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Preface 
A program for developing collaborative 
maize research was initiated by US 
maize scientists in 1977 to bring 
together CIMMYT maize improvement 
scientists, scientists in the developing 
countries and those from the USA. 
This effort was started In response to 
initiatives arising from the US Foreign 
Assistance Act of 1961, Title 12 
amendment. Many formal meetings 
were held among scientists from 15 US 
universities that had active maize 
research programs. A cooperative 
research program for maize was 
developed and endorsed by the Board 
for International Food and Agricultural 
Development (BIFAD) in 1981, but it 
was not funded. Discussions were 
continued among representatives of 
BIFAD. USriD, CIMMYT and the 
universities, with the result being the 
US Universities-CIMMYT Maize 
Conference, which was held at 
CIMMYT in August 1984. 

The broad purpose of the conference 
was to initate dialogue among maize 
scientists of CIMMYT, the USA and 
developing countries. Specific 
objectives were to: 

" 	Identify specific collaborative 
research, technical assistance and 
training activities in maize that 
would have high pay-off potential, 
and 

* 	Provide for a mechanism which 
would foster and support the 
organization and operation of long
term maize research programs in 
problem areas of mutual concern. 

At the conference nearly 100 maize 
scientists and administrators discussed 
issues in major subject areas relating 
to the CIMMYT global maize program. 
Proceedings of the conference were 
published in July 1986. 

The Ad Hoc working group appointed 
at the conference held its first meeting 
in September 1986. At that meeting
several specific collaborative activities 
were selected for further consideration. 
Among these was a proposal for 
cooperative research on aflatoxin, 
which was submitted by M.S. Zuber 
and L.L. Darrah of the University of 
Missouri. 

Since aflatoxin contamination of maize 
grain is a major problem in the tropics 
and subtropics, often resulting in 
serious health problems among 
humans and livestock, the proposal 
was recommended for immediate 
action. Therefore, an aflatoxin 
workshop was planned to be held at 
CIMMYT in April 1986, with many 
scientists from CIMMYT, the USA and 
developing countries invited to present 
papers. The workshop was unique in 
that most of the scientists involved had 
extensive research experience in 
aflatoxir contamination. Many areas of 
potential collaboration on the problem 
of aflatoxin contamination of maize 
were identified, and the foundation laid 
for future cooperative research on a 
most important problem that affects 
the lives of many people of the world. 

M.S. Zuber 
E.B. Lillehoj 
B.L. Renfro 
Technical Editors 
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The CIMMYT Maize Improvement Program 
Today and Tomorrow 
R.P. Cantrell, Director, Maize Program, CIMMYT, Mexico 

In August 1984, a meeting was held at 
CIMMYT for maize researchers from 
US universities. That meeting was an 
important landmark for CIMMYT, 
pointing the way to a future of greater 
cooperation with US universities in the 
exchange of maize germplasm and 
scientfic knowledge. This type of 
cooperation is already taking place 
through our joint efforts in the 
improvement of various temperate 
gene pools, and through cooperative 
work on insect pest resistance. Other 
such projects were proposed during the 
US universities meeting. and some of 
those are now becoming a reality; one 
of them is this aflatoxin --orkshop. 

Projects like these are a vital source of 
new technology for the CIMMYT Maize 
Program. They add significantly to the 
body of ideas and techniques that can 
be drawn upon for the development of 
improved germplasm and other 
research products. By taking full 
advantage of technology generated in 
the US universities, it is hoped that 
products of even greater usefulness 
may be developed, and that in 
delivering those products to our 
clients, some of the vigor and 
innovation of your research will be 
channeled into the national maize 
programs of Third World countries. 

The connections CIMMYT has and is 
forming with US universities also serve 
as our window to the future of 
agricultural research. By staying in 
touch with those of you who are 
working with biotechnology, for 
example, CIMMYT scientists can better 

anticipate the implications that this 
research has for their work. Although 
it is outside the CIMMYT mandate to 
engage in that research, it is well 
within its responsibilities to know what 
results are coming to light and how 
they can be applied to crop 
improvement. 

The basis for cooperation between 
CIMMYT and universities in the USA 
must, of course, be a thorough and 
mutual understanding. It is hoped that 
this paper will contribute to that 
understanding by presenting an 
overview of the maize program as it is 
has evolved over the past few years 
and as it may look in the future. 
Several possibilities for joint research 
projects between CIMMYT and US 
universities wll be mentioned, and it is 
to be hoped that opportunities for 
others will be seen. 

The CIMMYT Mandate 
CIMMYT is a nonprofit research and 
training organization, dedicated to 
improving the efficiency of maize, 
wheat and triticale production, mainly 
in developing countries. It is one of 13 
such organizations that are supported 
by the Consultative Group on 
International Agricultural Research. 
This group, the CGIAR, is sponsored 
by the Food and Agriculture 
Organization, the World Bank and the 
United Nations Development 
Programme. The CGIAR consists of 
representatives from 45 donors, 
including individual countries, 
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international and regional 
organizat!ons and private foundations. 
CIMMYT's funding comes from the 
international aid agencies of a total of 
20 countries and from a number of 
other group3 involved with 
international agricultural development. 

The objective of CIMMYT's maize 
program is to facilitate maize research 
in Third World countries. This is done 
by providing national maize programs 
with improved germplasm and other 
products and se:rvices, such as 
research procedures, training and 
technical information. These are 
developed and delivered by 15 to 20 
scientists working at the research 
stations in Mexico and an equal 
number of maize researchers involved 
in bilateral and regional programs 
outside of Mexico. 

The ultimate aim of CIMMYT research 
is an increase in the options available 
to farmers for raising the productivity 
of the resources they commit to maize 
production. In working toward that 
goal, the center cooperates closely with 
national programs and gives highest 
priority to CIMMYT-national program 
relationships. An active interest is also 
taken in the work of other groups, 
such as universities and private seed 
companies, whose research results and 
products can help farmers increase the 
efficiency of maize production, 

Population improvement 
and variety development 
One important part of the CIMMYT 
Maize Program that many of you will 
have heard about is the population 
improvement and variety development 
scheme. This system has a funnel-
shaped structure very similar to that of 

any other large breeding program for a 
major crop. At the wide end of the 
Tunnel is the germplasm bank, in 
which over 10,000 accessions are 
maintained. 

Drawing on these genetic resources, 50 
gene pools or complexes have been 
built over the past 15 years or so. Each 
gene pool is adapted to one of several 
large regions (such as the lowland 
tropics) that are termed mega
environments. These encompa.3s many 
smaller maize-growing niches that are 
distinct from one another in some 
respects, but similar in elevation, 
climate and other features that affect 
maize germplasm requirements. The 
gene pools, subdivided by maturity 
group, grain color and grain type, are 
improved in the backup unit by means 
of half-sib family selection und-,r fairly 
mild selection pressure. 

From the best fraction of the pools, 
populations have been developed. 
Within the advanced unit, these are 
placed under more intense selection 
pressure in a mod.fied full-sib 
recurrent selection scheme that 
includes international testing. In the 
first stage of testing, selected full-sib 
progenies are evaluated at five or six 
different locations. On the basis of 
these results, experimental varieties 
are formed and are then distributed to 
national maize researchers for 
evaluation at 30 to 50 locations. The 
best performers in these trials, which 
are termed elite varieties, are then 
tested at 60 to 80 sites. 

The varieties coming out of the 
breeding program are by and large 
intermediate rather than finished 
products. Generally, they are not 
adapted to a particular ecological 
niche, but rather to a mega
environment. For that reason, they 

http:encompa.3s
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must undergo a certain amount of evaluation or experiment station
 
adaptive testing before they can be management, which are held at
 
released to farmers. CIMMYT headquarters in Mexico.
 

Other trainees come to the center for
 
Improved research as long as a year as visiting scientists
 
and techniques to work on some research problem in
 
In the development and delivery of which they and CIMMYT are mutually
 
intermediate research products, using interested. A small number of 
the most appropriate techniques can predoctoral fellows who have finished 
be almost as important as having the their university course work conduct 
best available germplasm. For that their thesis research under the 
reason, a sizeable portion of time and supervision of CIMMYT scientists. 
resources are committed to the Positions are also available for 
development of improved research postdoctnral fellows, who become more 
techniques. These make CIMMYT's closely involved in the research 
program more efficient and can also program while still working 
help national programs in conducting independently on problems that are of 
their research and in applying its special interest to them. 
results more effectively to meet their 
farmers' needs. Some examples of Candidates for training at CIMMYT 
these research products are techniques headquarters are usually identified by 
for mass rearing and artificial senior national maize researchers or 
infestation with insect pests for administrators with whom the regional 
resistance screening, and breeding staff are working closely. Many 
methodologies for developing, candidates will already have taken part 
maintaining and producing improved in training activities organized in their 
varieties and hybrids. Another set of own countries as part of one of 
techniques that have proven especially CIMMYT's regional maize programs. 
useful to national programs are These activities include short courses 
methods developed by CIMMYT on specific topics, such as on-farm 
scientists for on-farm research. With research and regional workshops in 
this type of research, national which members of national programs 
scientists examine farmers' discuss their plans and share research 
circumstances, identify production results. 
problems and carry out experiments to 
resolve those problems under the The regional programs 
conditions of representative farmers. The extremely varied work of each 

of the regional maize programs, of 
Training which there are six around the world 
At CIMMYT ideas are conveyed about (Figure 1). is carried out by a team of 
on-farm research and other research two or three regional maize specialists. 
techniques by several means, but in Each one, while working within his 
large part this is done through in- own discipline in a complementary 
service and in-country training relationship with other members of the 
programs. The majority of maize team. also maintains a broad interest 
program trainees participate in one of in almost all aspects of maize research 
the five- to six-month in-service and production. 
courses, production agronomy 
research, maize improvement, protein 
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The principal task of the regional 
maize specialists is to assist national 
researchers in managing and 
improving their scarce resources and 
sometimes in acquiring new resources 
from CIMMYT or other organizations, 
This assistance is provided mainly 
through frequent and timely visits to 
researchers in national programs. The 
specialists join national program staff 
in their experimental plots at critical 
times during the growing season and 
accompany them on trips to farmers' 
fields. In addition, they are frequently 
present at planning meetings, where 
they are full participants in the 
discussion of research priorities. 

The apprcach to research planning 
that CIMMYT is trying to promote in 
its regional programs is similar to that 
used by private seed companies. First, 
national researchers and 
administrators are encouraged to 
identify specific product needs. Since 
on-farm research is the best tool for 
identifying those needs, much time Is 
spent helping national scientists make 
this type of work a permanent feature 
of their research programs. Once 
product needs have been identified, the 
regional staff work with national 
scientists in planning research and 
allocating resources needed to come up 
with products required by the nation's 
farmers. 

Future Maize Program Plans 
It would hardly be appropriate for 
CIMMYT maize researchers to preach 
such a doctine as this if they did not 
follow it to the letter themselves. To 
better practice what they preach, 
program staff are now in the process of 
gathering more detailed information 
about the maize germplasm 
requirements of major maize-growing 
environments in the Third World. For 

selected countries, Ghana, for example, 
mega-environments are being 
delineated and general information 
compiled about maize production in 
each of those areas. This information, 
most of it supplied by regional staff 
and their colleagues in national 
programs, includes items such as the 
amount of land in maize production 
and the maturity time of maize 
produced on that land. 

in addition to recording the general 
features of maize production in a given 
mega-environment, CIMMYT is trying 
to learn more about the extent and 
severity of specific problems, such as 
diseases and insect pests. The ultimate 
goal of this exercise is to gain a clearer 
picture of germplasm needs throughout 
the developing world. 

The next step will be to make certain 
adjustments in CIMMYT's maize 
research program aimed at improving 
its capacity to meet germplasm needs 
with greater accuracy. It remains to be 
seen what the exact details of some of 
those adjustments will be, since they 
are still under consideration. But 
changes can be expected or are already 
being made in four areas of research: 

* The germplasm bank; 

* The backup unit, which is 
concerned with the development 
and improvement of gene pools; 

* The advanced unit, which has 
responsibility for population
 
improvement; and
 

* The new hybrid maize program. 

Other additions to the program are 
being planned as well, including 
greater emphasis on stress tolerance 
and some work on the efficiency of 
nitrogen utilization. 
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The germplasm bank During all of this time, the main 
The germplasm bank will be discussed function of the bank has been to 
first, because the genetic diversity it supply useful materials for maize 
contains is in a historical sense the imorovement work. Although it will, of 
foundation of the maize improvement course, continue to perform that 
program. This collection of maize seed, function, a somewhat broader role for 
one of the oldest in the CGIAR system, the germplasm bank is now 
was established in the 1940s with envisioned. 
collections gathered by breeders who 
were then sampling the genetic For several reasons it is important that 
variation of maize in Mexico, the the CIMMYT Maize Program more fully 
Caribbean and Guatemala. The bank exercise its stcwardship over the 
became more international in scope valuable genetic resources contained in 
between 1967 and 1975, as collections the bank. First is the success with 
from Brazil, Bolivia and Peru were which the program has m,'c in 
added to It. CIMMYT took an active accelerating the spread of improved 
role during that period iii planning varities. That success, ironically, has 
collection expeditions with the promoted genetic erosion of landraces 
International Board of Plant Genetic and created the need for gene 
Resources in areas of the world where conservation by seed banks. A second 
there were unique maize genetic reason is that CIMMYT possesses the 
resources and for which collections only international maize bank in the 
either had not been made or were not 
representative of existing variation. 

Mexico, Central America . Andean countries, a Asian countries
 
and Caribbean Brazil, Paraguay
 

Eastern and Southern -Middle East/North AfricanWest African countries African countries countries 

Fgure 1. CIMMYT regional maize programs 
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Americas that has accepted entire 
national collections and has the 
capacity to regenerate and evaluate its 
accessions. Thirdly, CIMMYT is located 
at the center of origin of maize and in 
the area where its wild relatives art: 
found in greatest genetic diversity, 

This broader role for the maize 
germplasm bank has been made 
possible by additional funding. With 
that support, it was decided to make 
two important improvements in the 
bank's facilities. The first, completed in 
1985, was the modification of one of 
the cold storage rooms so that 
temperature could be maintained at 
-15 0 C. This improvement is expected 
to at least double the lifetime of the 
seed, and thus increase its lifespan and 
reduce the frequency of regenerations, 
from 20 years under previous storage 
conditions to as much as 100 years 
under long-term storage. This 
reduction in the interval between 
regenerations, each of which causes 
some genetic drift, should keep the 
total change in the genetic composition 
of the accessions to a minimum, 

The second improvement, still 
underway, is the development -. a 
computerized data management 
system for cataloging and describing 
accessions. At present, no gene bank 
in the Americas, including CIMMYT's, 
can produce a passport catalog of its 
maize germplasm holdings. But this 
year. with the new system in place, it 
is hoped that a catalog of CIMMYT's 
holdings can be produced and that it 
will provide better access to this 
germplasm. That task and the storage 
of CIMMYT's active maize collection 
head the list of major goals for the 
germplasm bank. Another objective 
will be to evaluate the collections, with 
the aim of reducing duplication of 
certain accessions, 

An additional goal is the support of 
research on the landraces of maize in 
the Americas. This research, 
particularly studies on the amount of 
genetic erosion that has already taken 
place among the landraces, wouid 
benefit greatly from the involvement of 
institutions possessing facilities for 
laboratory analysis not available at 
CIMMYT. Leading universities would 
be likely partners for cooperative 
reseach and work involving teosinte 
and.Trlpsacum. Th.,would greatly 
improve the understanding, 
documentation and preservation of the 
unique genetic variation that exists in 
these wild relatives of maize, and it 
would provide universities with 
opportunities to pursue their growing 
interest in the biochemistry and 
subcellular structure of these 
materials. 

Another function that could be 
performed is coordination of a world 
maize collection, somewhat like the 
rice network that the International Rice 
Research Institute has helped 
establish. Among the primary activities 
would be the addition of plant genetic 
resources to the list of topics covered 
in CIMMYT's crop improvement course 
and the provision of information on the 
materials available in the germplasm 
bank. The passport catalog previously 
mentioned would be a good first step 
in creating a better awareness of what 
is in the bank. Afterwards, a pamphlet 
would be made available to explain 
how to request materials. 

Underlying the five bank functions 
outlined is one central aim, a more 
efficient management of resources so 
that they are of maximum utility to 
germplasm users in national maize 
programs and other research 
institutions. This ambition is also the 
driving force behind changes being 
considered in the backup and 
advanced units. 
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The backup unit One way out of this dilemma, and the 
The backup unit, which handles course now being considered, would be 
introduction nurseries and is to reduce the total numbei of pools 
responsible for the gene pools, has and divide them into two group, each 
traditionally had two roles, the having a different objective. One group, 
maiatenance of genetic diversity and consisting of pools that include the 
the provision of the advanced unit with whole range of types from a particular 
improved genotypes for further region in the world, would be 
refinement. Although both functions maintained within that region in 
are necessary, the pursuit of one can equilibrium with its environmental 
limit efforts to accomplish the other. conditions and changing pest 
For example, if excessive selection populations and under very low 
pressure is applied in the improvement selection pressure. These pools could 
of materials in the backup unit, there even be rotated, under the coordination 
is a risk of reducing the diversity in of one of the regional programs. among 
that material, until finally there is little various national programs having 
difference between the pools and their common germplasm requirements. 
corresponding advanced populations. Within such a system, both CIMMYT 

The central aim of CIMMYT's maize germplasm bank Is to ensure that Its holdings 
are of maximum use to germplasm users In national maize programs and other 
research Institutions. 
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and national program breeders would 
have ready access to valuable sources 
of genetic diversity, 

The second group would consist of 
pools carrying a high concentration of 
genes for one or more major traits, 
such as resistance to certain diseases 
or insect pests. The information now 
being gathered on mega-environments 
would provide a basis for deciding 
which traits should receive the most 
attention. Intense selection pressure 
would be applied to each of these pools
for the desired trait and only mild 
pressure for other characteristics. 

These pools would serve as sources of 
vital characteristics needed in the 
materials that are improved by the 
advanced unit and distributed to 
national maize research programs 
through the international testing 
network. As with the first group, this 
second group of pools would also be of 
service to CIMMYT's regional maize 
staff and to clients in national 
programs. All of those scientists could 
be responsible for incorporating traits 
from the pools into adapted materials 
with high yield potential and other 
characteristics required of a final 
product. 

