons throughout NSW and Victoria.
Processing has an effect on DON levels in products. Dry milling of DON-contaminated maize concentrated
most DON into the germ meal fraction (Scott 1991). Wet milling of maize was studied in New Zealand by
Lauren and Ringrose (1997), who found that most DON and NIV went into the concentrated steep liquor,
since they have some water-solubility.
Overall, the relatively low frequency of contamination suggests that the issue of NIV/DON contamination of
Australian maize is relatively minor, requiring only that monitoring for ear rots and purple grain be conducted
in unusually wet seasons.

Regulation and standards
In 1998 and 1999, contamination of wheat with up to 2 mg DON/kg in the Netherlands prompted the conduct
of a risk assessment, which suggested a limit for 0.2 mg DON/kg in wheat, based on the high consumption of
wheat products by children (Pieters et al 2002). In the USA, 1 mg/kg is the most stringent advisory standard
for DON in finished wheat products, with higher concentrations accepted for tolerant classes of livestock
(Park and Troxell 2002). Health Canada has set a guideline of 2 mg DON/kg in uncleaned soft wheat for
human consumption. Austria has guidelines for 0.5 for wheat and rye and 0.75 in durum wheat. Russia
permits a maximum of 1 mg DON/kg (and 0.1 mg T-2 toxin/kg) in wheat, flour and bran.
On present information, it seems that Australia could set a limit of 1 mg/kg for both DON and NIV in raw
maize and 0.5 mg/kg for maize products for human food without any substantial risk of maize rejection at
market. The risk to human health in Australian from DON/NIV is much smaller than in Europe and North
America, as maize is a minor food component while wheat has no significant contamination. Maize used in
pet food and young pigs might be limited to 1 mg/kg, 2 mg/kg would be suitable for chickens and young
cattle, and 5 mg/kg for adult pigs, cattle and other ruminants.
The NACMA standard (NACMA 2003) for all maize grades currently contains a ‘nil’ tolerance for Fusarium
(pink) fungal stained grain. This was set in regard to wheat affected by F. graminearum head blight and is
achievable because of the low incidence of head blight in Australia. It might require some modification in
future for maize, since such a stringent standard could unnecessarily restrict marketing of maize from wetter
coastal areas of Australia, and because maize with <0.2% pink/purple Fusarium-infected grain appears
unlikely to contain >0.5 mg NIV/DON/kg. Indeed, regular testing of maize for DON and NIV does not appear
to be warranted except in maize grown in these areas, and checking for pink/purple grain in the first instance
will further reduce the risks.
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