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POSITION PAPER ON FUMONISINS

INTRODUCTION

1. The 31st Session of the Codex Committee on Food Additives and Contaminants (CCFAC) accepted
the offer of the United States to develop a Position Paper on Fumonisins (ALINORM 99/12A, para. 97).

2. Fumonisins are a class of recently identified mycotoxins that are produced mainly by  Fusarium
moniliforme [= F. verticillioides], Fusarium proliferatum and several other Fusarium species. F.
moniliforme is a fungal pathogen of corn (Zea mays)  and is one of the most prevalent fungal species
associated with corn throughout  the world  (1,2).

3. Fumonisins  isolated from cultured strains of F. moniliforme have produced  neurotoxicity  in horses,
adverse pulmonary effects  in swine and induced carcinogenisis  in the livers of rats (3). There is also
suggestive evidence from limited epidemiological studies that fumonisins may be carcinogenic in humans
(e.g., human esophageal cancer). Fumonisins have been detected  in corn and corn products designated for
human consumption.

4. Fumonisins are a structurally related group of diesters of propane-1, 2, 3-tricarboxylic acid and
various 2-amino-12, 16-dimethylpolyhydroxyeicosanes in which the C14 and C15 hydroxyl groups are
esterified with the terminal carboxyl group of tricarboxylic acid (4). There are at least 12 fumonisin
analogues that have been identified and these have been classified into series A, B, F and P based on their
chemical structure (5). The B series, consisting mainly of fumonisin B1 (FB1), and fumonisin B2 (FB2), are
believed to be the most abundant and most toxic naturally occurring analogues (6,7). The extent of
contamination of corn with fumonisins varies with geographical location, agricultural  practices, and the corn
genotype which determines the susceptibility of the corn plants to fungal and insect invasion during the
growing phase of the corn in the field.

5. F. moniliforme is a soil-borne as well as a seed-borne pathogen of corn, therefore the extent of
infection of the corn plant and kernel by the fungus will vary depending on the point, or points, of entry into
the developing corn plant (8,9). The levels of fumonisins produced in corn are influenced by environmental
factors such as temperature, humidity, drought stress and the extent of rainfall during the preharvest and
harvesting periods; storage of the harvested corn kernels under improper moisture conditions can result in
additional accumulation of fumonisins (8).  Surveys of corn grown in many countries around the world have
revealed the presence of varying levels of fumonisins; a significant percentage of apparently healthy-looking
corn kernels contained fumonisin levels of about 1 µg/g (ppm) or higher  (10,11).  Higher levels of
fumonisins are usually found in corn kernels produced in the warmer regions of the world (12,13). The ratio
of FB1/FB2 is approximately 3:1 in naturally contaminated corn (14).
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TOXICOLOGICAL EVALUATIONS

6. The International Agency for Research on Cancer (IARC) reviewed the toxicity of Fusarium
moniliforme derived toxins in 1993 (15).  IARC classified the toxins derived from F. moniliforme as possible
human carcinogens  (Group 2B).  Fumonisins will be evaluated by the Joint FAO/WHO Expert Committee
on Food Additives (JECFA) in the near future (February,2001).

7. There is no direct scientific evidence that fumonisins cause adverse effects in humans. Studies
currently available demonstrate inconclusive associations of fumonisins with human disease.  Investigators
in South Africa have noted a correlation between high levels of fumonisin-producing molds on corn used to
make alcoholic beverages and esophageal cancer in human subgroups (16). Those studies were limited by
the lack of controlled conditions, particularly for established confounding risk factors (e.g.,alcohol
consumption) and therefore do not allow any definitive conclusions to be made about cancer causation in
humans. Other studies lacked similar controls or did not measure fumonisin levels (17,18). In a recent
limited epidemiological study in India, an association of high levels of fumonisins (but not other
mycotoxins) in moldy sorghum and  corn with mild gastrointestional symptoms was noted (19).  However,
this study also suffered from a lack of control of established risk factors.  In addition, contaminants other
than mycotoxins cannot be eliminated as causative factors, and a similar association was not detected in
studies conducted in other countries.