Dividing the pools into groups and 
reducing their total number should 
offer several benefits besides those 
already mentioned. As it is currently 
organized, the backup unit works with 
some 30 gene pools, giving roughly the 
same emphasis to each one, even 
though materials from some pools are 
in much greater demand than others. 
By concentrating more exclusively on 
high-priority traits in a select group of 
pools, more rapid progress could be 
made in improving those traits and 
meeting the germplasm needs of 
developing countries with much 
greater precision. 

The advanced unit 
Many similar opportunities for 
improving efficiency have arisen in the 
advanced unit, and to take advantage 
of them an approach is being 
considering which is roughly parallel 
to the one described for the backup 
unit. As with the gene pools, a large
number of populations are currently 
being improved in the advanced unit. 
From each population, experimental 
varieties are developed and tested 
internationally. All populations, like 
the pools, are given about the same 
amount of emphasis and are handled 
accordi. g to the same breeding 
methodology. 

The new approach being considered is 
to redrce the total number of 
populations and divide them into two 
groups, infinite-life and finite-life 
populations. The infinite-life 
populations, of which there would be 
one for each ecology/grain type and 
color/maturity category, would include 
populations already in existance and 
perhaps some new ones. As their name 
implies, these populations would be 
open-ended. For the next ten years or 
so, or until better materials were found 
to replace them, they would continue 
to receive new germplasm, and they 
would undergo improvement according 
to the same modified full-sib recurrent 
selection scheme presently in use and 
would be tested internationally within 
the International Progeny Testing Trial 
(IPTT) system. By working with a 
smaller number of the infinite-life 
populations, more attention could be 
devoted to the solution of problems, 
such as diseases and insect pests, that 
are specific to particular regions of the 
world. 

The finite-life populations would be the 
primary means of focusing on the 
above problems. The original 
development and improvement of the 
finite-life materials would be carried 
out either by national program 



scientists, regional maize staff, the 
backup unit or other units within the 
CIMMYT Maize Program. These groups
would employ whatever methodology 
seemed most appropriate for solving 
the region-specific problems at hand. If 
the materials produced showed 
sufficient promise for solving the 
problems, they could be proposed as 
finite-life populations, and if accepted, 
enter the IPTT system. These 
populations would be improved within 
the IPTT system for no more than two 
cycles and then be returned to their 
originators. The chief advantages of 
this approach are that it would 
sharpen the focus on region-specific 
problems, give greater flexibility in the 
use of various breeding methodologies, 
more fully involve national scientists in 
the development of improved 
germplasm and improve the 
mechanism for delivering that 
germplasm to national programs. 

The new hybrid maize program
All of the changes described here 
involve modifications in systems 
already in progress in the CIMMYT 

Maize Program. The last topic to be 
covered is an entirely new effort at 
headquarters to serve national 
researchers vho are interested in the 
development of maize hybrids. 

In the past, the Maize Program has had 
no systematic means of assisting those 
researchers. But for a number of 
reasons, it is considered appropriate 
and necessary to expand CIMMYT's 
capacity to support hybrid work. 
Foremost among those reasons is that 
a growing number of national 
programs have now become interested 
in and have acquired the capacity to 
develop maize hybrids. In cases where 
hybrid development is considered as 
potentially successful, the aim for the 
future will be to help national 
programs go about this task in an 
efficient and cost-effective way. 

CIMMYT has now established its own 
hybrid program (Figure 2), which will 
cater to the needs of national hybrid
development efforts in several ways. 
One of those is to compile information 
about inbreeding depression and 

Inbred development and hybrid evaluation 
Information on Pools 

Inbreeding Early generation
depression inbreds

and heteroticPouain 

patterns 

Varieties 

Varietal Topcross Inbreds thFer 
hybrids hybrids for 

conventional 
hybrids 

Figure 2. The production of early generation, inbred maize lines for 
increase by national programs for hybrid development, CIMMYT, Mexico 
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heterotic patterns for both the gene 
pools and populations. Another is to 
select superior materials during the 
improvement of pools and populations. 
They will be taken through a couple of 
generations of inbreeding and then be 
made available to national programs. 
Plans are also underway to provide 
national researchers with detailed 
information and training in various 
techniques of hybrid development, 

For two reasons, much of CIMMYT's 
effort in this area will be devoted to the 
so-called nonconventional hybrids, 
First, there is not much published 
material on the development of family, 
topeross and variety hybrids, and it 
would be worthwhile to try to fill this 
information gap. Second, these types of 
hybrids, bet.ause they are much easier 
to produce thali the.conventional ones, 
should be a better option for many 
developing countries that have started 
or expect to start hybr'd programs. 

Conclusion 
This overview of the program pretty 
much reflects its operations today, but 
is not necessarily tht -scription 
CIMMYT staff members would have 
given ten years ago nor is it likely to 
be the one they give several years from 
now. 

Important adjustments have been 
made in the CIMMYT Maize Program 
and will continue to be made as called 
for by changing circumstances and 
new opportunities for achieving greater 
efficiency. Thus, what is contemplated 
now is not a different program, but 
only the next step In its development. 
which has been going on for 20 years. 
Among the important developments 
that took place in the past were the 
initiation of the international testing 
network in 1974 and the creation of 
the first regional program during that 
same year. It is hoped that the changes 
now under consideration will be just as 
beneficial in making the CIMMYT 
Maize Program a more effective tool for 
agricultural development in the Third 
World. 
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The Aflatoxin-In-Maize Problem:
 
The Historical Perspective
 
E.B. Lillehoj, Southern Regional Research Center, Agricultural

Research Service, US Department of Agriculture, New Orleans,
 
Louisiana, USA
 

Abstract 
The discovery of aflatoxin in agriculturalcommodities introduceda new area of 
research-mycotoxicology.This review summarizes the historicaldevelopment of 
aflatoxin problems in maize and the attendant responsesin the agricultural
research community. Originally,studies were focused on the stored commodity.
since the two toxin-producingspecies, Aspergillus flavus and A. parasiticus, were 
consideredstoragefungi. LaboratoryinvestigationsIdentified majorfactors 
Influencing development of the toxin-producingspecies in storage,such as 
moisture, temperature,aerationand substrate.Various modificationsof key
components of the storage environment were developed to control the fungi. The 
discovery of preharvestinfection of developing maize kernels by A. flavus! 
A. parasiticus ad subsequentproduction of aflatoxin introduceda new facet of
 
mycotoxicology. The occurrence of storage fungi in the field requireda radical
 
reorientationof scientific thinking. The same environmentalfactors that
 
Influence fungi in storage appear to affect the processes of fleld infection!
 
contamination to varyingdegrees. However, in the developing maize ecosystems,
 
agriculturalactivities dramaticallyInfluence interactingspecies, including host
 
plants. attendantmicrobes, arthropodsand other pests. In spite of the complexity

of the preharvest contaminationprocess. carefully conceived experiments have
 
Identified several importantaspects of the problem. Contributingfactors are
 
assessedalong with strategiesfor generalcontrol of aflatoxin-contaminated
 
maize, with special emphasis on preharvestproblems.
 

Resumen 
El descubrimiento de las aflatoxinas en los productos agricolasIntroduJo una nueva 
Area de investigaei6n:]a micotoxicologla. En este trabajose resume el desarrollo 
hist6ricode los problemas causadospor las aflatoxinasy las respuestas 
correspondlentesde ]a comunidad de investigaci6nagricola. En un principlo.las 
observacionesse cnncentraronen el producto almacenado,ya que las dos especies
productorasde toxinas, Aspergillus flavus y A. parasiticus, se considerabanhongos de 
almacenamiento.Las investigacionesefectuadas en laboratoriosidentificaronlos 
principalesfactores que afectan el desarrollode las especies productorasde toxinas 
durante el almacenamiento,tales como humedad, temperatura,aereac6ny substrato. 
Se llevaron a cabo diversasmodificaciones de los elementos del almacenamientomis
importantesparacombatirlos hongos. El descubrimientode ]a infecch6n, en la fase de
precosecha.con A. flavus/A. parasiticus de los granos de maz en desarrolloy la 
subsecuente producci6n de aflatoxinasintrodujeronuna nueva faceta de la 
micotoxicologia. La presencia de hongos de almacenamientoen el campo exig6 una 
reorientaci6nradicaldel pensamiento clentifico. Al parecer,los mismos factores 
ambientalesque afectan a los hongos en condiciones de almacenamiento,afectaban 
en diversosgrados los procesos de infeccl6n/contaminaci6nen el campo. No obstante, 
en los ecosistemas del malz en desarrollo,las actividadesagricolasiniluyen en forma 
drdsticaen las especles que interact0an,Incluyendo plantashutsped,microblos 
conespondientes, artr6podosy dem.Is plagas.A pesarde la complejidaddel proceso
de contaminaci6ner la fase de precosecha. ciertosexperimentos disellados con sumo 
cuidado han identiflcado diversos aspectos importantesdel problema. Los factores que
contribuyen se evalan con estraleglasdestinadasal con rol generaldel maiz 
contaminadocon aflatoxinas,ponlendo Lnfasis en los prublemasrelacionadoscon ]a
fase de precosecha. 
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Fungal contamination of agricultural 
crops has plagued farmers since the 
beginning of agriculture. The first crop 
plants were domesticated in relatively 
natural habitats, thereby maintaining 
competition in heterogeneous 
populations of biotypes. Human 
activities at first had miniscule effects 
on the environment, but as agriculture 
became established, new technology 
created the possibility of controlling 
the environment to a greater extent. 
An axiom of history is the profound 
change introduced into all aspects of 
human life by the Industrial 
Revolution, but nowhere has its impact 
been greater than in agriculture. With 
large-scale mechanization, plant 
breeding and soli fertilization practices, 
the age of intensive agriculture began, 
increasing dramatically after World 
War ILThe most important 
agroecological aspect of these changes 
has been the homogenization of crop 
types and associated biota. This 
change resulted primarily from such 
factors as monocropping, pesticide use 
and an associated reduction in 
biological heterogeneity in large 
ecosystems. 

Aflatoxin Discovery 
The current epoch of fungal research 
in food/feed safety emerged as a result 
of an outbreak of disease in turkeys in 
England in 1960 (8). Fortunately, the 
English penchant for thorough and 
detailed explanations initiated a search 
for the causative agent of the disease; 
this effort was the beginning of a new 
area of agricultural research that has 
been labeled mycotoxicology. Initial 
histological examination of tissues 
from the diseased birds demonstrated 
an acute hepatic necrosis associated 
with bile-duct proliferation. Since the 
disease was not infectious, the 
possibility of poison was considered. 
Examination of bird rations showed 
that a common factor in disease 
outbreaks was the use of a Brazilian 
peanut meal (8). Heterogeneous 
distribution of toxin-tainted 
subsamples in larger lots indicated the 

possibility of microbial involvement. 
Subsequent tests showed the common 
occurrence of fungal isolates associated 
with the Aspergillus flavus group (8). 
Two closely related species, A. flavus 
and A. parasiticus,have since been 
identified as the toxin-producirg 
species (17); these species art; 
ubiquitous saprophytes that produce 
greenish-yellow spores and no 
ascospores. Although a trained 
mycologist can readily identify 
microscopic morphological differences 
between A. flavus and A. parasiticus. 
their macroscopic appearance is almost 
identical. 

The toxic activity of fluorescent 
compounds in samples of 
contaminated peanut meals was 
identified in an innovative duckling 
bioassay system. Four closely related 
compounds were characterized and 
were generically named aflatoxins B1, 
B2, G 1 and G2 (B = blue fluorescence; 
G = green fluorescence) with 
subscripts identifying relative 
chromatographic mobilities (Figure 1). 
Subsequent studies of aflatoxin 
production demonstrated the ability of 
A. flavus to produce exclusively B 1 
and B2, whereas A. parasitcus 
exhibited the capacity to produce all 
four toxins. Investigations of A. flavus 
populations obtained from toxin
contaminated commodities routinely 
provided single spore isolates that 
lacked the ability to produce toxin 
(8,9). 

In contrast, A. parasftlcusIsolates 7;ith 
few exceptions were toxin pioducers. 
Once isolated, a significant fraction of 
A. flavus isolates lose the ability to 
produce aflatoxin in laboratory culture, 
whereas the toxin-producing trait in 
A. parasltlcusis relatively stable. 
These observations indicate a profound 
difference in the genetic determinants 
of toxin production between the two 
closely related species. The mystery of 
this variation has been markedly 
increased by observations that 
aflatoxin-contaminated commodities 
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generdly contain predominantly B 1 pathology. Some background of the 
and B2 , but a limited fraction of history of this discourse is 
samples contain all four toxins enlightening. Biologists with broad 
(10,16,28,51,53). The results challenge phenomenological backgroupris have 
the research-oriented intellect because attempted to explain the differences 
they indicate distinct differences between parasites and saprophytes
between processes that control from various viewpoints. To avoid 
infections and/or toxin production by misconceptions, microbial activity in 
the two tuxin-producing species, an ecosystem has been broadly
Unravelling the mystery will provide grouped into two categories, biotrophy
provocative new information on the or parasitism (deriving nutrients from 
natural infection/contamination living material) and necrotrophy or 
process. saprotrophy (deriving nutrients from 

nonliving material) (61). Lewis (22) has
Plant pathology/mycotoxicology expanded the description with a series 
One aspect of the evolution of of definitions that precisely describe 
mycotoxicology has been the these processes by subdividing them 
cooperation among mycotoxin into obligate saprotrophy and obligate
researchers and traditional plant or facultative necrotrophy. Numerous 
pathologists. Since plant pathologists mycotoxin-producing fungi can be 
generally study pathogens in the gene. sap:'oph3 tic, but they also occur in 
for-gene context, the idea that a living tissues and are defined by Lewis 
saprophyte could be an organism of as facultative necrotrophs, i.e., species
interest was considered antithetical to that are usually saprotrophic, but 
generally accepted views of plant which can also function as parasites 

B1 B2 

rC H 3a P OlatoH33HG1G2 

Figure 1. Structural formulae of the various aflatozins 
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(8). Lewis presents a convincing 
argument that the established 
grouping of biological activity is 
arbitrary because the activities depend 
on the environment; individual 
responses in a species may range from 
extremes of parasitism to independent, 
saprotrophic development, 

Plant pathologist have intensively 
considered the evolutionary origin of 
crop-plant pathogens. Nelson (38) has 
reviewed the coevolution of plant 
pathogens and their host plants and 
offers imaginative interpretations of 
this process. He contends that the 
gene-for-gene association between a 
microbe and a plant evolved in a 
stepwise progression, with gradual 
accumulation of genes for resistance in 
the plant and for virulence in the 
microbe. The evolutionary plateau was 
characterized by a balance between 
potential pathogens and hosts, a 
balance which could be upset by 
natural disasters that radically 
modified the environment. Harper (14) 
states, "Epidemic diseases (like 
epidemic outbreaks of pest 
populations) are not seen In natural 
vegetation-except after some major 
disturbance." Monocropping and other 
intensive agricultural practices can be 
characterized as typical of a natural 
catastrophe, with concomitant 
disequilibrium of the pertinent biota 
(23). The continual adaptation of crop 
lines to parasite challenge by stepwise 
incorporation of resistance to a 
multigene dependence represents an 
intriguing parallel to the evolutionary 
logic. A comprehensive view of 
contemporary agricuitural practices 
clearly reveals the development of 
unique agroecosystrern niches that are 
particularly suitable for microbes such 
as A. flavus and A. parasftlcus. 

Aflatoxin In 
Postharvest Maize 
Storage fungi 
Although the aflatoxin discoveries 
Introduced a new era of Interest in 
fungal toxins, the activity of fungi In 

reducing food/feed quality in storage 
has been an area of concern for a long 
time. The development of storage fungi 
in a postharvest commodity is 
det:rmined by a number of factors, 
such as availability of inoculum, 
physical integrity of seed, moisture, 
temperature, aeration and nature of 
the substrate. Among the variables, 
moisture is clearly a dominant factor. 
Storage fungi, principally Aspergillus 
and Pencllum spp., are commonly 
found in maize stores at 13 to 18% 
moisture (6,7). The A. glaucus group 
predominates at 13 to 15% moisture, 
but above 15% other microbes appear. 
including the toxin-producing species 
A. flavus, A. ochraceus and A. versl
color. Lopez and Christensen (33) 
reported that A. flavus did not invade 
starchy grains below 17.5% moisture. 
In response to observations relating 
moisture levels to fungal growth, the 
US Department of Agriculture (USDA) 
assumed a very conservative position. 
describing drying techniques for 
control of mycotoxins in postharvest 
maize and recommending reduction of 
moisture to 13% within 24 hours after 
harvest (62). 

