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ABSTRACT. Aflatoxins are potent mutagenic and carcinogenic
compounds produced by some strains of Aspergillus flavus, A. no-
mius, and A. parasiticus that are commonly present in the environ-
ment. Human populations, particularly those whose basic diet in-
cludes grains, are in risk to exposure to aflatoxins. It is thus
necessary to monitor and control the contamination of food and feed
by aflatoxins in both domestic and international trade. As large
amounts of corn are imported into Mexico from the United States,
this paper stresses the need to develop legislation and enforce stan-
dards to ensure trade of corn with the minimal amount of aflatoxin.
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RESUMEN. Las aflatoxinas son potentes compuestos mutagénicos y
carcinogénicos producidas por algunas cepas de Aspergillus flavus, A.
nomius, y A. parasiticus que comúnmente se encuentran presentes en
el ambiente. La población humana, particularmente aquella cuya die-
ta básica incluye granos, está en riesgo de exposición a estas aflatoxi-
nas. Por consiguiente es necesario monitorear y controlar la contami-
nación por aflatoxinas en alimentos de consumo humano, así como
en aquellos destinados a la alimentación del ganado. Debido a que
grandes cantidades de maíz son importadas a México desde los Esta-
dos Unidos, este manuscrito hace hincapié en la necesidad de desa-
rrollar legislaciones e imponer estándares que aseguren que sólo
maíz con la mínima concentración de aflatoxinas sea comercializado
tanto a nivel doméstico como internacional.
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INTRODUCTION

Fungal metabolites called mycotoxins are ubiquitous in
the human environment where they are important contami-
nants of food. Poisoning by mycotoxins frequently occurs
in poultry and livestock,9,21 but these substances may also
be dangerous to human health.30,32 Aflatoxins are an im-
portant group of mycotoxins with adverse effects on ani-
mal and public health.26

Aflatoxins are highly substituted coumarins containing
a fused dihydrofurofuran moiety. Aflatoxin B1 (AFB1), the
most toxic, mutagenic and carcinogenic member of the
series, is further characterized by the fusion of a cyclopen-
tenone ring to the lactone ring of the coumarin structure,
and an unsaturated bond at the 2,3-position on the terminal
furan ring.25 Aflatoxin B1 is produced when toxigenic
strains of A. flavus, and A. parasiticus grow on a wide vari-
ety of substrates when appropriate conditions of moisture
content (optimum: 18-19.5%), relative humidity (85%) and
temperature (25-400ºC) are met.19 In addition to the factors
that control or influence the growth of A. flavus or A. para-
siticus, other variables affect aflatoxin production includ-
ing: (i) the strain of the invading fungus; (ii) the genetic

susceptibility of the whole host plant (in the case of field
contamination) or its products (in the case of contamina-
tion during storage); (iii) the chemical composition of these
substrates, and; (iv) both biotic and abiotic stress factors
(e.g. drought conditions and insect damage) that increase
the probability of fungal infection.33 Thus, aflatoxin pro-
duction occurs under a wide variety of conditions.

Clearly, humans come into contact with aflatoxins when
they consume plant products that have been exposed to
toxigenic strains of A. flavus or A. parasiticus during
growth, harvest, or storage. Secondary exposure, through
the consumption of products derived from animals that
consumed aflatoxin-contaminated feed (i.e. M1-aflatoxins
in milk), also occurs.32 Major food sources of aflatoxins in-
clude grains (particularly corn, sorghum, and millet), pea-
nuts, beans, and tree nuts (almonds, pistachios, etc.). Oil-
seeds and oilseed meal (cottonseed, copra) may also be
heavily contaminated, but these products are mostly incor-
porated into animal feed.26

REGULATIONS IN THE USA

In 1983, Labuza15 examined three aspects of mycotox-
ins in food in the USA: (a) relevant laws, (b) the Food and
Drug Administration (FDA) guidelines with respect to the
law and (c) the courts interpretation of these laws.5 Labuza
also presented several cases of regulations applied to inter-
state shipments of corn. FDA analyzes raw agricultural
products for aflatoxin through the compliance program
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which objectives are: the collection and analysis of food
and feeds to determine regulatory levels; to remove from
interstate commerce food that contains violative aflatoxin
levels and to determine potential problems and control
measures.26 Nevertheless, no information on the regulatory
issues dealing with mycotoxins in international trade of
corn was presented.7 Furthermore, the USA was one the
first countries to introduce legislation regulating on afla-
toxin levels in food and feed. It is important to note that
most of the corn produced in the USA is used for animal
feed. As a consequence, the maximum permitted level of
aflatoxins in corn is 20 µg/kg.