8. Ingestion of fumonisin-contaminated grains can result in varied adverse effects in animals, including
horses, rabbits, sheep, rats and pigs.  F. moniliforme in moldy feed, particularly corn , has been associated
with livestock deaths for many years. The horse appears to be the species most sensitive to fumonisins, and
equine leukoencephalomalacia (ELEM) is the most frequently encountered disease associated with F.
moniliforme (20-22).  ELEM is characterized by liquefactive necrosis of the cerebral hemispheres. Acute
porcine pulmonary edema syndrome (PPE) has also been associated with  F.moniliforme  (23).

9. Fumonisins have been associated with liver damage and changes in the levels of certain lipid classes,
especially sphingolipids, in all animals studied (24). Kidney lesions were also found in many animals (24-
25). Chronic high dietary levels of fumonisins ( at least 50 ppm) were associated with liver cancer and
decreased life span  in female mice and kidney cancer in male Fisher 344 rats without decreased life spans
(26). At lower exposures, which were higher than those associated with levels of fumonisins normally
detected in U.S. corn crops, no carcinogenic effect was observed. In a smaller study with BD IX male rats
exposed to similar fumonisin levels ( 50ppm), liver cancer resulted (27). Fumonisin was negative in
genotoxicity assays (28,29).

10. Fusarium culture material, prepared from an isolate of F. moniliforme (F. vertiicillioides), resulted in
liver damage or death by  heart failure in baboons (30). Long-term studies, in vervet monkeys fed culture
material  containing fumonisins, resulted in atherogenic effects and liver toxicity (31).  Clinical   studies with
horses and related species, fed rations containing fumonisins,  have demonstrated two forms of toxicity:  at
low  exposure levels (8-22ppm in feed) ingested for weeks, fatal brain damage (ELEM) and  mild liver
damage occurred;  and at higher levels (44-200 ppm in feed) ingested for a shorter  period of time (days),
mild brain damage and severe liver damage were observed (20-22).  Fumonisin- containing culture material
caused heart failure leading to pulmonary edema  when fed to swine (23).

SAMPLING PLANS, ANALYTICAL AND RESIDUE DATA

Sampling plans

11. From statistical studies conducted so far, variances associated with sampling, sample preparation,
and analytical steps of a test procedure that measures fumonisin in shelled corn have been estimated (32).
Regression equations were developed to predict the variance as a function of fumonisin concentration for
each step of the fumonisin test procedure. The variability associated with the test procedure to measure
fumonisins in shelled corn is very similar to the variability associated with the test procedure to measure
aflatoxins in shelled corn. For small sample sizes, sampling variance is the largest source of the total testing
variation, and the variances associated with each step of the test procedure increases with fumonisin
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concentration. Further studies are needed to determine the shape of the curve (symmetrical, skewed, etc.) that
will best describe the distribution of sample test results from a given lot of corn so that the performance of
fumonisin sampling plans can be predicted.

Methods of analysis

12. Many analytical methods have been developed for the identification and quantification of FB1 and
FB2, the most abundant and toxicologically significant fumonisins. These fumonisins can be separated and
analyzed by thin-layer chromatography (TLC), high-performance liquid chromatography (HPLC), gas-
chromatography-mass spectrometry (GC-MS), capillary electrophoresis and various immunochemical
methods. The fumonisins are water-soluble, therefore initial extractions usually involve water with varying
ratios of either methanol or acetonitrile. HPLC has been widely used for the analysis of fumonisins. The
fumonisins do not have strong UV-absorbing or fluorescing groups,  therefore most of the analytical methods
require the formation of a stable derivative for detection (33). A reversed-phase HPLC method for the
analysis of fluorescence derivatized FB1 and FB2 in corn kernels was subjected to an international
collaborative study conducted under the auspices of the International Union of Pure and Applied Chemistry
(IUPAC) and involved 11 participants from 6 countries (34). This method was subsequently modified,
extended to include FB3, and subjected to a second collaborative study under the auspices of the Commission
on Food Chemistry of IUPAC; it has now been accepted as an official AOAC-IUPAC method for corn
kernels at concentrations of 500-8000 ng FB1/g or  800-12800 ng total fumonisins/g[995.15] (35).