Storage fungi 
water requirements 
In defined media, an optimum aw 
(available water) of 0.91 to 0.99 has 
been observed for growth of A. flavus 
and A. parasltlcus(24,39,40). Although 
an aw of 0.87 did not dramatically 
reduce fungal growth. aflatoxin 
production was restricted. The tests 
demonstrated an enhanced sensitivity 
of aflatoxin production to moisture 
levels in comparison with fungal 
growth processes. The studies also 
identified the xerotolerant rather than 
xerophilic properties of the toxin
producing fungi. The degree of 
xerotolerance in a competitive
microbial environment of diminished 
water availability can be a key 
detei'ninant in successful 
establishment of a specific fungus. The 
aflatoxin-producing species are 
relatively xerotolerant. but other 
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Asperglli, particularly in the conditions for spore germination and 
A. glaucus group, exhibit a greater germ tube growth, such as relative 
degree of xerotolerance. humidity, temperature and spore 

densities, may determine critical 
The moisture requirements in intact aspects of initial A. flavus 
seeds clearly differ from submerged development, with a subsequent 
fermentations. In mature maize decrease in environmental restrictions 
kernels, A. flavus does not routinely by the developing mycelium. 
exhibit extensive growth below an aw Christensen and Kaufmann (7) state, 
of 0.85 (33,46). However, at slightly "Once the fungi have invaded grain, 
higher levels (aw/ 0.87), the fungus they will continue to grow in it at a 
grows and produces aflatoxin (73). lower moisture content than they 
Although the observations indicate a otherwise would." 
precise requirement for available 
water, environmental factors In a Fungi in stored maize 
storage bin would certainly influence A detailed study was carried out on 
the process. Competing microbial flora kernel deterioration in a bin of stored 
would distinctly affect the ability of a maize in southeastern Missouri, USA; 
particular species to dominate. A the mean moisture level was in the 
number of microbial species have been safe range of 12 to i5% moisture. 
identified as effective competitors with Microbial profiles of kernels from 
the aflatoxin-production strains. For charred areas of apparent hot spots 
example, A. niger A. oryzae and were compared with normal kernels 
R. nigricanscan effectively reduce from the bin (Table 1) (25). Aspergillus 
development of A. flavus and flavus was the most common 
A. parasitfcus(3,34,66). Microbial Aspergillus species detected incidence 
competition through augmentation of ranged from 10 to 80%. A similar 
the indigenous microbes has been pattern of A. flavus development was 
considered as a strategy for control of detected in earlier studies by Quasem 
specific fungal species in stored and Christensen (42). Aspergillus 
commodities (D. Sauer, personal terreus Thom was commonly detected 
communication), in discolored kernels, but was rare in 

sound maize. Although previous 
Moisture in stored maize investigations had identified the 
Although A. flavus appears to require presence of A. terreusand A. flavus in 
at least 17.5% moisture for deteriorating maize (12), the Missouri 
development on a starchy grain (33), study elucidated the exclusive, 
the moisture distribution within a simultaneous occurrence of the two 
stored lot is critical. Moisture levels of fungi in highly discolored kernels. 
high-moisture and low-moisture grain Aspergillus ochraceus, Penlcllllum 
fractions equilibrate after blending (15). spp.. Rhizopus spp. and Fusarlum spp. 
However, moisture contents of the were widely detected in the better 
fractions vary at equilibrium quality ke:nels, whereas Absidla spp., 
depending on whether the grain was Mucor spp. and Cephalosporlum spp. 
adsorbing or desorbing moisture exhibited increased incidence in 
during equilibration (4). Moisture discolored kernels. A single sample 
retention in high-moisture grain was contaminated with aflatoxin; it 
relative to drier grain has been also exhibited the highest incidence of 
attributed to hysteresis (15, 26). High- A. flavus kernel infection (80%). The 
moisture (27 to 28%) and low-moisture results demonstrated that fungi can 
(10%) maize blends that have mean develop in localized areas of high 
moisture levels of 14% or iess will moisture in a stored commodity, even 
support A. flavus development and though the overall mean moisture is 
aflatoxin production (26). Prerequisite within the safe range. 
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Temperature effect 

on storage fungi 

In conjunction with moisture, 
temperature plays an important role in 
the development of storage fungi.
Generally, fungi grow readily between 
200 and 300C, with a restrictive range
of 00 to 600C (8). Asperglllus flavus 
exhibits optimum growth between 360 
and 380C, but ranges from 60 to 460C 
(39,40,47,48). In laboratory media, 
maximum aflatoxin production has 
been observed at 250C, with no toxin 
biosynthesis below 7.50C or above 
400C (8,47). Cyclic temperature 
variation during development appears
to increase aflatoxin yields (24,48), 
apparently due to the catabolic 
degradation of toxin by the producing
organism. Since the fungus appears to 
simultaneously synthesize and degrade
the aflatoxins, subtle environmental 
changes could dramatically vary the 
final levels of toxin. In the 
microenvironment of stored maize, the 
establishment of a fungal infection not 
only increases moisture levels through
elaboration of respiration water but 

also increases temperature since the 
process is exothermic. Although 
aeration can reduce the formation of 
pockets of fungal activity, it also 
provides ideal air levels for the fungus.
Developing new procedures for 
circulating inert atmospheres in stored 
commodities could accomplish the 
diffusion of hot spots without 
increasing oxygen availabilty (72).
However, if moisture conditions are 
high in an anaerobic environment, a 
lactic acid fermentation routinely 
develops in the ensiling process.
Accumulation of lactic acid in stored 
maize might be considered 
undesirable, since it changes the 
organoleptic properties of the 
commodity. 

Other factors 
affecting storage fungi
The microbial profile of a freshly 
harvested crop influences subsequent
competitive interactions. Damaged
grain provides an opportunity for a 
fungus to circumvent the natural 
protection of the integuments and 

Table 1. Incidence of microbes on samples of white maize stored in
southeastern Missouri, 1974 

Microbe 

Aspergillus flavus Link ex Fries 
Aspergillus terreus Thom 
Aspergfllus fumfgatus Fresenius 
Aspergillus nigervan Tleghem
Aspergillusglaucus group
Aspergllus ochraceusWilhelm 
Pencilliumspp. 
Rhizopus spp. 
Other Mucorales(Absidia and Mucor spp.)
Fusarlum spp. 
Cephalosporfurnspp. 

I b / 
Incidence (%)_/ 

2 3 4 5 6 

27 
60 

23 
30 

80 
14 

50 
0 

30 
0 

10 
0 

0 3 3 0 0 0 
0 0 10 0 3 7 
0 
0 
0 

0 
0 
0 

0 
0 
3 

3 
0 

20 

3 
0 
3 

0 
17 
27 

0 0 14 37 0 0 
27 
0 

37 
0 

43 
20 

17 
87 

17 
37 

0 
63 

27 10 0 0 6 0 

At 	Incidence based on plating 30 surface-sterilized kernels from original sampleson nutrient agar and enumerating the microbes after 4 days at 280C.
Percentages may total more than 100% since some kernels were infected bymore than one microorganism. Samples 1-5 were from hot spots with variedmoisture levels that ranged from 21-23% MC. Sample 6 represented the bulk
commodity at an average MC of 14.5%. 

b/ 1-5 discolored, 6 not discolored 

Source: Lillehoj et a]. (25) 
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establish infection sites in the The major questions that emerged 
vulnerable interior (60). Aeration can from the surveys concerned the origin 
also be a particularly critical factor for of the aflatoxin-producing fungal 
storage microbes since fungi are inoculum and regional variations. 
aerobic. Reduced oxygen or increased Conventional theory held that field 
carbon dioxide levels reduce fungal fungi occurring in seed above 22% 
activity and toxin production (24). moisture included Alternarla, 
Development of inert atmospheres for Helmlnthosporlum, Fusartum and 
maize storage has been considered as a Cladosporlum spp. (6,7) and indicated 
practical approach (72). Breeding to that relatively xerotolerant species 
develop grain with increased storage such as A. flavuslA. parasitlcuswould 
attributes has also been considered. not be able to compete with the less 
Koehler (21) provided evidence for a xerotolerant field fungi in developing 
relationship between genetically maize. Therefore, the presence of a 
transmitted traits in kernel pericarp large inoculum of the Asperglllus spp. 
thickness and susceptibility to fungal on kernels from the field appeared 
infection; subsequent studies have contradictory. 
identified other genetically mediated 
differences in stored maize kernels to Joint USDA-industry research 
invasion by storage fungi (5,36). In 1971, the US Food and Drug 

Administration (FDA) seized a product
Aflatoxin in Preharvest Maize made from maize grown in 
Stored maize surveys/ southeastern Missouri (2). At the time, 
inoculum source identification of poor storage conditions 
In response to reports of aflatoxin and those responsible for such 
occurrence in peanut meal, a number conditions was required, and for this 
of surveys were carried out oin US reason industrial representatives 
agricultural commodities to determine became involved in the problem. The 
the extent of aflatoxin contamination. American Corn Millers Federation 
Examination of 1311 maize samples aroused concern in the technical 
from the 1964 and 1965 crop years community about the hazards inherent 
demonstrated that 2.3% contained the in the aflatoxin problem. A particularly 
toxin (50). A similar examination of the active research group at Quaker Oats, 
1967 crop year showed that 2.1% of under the direction of H.W. Anderson, 
the samples contained toxin (52). In a W.R. Wichser and E.W. Nehring, 
subsequent study of 293 samples of became directly involved. In response 
export maize collected at 10 ports, to industry concern, the Agricultural 
eight samples contained aflatoxin B1 at Research Service (ARS) of the USDA 
levels ranging from 3 to 27 ppb (53). In initiated a joint venture with Quaker 
a limited examination of 1969 and Oats to acquire information on the 
1970 maize from Alabama, North nature of the aflatoxin contamination. 
Carolina, South Carolina, Tennessee Since the maize in question was a 
and Virginia, 21 of 60 samples closely monitored commodity targeted 
contained aflatoxin and 12 samples exclusively for food use, industry 
exceeded 20 ppb of B1 (51). Because representatives were confident that its 
knowledge at the time limited A. postharvest handling was 
flavuslA. parasiticusto storage, the unimpeachable and chances of the 
results of the surveys were interpreted toxin accumulating after removal from 
solely as postharvest deveiopment of the field were negligible. In joint 
the fungi. The limited information meetings among interested scientists, 
suggested that maize from the research approaches were developed to 
southern USA contained a higher acquire fundamental information on 
incidence of the toxin, the origin of the aflatoxin-producing 
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fungi in developing maize. The Quaker 
Oats group concentrated on maize at 
locations producing white varieties, 
and the ARS team at the Northern 
Regional Research Center (NRRC),
Peoria, Illinois, examined the 
developing crop in southeastern 
Missouri and southern Illinois. 

Confirmation of 
aflatoxin contamination 
in preharvest maize 
In 1972. initial cooperative projects 
were carried out to learn more about 
aflatoxin contamination of maize. The 
Quaker Oats team utilized earlier 
observations of the occurrence of 
Asperglli in preharvest maize (56) to 
examine development of A. flavus. 
Ears were inoculated with spores of the 
fungus and some were sprayed with 
insecticides. Kernels inoculated 
between two weeks after flowering to 
maturity yielded aflatoxin with little 
effect from insecticide treatment (1). 
Visual observations of maize at various
locations in the USA identified the 
presence of bright greenish-yellow 
fluorescence (BGYF) on preharvest
kernels in Georgia. The fluorescence 
had initially been observed by Marsh 
and co-workers (35) In cotton fibers in 
association with A. flavus 
development. Investigation of the 
origin of BGY-fluorescing material 
demonstrated that it was not afiatoxin 
but a derivative of kojic acid, another 
relatively unique fungal metabolite. 
Bright greenish-yellow fluorescence in 
maize kernels was adapted as a 
presumptive test for presence of fungi 
in the A. flavus group (9,24). With the 
1972 information as a guide, the 
Quaker Oats team carried out a field 
Inoculation experiment In Georgia in 
1973 that involved examination of 
environmental factors in the fungal 
invasion process. They observ(,d a 
distinct association between occurrence 
of BGY fluorescence and kernel insect 
damage (1). They also noted increased 
aflatoxin contamination under stressed 
growing condition3 produced by dense 

plant populations or reduced fertility.
Individual kernels demonstrated 
aflatoxin levels exceeding 400 ppm. 

The NRRC group developed two 
general approaches for examining 
preharvest aflatoxin occurrence in 
maize. The first was the establishment 
of field incidence of A. flavus and its
toxic metabolites in a region covering 
several hundred square miles; the 
second was an intensive survey of 
harvested maize from a limited 
number of fields to determine the 
actual extent of contamination within 
fields. Since the FDA had seized maize 
grain produced in southeastern 
Missouri (2), the studies were carried 
out in the area with two specific 
objectives, the determination of the 
association of BGY fluorescence and 
Insect damage with aflatoxin levels, 
and the elucidation of factors that 
might contribute to preharvest fungal 
infection and toxin formation. 

Sixty ears from each of 60 fields in a 
four-county area of southeastern 
Missouri, 600 ears from two Missouri 
fields and 750 ears from five fields in 
southern Illinois were collected. 
Mycological studies of kernels 
demonstrated an average A. flavus 
incidence of about 5%. with elevated 
occurrence in kernels from Insect
damaged ears (10). Although earlier 
reports had identified the presence of 
A. flavus in preharvest maize 
(43,44,58,59), the 5% incidence 
exceeded prior observations. 
Morphological tests identified elevated 
occurrence of A. flavus relative to 
A. parasltcus in kernels and insects 
(10,16,28,31). After shelling, drying 
and cracking, 237 samples of the 3600 
ears in the general survey and 12 of 
1350 ears in the intensive study 
exhibited BGY fluorescence (29). 
Aflatoxin tests showed that 120/3600 
in the general survey and 6/1350 in 
the intensive study contained aflatoxin 
levels exceeding 20 ppb. Distinct 
regional and field-to-field differences 
were observed in toxin occurrence. 
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European corn borer [Ostrlnlanubilalls trucks, 30 to 100 ppb and 20 trucks, 
(Hubner)] and corn earworm [Hellothls > 100 ppb (54). Field and postharvest 
zea (Boddie)] caused extensive damage surveys demonstrated a broad 
on test ears and the incidence of occurrence of aflatoxin in both 
aflatoxin-positive maize was developing and stored maize. The 
significantly higher in insect-damaged incidence and levels of aflatoxin 
than inundamaged ears. In addition, identified a serious agricultural
195 insects collected from ears yielded problem. 
a 15% incidence of A. flavus. Evidence 
was provided for insect vectoring of the Regional differenceb 
fungal inoculum by larval ingestion of in preharvest aflatoxin 
spores and transfer to developing contamination of maize 
kernels. The observations of the The FDA seizare of maize in South 
Quaker Oats and USDA studies were Carolina in early 1973 (65) prompted a 
published in 1975 (1,29), and provided study by ARS to acquire more 
convincing evidence for the preharvest information on the nature of aflatoxin 
aflatoxin contamination of maize contamination. Kernel samples of 4.5 
kernels. kg each were collected in the field and 

at country elevators from an eight-
In addition to the studies of preharvest county area (Table 2). Of the 184 
maize, a survey was conducted on the samples taken from the field, 92 had 
stored commodity for the presence of detectable toha levels and 62 had 
aflatoxin. Approximately 0.5 million toxin above 20 ppt (31). Of the 113 
bushels (12.5 million kg) of maize samples taken at elevators, 60 had 
grain under Commodity Credit detectable levels of toxin and 32 had 
Corporation (CCC) loan were analyzed aflatoxin above 20 ppb. Mycological 
for aflatoxin. Aflatoxin was detected in studies of the 152 aflatoxin-positive 
30% of 1283 truckloads of maize: 136 samples showed that 120 had one or 
trucks, < 10 ppb: 93 trucks, 10 to 19 more kernels internally infected with 
ppb; 45 trucks, 20 to 29 ppb: 91 A. flavus (16,49). Of the 297 samples, 

Table 2. Distribution of BGY iluorescense, aflatorin, and mean 
aflatoxin B 1 levels between test areas of South Carolina maize 
samples, 1973 

Mean 

Area 
Number of s

Total BGY+ 
amples a / Aflatoxin B1 

aflatoxin (ppb) 

1 40 38 20 22 
2 and 3 3 3 3 35 
4 16 10 3 3 
5 32 21 15 18 
6 151 103 72 56 
7 14 9 8 45 
8 41 32 31 78 
Total 297 216 152 Overall mean 42 

al Shelled samples obtained from picker-shellers or trucks at elevators 
during harvest 

Source: LillehoJ et dl. (31) 
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276 had one or more kernels 
exhibiting A. flavus. In 75 samples, all 
50 test kernels exhibited the fungus. 
Of 375 ilisects collected from South 
Carolina, 274 contained A. flavus, with 
particularly high incidence levels in 
maize weevils. The South Carolina 
study provided a convincing follow-up 
to tht original observations of field 
contamination by A. flavus and 
aflatoxin. The elevated levels indicated 
a high risk of contamination in maize 
grown In high-humidity, high-
temperature areas of the southern part 
of the Corn Belt. 

Controlled field-plot studies 
In response to the observations of 
preharvest aflatoxin contamination of 
maize, a cooperative venture was 
initiated between NRRC scientists and 
M.S. Zuber at tl-e University of 
Missouri. Dr. Zuber was the supervisor
of one of the most productive maize-
breeding groups in ARS and was 
considered to be the best choice to 
direct activities of cooperating field-
oriented scientists. He brought to the 
project an extraordInary breadth of 
understanding of breeding in the 
context of production systems, and in 
addition provided access to key 
scientists both in ARS and in the state 
experiment stations. The first 
interregional, controlled investigation 
was designed and carried out in 1973. 
Normal and opaque-2 type of white 
and yellow hybrids were grown at 
Tifton, Georgia: College Station, Texas; 
Columbia, Missouri; and Peoria, Illinois 
(32). 

Ears were inoculated with a 
hypodermic syringe through the husk 
into developing kernels, dispensing a 
measured volume of an A. flavus 
inoculum. Ears were harvested 15, 30, 
45 and 70 days after treatment. The 
number of aflatoxin-positive ears and 
toxin levels Increased generally from 
northern to southern locations. 
Although a hybrid difference was 
detected in overall assessment of 
aflatoxin accumulation, no variation 

could be attributed to normal versus 
opaque types (Table 3). Most of the 
toxin production occurred during the 
first 30 days after inoculation. Twelve 
percent of the physicaLly danaged ears 
and 4% of the untree.,ed ears contained 
aflatoxin. More than 9u% of the 
damaged and control ears 
contaminated with toxin came from 
Georgia and Texas. The 3tudy provided
proof that A. flavus infects developing 
maize if the fungus Is introduced into 
developing kernels. The results also 
provided convincing evidence that 

Table 3. Levels of aflatoxin B I in
maize ears inoculated with
 
Aspergllus favus and grown at
 
diverse locations, 1973
 

a /Experimental Aflat.oxin B 1
 
observations (mean ppb)
 

Hybrid 
I 59.8 
II 15.3 
LSRb/ 1.5 

Endosperm type
 
Normal 24.2
 
Opaque-2 37.8
 
LSR_/ 1.5
 

Days after inoculation
 
15 11.7
 
30 36.8
 
45 45.2
 
70 43.2
 
LSRb/ 1.9
 

Location 
Illinois 2.4
 
Missouri 22.5
 
Texas 114.5
 
Georgia 133.9
 

9/ 	Aflatoxin BI levels are presented as 
geometric means of aggregate 
maize samples from ears Inoculated 
with A. flavus. 

b1 	 LSR is the least significant ratio 
(5% level) of two means 

Source: LillehoJ et al. (32) 
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regional differences might be critical in * Stress factors during crop
 
determining the extent of fungal development seemed to increase
 
infection and toxin ':.vthesis in the susceptibility: and
 
preharvest crop.
 