REGULATIONS IN OTHER COUNTRIES

Labuza’s publication leads to the adoption, expansion,
and changes in regulations concerning mycotoxins in many
countries. An international inquiry on mycotoxins was ini-
tiated by the National Institute for Public Health and the
Environment.29 Dutch Embassies around the world were
requested to gather up-to-date information about mycotox-
in regulations from local authorities. At least 99 countries
had regulations concerning mycotoxins in food and feed in
2003. All of them have at least regulatory limits for afla-
toxin B1 contents and some have limits for the four of them
(B1, B2, G1 and G2). Specific regulations exist for other
mycotoxins as well.29 The maximum tolerated levels for
aflatoxin B1 in food are from 1 to 20 µg/kg. The most fre-
quently occurring limit is 4 µg/kg, and this limit is applied
in the 29 countries which follow the harmonized regula-
tions of the European Free Trade Association (EFTA) and
the European Union (EU). The 20 µg/kg limit is applied in
17 countries: half of them are in Latin America (where it is
also a MERCOSUR Harmonized Limit), the rest in Africa
and the United States. Harmonization of tolerance levels is
also taking place in some free trade Zones (EU, EFTA,
MERCOSUR, Australia/New Zealand). Furthermore, har-
monization efforts are being undertaken for goods moving
in International commerce. Therefore, standardization of
procedures for sampling and analytical methodology is un-
der discussion with the aim of establishing reliable and har-
monized regulations all over the world.29

Restriction of aflatoxin B1 levels contributes significant-
ly to the improvement of public health as B1 is the most
important of the aflatoxins both in terms of toxicology and
occurrence. Commodities are often contaminated with B1
but much less frequently with B2, G1, G2. Although most
people are at risk of exposure to mycotoxins, the individu-
al effects of consumption are not the same because of dif-
ferences in dietary habits and levels of contamination. It is
known with aflatoxin B1 that a person of 70 kg who ingests
1 µg/day will have 14-23 ng of the adduct aflatoxin-lysine

(AFB1-Lysine) in blood.16 This chronic exposure to afla-
toxin B1, results in 30-fold higher levels of AFB1-lysine
than that produced by a single dose.22

RELEVANCE OF CONTAMINATION OF CORN BY
AFLATOXINS IN MEXICO

Aflatoxins are an important health hazard in Mexico for
the following reasons: (i) Mexico has one of the highest per
capita consumptions of corn in the world (≈ 325 g/day);6

(ii) Mexico imports 6 million tons of corn per year (often
of dubious quality) at a cost of 550 million dollars,8 repre-
senting 11% of total North American exports; (iii) storage
conditions for corn in Mexico are insufficiently developed
and there is no regular monitoring of aflatoxin contamina-
tion;17 and (iv) laws regulating the domestic and interna-
tional trade of corn contaminated with aflatoxins have not
been formulated.

IMPORTS OF CORN IN MEXICO FROM THE USA

Since the “North American Free Trade Agreement”
(NAFTA) came into force, the volume of corn imported
from the USA grew by 140%.8 According to the USA stan-
dards for corn, Grade 2 is usually imported which corre-
sponds to grain of the following characteristics: a) Broken
corn and foreign material, 3% (maximum limit); b) Dam-
aged kernels, 5% maximum limit; c) Moisture content 15%;
d) Aflatoxin content, (20 µg/kg maximum allowed limit). As
mentioned above, 20 µg/kg corresponds to the maximum
level permitted in the USA for International Trade.