13. Methods that have been developed and validated for the extraction and analysis of fumonisins in
whole corn kernels cannot effectively be used for processed corn products without further modifications. In
conducting surveys involving milled or processed products, it is essential that recovery studies be done for
each type of product analyzed in order to determine if changes in fumonisin levels represent real losses of the
toxins or represent poor recovery of toxins from the product matrix (36-39). The immunochemical methods
have received a lot of attention lately because they can be used for rapid screening purposes under field
conditions or in the laboratory; some can also effectively complement  HPLC  procedures that are widely
used in routine monitoring for fumonisins. Comprehensive reviews of current methodology for fumonisins
were recently published (40,41).  The lower limit of quantitation of many of the methods currently available
is about 0.1 ppm, however, the reported detection limits are usually much lower. No validated analytical
methods for fumonisins have been referred to the Codex Committee on Methods of Analysis and Sampling
(CCMAS) for consideration and evaluation.

Residue data

14. The worldwide occurrence of fumonisins in corn and corn-based products has been well documented
and reviewed in the literature (42-50). The fumonisins are produced mainly in corn and corn-based products,
however, the sporadic natural occurrence of fumonisins in sorghum, rice and navy beans has been reported
(19,51-54). In reviewing the analytical data in the literature, it should be noticed that some of the data  is
derived from examining  relatively small numbers of samples ; therefore such data may not be adequate for
making intake estimates of exposure because of sampling errors associated with the heterogeneous
distribution of fumonisins in  commodities.  Of the many methods that have been developed and used for
quantitatively determining fumonisins in foods, only a relative few have been subjected to a formal inter-
laboratory (collaborative) study. In some cases, the limit of determination is not given, hence it is difficult to
determine the meaning of negative samples or samples labeled “trace”.  Even when a well-studied method
has been used, recovery data or the description of a procedure to confirm the identity of the analyte is
lacking. This is particularly true of some of the data generated by the increasingly popular immunoassay
techniques. There is need for more on-going survey data from various countries so that year-to-year
variations in fumonisin levels can be noted and possibly correlated with geographic areas and  various
environmental factors. In spite of the possibility of some errors in the accuracy of the data reported, the
available data serves the important function of giving a very general picture of the extent of contamination of
the food supply with fumonisins.  As advances are made in method development and analytical techniques
for fumonisins, investigators will be better able to focus in on more accurate, quantitative data.
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15. The levels of toxins found in corn in commercial channels vary from country to country, however, it
is generally noted that higher levels are usually found in corn grown in countries with warmer climates (13).
The implementation of good agronomic practices can reduce preharvest contamination of corn to some
extent, but there are others factors pertaining to the relationship between field infection of corn with
Fusarium species and the production of fumonisins that are not presently understood.  In the U.S.,
investigators were not able to establish a direct correlation between climatic conditions and fumonisin levels
in corn grown in the mid-west over 5 crop years although considerable variability in toxin content was
observed (55).

16. Fumonisin levels in raw corn may be reduced as a result of various processing procedures.  Lower
levels of toxins have been found in milled corn products such as corn meal, and flour, and in products made
from these such as corn bread, corn flakes and corn bran cereals.  Fumonisins are heat stable, therefore
ordinary cooking and heat processes do not substantially reduce their levels in foods.  Processed corn
products such as corn starch, high fructose corn syrup, corn oil and corn oil margarine do not contain
detectable levels of fumonisins.  The manufacturing processes involved removes virtually all fumonisins that
may be present in the wet-milled fractions from which these products are made (47,56). Ready-to-eat
breakfast cereals such as corn flakes and puffed-corn type cereals are manufactured from fractions of dry-
milled corn; these products are virtually free of fumonisins. Lower levels of fumonisins have been reported
in canned and frozen sweet corn than in unpopped popcorn and field corn (47,57-58). Processing (popping)
of unpopped popcorn has been shown to reduce fumonisin levels.