0 	 Genotypic determinants, such as 
Available information: 1974 enhanced husk development, were 
In 1974, field 3tudies were carried out linked to reduced preharvest 
to examine the effect of maize aflatoxin contamination. 
genotypes and insecticide applications 
on preharvest aflatoxin contamination. Preharvest aflatoxin 
The results underscored hybrid contamination in 
variation in susceptibility to midwestern maize 
contamination and the difficulty of Observations of BGY fluorescence were 
completely controlling insects on made in the 1975 Iowa maize crop.
developing ears (30.67,68). By the end Since prior information suggested that 
of the 1974 crop year, a number of A. flavus infections might be restricted 
facts concerning the preharvest to southern regions of the USA, a 
contamination process had been study was carried out to identify the 
established: extent of A. flavus infection and 

aflatoxin accumulation before harvest
" Yellow and white maize were in the Midwest. Of 214 freshly 

equivalent in susceptibility to fungal harvested samples, BGY fluorescence 
infection; and aflatoxin were detected in 47% 

and 17% of the samples, respectively
* 	 A positive relationship was observed (27). Only four samples contained more 

between BGY-fluorescing particles than 20 ppb of alatoxin, and the 
and presence of aflatoxin; highest level was 56 ppb with distinct 

field-to-field vailation. Mycological
* 	 Aflatoxin contamination varied both studies identified A. flavus-infected 

intra- and interregionally: kernels in approximately 60% of the 
samples. The freshly harvested 

* 	Asperglllus flavus predominated in samples provided evidence for 
aflatoxin-contaminated maize extensive BGY fluorescence in Iowa 
kernels and associated insects; maize, but only limited accumulation 

of aflatoxin. A visual examination of
" 	 Kernel damage by insects increased standing stalks was also carried out: 

the potential for aflatoxin about 400 ears were examined in each 
accumu!ation; of eight fields in western Iowa. Husks 

were pulled back and ears examined 
• 	 Intensive insecticide application for the presence of A. flavus spores 

reduced but did not eliminate prior to harvest (27). Visible A. flavus 
preharvest toxin production; spores were inv:riably observed in 

insect damage tracks of the second 
" 	 Aspergillus flavus infection occurred generation European corn borer larvae 

from two weeks ater flowering to (28). Mycological tests showed that 
physiological maturity, with Fusarlummonlilforme and Penicllium 
maximum h-ection in the late-mrilk oxalfcum were widely distributed, with 
to early-dough stage (20 days post- very few other fungal species detected. 
flowering); Fusarlummonlilforne did not appear 

to be incompatible with A. flavus, since
* 	 Variation in timing of maize the two species were often found in the 

maturation appeared to be linked to same insect damage tracks (28). The 
contamination; discovery of broad A. flavus infection 
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and aflatoxin contamination of Iowa 
maize modified the view that the toxin 
was found exclusively in the south. 
Examination of weather conditions in 
the affected areas of Iowa showed 
extensive drought, particularly during 
the flowering period, with associated 
higher temperatures. The results 
demonstrated that maize in the 
Midwest was vulnerable to afla.oxin 
contamination during periods of stress. 

Preharvest moisture 
Information available in the mid-1970s 
characterized several environmental 
components that directly contributed 
to preharvest aflatoxin accumulation in 
maize. Moisture was a major factor 
among many that affected the 
contamination process. Although the 
xerotolerancc of A. flavus provided an 
opportunity for competitive 
development at moistures between 17 
and 22%, it was apparent that the 
fungus was infecting kernels at 50% 
moisture and above. To examine the 
moisture-related factors of preharvest 
toxin contamination, an interregional 
study was carried out in maize grown 
in Illinois, Missouri and Georgia (32). 
Ears were inoculated with A. flavus 
spores 20 days after flowering, and 
subsequent ear samples were collected 
at designated intervals. Fifteen days 
after inoculation (late-dough to early-
dent stage) moisture levels ranged from 
46 to 65%, and low levels of aflatoxin 
were detected in kernels from all 
locations. Although aflatoxin levels 
increased In Missouri and Georgia 
samples through physiological 
maturity (45 days after inoculation), 
continued aflatoxin production 
occurred only at the Georgia location, 
Toxin levels remained low in Illinois, 
with intermediate levels in Missouri. 
The results demonstrated that early 
aflatoxin contamination occurred in 
three diverse environments, but 
moisture levels did not appear to 
independently exert a controlling 
influence in the process. 

Preharvest temperatures 
In the ileld, moisture and temperature 
are obviously confounded, since 
elevated temperatures increase plant 
development rates, evaporation and 
water utilization. Although laboratory 
temperature studies have identified 
A. flavus as a mesophle, it does not 
exhibit any of the properties of an 
authentic thermophile (4,8,39,40,47). 
The observations of increased aflatoxin 
production under elevated 
temperatures during ear development
 
raised perplexing questions.
 

To provide definitive information on 
temperature effects on developing 
maize cars, studies were conducted in 
controlled-env~ronment chambers at 
North Carolina State University. 
Kernels were inoculated at three stages 
of maturity (early, medium and late 
dough) with subsequen development 
at 9.5. 12.5, 14.5 and I'i.5 thermal 
units per day (57). Kernels were 
assayed for aflatoxin after 365 
cumulative thermal units. Aflatox'n 
levels were significantly higher in 
kernels from plants grown at the 
highest daily temperature. Since other 
environmental factors were optimum, 
the results provided unequivocal 
evidence for the singular role of 
temperature on aflatoxin accumulation 
in developing kernels. Results from 
controlled environments cannot be 
extrapolated directly to field 
conditions, because the temperature in 
a crop environment is an integral part 
of other key factors, such as moisture. 
plant stress, microbial competition and 
weed competition. Subsequent studies 
of the effects of water stress on the 
developing crop have provided 
compelling evidence for an association 
between water deprivation and 
aflatoxin contamination ( 1, 18,19). 

Preharvest substrate 
The nature of the substrate is 
obviously an important question in 
understanding preharvest infection of 
maize kernels by A. flavus and 
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subsequent aflatoxin production, approaches was first provided by M.S. 
Numerous studies have identified the Zuber and N.W. Widstrom. Early 
maturity of kernels as an important studies had identified variation among 
aspect of the 'Infection process hybrids in A. flavus infection of 
(1,18.19,24,75,76). Although maturity kernels. The resistance was generally 
effects could be explained by insect- attributed to morphological resistance 
fungus-plant interaction, G. Payne and provided by increased husk cover 
colleagues at North Carolina State (75,76). With the early observations as 
University have demonstrated the a guide. diallel studies have been 
ability of A. flavus to grow on carried out to identify inbred-linked 
degreening silks and to infect kernels differences (69,70,74). The 
directly without insect activity (20,41). investigations have provided clear 
These observations have made an differences among a limited number of 
important contribution to inbred lines. However, these studies 
understanding the breadth of metabolic have shown that the inoculation 
capabilities of A. flavus. However, technique is a critical factor. 
there appear to be some relatively Introducing inoculum into the silk area 
strict limitations on A. flavus substrate without physical damage of kernels 
requirements. Broad natural represents an entirely different 
occurrence of aflatoxin In US markets mechanism of fungal access than 
has only been observed in maize, placing the spores into developing 
cottonseed, peanuts, grain sorghum, kernels using a hypodermic needle or 
millet, copra, tree nuts and figs pinboard. The host-plant resistance 
(8,63,64). Absence of aflatoxin in involved in each of the inoculum 
freshly harvested soybeans presents an procedures would reflect distinct 
intellectual challenge to differences in the morphological/ 
mycotoxicologists (55). Since soybeans biochemical process. 
are grown in the southern USA in close 
proximity to aflatoxin-contaminated Information gathered by late 1974 on 
maize, absence of inoculum cannot preharvest aflatoxin contamination has 
explain the inability of the fungus to since been modified by several 
establish a toxin-producing presence. A observations: 
number of antinutritional factors in the 
plant, such as phytate, trypsin Characterization of a definite 
inhibitor and plant volatiles, have been association between elevated 
identified as possible inhibitory factors t mperature during kernel 
(13,37,45,71). However, no single development and increased aflatoxin 
factor has been identified in developing accumulation: 
soybeans that can be directly assigned 
the inhibitory function. Elucidation of a mechanism for 

kernel infection by A. flavus without 
Research since 1975 insect activity and toxin 
As the information on aflatoxin contamination of intact kernels; 
accumulation in pr-harvest maize 
kernels evolved, it became apparent Identification of A. flavus resistance 
that a quick solution to the problem factors in inbred lines that reflect 
would not be found. Careful variations based on the inoculation 
assessment of the situation by breeders method; 
in the cooperative research group 
indicated that the best long-range Characterization of a direct 
strategy for control involved correlation between water stress in 
identification of genetically mediated developing maize and susceptibility 
resistance in the host plants. The to A. flavus infection and toxin 
conceptual basis for appropriate contamination: 
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Identification of drought conditions 
as a cause of low-level aflatoxin 
contamination in Midwestern maize, 
and widespread, high levels of toxin 
in the southern USA; 

* 	Elucidation of increased aflatoxin 
accumulation by introduction of an 
A. flavus inoculum demonstrated by
the absence of naturally occurring 
inoculum levels to achieve 
maximum preharvest levels of the 
toxin; 

" 	Characterization of a limited 
distribution of fungal species in 
preharvest-contaminated maize with 
common occurrence of A. flavus and 
F. moniliforme; and 

" 	Identification of naturally occurring 
factors in maize that inhibit 
A. flavus development, 

Summary 
Scientists gathered under the banner of 
mycotoxicology have shared unique
experiences during the past 15 years. 
They have participated in the evolution 
of a new discipline. Creating a new 
area of inquiry can be controversial 
and the study of toxic fungal
metabolites is no exception. The 
fundamental dilemma in 
mycotoxicology is its multidisciplinary 
nature; the scope and the diversity of 
professional interests make it difficult 
to establish a single discipline. The 
work inherently requires the expertise
of microbiologists, plant pathologists,
plant physiologists, veterinarians, 
entomologists, mycologists, 
agronomists, plant breeders, soil 
scientists, toxicologists, immunologists,
oncologists, biochemists, chemists, 
public health scientists, 
epidemiologists, climatologists and 
nutritionists. In mycotoxicology the 
dialogue among practitioncrs has often 
resulted in recognizing common 
research interests and continuously 
learning new skills. For example, one 
complex question is the evolutionary 
logic for the acquisition of genetic 

information by microbes such as 
A. 	flavus for transformation of 
relatively innocuous, initial polyketides 
through a series of steps to the final 
carcinogenic, polycyclic hydrocarbon, 
aflatoxin. Without the interest of 
oncologists, pertinent structure
function questions might not have 
been raised among microbiologists. 
This example demonstrates the virtues 
of creative multidisciplinary 
exchanges. The spectrum of 
approaches in mycotoxicology appeals 
to scientists with wide-ranging views of 
nature and a compulsion to piece
together bits of information that, to 
other scientists. may appear unrelated. 

Reviewing studies on aflatoxin in 
maize provides a good example of the 
processes involved in mycotoxicology. 
At the outset, plant pathologists
considered investigations of 
saprotrophs a somewhat pedestrian
pursuit. Therefore, other scientists, 
particularly applied microbiologists,
began to examine A. flavus invasion of 
living plant tissue and the elaboration 
of toxic secondary metabolites. 
Microbiologists challenged the 
established dogma of plant pathology 
and integratcd information into r. v 
theories that included the ability of 
facultative necrotrophs, such as 
A. flavus, to infect developing maize 
kernels and produce aflatoxin before 
harvest. This important conceptual 
shift Involved the recognition that the 
agronomic situation is dynamic, and 
that intensive cultural practices are 
radically altering the agroecosystem. 
The long-range importance of these 
observations is linked to the 
recognition that contamination of 
developing crop plant tissues by 
mycotoxins is not unique. The 
environmental factors responsible for 
the selection of toxin-producing fungi 
are in place and will continue to 
function, probably more aggressively.
This premise is based on the continued 
narrowing of genetic diversity as 
greater amounts of land are committed 
to agriculture. The ever-increasing 
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difficulty of producing safe food/feed developed. The incorporation of certain 
commodities emphasizes the need to predator-control antinutritionals into 
understand the basic aspects of the hybrids should also be considered. 
contamination process; understanding with the parallel development of 
the process of natural contamination postharvest technologies to reduce the 
represents a great challenge to negative aspects of the substances in 
mycotoxicology. foods/feeds. Heat inactivation of the 

antinutritionals in soybeans, a process
A clear idea of the processes involved that provides a food-quality meal, 
in preharvest aflatoxin contamination could serve as a model. The future 
(,A oaize kernels requires a detailed problem areas in mycotoxicology do 
knowledge of the microbial activities not represent opportunities for the 
involved In genetic regulation of timid. However, the profession is not 
secondary metabolite synthesis in the noted for timidity, and the scientists in 
substrate of maturing seed. The the field are a particularly creative 
survival advantage that aflatoxin group who will provide exciting and 
production provides A. flavus is not provocative information in a new era of 
clear. Without a definitive biological ecological understanding of agriculture. 
explanation of this phenomenon, the 
problem will remain relatively References 
intractable. The cycle of A. flavus, 1. Anderson, H.W., E.W. Nehring and 
from saprophytic development on W.R. Wichser. 1975. Aflatoxin 
decaying plant parts to facultative contamination of corn in the field. 
necrotrophy in living tissues, must be Journal of Agricultural and Food 
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build-up of inoculum potential. 
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Biology of Aspergillus flavus and A. parasiticus 

U.L. Diener and N.D. Davis, Department of Botany, Plant 
Pathology and Microbiology, Alabama Agricultural Experiment
 
Station, Auburn University, Auburn, Alabama, USA
 

Abstract 
Aspergillus flavus and A. parasiticus are the only fungi that produceaflatoxin. 
Several media have been developed for identifying toxin formation without 
chemical analysis. Naturalsubstratesare superiorto artificialmedia for 
quantitativeproduction of the aflatoxins. Pure cultures of fungi grown on yeast 
extract (2%) with various amounts of sucrose produce high yields of secondary 

°metabolites.Aflatoxin formation is optimal at relatively high temperaturesof 28 
to 350C. The amount of a.atoxhifi',-uw,-,-d if also related to the fungal strain. 
Aspergillus flavus and A. parasiticus are capableof seed invasion under certain 
conditions, arepathogenic to insects, and grow as saprophytes on crop debrisin 
the field and soil. Another source of primaryinoculum may be the sclerotiaof A. 
flavus, which form in damaged and intact maize kernels, and may overwinter in 
kernels dispersedonto the soil by combines. 

Resumen 
Aspergillus flavus y A. parasiticus son los Onicos hongos que producen aflatoxinas.Se 
han creadodiversos medios pars identificar]a formacl6n de toxinas sin necesidadde 
recurrira) anllsisquimico. Los substratosnaturalesson ruejores que los medios 
artificialesparala producci6n cuantitativade aflatoxinas.Los cultivos pums de 
hongos cultivadosen extracto de levadura(2%) con diversas cantidadesde sucrosa 
producenaltos rendimientos de metabolitossecundarlos.La formaci6n de aflatoxinas 
es 6ptima a temperaturasrelativamentealtas,280 a 35 "C. La cantidadde aflatoxina 
que se forma tambk~n se relaciona con la cepa del hongo. Aspergillus flavus y A.
parasiticus pueden invadir las semllas en detenninadascondiciones, son pat6genos 
para los insectos y crecen en forma de saprofitos en los desechos de las cosechas que 
se encuentranen el campo y en el suelo. Otra fuente de in6culo primariosuelen ser
los esclerocios de A. flavus, que se forman en los granos dafladosy sanos de malz y 
que pueden sobreviviral invierno en granos que han sido dispersadossobre el suelo 
por las miqufnas segadoras. 

Aspergillus flavus Link ex Fries and The two aflatoxin-producing specfes 
A. parasiticusSpeare, two closely can be readily distinguished
related fungi, occur worldwide in the morphologically and by chemical 
air and soil, and cause preharvest analysis of metabolites (Table 1).
aflatoxin contamination in maize, Aflatoxin in maize is almost 
peanuts, cottonseed and tree nuts, 
These seed-inhabiting fungi also 
contaminate a wide variety of crops
after harvest, during handling, in 
storage and during processing. 
Aspergillus flavus and A. parasiticus 
.re the only two fungal species that 
produce aflatoxin. However, not all of 
their isolates or strains produce 
aflatoxin in the field or in laboratory 
culture. 

exclusively produced by A. flavus, 
which exhibits biserlate conidiophores 
and compact ivy-green colonies on 
culture media. Chemical analysis of 
A. flavus-contaminated maize typically 
reveals the presence of only aflatoxin 
B1 and aflatoxin 12. Aspergillus flavus 
appears to be the dominant fungal 
species in maize, cottonseed, tree nuts 
and, according to some authorities, 
peanuts. Aspergillus parasiticushas 
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been isolated more frequently from 
peanuts than from any other crop. 
Some strains of A. flavus produce 
cyclopiazonic acid (CPA) in addition to 
aflatoxin, whereas no strain of 
A. parastfcus has been reported to 
produce CPA (10). Other research (11) 
has characterized A. flavus as 
proteolytic and A. parasiticusas 
lipolytic. 

Media for Identification of 
Aflatoxin-Producing Fungi
An Aspergillus differential medium 
(ADM) has been developed for rapid 
detection of aflatoxigenic species; the 
medium contains ferric citrate, which 
induces orange-yellow (cadmium 
yellow) reverse coloration in agar plate 
colonies of A. flavus and A. paraslticus 
(1). Although toxigenic species of 
Fusarlumand Penicillium fail to 
produce the pigment, other species of 
the A. flavus group and several 
A. ochraceus group species also 
produce the pigment. Recognizing the 
limited usefulness of ADM, 
streptomycin sulfate and Botran 
(2.6-dichloro-4-nitro-aniline) were 
incorporated into ADM (BSAD) to 
suppress the growth of bacteria and 

fungi (12); the BSAD medium was used 
for the detection of A. flavus in 
cottonseed following incubation for five 
days at 280 C. After 30 isolates of 11 
Aspergillus species and 24 other fungal 
genera were screened, it watt reported 
that only A. flavus, A. parastlcusand 
A. oryzae formed the orange-yellow 
pigmentation. Modifying ADM with 
yeast extract (2%), peptone (1%), ferric 
ammonium citrate (0.05%), and agar 
(1.5%) resulted In large colony growth 
and characteristic orange-yellow 
reverse pigmentation, enabling ready 
recognition of A. parasiticusand 
A. flavus after 42 hours of incubation 
at 30 0 C (16). After microbial inhibitors 
were added, this medium was named 
Asperglllus flavus and parasitcusagar 
(AFPA). Ferric ions and organic 
nitrogen were essential for color 
production. This medium has been 
used extensively with peanuts and 
soils, and results may be reproduced 
and compared with other enumeration 
media incubated for longer periods. 