The agency responsible for exports of corn in the USA
is the Federal Grain Inspection Service (FGIS). The FGIS
was established in the U.S. Department of Agriculture in
1976. The primary task of the Agency is to carry out the
provisions of the U.S Grain Standards, to ensure integrity
in the inspection, weighing, and handling of American
grain. FGIS is responsible for establishing official U.S.
standards for grain and other assigned commodities and ad-
ministrating a nationwide system of official inspection and
weighing. In addition to FGIS, private and state agencies
may, upon application, be authorized to perform official
services under the authority contained in the Act.27

Inspection: the U.S. Grain standards Act requires that,
with some exceptions, all U.S. export grain be officially in-
spected. At export locations, inspection is performed by
FGIS’ or by State agencies that have delegated authority
for export inspection by the administrator. For domestic
grain marketed at inland locations, the Administrator des-
ignates private and State agencies to provide official in-
spection services on request and payment of a fee. To en-
sure that the official U.S. grain standards are applied
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uniformly nation wide, FGIS field officials provides over-
sight, guidance, and assistance to non Federal agencies per-
forming inspection activities, both at export and inland in-
spection points.28

Buyers and sellers unsatisfied with inspection results
can request appeal inspections, first from a FGIS field of-
fice and then, if desired, from the Board of Appeal´s and
Review. A quality control program provides for the moni-
toring of the national inspection system, ensuring that all
field locations apply uniformly the U.S. grain standards.

Establishing and maintaining official U.S. standards,
when needed, is the responsibility of FGIS. Such standards
exist for corn, wheat, rye, oats, barley, flaxseed, sorghum,
soybeans, triticale, sunflower seed, and mixed grain. FGIS
has been given authority to perform applied research for
the purpose of developing methods to improve accuracy
and uniformity in grading grain.28

FGIS also administers a registration program for all
firms that export grain from the United States. In conjunc-
tion with the office of the Inspector General, FGIS investi-
gate reported violations and initiate follow-up and correc-
tive action when appropriate.

In international transactions, the quality of the grain
sold refers to that at the warehouse in the selling site. What
happens to the corn (quality wise) during transportation is
the responsibility of the buyer. Time in transport is crucial
to maintaining quality, since the level of contamination
may significantly increase under poor conditions. Further-
more, there is no agreement among the different laborato-
ries on the use of a single, standardized method to measure
aflatoxins. Comparisons therefore are difficult to make,
with the result that aflatoxin levels are often underestimat-
ed.

This decade-long surge of corn imports into Mexico, the
diverse climatic conditions under which corn is stored, as
well as the likelihood that the aflatoxin levels increase dur-
ing transport and storage, has lead to an increased risk of
hepato-cellular carcinomas. Thus the only way to ensure a
safe supply of corn is to develop regulations and policies
that will be applied throughout the processes of purchasing,
transportation, distribution, storage and consumption.

AFLATOXINS IN MEXICO

Levels of contamination

Aflatoxins have been found in different commodities at
concentrations significantly above levels permitted in the
USA. Such commodities include corn, common beans, sor-
ghum, peanuts, tortillas, etc.11,14 Concentrations of aflatox-
ins in corn (mostly of corn grown in Mexico) ranged from
15 to 250 µg/kg in 1986 12. Similarly, nixtamal-flour con-

tained aflatoxin levels that ranged from 2.7 to 17% µg/kg
in a survey performed in 2004.20 Given that Mexico has the
highest per capita consumption of corn in the world, these
data suggest that the Mexican population is constantly ex-
posed to the harmful effects of aflatoxins. Therefore, sever-
al actions to decrease the aflatoxin contamination in corn
should be undertaken. For international transactions the
grain should contain no more than 20 µg/kg of Aflatoxin
B1, at the selling site, during transportation, and final stor-
age. This particular period of time is crucial in maintaining
the quality of grain, since the level of contamination may
significantly increase due to poor management and storage
conditions. In regard to national corn production, attention
should be paid, during growth and harvest of corn, particu-
larly in those geographic zones in which high aflatoxin
contamination has been reported. It is also very important
to reinforce the use of “traditional or industrial nixtamal-
ización” as a mean to reduce aflatoxin contamination in
corn for human consumption.