17. Because of their water solubility, fumonisins are less likely to bioaccumulate in animal tissues than
lipid-soluble compounds. Fumonisin residues have either not been detected or are detected at extremely low
levels in milk, eggs and edible meat  (59,60). When detected, fumonisin residues are generally found in
organ tissues (i.e., liver and kidney).   Low levels of fumonisins have been detected in commercial beer; this
is believed to result from the use of corn grits as an adjunct in replacement of , or in addition to the
traditional use of barley in the brewing process (61,62).  In order to acquire a better database on the baseline
levels of fumonisins in corn-based products, Codex Member States  should be encouraged to submit
available survey data obtained by using validated analytical methods (e.g. AOAC/IUPAC collaboratively
studied methods).

LEVELS OF INTAKE

18. Exposure to fumonisins is thought to occur almost exclusively from corn. The amount of intake may
vary considerably, with substantial variation in fumonisin levels among corn samples from a particular crop,
amount of corn consumed by different individuals, and crop variation from year to year. In areas where corn
is a major staple food, daily consumption may exceed 100 g/day, whereas occasional consumption of corn
and corn products will typically result in a daily consumption rate of 10 g/day (63). Fumonisin levels may
range from less than 1 ppm to over 100 ppm. Corn usually has fumonsin levels below 1 ppm. Episodes of
high Fusarium proliferation may result in sustained levels of exposure to corn products with average levels
in excess of 10 ppm.

19. A decision to impose limits on fumonisins in foods should depend in part on region specific
exposure levels.  Estimating intakes of fumonisins on a global scale will be  difficult because of what is
known about the wide variation in some areas ( e.g. South Africa, China, and the United States), and the lack
of data in many other parts of the world. However, should it become necessary, it should be possible to
provide crude estimates of the distribution of global exposure; the range of fumonisin exposure can be
gleaned from the information given above. In countries where more extensive food consumption data are
available, more realistic exposure estimates may be calculated. In the U.S., for example, most consumers
have exposures to fumonisin that are less than 10 µg/day, while consumers with high exposures (90th

percentile) may be 21µg/day.  Codex Member States should present exposure assessments based on residue
data obtained using validated analytical methods for various corn-based products.
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Fair Trade Considerations

20. Corn kernels are traded extensively in the international market as raw commodities, which will either
be used directly as an ingredient for animal,  or undergo further processing.  In order to ensure fair trade
between those countries that depend heavily on imported corn versus those countries that export corn, Codex
should develop science-based standards and guidelines so that an equivalency of burden will exist between
the exporter and the importer, e.g, testing variances (including sampling and analysis).

AGRICULTURAL, TECHNOLOGICAL AND COMMERCIAL CONSIDERATIONS

Agricultural Approaches

21. Preharvest management of corn crops is the best way to control and reduce fumonisin levels in corn.
The results from limited investigations on agronomic practices indicate that: (a) fungal infection rates are
higher in crops planted in fields previously planted with corn, particularly when residues from those crops
were left in the field, (b) the incidence of Fusarium  kernel rot induced by seed borne F. moniliforme
(resulting in the production of fumonisins) is higher in warm climates under drought conditions,  and (c)
freshly harvested corn should be dried to a suitable moisture level immediately and stored (8,11,64,65).
Fumonisin levels in corn grown in various countries are expected to vary from year to year based on
environmental factors as well as the extent of insect invasions. In a study involving the fumonisin levels  in
corn produced over 5 consecutive crop years in the same geographic area, it was found that there was a
consistently high range of FB1 levels in the crops for the first 4 years ( 0-37.9 ppm {µg/g}), followed by a
low range ( 0-1.6 ppm) during the 5th year (55,66).  The only condition noted during the 5th year that might
have contributed to the decreased levels of FB1 was the occurrence of  cool, damp weather during most of the
growing season; this might have resulted in less stress on the corn plants and therefore lower levels of toxins
being produced.