Another method for detecting aflatoxin
producing fungi utilizes the ultraviolet 
(UV) fluorescence of aflatoxin produced 
in a modified Czapek agar containing 

Table 1. Key characteristics of the aflatoxin-producing fungi Aspergillus 

flavus and A. parasiticus 

Characteristic A. flavus 

Conidiophore Consistently 
arrangement biscriate 

Conidia Almost smooth to 
slightly roughened 

Colony color Yellow green 

Colony surface Irregular, some 
aerial hyphae 

Chemical AFBI a / + AFB2 and 
analysis cyclopiazonic acid 

(proteolytic) 

a/AF = aflatoxin 

A. parasiticus 

Mostly uniscriate, 
sometimes mixed 

Distinctly verruculose 

Ivy green 

Compact, velvety 

AFBI + AFB2 + AFGI + 
AFG 2 + AFM 1 
(lipolytic) 
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maize steep liquor, HgCl2, and or A. parasiticusand media amended 
(NH4)2H2PO4 (instead of NaNO3); with maize steep liquor or yeast
cultures are incubated at 28 0 C for extract increased yields tenfold as 
seven to ten days (13). The presence of compared to those first reported (9).
aflatoxin was confirmed by thin-layer Initially, aflatoxins were produced in 
chromatography (TLC) of chloroform Czapek medium with added zinc 
extracts of the fluorescing agar. In sulfate or yeast extract in Raulin-Thom 
Brazil, an agar medium containing medium (9). The first liquid medium 
commercial coconut extract (CAM) was developed by Auburn University
developed to rapidly detect aflatoxin investigators (8) for stationary culture 
formation of Asperglllus spp. (15). On was named SMKY and contained 
this medium, aflatoxin-positive isolates technical grade sucrose (200 g),
showed a characteristic blue or blue- magnesium sulfate (0.5 g), potassium 
green fluorescence in agar surrounding nitrate (3.0 g) and Difco yeast extract 
the colonies under UV light. (7.0 g). An Alabama isolate of A. flavus 
Fluorescence appeared in 32 hours at produced 1.0 to 1.5 ppm of aflatoxin 
140 to 2 0 C with bigh aflatoxin- BI at 25 0 C in ten days on SMKY 
producing isolates, increasing in medium; an isolate of A. parasitlcus
intensity with prolonged incubation, formed 1.3 ppm of aflatoxin B1 and 
Incubation for three days was sufficient 2.5 pim of aflatoxin GI at 301C in 15 
for detection of low aflatoxin days (unpublished data). 
production. 

A 2% yeast extract and 15 to 20% 
Media for A. Flavus Growth sucrose medium (YES) was developed
and Aflatoxin Production that greatly increased the yields of 
Mycotoxin production by fungi in aflatoxin B 1 to 150 to 340 ppm with 
liquid media is usually substantially strains of the A. flavus group in 
lower than on natural substrates. stationary liquid cultures (5). Technical 
When a large quantity of a mycotoxin grade sucrose was superior to 
is needed for long-term feeding studies chemically pure sucrose, probably
with experimental or domesticated because it contained additional iron 
animals, it is usually produced on and other nutrients needed for 
natural substrates. The use of maximum aflatoxin formation. Difco 
semisynthetic media permits the yeast extract gave higher yields of 
investigator to have precise control aflatoxin than other brands tested. The 
over several variables in the production YES medium apparently provided all of 
of secondary metabolites by a specific the nutrients required fbr aflatoxin 
fungus. With chemically-defined production by several isolates of the 
media, the nutrient requirements for A. flavus group (Table 2). The medium 
maximum production of a mycotoxin, is widely used by mycotoxicologists for 
as well as specific aspects of the large-scale production of fungal toxins 
biochemical pathways of metabolite (2,6,7). 
synthesis of the fungus, may be 
determined. Isolation of metabolites Research with a chemically-defined
produced in the filtrate or in the medium (4) revealed that glucose and 
mycelium is less complicated in liquid sucrose were excellent carbon sources 
media, since there are fewer interfering for aflatoxin production. Ribose, xylose
substances than with most natural and glycerol were also good carbon 
substrates. sources (3). The growth oi A. flavus is 

supported by numerous organic and 
Aflatoxin accumulation in liquid media inorganic nitrogen sources, but 
is seldom comparable to that obtained aflatoxin synthesis reached 
in natural substrates (18,19). However, comparatively high levels only with the 
the combination of a high-yielding, addition of yeast extract or peptone.
aflatoxin-producing strain of A. flavus Inorganic nitrogen, such as KNO 3 , was 
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ineffective unless an amino acid was 
included in the medium. Aspartate, 
glycine. glutamine and glutamate were 
good sources of organic nitrogen for 
aflatoxin production. Magnesium, zinc, 
iron and possibly molybdenum were 
determined to be essential for aflatoxin 
formation, whereas manganese 
appeared to reduce aflatoxin yields.
The optimum concentration for 
magnesium sulfate was 0.5 g/liter, the 
optimum level of zinc sulfate was 
5 ppm, and that for ferrous sulfate was 
1 ppm (4). 

Optimum Temperature and 
Time for Aflatoxin Production 
The optimum temperature for growth 
and aflatoxin B1 production by 
A. flavus on both SKMY medium and 
sterilized peanuts was 25C, whereas 
the optimum for A. parastfcuswas 
30* to 350C (8). Optimum temperature 
fcr aflatoxin GI formation was 25 0 C 
or. both SMKY medium and peanuts, 
the levels beinxg five times greater on 
peanuts. Maximum aflatoxin levels 
were noted after nine days for A. flavus 
and after seven days for A. parasiticus. 
Rabie (17), using a Czapek medium 
plus 1 % yeast extract, observed 
maximum A. flavus growth after 12 
days at 181C, whereas maximum 
aflatoxin B1 was produced at 240C and 
maximum aflatoxin GI at 300C. 

Maximum production of aflatoxin B1 in 
sterilized maize kernels occurred at 
30 0 C for 21 days at 99 + 1% relative 
humidity (Diener and Davis, 
unpublished data). The results relate 
closely to the optimum temperatures 
for silk infection by A. flavus in the 
phytotron studies by Jones (14). 

Variation in Isolates
 
of the A. flavus Group
 
Only two species of the A. flavus group 
are widely recognized as aflatoxin 
producers, A. flavus and A. parasltcus, 
but Murakami has identified A.
 
toxicarlus as a toxin-producing species
 
that other taxonomists consider to be
 
A. parasiticus(20). Isolates of the two 
aflatoxin-producing species vary widely
in growth rate, sclerotial production, 
enzyme production and production of 
secondary metabolites. There are 
nontoxigenic isolates of both fungi, 
high and low toxin producers and 
others that produce cyclopiazonic acid, 
aflatrem, kojic acid and aspergillic 
acid, as well as a variety of aflatoxins. 
Aflatoxin production by an A. flavus 
isolate can be lost or greatly reduced 
with successive agar slant transfers. 
Unless cultures are lyophilized and/or 
maintained in soil, under oil or on 
natural substrates, the toxin-producing 
ability may be lost or becomes erratic. 
In general, A. parasiticusisolates have 

Table 2. Production of aflatoxins by selected isolates of Aspergillus
flavus grown in YES mediumta/ 

Aflatoxin production 
Mycelial (mg/100ml) 

dry weight Total
Isolate (g/lO0 ml) G1B 1 (B + G) 

Ala-2 
Ala-6 
Ala-8 
NRRL 2999 
ATCC 15517 
ATCC 15548 
ATCC 15547 

a/ 15-20% sucrose medium 

2.6 3.8 3.2 7.0 
4.6 17.1 14.4 31.5 
3.7 15.2 1.4 16.6 
4.3 24.7 20.8 45.5 
5.3 28.5 24.0 52.5 
6.5 34.2 28.8 63.0 
2.1 0.1 0.1 0.2 
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been more stable in culture and do not debris and litter in the soi (14). In 
lose aflatoxin-producing ability as a Idition, it has been suggested that 
rapidly as A. flavus isolates. airborne spores can be dispersed by 

high altitude wind currents or rise 
Sources of Primary from ventilating ducts on farm 
Inoculum in the Field buildings and grain storage bins. 
Since A. flavus lacks a sexual stage 
and moistened conidia lose viability In Sclerotia are one of the principal
21 to 60 days, the principal source of sources of primary inoculum of several 
primary inoculum has been thought to important plant pathogenic fungi and 
be conidia produced from mycelium of may be significant in the life cycle
the fungus that overwintered in plant (Figure 1) of A. flavus in its infection of 

* Cb SECONDARY INOCULUM 

REINFECTION 

INITIAL 
Mycelium tLCConidia 

SC LETIM DSES 
FOR NTIO 

Burial Migration SPOROGENIC 

PRIMARY INOCULUM ceoir 
(4W0- 700 11m) 

Figure 1. Schematic diagram (not to scale) showing the relationship
between primary and secondary inoculum in the life cycle of A. flavus. 
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maize (22). Sclerotia of about 100 A. 
fiavus isolates from both warm and 
cool latitudes formed readily in culture 
on potato-dextrose-yeast extract agar
and were found to contain aflatoxins 
and three major indole metabolites: 
cyclopiazonic acid, aflatrem and 
dihydroxyaflavinine (21). Cyclopiazonic 
acid was detected primarily in sclerotia 
of isolates from the warmer latitudes, 
whereas aflatrem and dihydroxya-
flavinine were detected in 85% of all 
strains examined. Sclerotia of A. flavus 
were produced during moist chamber 
incubation of maize kernels that were 
either naturally infected with the 
fungus or artificially inoculated (25). 
Sclerotia also formed on sterilized 
inoculated kernels incubated in the 
dark for 21 days at 25'C on sterile 
sand, sterilized soil and nonsterile 
garden soil. Exposure to light and 
incubatirn on nonsterile soil resulted 
in fewer sclerotia. 

The first reported natural occurrence of 
sclerotia of A. flavus and immature 
scleroid cleistothecia of Eupencillfum 
ochrosalmoneum was from samples of 
insect-damaged and moldy maize ears 
collected from October to December of 
1981 from standing, unharvested 
maize (24). In 1982, the moldiest 
maize contained the most sclerotia, 
both before harvest and in soil debris, 
Propagule density of A. flavus in the 
soil itcreased following harvest. 
indicating dispersal during combine 
harvesting. Sclerotium formation in 
preharvest maize appeared to be 
associated with kernel damage by 
biological agents (insects) or by 
mechanical means (23). 

Sclerotial germination in A. flavus and 
A. parasltlcus is sporogenic, with 
conidiophores and con!dla produced 
directly from exposed sclerotium 
surfaces (22). Five of seven A. flavus 
strains and two of three A. paraslticus 
strains formed conidial heads on 
surface-sterilized sclerotia after 48 to 
72 hours of incubation on moist sand. 
Selerotia incubated on nonsterile field 

soil also germinated sporogenically. 
Scierotia buried for ten days in 
nonsterile soil produced conidia within 
72 hours after being washed to the soil 
surface. Most strains of A. paraslticus. 
whlkh do not form sclerotia readily in 
culture, appear to be infrequent 
contaminants of maize in the field. It 
has not yet been established whether 
this fungus forms sclerotia on peanut 
pods and kernels and plant residues. 

Asperglllus flavus sclerotia form 
naturally in standing maize and can be 
dispersed into field soils during 
combine harvesting. Sclerotia probably 
represent an important source of 
primary inoculum of A. flavus in 
maize, particularly in fields where 
maize is frequently grown. In addition 
to the primary inoculum sources 
previously mentioned, A. flavus and 
A. parastlicusare pathogenic to insects 
and sporulate on their dead bodies 
(22). If sclerotia are important as 
primary inoculum, then farm 
machinery that picks and shells maize 
could dislodge sclerotia from kernels 
and disperse them onto the soil. Also, 
with minimum tillage where the soil is 
not cultivated, sclerotia or fungus
infested kernels would remain on or 
near the soil surface, where they could 
produce conidia. Management practices 
designed to eliminate the importance 
of sclerotia as sources of infective 
inoculum may be essential for the 
control of alfatoxin and A. flavus in 
maize. 
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Conditions that Affect Growth of 
Aspergillus flavus and Production of Aflatoxin 
in Stored Maize 

D.B. Sauer, US Grain Marketing Research Laboratory, Agricultural 
Research Service, US Department of Agriculture, Kansas State 
University, Manhattan, Kansas, and J. Tuite, Department of Plant 
Pathology, Purdue University, West Lafayette, Indiana, USA 

Abstract 
The aflatoxin-producingfungus, Aspergillus flavus, grows in maize in the field 
and also in stored grain after harvest. The most important factors affecting 
fungal growth and toxin productionare moisture content and temperature; 
drying and coolingof the grain are the principalmeans of control. Otherfactors 
that affect A. flavus are oxygen and c,:rbon dioxide concentration,physical 
damage to the grain, initiallevels of n.old contamination, insect activity and 
genetic differences in the maize. Aspergillus flavus does not grow at relative 
humidities below 85% or moisture contents below 16%. As moisture increases 
even slightly above these levels, aflato.in risk increasesgreatly. If moisture is 
adequate, aflatoxin can be produced at temperaturesrangingfrom I I to 40 0 C, 
although 250 to 35OC Is the optimal range. High-temperaturedrying increases 
susceptibility to fungal growth by increasingbreakagesusceptibilityand lowering 
equilibrium moisture content. Aflatoxin risk increases with increasinglevels of 
initialinfection or spore contaminationby A. flavus when the maize Is put into 
storage. In spite of what is known about fungal growth and toxin production, 
there Is still no reliablemeans of predictingaflatoxin risk under various storage 
conditions. 

Resumen 
Aspergillus flavus. hongo productorde aflatoxinas, se desarrollaen el malz en los 
campos y tambidn en el granoalmacenadodespues de ]a cosecha. Los princlpales 
factores que afectan el crecimientode los hongos y ]a producc16n de toxinas son el 
contenidode humedad y ]a temperatura:el principalmedlo de controles el secado y
enfriado de los granos.Otros factores que afectan a A. flavus son las concentraciones 
de 6xigeno y bloxido de carbono, el dahuo ilsico que presenten los granos, los niveles 
inicialesde contaminaci6npor moho, ]a actividad de los insectos y las diferenclas 
gen~ticas del maz. Aspergfllus flavus no crece en una humedad relativa de menos de 
85% ni en contenidos de humedad de menos de 16%. A medida que ]a humedad 
sobrepasa,por mis ligeramente que sea, estos niveles, aumenta en gradosumo el 
riesgo de que se produzcan aflatoxinas.Si la humedad es adecuada,las aflatoxinas 
pueden producirsea temperaturasque varfan de 110 a 40 0C, aunque el rango 6ptimo
de temperaturaes de 250 a 351C. El secado a altas temperaturas aumenta la 
sensibilidadal crecAmiento fungoso, ya que incrementa ]a tendencia a la fracturay
reduce el contenido equilibradode humedad. El riesgo de las alfatoxinas Incrementa 
al aumentarlos niveles Iniciales de infecci6n o la contaminaci6npor esporas de 
A. flavus cuando se almacenael mafz. A pesarde todo lo que se sabe acerca del 
crecimientofungoso y de ]a produccl6n de toxinas, todavia no se cuenta con un 
medlo fiable de predecirel riesgo de la Infeccl6n por aflatoxinas bajo diferentes 
condicionesde almacenamiento. 

http:aflato.in
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Aspergillusflavus has long been 
known as a storage mold affecting 
various seeds and grains. When 
aflatoxin was discovered in the early 
1960s, first in peanuts and later in 
other commodities, it wai generally 
assumed to be a storage jroblem. A 
decade passed before aflatoxin in 
maize was recognized as a field or 
preharvest problem as well. Now the 
preharvest aspects receive the most 
attention. Nevertheless, aflatoxin can 
be produced in stored maize, and 
attempts to manage the aflatoxin 
problem must consider both field and 
storage aspects and their interactions, 

The environment in which A. flavus 
and maize interact is critical in 
determining whether aflatoxin 
contamination will occur. Controlling 
the environmental factors in storage is 
more feasible than controlling them in 
the field; manipulating the storage
environment is the primary method of 
controlling postharvest fungi. In this 
paper, the environmental factors of 
temperature, moisture and interseed 
gas composition as they relate to 
growth and toxlri production by
A. flavus will be discussed. Grain 
handling, drying and aeration as they
affect the potential for aflatoxin 
production will be reviewed, in 
addition to such biological factors as 
inoculum levels, competition among
fungal species, insect activity and 
genetic differences among maize 
genotypes. Chemical control and 
prospects and limitations for predicting 
whether aflatoxin will be produced in 
specific situations will also be 
discussed. 

Environmental Factors 
Temperature and moisture are the 
most important considerations in 
determining whether aflatoxin will 
develop In maize after harvest; these 
two factors will be considered 
separately in this paper although they 
interact strongly. Below a certain 
moisture content (MC), A. flavus 

cannot grow and cannot produce toxin. 
Moisture will be considered in terms of 
relative humidity (RH) or water 
activity. For practical purposes. 85% 
RH is the lower limit for significant 
activity by A. flavus. Spore 
germination has been observed at 81 
to 82% RH, and sporulation has been 
demonstrated at 83% RH (14), but 
many studies have shown 85% as the 
point at which the fungus begins to be 
a problem (8,10,14,25). There have 
been reports of growth and toxin 
production in rice and maize with 
moisture levels in equilibrium with 
relative humidities considerably lower 
(4,16). This can be explained as a 
problem with inadequate surface 
sterilization of the inoculated kernels. 
Grains with heavy inoculum or surface 
contamination can give erroneous 
indications of internal infection when 
surface sterilized and plated (26). 