INCIDENCE OF CANCER

In apparent contradiction to the aflatoxin intake, liver
cancer is only the 13th leading-cause of death in women
and the 3rd in men.23 However, reports of Mexican patients
with viral hepatic disease and high levels of aflatoxin B1 in
urine, have been published.1,2 Undoubtedly, the lime treat-
ment given to corn in the process of tortilla making, known
as “nixtamalización”, which has been practiced in Mexico
since pre-Hispanic times, reduces by 95% the concentra-
tion of aflatoxin in the final product.13,18 Unfortunately,
“traditional nixtamalización” is not used in modern proce-
dures in which corn is directly used to make flour, flakes,
food additives, etc.

Nevertheless, data from Kenya, Mozambique, The Phil-
ippines, Swaziland, Thailand and Uganda, show a positive
association between high intakes of aflatoxins and high inci-
dence rates of liver cancer,31,32 especially in adult men. In-
deed, the incidence of liver cancer in many of these studies is
a linear function of the log of dietary aflatoxin intake.30

REGULATION OF AFLATOXIN LEVELS IN MEXICO

Several points need to be stressed in regard to the regula-
tion of aflatoxins in Mexico. First, Mexican agricultural au-
thorities have accepted the USA standard (20 µg/kg) of afla-
toxins in corn as the maximum allowed level.4 This level
contrasts starkly with the 2 µg/kg established by the EU and
EFTA for most of foods.29 Second, epidemiological data
concerning liver cancer/aflatoxin ingestion in Mexico is
missing. Furthermore, estimates of aflatoxin intake, its ex-
cretion in urine, etc. need to be made. These data are impor-
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tant since it is commonly accepted that it takes about 6 years
of exposure to low levels of aflatoxins for tumor initiation.32

Perhaps there is little reason to worry, since Mexicans
have been consuming corn for millennia, yet the incidence
of liver cancer remains low. During the last decades how-
ever, the international and domestic trade in corn has in-
creased dramatically. Studies are needed to determine
whether cause-effect relationships between aflatoxin intake
and liver cancer exist in different regions of the country.
Similarly, the establishment of new food industries that do
not include “traditional nixtama1ización” as part of their
production processes enhances the need for serious studies.
After all, the lowered growth rates of chicken, pigs and cat-
tle, fed with contaminated feed, may be related to aflatoxin
intake,21 underlining the need for stricter regulation of
aflatoxin levels. Mexico has the requisite infrastructure
(qualified personnel, properly equipped laboratories, etc.)
to monitor aflatoxins in food and feed and to advise the
Government on appropriate legislation.

LEGISLATION AND REGULATION OF AFLATOXIN
LEVELS IN MEXICO

The following changes in the legislative and regulatory
environment in Mexico need to be made:

1. Adoption of a standard method for measuring aflatoxin
contents at both the national and international levels.
Many different methods have been reported to determine
the presence of aflatoxins.24 These range from simple
chemical analyses to sophisticated monoclonal antibodies
methods.10 Similarly, the cost, equipment, and time con-
sumed per determination vary considerably. It is impor-
tant nevertheless, to select and establish a single official
technique which needs to be sensitive, reliable and repro-
ducible but also simple and cost-effective.

2. Establishment (or adoption) of maximum levels of afla-
toxins in food (especially corn) that is designed for hu-
man consumption.

3. Introduction of legislation to ensure that the newly estab-
lished maximum levels of aflatoxins are not exceeded.

4. Epidemiological studies on aflatoxin intake and its ef-
fect on human health.

5. To designate laboratories on a regional basis (Northeast,
Center and South), that should be certified to measure
aflatoxin levels. The laboratories could belong to the De-
partments of Agriculture and Health, to Universities, etc.

CONCLUSIONS

Under Mexican Law, it is the responsibility of the Na-
tional Institute of Agricultural Forestry and Livestock Re-

search (INIFAP) to monitor the quality of agricultural
commodities. Consequently this institute should coordinate
the following actions: to determine the levels of aflatoxin
in food and feed; to remove from commerce, food with vi-
olative aflatoxin levels, and to determine potential prob-
lems of aflatoxins in Mexico. Economic analyses, in which
the evaluation of losses caused by aflatoxin contamination,
should be included.
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