22. Studies involving the use of commercial hybrids of corn developed by traditional breeding
techniques reveal that the hybrids differ in their tendency to accumulate fumonisins due to the influence of
environmental factors; furthermore, it has been noted that corn hybrids planted outside their geographic area
of adaptation produce higher levels of fumonisin due to the added stress conditions (10,12). Some studies
that are underway to reduce fumonisin levels in corn include the development and use of corn genetically
engineered for (1), resistance to Fusarium infections and (2) for resistance to insects (European Corn Borer)
(11,67,68).  Early results from these studies indicate that under some conditions genetic engineering of corn
can reduce the levels of fumonisins in corn, but further studies are required.  F. moniliforme  is a seed-borne
as well as a soil-borne pathogen of corn; therefore, the extent of infection manifested by the fungus in a corn
plant depends to some extent on its route of entry (69). An infected corn plant can therefore develop, (a)
from a symptomless infection produced by the fungus located in the seed, or (b) as a result of spores from the
soil being carried by the wind or insects into the developing corn kernel via the silk tracks. The observation
that a significant percent of visually healthy-looking corn kernels may contain fumonisin levels up to 1 ppm
or higher,  makes it difficult for seed companies to select resistant corn genotypes based on visual symptoms
(10,11). The cost of screening large numbers of genotypes for symptomless infections by culturing large
numbers of kernels would be extremely expensive.  A newer approach to genetic engineering involves the
incorporation of genes that encode enzymes that can degrade fumonisins in planta;  transgenic corn
containing one of these genes is currently undergoing field testing (70).  Countries, that rely heavily on corn
for economic reasons and/or as a staple food in the diet, should encourage the diversion of fumonisin-
contaminated corn to non-food uses or to processing and manufacturing facilities that can recover fumonisin-
free products.

Decontamination Procedures and the Reduction of Fumonisin Contamination through Processing

23. The fumonisins are believed to be stable during drying and storage, therefore the random,
unpredictable occurrence of fumonisins in harvested corn necessitates the exploration of different approaches
to minimize the levels to which consumers are exposed. Research efforts currently underway in many
laboratories are focused on possible ways of reducing fumonisin levels in harvested corn. Some progress has
been made in these endeavors; however, no commercial, large-scale applications have been developed as yet.
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Physical Removal

24. Corn screenings (broken corn kernels of varying particle sizes) usually contain about 10 times the
fumonisin content of intact corn kernels (55). One study has shown that the removal of corn screenings from
bulk shipments of raw, fumonisin-contaminated corn , can result in an overall reduction of  26.2% to 69.4%
in the total fumonisin levels of bulk corn (71). In a second study, it was found that cleaning stored corn  by
sequentially passing the kernels through a cleaning apparatus and then onto a gravity table resulted in a 60%
reduction in the total fumonisins originally present (72). Density segregation of naturally contaminated corn
using water and different concentrations of sodium chloride in water resulted in the removal of 74% and 86%
of the fumonisin content, respectively (73).  The presence of fumonisins and F. moniliforme in symptomless
kernels of corn in commercial channels suggests that novel physical techniques must be developed for
separating and removing these kernels because they have a high chance of being incorporated in the food
supply.

Milling

25. Wet-milling of corn is a major process used to obtain corn starch for further processing into human
food. No fumonisins have been detected in the starch fraction obtained from the wet-milling of fumonisin-
contaminated corn; this fraction is further processed for the preparation of high fructose corn syrups and
other products (47,56). Other fractions from the wet-milling operations contain fumonisins in the order
gluten>fiber>germ (56). Modification of the initial steep water step in this milling procedure, to include the
addition of sodium bisulfite, is reported to further reduce fumonisin levels in these fractions, however the
degradation products produced have not been characterized (74).   Corn oil, for use in human food, is
extracted from the germ fraction and refined; no fumonisins have been detected in commercially processed
corn oils (47). The germ residue (after oil extraction) along with the gluten and fiber fractions are used as
components in animal feed.