As RH increases above 85%, the 
growth of A. flavus increases 
dramatically. In this range even a 
small increase in moisture or RH can 
be very significant in terms of 
increasing the risk of aflatoxin 
contamination (Table 1) (8,10,14,25). 
There does not seem to be an upper
limit of moisture that restricts growth 
or aflatoxin production in pure cultures 
with adequate aeration, but under 
normal conditions, very high moisture 
levels may be unsuitable for A. flavus 
because of competition from other 
microorganisms (7). At high MCs, other 
fungi, yeasts and bacteria may be 
better adapted than A. flavus, or the 
rapid rate of microbiological activity 
may produce anaerobic conditions 
unsuitable for A. flavus. 

In practical situations, the MC of the 
grain rather than its water activity or 
RH is measured. There are many 
problems, however, in relating MC to 
the growth of A. lavus and production
of aflatoxin. Different lots of maize may 
have different MCs when in 
equilibrium with the same RH. 
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Cultivar differences can affect from warmer to cooler areas, thus 
equilibrium moisture content (EMC) as raising the moisture content in 
much as one percentage point. Maize portions of the bulk. Moisture may 
that is absorbing moisture will increase as a result of rain leaking or 
equilibrate to a lower EMC than the blowing into a bin, or it may increase 
same grain which is desorbing or as a result of the growth and 
losing moisture. Grain dried at a high respiration of fungi or insects. 
temperature will have a lower EMC 
than if it were air dried at a lower In spite of the difficulty in setting firm 
temperature (25,33). MC limits for the growth of A. flavus, 

some general guidelines are useful. At 
There are other factors that make it moisture contents of 16% or less, 
difficult to predict that a given lot of growth is not likely, but 17% may be 
maize at, for example, 16% MC, is high enough for slow growth and 
going to be free from A. flavus growth. aflatoxin production (14,25,31). At 18 
A farmer or elevator operator may to 19% MC. A. flavus may grow quite 
have a large quantity of 16%-MC maize rapidly in maize at favorable 
which he believes is safe from A. flavus temperatures. Several studies have 
and aflatoxin, although perhaps not shown that considerably higher 
from other storage molds. Such an moisture contents may be optimal for 
assumption may be invalid for several growth and toxin production. Aflatoxin 
reasons. [,cause of sampling or production in barley was greater at 
measurement errors, all or part of the 28% MC than at higher or lower MCs 
grain may actually have an MC higher (7). Aflatoxin was produced in rice at 
than 16%. Asperg111us flavus and other 24 to 26% MC, but not at 20% (5). 
fungi respond to the actual MC or Consistently, A. flavus growth in 
interseed RH to which they arc freshly harvested maize ranges from 
exposed, rather than to the reading 20 to 28% MC, particularly when 
given by a mo'sture meter. temperatures are in the 200 to 300C 
Temperature differences within a grain range. 
bulk will cause moisture to migrate 

Table 1. Average moisture content, interseed relative humidity and 
aflatoxin B1 content of freshly harvested, A. flavus-inoculated blends of 
wet and dry maize stored at 28 0 C 

Average MCLa / Interseed 
Aflatoxin B1 
14 days 

content (ng/g) 
28 days 

(%) 
RHb_ 
(% 

Hybrid 
Ag/ 

Hybrid 
B 

Hybrid 
A 

Hybrid 
B 

16.5 84.2 ND d / ND ND ND 
16.7 85.1 ND ND ND 25 
17.3 86.0 10 30 45 1100 
17.6 86.9 25 750 150 1675 
18.0 87.7 140 500 600 3375 

A/ MC = moisture content 
h/ RH = relative humidity 

Hybrids A and B = the two hybrids used to make the blends 
d/ ND = not detected 

Source: Sauer and Burroughs (25) 

l 
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Temperatures as low as 81C may allow Atmospheric gas composition can limit 
the slow growth of A. flavus, and fungal growth or aflatoxin production,
aflatoxin has been reported at but the principle has not been used in 
temperatures of 110C in sterilized rice control measures, except for ensiling
and 140C in nonsterile peanuts (10). high-moisture maize. Several reports
Fungal growth or toxin production at indicate that high carbon dioxide 
minimum temperatures probably and/or low oxygen concentrations 
occurs only when other factors are inhibit aflatoxin synthesis (11,13,35).
nearly optimum. In other words, if The effect seems to be greater on 
both temperature and MC are aflatoxin production than on funga;
suboptimal, the fungus is not likely to growth and is more pronounced when 
grow. Temperatures of 200 to 350C are temperature and MC are suboptimal 
suitable for aflatoxin production, with (13).
370 to 430C probably being the upper
limit (10,14,22.30). Fungal growth, Handling and Drying Effects 
however, can continue up to 441 to Mechanical damage to maize kernels 
460C (30). makes them much more vulnerable to 

invasion by storage molds, including
If both temperature and moisture are A. ilavus (27,32). Under any given
favorable for A. flavus, aflatoxin can be environmental conditions fungal
produced within 48 hours (23). When growth may be several times faster in 
21%-MC maize was put into bins at damaged compared to intact kernels. 
300C and cooled with refrigerated air, Cracks and breaks in maize are caused 
no aflatoxin and little A. flavus were mainly by harvesting and handling
detected if cooling was started equipment, although insect feeding
immediately (Table 2). But if cooling may also be responsible for breaks in 
was delayed 20 to 40 hours, A. flavus the pericarp. Damage to the 
grew and aflatoxin was produced (9). attachment area (tip cap removal) or to 

Table 2. Percentage of kernels invaded by A. flavus and A. niger after one 
week of storage, with and without cooling delays 

Kernels invaded after one week (%)
Storage 
conditions A. flavus 

1970 
A. niger A. flavus 

1971 
A. niger 

Cooled 
immediately 1 1 1 1 

Cooling delayed 
20 hours 50 28 6 6 

Cooling delayed 

40 hours 87 53 25 23 

Note: Maize was field-shelled at 21-22% moisture and 300C. then cooled to 30C 

Initial condition of grain: 
1970: A. flavus 13/800 seeds, A. niger 3/800 seeds, mechanical damage 19.4% 
1971: A. flavus 0/800 seeds, A. niger 2/800 seeds, mechanical damage 13.7% 

Source: Converse et a]. (9) 

http:10,14,22.30
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the germ causes much higher rates of Low-temperature or ambient air drying
respiration and fungal growth than is an alternative to high-temperature
does damage to other parts of the drying; it saves fuel and avoids the 
kernel (27,32). The amount of damage increased susceptibility to damage
done to kernels by mechanical associated with high-temperature
harvesting has been shown to vary drying. Because low-temperature 
with different kinds of machines and drying requires days or weeks to 
their adjustment, and also to be a complete, high-moisture maize is 
function of grain MC and maize exposed to the possibility of fungal 
genotype (20,21). Careful attention to attack and to contamination by
such variables could greatly reduce the mycotoxins before it is dried to a safe 
susceptibility of maize to postharvest moisture level. When ambient air 
mold growth and aflatoxin temperatures are below 150 to 200C 
contamination, there Is little risk of aflatoxin 

production during drying with 
High-temperature drying may affect sufficient, uniform airflow, because 
the growth of A. flavus in maize in A. flavus will not compete well with 
several ways. High-temperature drying other fungi at those temperatures. At 
of maize results in a lower EMC (33). higher ambient or initial grain
This means that at any given MC the temperatures, the risk of aflatoxin 
water activity or RH is higher for contamination increases. Maize with an 
artificially dried than for naturally initial MC of 25% is more vulnerable to 
dried maize. High drying temperatures fungal invasion than maize harvested 
may kill the seed, thus increasing at lower MCs. Some attempts to assess 
susceptibility to fungal invasion when the aflatoxin risk potential in low
environmental conditions are temperature drying have been 
suboptimal. High-temperature drying unnecessarily pessimistic, because 
also makes the kernels brittle and they assumed that the minimum RH, 
more susceptible to breakage during temperature or time reported for 
handling. aflatoxin production would prevail 

even if the other environmental 
Some of the fungi on and in the grain conditions were suboptimal or 
before drying may be killed by the limiting (213). 
dryer heat, but this effect is difficult to 
evaluate. For example, if other fungi The factors affecting fungal growth 
are killed more readily than A. flavus, during low-temperature drying are the 
which appears to be reasonably same as for storage in general. Risk 
thermotolerant (15), then A. flavus increases with increasing MC and grain 
may grow faster because of a lack of temperature at harvest. Damaged grain
competition or antagonism from other and fine material increase risk because 
species. If populations of all fungi, of greater susceptibility to mold 
including A. flavus, were greatly growth; they also impede airflow, 
reduced by such a partial sterilization, making drying slower or uneven. 
then it is possible that a longer lag Removing fines before filling the drying
time would be necessary before a bin will reduce mold growth and 
significant fungal population could aflatoxin potential. 
build up, In either case the grain 
moisture would have to be high To avoid having maize with very high
enough after drying to permit fungal MC in the upper part of the bin until 
growth, or the partial sterilization the drying front has moved completely 
effect would not make any difference. through the grain, some systems
Rewetting the grain could lead to employ mechanical stirring devices to 
problems here. mix the wet and dry grain within the 
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bin. With such systems, kernel-to-
kernel equilibration reduces the MC of 
the wettest grain and thereby reduces 
its extreme vulnerability to fungal
invasioi. Another way to achieve the 
same goal is to mix wet and dry grain 
together as the drying bin is being 
filled. Disadvantages to the latter 
approach are the need to have a supply
of dry grain, the possibility of uneven 
mixing, the extra handling, and the 
possibility of mold spores from the dry
grain inoculating freshly harvested 
high-moisture grain. 

Chemical Control 
Organic acids, primarily propionic acid,
have been successful in controlling 
storage molds (24); sulfur dioxide and 
ammonia have also been used with 
low-temperature drying systems. Their 
use requires considerable management
expertise, because localized moisture 
increase and non-uniform treatment 
can result in enhanced growth of 
A. flavus and aflatoxin production. 
Elimination of competing organisms 
allows A. flavus and other important 
storage molds to proliferate 
dramatically. Chemicals such as 
thiabendazole and benomyl may have 
potential as preservatives (19): they are 
not corrosive and would not affect the 
marketability of the grain as the acids 
do. 

Biological Factors 
Perhaps the most significant biological
factor in determining whether or not 
A. flavus will grow in stored maize is 
the microflora Initially found in and on 
the grain. If there is little or no 
A. flavus on the grain at first, the 
chances of aflatoxin development are 
reduced (9.14). Competing microflora 
also play a role, depending on which 
species are present, their abundance 
and their ability to grow aro, compete 
under the prevailing environmental 
conditions. Early studies with rice 
showed that A. glaucusand 

A. candidus can reduce aflatoxin 
production, depending on initial 
inoculum levels and the storage 
environment (2,3). Aspergillus niger is 
commonly present on maize at harvest 
and may compete with A. flavus (34). 
Depending on the environmental 
conditions, aflatoxin may or may not 
be produced in the presence of other 
fungi (1). Maize damaged by southern 
corn leaf blight, and containing many 
other fungi. was found to be more 
susceptible to aflatoxin contamination 
(12): sorghum heavily invaded by field 
fungi was not predisposed to storage 
molds (29). 

Insects that feed on maize ears in the 
field are known to predispose kernels 
to A. flavus infection through the 
physical damage caused by their 
feeding. Likewise, insect feeding in 
stored maize will open the kernels to 
fungal invasion. Insects also may act 
as vectors by carrying fungal spores on 
their bodies and by contaminating 
grain as they move about. A significant
insect infestation may also raise the 
temperature and MC of the grain, 
making conditions more suitable for 
A. flavus growth. 

There is evidence that maize cultivars
 
differ in their susceptibility to the
 
growth of storage fungi, including
 
A. flavus (6,18). The mechanism of 
resistance may involve any of several 
physical or chemical factors that 
directly affect the ability of fungi to 
penetrate and invade kernels. Another 
approach to selecting maize strains 
with improved storability might be to 
select for resistance to mechanical 
damage. Genotypic differences in 
damage susceptibility have been 
demonstrated (20). 

Prediction of Aflatoxin Risk 
There is a significant quantity of 
information about the basic factors 
that affect growth of A. flavus and 
aflatoxin production. Temperature, 
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moisture, oxygen, carbon dioxide, pH, Some of the literature on aflatoxin may
mechanical damage, initial incculum not be useful or realistic in helping to 
and competition from other fungi affect determine the likelihood of aflatoxin 
the process. However, on a practical production because of the experimental 
basis, accurate predictions of whether conditions used. Sterile or rewetted 
or not a specific bin of maize will grain may have been used, resulting in 
develop aflatoxin are not possible. abnormally high rates of growth or 

toxin production. High Inoculum levels 
The application of recommendations of A. flavus or the absence of other 
for storage moisture and temperature fungi normally folind in maize may
is frequently handicapped in have similar effects on results. The 
commercial practice because the storer strategies for these kinds of studies 
does not have accurate knowledge of may have been to simulate worst-case 
che amount of preharvest invasion or scenarios or to simplify the 
inoculum level of A. flavus, amount of experiment. At the interface of limiting
kernel damage, history of the grain, conditions for A. flavus, various other 
range of moisture and temperature fungi will be much more competitive
throughout the grain mass or the EMC and will usually exclude A. flavus. 
of the grain. Any prediction system, More research is needed in this area to 
regardless of its precision, is determine whether a large amount of 
compromised without such inoculum or extensive preinvasion by a 
Information. particular fungus, including A. flavus, 

will permit its development near the 
Agricultural engineers have worked for limits of its environmental capabilities. 
years with computer models to predict 
the rate of deterioration or the safe References 
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are generally useful, but they do not Developments in industrial
 
account for all variables, and they Microbiology 23:221-228.
 
cannot predict aflatoxin development.
 
For example, aflatoxin can be 2. Boiler, R.A., and H.W. Schroeder.
 
produced within tie period normally 1973. Influence of Aspergillus
 
considered safe for storage, which is chevalleri on production of 
defined as the time interval when less aflatoxin in rice by Aspergillus 
than 0.5% dry matter is lost (27). parasitcus.Phytopathology 

63:1507-1510. 
Certainly storage conditions exist 
which prohibit aflatoxin production. 3. Boiler, R.A.. and 1.W. Shroeder. 
For example, maize can be kept safely 1974. Influence of Asperglllus 
at MCs below 13% and a uniform candldus on production of 
temperature throughout the bulk. For aflatoxin in rice by Aspergillus 
economic and other practical reasons. parasitlcus.Phytopathology 
such recommendations may justifiably 64:121-123. 
be ignored. In the more marginal 
environments where problems may 
occur, there is a need for more 
accurate predictions of risk of aflatoxin 
formation and general mold spoilage. 



48 

4. 	Boiler, R.A., and H.W. Schroeder. 
1974. Influence of relative 
humidity on production of 
aflatoxin in rice by Aspergillus 
parasltlcus.Phytopathology 
64:17-21. 

5. 	Calderwood. D.L., and 
H.W. Schroeder. 1968. Aflatoxin 
development and grade of rough 
rice following prolonged storage in 
aerated bins. US Department of 
Agriculture, ARS Report 52-26. 

6. 	Cantone, F.A., J. Tulte, 
L.F. Bauman and R. Stroshine. 
1983. Genotypic differences in 
reaction of stored corn to attack by 
selected Asperglllus and 
Penlcillium species. 
Phytopathology 73:1250-1255. 

7. Chang, H.G.. and P. Markakis. 
1981. Effect of moisture content on 
aflatoxin production in barley. 
Cereal Chemistry 58:89-92. 

8. Christensen, C.M., and 
C.J. Mirocha. 1976. Relation of 
relative humidity to the invasion of 
rough rice by Asperglllus 
parasiticus.Phytopathology 
66:204-205. 

9. Converse, H.H., D.B. Sauer and 
T.O. Hodges. 1973. Aeration of 
high moisture corn. Transactions 
of the American Society of 
Agricultural Engineers 16:696-699. 

10. 	Diener, U.L., and N.D. Davis. 1970. 
Limiting temperature and relative 
humidity for aflatoxin production 
by Aspcrglllus flavus In stored 
peanuts. Journal of the American 
Oil Chemists Society 47:347-351. 

11. Diener. U.L., and N.D. Davis. 1977. 
Aflatoxin formation in peanuts by 
Aspergillusflavus. Alabama 
Agricultural Experiment Station 
Bulletin 493. Auburn, Alabama, 
USA. 

12. 	Doupnik, B., Jr. 1972. Maize seed 
predisposed to fungal invasion and 
aflatoxin contamination by 
Helmlnthosporlurn maydls ear rot. 
Phytopathology 62:1367-1368. 

13. 	Epstein, D., M.P. Steinberg, 
A.I. Nelson and L.S. Wei. 1970. 
Aflatoxin production as affected by 
environmental conditions. Journal 
of Food Science 35:389-391. 

14. 	Hunter, J.H. 1969. Growth and 
aflatoxin production in shelled 
corn by the Asperglllus flavus 
group as related to relative 
humidity and temperature. PhD 
Thesis, Purdue University, West 
Lafayette, Indiana, USA. 

15. Kingsland. G.C. 1986. Relationship 
between temperature and survival 
of Asperglllus flavus Link ex Fries 
on naturally contaminated maize 
grain. Journal of Stoied Products 
Research 22:29-32. 

16. LillehoJ, E.B., D.I. Fennell and 
C.W. Hesseltine. 1976. Aspergillus 
flavus infection and aflatoxin 
production in mixtures uf high
moisture and dry maize. Journal of 
Stored Products Research
 
12:11-18.
 

17. 	Lopez. L.C., and C.M. Christensen. 
1967. Effect ot moisture content 
and temperature on invasion of 
stored corn by Aspergillus flavus. 
Phytopathology 57:588-590. 



49 

18. 	Moreno-Martinez, E., and C.M. 25. Sauer, D.B., and R. Burroughs.
 
Christensen. 1971. Differences 1980. Fungal growth, aflatoxin
 
among lines and varieties of maize production, and moisture
 
in susceptibility to damage by equilibration in mixtures of wet
 
storage fungi. Phytopathology and dry corn. Phytopathology
 
61:1498-1500. 70:516-521.
 

19. Moreno-Martinez, E., and 26. Sauer, D.B.. and R. Burroughs. 
J. Ramirez. 1985. Protective effect 1986. Disinfection of seed surfaces 
of fungicides on corn seed stored with sodium hypochlorite. 
with low and high moisture Phytopathology. (In press.) 
contents. Seed Science and
 
Technology 13:285-290. 27. Seitz, L.M., D.B. Sauer and
 

H.E. Mohr. 1982. Storage of high. 
20. Paulsen, M.R., L.D. Hill, 	 moisture corn: Fungal growth and 

D.G. White and G.F. Sprague. dry matter loss. Cereal Chemistry 
1983. Breakage susceptibility of 59:100-105. 
corn-belt genotypes. Transactions 
of the American Society of 28. Seitz, L.M., D.B. Sauer, H.E. Mohr 
Agricultural Engineers and D.F. Aldis. 1982. Fungal 
26:1830-1836, 1841. growth and dry matter loss during 

bin storage of high-moisture corn. 
21. Racop, E., R. Stroshine, R. Lien Cereal Chemistry 59:9-14. 

and W. Notz. 1984. A comparison 
of three combines with respect to 29. Seitz, L.M., D.B. Sauer. H.E. Mohr 
harvesting losses and grain and R. Burroughs. 1975. 
damage. American Society of Weathered grain sorghum: Natural 
Agricultural Engineers Paper occurrence of alternariols and 
84-3016. St. Joseph, Missouri, stability of the grain. 
USA. Phytopathology 65:1259-1263. 

22. Rambo, G.. J. Tuite and 30. Sorenson, W.G., C.W. Hesseltine 
G.L. Zachariah. 1975. and O.L. Shotwell. 1967. Effect of 
Fluorescence associated with corn temperature on production of 
infected with Aspergillus Ilavus aflatoxin on rice by Asperglllus 
and A. parasiticusin storage. flavus. Mycopathologia et 
Cereal Chemistry 52:757-764. Mycologia Applicata 33:49-55. 

23. Ross, I.J., J.O. Loewer and 31. Trenk, H.L., and P.A. Hartman. 
G.M. White. 1979. Potential for 1970. Effects of moisture content 
aflatoxin development in low and temperature on aflatoxin 
temperature drying systems. production in corn. Applied 
American Society of Agricultural Microbiology 19:781-784. 
Engineers Paper 78-2-216. St.
 
Joseph, Missouri, USA. 32. Tuite, J., C. Koh-Knox,
 

R. Stroshine, F.A. Cantone and 
24. Sauer. D.B. 1973. Grain 	 L.F. Bauman. 1985. Effect of 

preservatives for high moisture physical damage to corn kernels 
feed grain. US Grain Marketing on the development of Peniclillum 
Research Laboratory Report, species and Aspergillus glaucus in 
Manhattan, Kansas, USA. storage. Phytopathology 

75:1137-1140. 



50 

33. Tuite, J., and G.H. Foster. 1963. 
Effect of artificial drying on the 
hygroscopic properties of corn. 
Cereal Chemistry 40:630-637. 

34. Wicklow, D.T., C.W. Hesseltine, 
O.L. Shotwell and G.L. Adams. 
1980. Interfermnce competition and 
aflatoxin ieve~s in corn. 
Phytopathology 70:761-764. 

35. Wilson, D.M., and E. Jay. 1975. 
Influence of modified atmosphere 
storage on aflatoxin production in 
high-moisture corn. Applied 
Microbiology 29:224-228. 

36. Wilson, D.M., E Jay and R.A. Hill. 
1985. Microflora changes in 
peanuts (groundnuts) stored under 
modified atmospheres. Journal of 
Stored Products Research
 
21:47-52.
 



51 

Aflatoxicosis in Farm Animals 
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Abstract 
Aflatexin has many effects on farm animals, includingmalabsorptionof various 
nutrients.coagulopathy, decreasedtissue integrity,poorgrowth, poorefficiency
of feed conversion, enhanced susceptibility to infection, vaccine failures, drug
failures, reproductiveproblems in males and females and increasedsensitivity to 
temperatureextremes. Toxic residuesof aflatoxin in animal productspresent a
hazard to public health. To date, regulatoryguidelineshave been based on legal
considerationsrather than experimental data. The availableestimates are mainly
from experiments designed to demonstratean effect ratherthan establish a safe 
level. Consequently, an extremely importantaspect of aflatoxin, i.e., its ability to 
interactdeleteriously with otherfactors, has been virtually ignored. Appropriately
designed experiments and statisticalapproacheshave revealed that it is not
feasible, eitherpracticallyor theoretically, to determine a true minimum effective 
dose (MED) for aflatoxin in the laboratory.Epidemiologicalstudies, coupled with
laboratoryexperiments and mathematicalcorrections,have yielded an estimated
MED based cn the safety criterion of economic loss in broiler chickens ( < 10 
ppb). Additional experiments to establish a theoreticalbasis for the interactions 
of aflatoxin areneeded before a rationalMED can be established. it may be
assumed that no level of aflatoxin is free of risk. 

Resumen 
Las aflatoxinasproducen diversos efectos en los animalesdomdsticos. incluyendo ]amalabsorci6nde diferentes nutrientes,coagulopatia,disminuc6n de la integridadde
los tejidos, crecimientodeflciente, deficiencia en la convers16n de allmentos, mayorsusceptibilidada la Infecci6n, inutilidadde las vacunas,problemas reproductivosen
machosy hembras,y mayor sensibilidada temperaturasextremosas. Los residuos
t6xicos de las aflatoxinasen los productosanimales constituyen un peligropara la
salud pfiblica. Hasta ]a fecha, las normas reguladorasse han basado mAs en
consideracloneslegales que en informaci6n experimental.Las cifras existentes son
fundamentalmente el resultadode experimentos diseflados para demostrarun efecto y
no paraestablecer un nivel de seguridad.Por consiguiente,pricticamentese hapasadopor alto uno de los aspectos mis importantesde las aflatoxinas, es decir, su
capacidadde interactuarpemiciosamente con otros factores. Los experimentos con ur
diseho apropladoy los mdtodos estadisticoshan revelado que no es posible, ni
prcticani te6ricamente, determinaren el laboratorouna verdadera dosis eflcaz
minima (DEM)para las aflatoxinas.Estudos epidernlol6gicos,combinados conexperimentos de laboratorioy correccionesrmatem1ticas, han dado por resultado una
DEM estimada, que se basa en el criterto de seguridadreferente a ]a p~rdida
econ6mica con pollos de engorda (<10 ppb). Se necesitan nuevos experimentos para
establecerla base te6rica de las Interacclonesde las aflatoxinasantes de que sea
posible determinaruna DEM racional.Puede suponerse que ningfin nivel de 
aflatoxina est libre de peligro. 
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There are three main reasons for an 
international meeting on aflatoxin 25 
years after its discovery: 

* 	Aflatoxin causes myriad effects and 
economic losses in farm animals; 

" 	Aflatoxin is extremely carcinogenic
in animals and systems commonly 
used to assess the risk of 
carcinogenicity in humans; and 

" 	Aflatoxin occurs in feedstuffs and 
foodstuffs around the world, 
reducing the value of many
agricultural products. 

Although human health concerns 
continue to be a motivating factor for 
allatoxin in research, agricultural
losses have provided most of the 
Justification for research conducted on 
this toxin. 

The most obvious consequence of 
aflatoxicosis in animals is mortality,
which does not require highly trained 
personnel to diagnose and quantify.
Turkey "X" disease in England, which 
led to the discovery of aflatoxin,
acquired its notoriety from the death of 
over 100,000 turkeys, as well as 
chickens, ducks, pheasants and swine 
(10). In subsequent studies, an LD4 9 of 
aflatoxin was observed in a flock of 
laying hens 48 hours after they were 
fed a new £-upply of maize (5), and an 
entire flock of 15,000 turkeys perished
after consuming aflatoxin-
contaminated maize (8). 

Mortality is -aerely one extreme in the 
broad range of effects produced by
aflatoxin, some of which may be barely
detectable. A typical field case of 
aflatoxicosis is marked not by 
mortality but by a decline in 
productivity with no visible disease 
symptoms. For example, Mertens (13)
summarized nine independent studies 
showing eight signs of aflatoxicosis 
associated with reduced milk 

production in dairy cows. Most of the 
clinical signs are not specific for 
aflatoxicoses; they depend on length of 
time and dosage, and combinations of 
symptoms can vary from case to case. 
Similar conclusions were reached 
earlier in a survey of 94 confirmed 
cases of aflatoxicosis In swine, cattle 
and poultry (19). A consequence of the 
variation in aflatoxin symptoms is that 
accountants and bankers, rather than 
farmers, scientists and veterinarians, 
sometimes decide whether aflatoxicosis 
exists. 

One extremely Important aspect of 
aflatoxicosis is the possibility that toxic 
residues may be found in animal 
products consumed by humans. This 
possibility is especially critical in 
lactating animals, which excrete 
aflatoxin and its metabolites in milk, a 
major component of the diet of babies 
and children. Because the young of a 
species generally are more susceptible
than adults, and because aflatoxin is 
highly carcinogenic, this problem
evokes highly emotional responses, 
captures the attention of the news 
media, and provoke3 legal action by 
consumer groups and regulatory
agencies. The available evidence 
implies a potentially severe problem.
Armbrecht et al. (1)gave sows 100 ppb
aflatoxin in their feed and found 1.5 
ppb in their milk and 8.0 ppb in the 
livers of their suckling pigs. Nine 
independent experiments showed 
about '1%of the consumed aflatoxin 
occurring as a toxic metabolite in milk. 
It was calculated that 62 to 111 ppb
dietary aflatoxin would result in 0.5 
ppb in milk, depending on feed 
consumption and milk production. The 
action guideline for aflatoxin in milk in 
the USA is 0.5 ppb. 

Dose-response relationships have been 
established for aflatoxin in animal 
products, and the information from 
controlled experiments has shown 
feed:tissue ratios (20) of 14,000:1 for 
beef liver, 2200:1 for eggs, 1200:1 for 
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chicken liver, 800:1 for pork liver and by Impairing practically all aspects of 
300:1 for cow's milk. There are several the immune system, including cellular, 
complicating factors in such humoral and passive immunity (8).
 
assessments. Individual animals vary 
 Though not always immediately

markedly in their ability to concentrate apparent, drug failures (21) and
 
and excrete aflatoxin. Aflatoxin does vaccine failures (15) can also have
 
not occur uniformly in feed. damaging economic consequences. It 
Nevertheless, extensive surveys have should be noted that the 
demonstrated a measurable incidence immunosuppression caused by
of toxic residues in marketplace aflatoxin has no economic effect unless 
samples of milk from the USA (20). the compromised animal is chaulenged
The foregoing information seems to by disease. 
support the conclusion that it is safer
 
for humans to consume animal Aflatoxin toxicity may depend on the
 
products than suspect plant products. nutritional status of the animal. The
 

ability of aflatoxin to inhibit growth in 
Of all studies of aflatoxicosis in chickens is dependent on the protein
animals, the disease is best level of the diet (18), and interactions 
documented in chickens. Most of the between aflatoxin and vitamin
 
principles governing aflatoxicoses in nutrition are well documented (8).

farm animals have become understood Dietary fat interacts in a complex
 
through studies of chickens; for fashion with aflatoxin. In chickens,

example. the interrelationship of the inefficient utilization of dietary lipids

toxic effects of aflatoxin was found in was indicated by as much as a tenfold
 
the bruising syndrome of broiler increase in fecal lipids during

chickens. Apparently healthy birds aflatoxicosis (14); this steatorrhea was
 
exhibited bruises and hemorrhaging at associated with a decrease in
 
slaughter, which resulted in pancreatic lipase, bile salt
 
downgraded and condemned meat and concentration and decreased 
In consumers becoming dissatisfied conversion efficiency of feed into 
with internal bruises that were not animal products. 
visible to inspectors. Experiments 
revealed that aflatoxin increases An unusual consequence of 
capillary fragility and reduces the malabsorption that is of economic 
ability of supporting tissues to cushion importance in some countries is the 
the blood vessels against blows (22). In pale bird syndrome, which can be 
addition, coagulopathy, resulting from defined as failure of chickens to realize 
a decrease in all components of the the color potential of their diet. The 
extrinsic and comm-in pathways of yellow color of chicken skins and egg
blood clotting (3), causes a ruptured yolks is attributable to carotenoids 
blood vessel to bleed longer, which must be absorbed from the diet. 

Many consumers will pay a premium
Another economically important effect price for poultry products high in 
of aflatoxin in animal production is color, which is achieved at 
impairment of mechanisms of considerable expense. Aflatoxin causes 
resistance to infectious agents. pale bird syndrome (21) by interfering
Aflatoxin impairs resistance to with the absorption, transport. 
coccidiosis, a protozoan disease, deposition and metabolism of 
Salmonella infections, infectious bursal carotenoids. 
disease caused by a virus, infections 
with the liver fluke Fascfola hepatica The effect of ailatoxin on animal 
and to the mycosis caused by Candida reproduction has not received the 
alblcans (8). Aflatoxin enhances attention it merits. An infertility 
animals' sensitivity to infectious agents 
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syndrome of swine, apparently 
associated with aflatoxin, is 
characterized by abortion, mortality 
and poor growth of suckling pigs and 
by repeat breeding (R. Behlow, 
personal communication). In laying 
hens, aflatoxin produces a fatty liver 
syndrome and decreased egg 
production (4). The eggs produced 
during aflatoxicosis are also smaller 
than normal. Aflatoxin fed to fertile 
hens for only 48 hours decreased 
hatchability without changing egg 
production (11). Aflatoxin also impairs 
semen quality in male White Leghorn 
chickens (16). 

The presence of aflatoxin in feed can 
manifest itself during extremes of 
environmental temperatures (9). 
Affected birds are more sensitive to 
both heat and cold. A related effect is 
increased sensitivity of chickens to 
sodium chloride (9). 

A central problem in the animal 
production industry remains the 
establishment of safe and unsafe levels 
of aflatoxin. Several factors-legalities, 
analytical sensitivity, presumed safety 
to humans and animals, and 
economically affordable levels of 
aflatoxin-have all played a role in 
setting safe aflatoxin levels. It is 
noteworthy (perhaps scandalous) tnat 
safety has not been defined, and that 
the guidelines that have been 
established do not rest on experimental 
data. A lack of information has forced 
regulatory agencies to make subjective 
judgments about the value of the 
available data. A rational scientific 
study of sale levels of aflatoxin is 
essential for establishing appropriate 
criteria. For example, mortality might 
be useful, but is 2% acceptable, or is 
8% acceptable? Also, mortality is rare 
compared to growth inhibition, 
Obviously, there are many ways to 
consider criteria for characterization of 
safe levels, 

In a widely used experimental model, 
the growth of young broiler chickens 
was inhibited significantly (P < .05) by 
2500 ppb aflatoxin, but not by 1250 
ppb. These data can be interpreted as 
showing that aflatoxin below 2500 ppb 
is safe (6). However, these experiments 
were designed to show an effect, rather 
than to establish a safe level. They 
actually show that the safe level 
(minimum effective dose, MED) is 
between 1250 and 2500 ppb. 
Furthermore, data in the same 
publications show an MED of < 625 
ppb (the lowest level tested) on 
susceptibility to bruising, 
immunosuppression, serum lipids, 
serum iron, plasma prothrombin, bile 
salts and pancreatic trypsin. The 
question on the proper criterion of 
safety becomes critical. Are sensitive 
physiological factors more valid than 
growth rate, which is economically 
more important? Any deviation from 
normal will be a disadvantage under 
some conditions. Stated in 
physiological terms, stressors below 
minimally effective doses combine in 
countercurrent stress to cause an effect 
(17). In more common terms, 
apparently ineffective factors interact 
synergesticaly. 

Fundamental physiological principles 
play a unifying role in determining and 
understanding safe levels of aflatoxin. 
Off-range data from experiments 
designed to show an effect can be used 
to estimate an MED more precise than 
<625 ppb (6). If a straight line 
relation between response and dose is 
assumed, the slope of the assumed line 
determines the change in toxin 
concentration required to provide a 
change Jn response equal to the least 
significant difference determined by 
analysis of variance. Applying this 
simple approach to six growth
inhibitory variables with MEDs <625 
ppb yielded calculated MEDs ranging 
from about 200 to 350 ppb. If the same 
ratio between growth inhibitory dose 
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and physiologically effective dose operation with two mills on the same 
(about 10:1) applies to single bird management regime, using the 
interactions, then a MED of about 20 same diet formula and receiving their 
to 35 ppb can be calculated. feed ingredients from the same 

sources, had a 1% difference in feed 
In experiments designed to define a conversion and a 2% difference in 
safe level of aflatoxin. the number of growth rate depending on the mill (7).
replicates per treatment, dosage The highest level of aflatoxin in 
increments and method of statistical problem feed was 30 ppb and 
analysis influenced the MED of frequency of contamination was 30%, 
aflatoxin on four dependent response compared to 6 ppb and 2%. 
variables (2). Overall, the statistical respectively, in good feed. Reducing 
approach decreased the apparent MED the level and frequency of aflatoxin to 
on four variables by a factor of four, those of the good feed solved the 
which lowers the estimated MED from problem. 
200 to 350 ppb to 50 to 88 ppb. It 
should be noted that this is a A survey of five independent broiler 
mathematical correction separate from chicken operations yielded similar 
the biology of the bird. How far can results (12). Growers were classified as 
this approach be taken? It was good, mediocre or poor, based on an 
calculated that about 400 replicates objective index of productivity the 
per treatment were necessary to detect prior year. Good growers produced 
true differences of 1% in body weight, more live birds with better body weight 
which in the US broiler chicken and feed conversion and fewer 
industry represents about US one condemnations at slaughter. Good 
hundred million dollars annually, growers received about 5% more in 

payments than mediocre ones and 
Can the exhorbitant costs of 10% more than poor growers. The cost 
determining a true MED be avoided? If of production was about 10.50 per 
a continuous relationship between chicken for each class of grower. Good 
aflatoxin and body weight with no growers had a contamination 
threshold dose is assumed, and if the frequency of 18% and a mean aflatoxin 
number of birds is increased to 10,000 level of 6.1 ppb. Corresponding values 
per unit (approximate numbers at risk for poor growei s were 31 % and 14.0 
in poultry units), the MED would be ppb. 
lowered by a factor of 100 because the 
standard error of a treatment varies The epidemiological studies suggest 
inversely with the root mean of that the MED for aflatoxin in broiler 
number of observations upon which chickens is below 10 ppb under field 
the treatment mean is based. Applying conditions where aflatoxin can interact 
the factor to broiler chickens yielded a with many other factors. The value 
MED of <1 ppb. Unfortunately, such agrees reasonably with values 
numbers of birds are essentially calculated from laboratory data and 
populations, not samples on which theoretical corrections. At present, 
statistics are based. Consequently, there do not appear to be truly safe 
other experiments using prohibitive levels of aflatoxin. Interacting factors 
numbers must be run or a practical mean that a given amount of aflatoxin 
MED must be based on field will not ensure a given response under 
observations, field conditions. The higher the 

concentration and frequency of 
The available field data on a practical exposure, the higher the risk. Prudence 
MED confirms the preceding dictates that any level probably carries 
considerations. A broiler chicken a risk. Delineation and control of this 
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risk should flow from the experimental 
and economic arena and not from the 
political arena, which has been 
dominant, 
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Abstract 
Aflatoxicosis in mammalian animalscauses a variety of disease manirestatlong,
which are related to the ability of aflatoxin to impairprotein synthesis and react
with macromolecules and cellularorganellsand to interfere with the normalproduct;on of cellularregulators.Acute aflatoxin poisoningcauses hepatic
necrosis, derangement of hepaticfunction, eoagulopathyand extensive
hemorrhagiclesions. frequently resultingin the death of the animal.Subacute orchronic aflatoxicosis causes fatty changes in the liver, enlargement of the gallbladder,periportalfibrosis with proliferativechanges in bile duct epithelium,
icterus and impaired growth rate or production. In addition to the liver, thethymus is also a primary targetorgan of allatoxin. Consumption of aflatoxin causes thymic aplasiaand marked suppression of cell-mediatedimmune 
responses,as well as nonspecific factors of the native defense mechanisms,
Includingphagocytosis by macrophagesand diminishedproduction ofcomplement (C4 ). T-cell populationsof the peripheralblood and antibody titers are usually normal. Immunosuppressiveeffects are thought to arise from effects on antigen presentationand lymphokir.e production.Acute aflatoxicosis has apathognomonicsymptomatology and is relatively easy to diagnose. The signs ofsubacuteor chronic aflatoxin poisoningarf less definitive and so may go
unrecognized because an animalmay show only a reduced growth rate orincreasedsusceptibility to infectious diseases to which the mycotoxicosis haspredisposedit. Major economic losses from afiatoxicosisin animals are associated
with the subacute or chronic forms, which are the most difficult to recognize.Carcinogenesisis not an importantaspect of aflatoxicosis in food-producing
animals. 