26. Dry-milling of corn is a process by which the components of corn kernels are separated into
fractions based on particle sizes in roller mills. Generally, the initial steps in the process involves the removal
of the pericarp (referred to as the bran fraction) and the germ. The remaining components of the endosperm
are separated into the following fractions based on decreasing particle size in the order , flaking grits >
regular grits> corn meal > flour ( 75). Examination of milled fractions obtained from a commercial dry
milling operation of fumonisin-contaminated corn, revealed that fumonisin levels were highest in the bran
and germ fractions; lowest levels were found in the fractions with larger size particles (e.g. flaking grits)
(76).

Heat

27. Fumonisins are heat stable compounds that survive under most conditions used for baking and frying
(77). Generally, foods heated to temperatures above 150 0 C. during processing may have reduced levels of
fumonisins. Thermally processed corn products ( canned corn, tortillas, grits) generally have lower levels of
fumonisins than unprocessed corn milled products. Extrusion cooking, under various laboratory conditions,
as well as roasting has been observed to reduce fumonisin levels to varying extents (78).  Research is needed
to identify and characterize the degradation products formed during the thermal processing.  Thermal
processing might convert the fumonisins to other biologically active forms that may or may not be
recoverable from the food matrix or to compounds with undesirable side effects.

Biological Decontamination

28. Ethanol fermentation of fumonisin contaminated corn results in very little degradation of the toxins;
most of the toxins remain in the distiller’s grains, thin stillage and distiller’s soluble fraction. The
fermentation process does not destroy fumonisins, so about 85% of the toxins can be recovered in the
products. No fumonisin is detected in the distilled alcohol (56,79).
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Chemical Decontamination

29. Nixtamalization, is a process used for making masa for tortillas and other corn products. This
process involves boiling and soaking corn in a solution of calcium hydroxide; it has been found to increase
the niacin availability in corn and also reduce fumonisin levels in contaminated corn. Using this procedure,
or variations thereof, the masa obtained has been found to contain not only reduced levels of fumonisins but
also other compounds, one of which has been identified as hydrolyzed fumonisin. Toxicological studies of
the nixtamalized corn products in laboratory animals have revealed that these products still exert hepatotoxic
and nephrotoxic effects (80). Some investigators have reported that the products from the nixtamalized
process are as toxic or more toxic than the fumonisins in the untreated corn (81), while others have reported
that the hydrolyzed products are less toxic than the untreated corn (80). A modified nixtamalization
procedure, incorporating various combinations of hydrogen peroxide and sodium bicarbonate in addition to
calcium hydroxide, has been reported to give a 100% reduction of FB1, however the masa product exhibited
about 60% of the toxicity of the untreated corn using a brine shrimp assay procedure (82).These conflicting
results may be partially  explained based on several factors that have not been adequately studied regarding
this processing technique: a) the optimal length of time required for complete nixtamalization to occur has
not been established thereby resulting in incomplete removal of the pericarp which would contain higher
levels of the fumonisins, (b) various genotypes of corn may have been involved, (c) improved methods are
needed for extracting, analyzing and identifying the various compounds formed in nixtamalized corn, and (d)
the complex formed by the reaction of calcium with the starch linkage in the corn requires further study (83).
To determine the effectiveness of the nixtamalization process, the reaction products produced should be
evaluated chemically and toxicologically at each stage in the process.

30. Ammoniation of corn naturally contaminated with fumonisins, or F. moniliforme culture material
resulted  in partial reduction of fumonisin levels , but the ammoniated products remained toxic to animals (
84,85).

31. A recent study describes the results of a reaction of the amino group of FB1 with the reducing sugar,
fructose, in a nonenzymatic browning (Maillard) reaction (86). This process resulted in a significant
reduction in the level of detectable FB1 and the reaction product was not toxic to rats and seemed to prevent
FB1-induced hepatotoxicity. Further studies are needed to identify and characterize the FB1-fructose
conjugate.

Gamma - Irradiation

32. In a study to investigate the effects of gamma irradiation on naturally contaminated corn flour, 15
kGY effectively sterilized the flour, but caused only about a 20% reduction in its fumonisin content (87).

RISK MANAGEMENT CONSIDERATIONS AND PUBLIC HEALTH CONCERNS

33. Current technology cannot prevent fumonisin contamination of corn crops before harvest. The
incidence and levels of fumonisins in corn crops around the world vary considerably depending on many
factors including environmental conditions, extent of insect damage,  hybrid of corn planted and agronomic
practices employed.  There is  need for much more information on the year-to-year variability of the levels of
fumonisins in corn grown in many parts of the world , as well as the consumption patterns of various
populations before any long term risk management decisions can be made internationally.  The scientific
information currently available on the occurrence of fumonisins in corn suggests that immediate research
should be focused on the development of control measures embodied in a good agricultural practices (GAPs)
program. The implementation of these practices, along with advances in post-harvest techniques involving
proper drying and storage conditions followed by good manufacturing practices (GMPs), could substantially
reduce the levels of the toxins in the food supply.

34. No official limits have been established for fumonisins in corn. Switzerland has established a level
of 1 µg/g in corn products for human consumption (87).
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CONCLUSIONS AND RECOMMENDATIONS

35. Fusarium moniliforme  [= F. verticillioides] is one of the most prevalent seed and soil-borne
pathogens associated with corn (Zea ,mays) throughout the world.  The conditions that favor growth and
proliferation of this fungus and hence the production of fumonisins is highly dependent on climatic
conditions, therefore it is very difficult to develop an effective procedure to prevent mold growth and
fumonisin production. The maintenance of a wholesome food supply is a major responsibility to be shared by
the food industry (producers and processors) and the regulatory agencies involved (88). In view of the
available toxicological information  regarding the various adverse effects noted in animals and humans , it is
prudent at this time to develop good agricultural practices (GAPs) and good manufacturing practices (GMPs)
to reduce the levels of fumonisins in food.

36. There are no single practical methods available for significantly reducing fumonisin levels in corn at
this time. Genetic engineering approaches are the most attractive methods now under development.  In order
to manage the risk associated with fumonisin contamination in corn, an integrated risk management system
approach is needed where preharvest management (including GAP), harvesting management (to include time
of harvest, control of temperature and moisture during transportation and storage of corn) and post-harvest
management (including GMP, decontamination and diversion strategies) become a routine sequence with
appropriate controls incorporated at each level (89).  Based on the information presented in this document, it
is suggested that CCFAC should consider the following recommendations.

(a) Research on methods to prevent and/or reduce contamination of corn in the field, during
storage and processing by Fusarium species  should  be encouraged.  There is  need for a
better understanding of the Fusarium-corn interactions in asymptomatic and symptomatic
infections in corn in the field.

(b) CCFAC should begin elaborating a code of practice that contains guidance on Good
Agricultural Practices (GAP) and Good Manufacturing Practices (GMP) for the reduction of
fumonisins in corn.

(c) Codex should develop  sampling plans and validated methods of analysis for fumonisins in
corn kernels and corn kernel products for endorsement by the Codex Committee on Methods
of Analysis and Sampling (CCMAS).  The development and validation of additional
methods for the quantitative determination of fumonisins in milled and processed corn
products should be encouraged.

(d) Codex Member States should be encouraged to submit data from surveys of corn and corn-
based products in their country, using validated analytical methodology, over a period of
several years to reflect seasonal variations.  In order to develop an appropriate and fair
international standard, data is needed from all geographical locations; consideration must
also be given to regional differences in food consumption patterns when determining
exposure estimates.

(e) CCFAC should defer development of international standards until regional data on
incidences and levels is available for several years and JECFA performs a risk assessment at
its February 2001 meeting.

(f) Research on the development of resistant genotypes of corn should be encouraged by Codex.

(g) Research involving the development of genetically engineered corn that resists Fusarium
growth or degrade fumonisins in planta should be encouraged.
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