Resumen 
La aflatoxicosis en los mamiferos produce una amplia varledadde manifestacionespatol6gicas,relacionadascon la capacidadque tiene la afiatoxina de obstaculizar]asintesis de protelnasy reacclonarcon las macromol~culasy orgtnulos celularesy deinterferiren ]a produccl6n normal de reguladorescelulares.El envcnenamientoagudocon allatoxina causa necrosis hepitica,trastornosde ]a funcl6n hepAtica, coagulopatlay extensas lesion s hemorrigicas,que a men udo dan porresultadola muerte delanimal. La aflatoxicosis sabagudao cr6nica ocasiona alteracionesen ]a grasa delhigado, agrandamientode ]a vesicula billar, fibrosis periportalcon cambiosproliferativosen el epitello de los conductos hillares,ictericiay velocidad decrecimlento o produccl6n deficientes. Ademils del higado,el timo es uno de losprincipales6rganosatacadospor la afiatoxina.El consumo de aflatoxinaproduceaplasiadel tmo y una marcadasupresi6n de las respuestas inmunol6gicasen las queIntervienen las c6lulas, asl como factores no especificados de los mecanismos dedefensa naturales.incluyendo fagocitosisporparte de los macr6fagosy dismlnucl6nde ]a produccl6n de complemento (C4 ). Suckii ser normales las poblaciones de ctlulasT de ]a sangre perlfdricay las cantidadesde anticuerpos.Se plensa que los efectosinmunosupresoresse derivan de los efectos eJercidos sobre ]a presentac16n delantigenoy ]a producci6nde linfocitos. La aflatoxicosisaguda presenta unasintomatologlapatognom6nicay su dlagn6stico es relativamentesencillo. Los signordel envenenamientosubagudo o cr6nico con aflatoxinason menos definidos y, por 
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ende. pueden pasardesapercibidos,ya que un animalpuede mostrarOnicamente un 
crecimientoreducido o una mayor sensibilidada las enfermedades infecciosasa las 
que lo ha predispuestola micotoxicosis. Las perdidasecon6micas mds importantes 
causadaspor aflatoxicosis en animalesse asoclan con las formas subagudao cr6nica. 
que son las mils diflciles de diagnosticar.La carcinogdnesisno constituye un aspecto 
importante de la aflatoxicosi en los animales que producen alimentos. 

A quarter of a century ago, following a 
series of dramatic field outbreaks of 
feed-associated illness and mortality, a
"new" animal disease was recognized. 
The agents proved to be a family of 
related mycotoxins, the aflatoxins, and 
thus aflatoxicosis was officially named 
and recorded in 1961 (5). This was not 
a new disease; similar clinical episodes 
had been recorded from animals 
foraging moldy maize in 1953, but the 
causative agent was rot found (16). 
Undoubtedly, the aflatoxins have 
affected both human and animal 
health for many years, but they have 
attracted notice only in certain years 
and in certain geographic regions, 
following conditions fostering their 
production (12). It is largely through 
the reactions of animals to assorted 
doses and exposures of aflatoxin that 
the present concept of the biological 
effects of aflatoxicosis has emerged. 
This paper reviews the major biological 
effects of aflatoxin consumption in 

mammalian animals (laboratory 
animals, companion animals and 
livestock), as well as aflatoxic 
immunosuppression. 

Aflatoxicosis in 
Mammalian Animals 
The aflatoxins are important because 
they cause undesirable biological 
effects in animals and humans who 
consume them. Of the 18 or more 
related toxins of the aflatoxin family, 
aflatoxin B 1 , the primary subject of 
this paper, is the most biologically 
active. The biological effects of 
aflatoxin are related tc, several discrete 
actions at the cellular level. Aflatoxin 
is a notable depressant of protein 
formation, in that it binds to DNA and 
suppresses RNA synthesis. Probably all 
levels of protein synthesis (i.e., 
transcription, translation and 
elongation) are involved, but the major 
effect of massive, prolonged exposure 
is transcriptional suppression. 

R o 

Range of symptoms in three pigs fed with the same aflatozln-contaminatedl feed. 
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Alterations of carbohydrate and lipid 
metabolism and mitochondrial 
respiration are also known to result 
from aflatoxin exposure, and are 
apparently due to the interaction of 
aflatoxin with macromolecules 
(e.g.. nucleic acids and proteins) and 
subeellular organelles (e.g., 
mitochondria and ribosomes), and to 
interference with the production of 
enzymes and other cellular regulators 
(2). Aflatoxin-related changes affect 
cellular function, cellular integrity, and 
ultimately animal health and 
productivity. In animals, clinical 
manifestations of aflatoxin 
consumption involve four general 
areas: acute, chronic liver damage, 
reduced rates of growth or 
productivity, impairment of 
immunologic responsiveness and 
carcinogenicity. 

In aflatoxicosis, the primary target 
organ is the liver. Hepatic effects are 
changes in hepatic cellular function, 
cellular necrosis and proliferative 
repair activities. Single large doses of 
aflatoxin cause acute hepatitis, with 
swelling of the hepatic lobule and 
severe impairment of liver function 
(dry clearance) within three to six 
hours. Nuclear changes occur in 
hepatocyle within six hours and 
cellular necrosis within nine to 
12 hours; there are elevations in serum 
levels of hepatocellular enzymes within 
12 to 24 hours after toxin exposure (4). 
The acutely affected liver suffers 
centrilobular necrosis, congestion and 
hemorrhag!ng. Among the sequcllae of 
altered hepatic function are Icterus and 
impairment of clotting mechanisms. 
These, coupled with Increased capillary 
permeability, result in widespread 
petechial hemorrhaging over mucosal 
and serosal surfaces and in free blood 
in the Intestinal canal. 

Following prolonged intake of lesser 
doses of aflatoxin, chronic hepatic
involvement occurs, with a definitive 
pattern of fatty changes in the 
hepatocytes, centralobular necrosis, 

alteration of lobular architecture, 
periportal fibrosis and bile duct 
proliferation. The liver becomes yellow 
with a pebbly surface; the gall bladder 
is greatly enlarged and is filled with 
dilute bile. The affected animal is 
frequently icteric and has reduced 
hepatic function, prolonged 
prothrombin clotting time and elevated 
serum enzymes indicative of hepatic 
cell necrosis. Subacute or chronically 
affected animals have reduced growth 
rates (Figure 1) and milk production; 
generally, the animals perform poorly 
because of lowered feed conversion 
(3,8.10,13). 

The susceptibility of animals to 
aflatoxin varies greatly. Different 
species of animals have different 
degrees of susceptibility, presumably 
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Figure 1. Effect of varying doses of 
aflatoxin on growth rate of calves 
Source: Pier t al. (13) 
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depending on the metabolic pathways susceptibility between males and 
by which they are able to dispose of females of the species, but this has not 
the toxin (6). The relative susceptibility been proved. Perhaps the least 
of a number of laboratory animals, understood within-species variation is 
companion animals, livestock species that found between individuals of 
and primates is presented in Table 1. closely related laboratory animal 
The LD5 0 doses for cattle and horses strains or littermates in livestock and 
are estimates based on limited poultry. Lethality and other biological 
experimental response data reported; responses (e.g., weight gain, 
because of the large quantities of immunological responsiveness and 
aflatoxin involved, actual LD50 histopathological changes) are often 
determinations for these species have highly variable among animals given 
not been made. The responses of the same doses of aflatoxin. In quail,
different livestock species to continued within-species differences in lethality 
experimental aflatoxin consumption have been found to be heritable (9). 
are shown in Table 2. 

The effects of aflatoxin are also 
Susceptibility within species is also modified by interaction with other 
variable. Young animals are invariably mycotoxins. Feed mixtures may 
more susceptible than adults. Some include mycotoxins of different origins,
data suggest differences in and some of these are known to have 

Table 1. Comparative susceptibility of animals to consumed aflatoxin 

Rank 
Approximate 
age or weight 

Approximate single 
oral LDso (mg/kg) 

Highly susceptible 
Rabbits 3 months 0.30 
Ducks 
Cats 

I day 
Adult 

0.36 
0.55 

Swine Weanling 0.62 

Moderately susceptible 
Dogs Adult 1.0 
Horses 
Calves 
Turkeys 

Adult 
I month 
3 weeks 

(0.6-1.0)a / 

(1.0-1.5) a / 

1.36 
Guinea Pigs 
Sheep 

250 g 
Adult 

1.4 
2.0 

Baboon 
Monkeys (cynomologus) 

5 kg 
2 years 

2.02 
2.2 

Relatively resistant 
Chickens 1 week 6.5 
Rats Adult 5.5-17.9 
Monkeys (macaque) 
Hamsters 

3 + years 
I month 

7.8 
10.2 

9/ Estimated from response to experimental doses; actual LD5 0 data is not 

available for these species 

Source: Pier (12) and Cheeke and Shull (2) 
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additive or synergistic effects with the 
aflatoxin. Rubratoxin has been shown 
to enhance the effects of aflatoxin in 
calves (131. It has been shown that the 
interactic.n of T-2 toxin with aflatoxin 
has an eJect on lethality (7) and other 
biological functions (14) in laboratory 
animals. 

In addition to causing acute, chronic 
disease in the liver, aflatoxin has a 
second target organ, the thymus. 
Subacute doses of aflatoxin B1 and MI 
cause thymic aplasia in a variety of 
animal species (11). There is a critical 
depletion of cortical thymocytes, 
although circulating T-cell populations 
appear to be normal. The results of 
aflatoxin arc immunosuppressive, with 
the primary effect occurring in the cell-

mediated-immune (CMI) system. 
Among the CMI functions suppressed 
by aflatoxin are delayed cutaneous 
hypersensitivity, lymphoblastogenesis, 
leukocyte migration inhibition and 
graft-versus-host activity. Other 
defense mechanisms are also 
suppressed, including phagocytic 
activity of the macrophages and 
complement (C 4 ) formation. These two 
nonspecific factors strongly affect 
specific immunologic effectiveness 
through antigen opsonization and 
antigen presentation. 

The final mechanism of aflatoxic 
immunosuppression is not clear; 
however, it appears to be primarily an 
effect on CMI rather than humoral (i.e., 
antibody) mechanisms. Very high 

Table 2. Response of livestock to aflatoxin intake 

Animal Dose 

Cattle 
Calf 0.08 mg/kg/day 
Calf 0.2 mg/kg/day 

Calf 0.5 mg/kg/day 


Steer 0.7 ppm ad lib. 

Steer 0.8 ppm ad lib. 


Steer 1.0 ppm ad lib. 
Cow 2.0 ppm ad lib. 
Cow 0.3 mg/kg/day 

Swine 
Pig 0.26 ppm ad lib. 
Pig 0.065 mg/kg/day 

Pig 2-4 ppm ad lib. 

Horses
 
Adult pony 0.075 mg/kg/day 

Adult pony 0.15 mg/kg/day 

Effect 

Reduced weight gain
 
Reduced weight gain,
 
coagulopathy
 
Hepatic necrosis, coagulopathy,
 
death after 14 days

Rtduced weight gain
 
Reduced delayed cutaneous
 
hypersensitivity
 
Death after 59 days
 
Reduced milk yield
 
Inappetance, reduced milk yield,
 
increased mastitis inflammation
 

Redu,:ed weight gain
 
Immunosuppression, reduced
 
weight gain
 
Acute hepatitis, death
 

Decreased liver function,
 
coagulopathy, icterus,
 
death after 37 days
 
Hepatitis, coagulopathy, death
 
after 26 days
 

Source: Adapted from Brown et a). (1), Cysewski et a]. (3, 4), Pier (2), Pier et al. 
(13) and Richard et al. (15) 
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doses of aflatoxin (2 to 40 ppm in feed) have definitive hepatic lesions, 
are known to cause diminution of including centrilobular necrosis, 
immune globulins (IgA and IgG, but periportal fibrosis with bile duct 
not IgM) and may reduce antibody hyperplasia and enlarged gall bladders 
titers. However, doses capable of when examined at necropsy. The third 
causing reduced acquired immunity clinical effect seen in animals has been 
through vaccination (0.25 to 0.5 ppm) called secondary mycotoxic disease, 
do not affect most antibody responses. because the animal catches an 
Since the T-cell population in infectious disease as a result of the 
peripheral blood is unaffected, the fault ingestion of aflatoxin, which has 
is presumably a change in T-cell suppressed its immunological 
function, possibly associated with responsiveness and natural defense 
lymphokine production or effectiveness mechanisms. 
(11, 14). The spectrum of aflatoxin 
entities that affect lymphoblastogenic When reduced growth rate and an 
activity is "cry interesting. Aflatoxins increased susceptibility to disease are 
B2, GI, G2 and PI are relatively the only clinical signs of aflatoxin, 
inactive against this function. Of proper diagnosis is dependent on keen 
particular interest is the fact that observation and good production 
aflatoxin Q 1. which is relatively records. Unfortunately, since this is the 
inactive toxicologically and form in which aflatoxicosis in animals 
mutagenically, is highly suppressive of is most often encountered, proper 
lymphoblastogenesis; aflatoxicol, which diagnosis is often not made. The latter 
is highly carcinogenic and mutagenic, two manifestations of aflatoxicosis 
is inactive in lymphoblastogenic constitute the greatest economic loss in 
suppression. animals. In food-producing animals, 

with the exception of trout, aflatoxin-
The clinical picture presented by induced carcinogenicity is no problem, 
animals affected by aflatoxin, therefore, and in companion animals aflatoxin
is highly variable. With the sudden induced carcinogenicity is a rarity; in 
intake of large quantities of aflatoxin laboratory animals, only rats and 
(2 to 5 ppm), which might occur with a primates have shown a predeliction to 
batch of new feed or stored feed with carcinoma from aflatoxin consumption. 
pockets where high levels of aflatoxin Thus the effect of aflatoxin that 
have formed, an acute clinical disease constitutes the greatest public health 
typified by acute hepatic necrosis, anxiety is of little consequence in most 
coagulopathy and death with extensive lower animals. 
hemorrhaging can be expected. This 
manifestation of the disease is easy to The consequences cf aflatoxin 
diagnose because of its pathognomonic consumption in animals are many and 
symptomatology, the nature of the varied. Unfortunately, the most 
disease process and the dramatic frequently occurring forms of 
nature of the effects on the primary aflatoxicosis are both the most 
target organ, the liver. However, this economically important and the most 
most severe form of aflatoxicosis is less difficult to diagnose. More attention 
frequently encountered than others. must be given to good clinical 

diagnostic technique (e.g., serum 
The ingestion of smaller doses of enzymes) or to chemical demonstration 
aflatoxin (0.2 to 0.5 ppm) is more of aflatoxin residues in urine or other 
common, but results in a more protean animal parts. With greater emphasis 
disease whose clinical symptomatology and improved technology in these 
is less definitive. Affected animals may areas, the true incidence of 
show reduced rates of growth or aflatoxicosis in livestock can be 
production; some will be icteric and determined more easily. 
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Abstract 
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c 
Psniveles de alatoxinP 10 re entarondeficienciasen'elalientoproducidas fcrosc6picos eEn 1984 y 1985 en el higado...alatoxinasfue menor qie enen nrnr..rode z u ous scontanninadas en

an~1sisfuepar ela~len m r e u srsc n e ,, con an a ronandfllsis fue Parael alinentoparapollos, seguido por el allrnento paracerdos. 

The mycOtOxlns 
allos anteriores; Ia mayor cantidad de solicitudesdeproduced by the
fungus of the genus Aspergilus Include The bloical effects
a series of methoxy..beUenblf a ioals vary,derivatives, such as B1, whose of aflatoxlns


properties vary due to the addition 
anbrar- outrouttaryn o u 

on
 
removal of radicals such as alcohol 

or terotogees 1n tort 
a
 

rhol,a ra ins andickeon livestock,phenol and hydroxyl, as well as the 
embryos (3.13).however,presence or absence of double bonds, 

The Principal effectIs liver damage.The Peking duck Is especially sensitiveAn example 1s atati to the effects of allMh.whicht is
bound In milk and formed by atoxins, and for that
addition of a hydroxyl radical tobiological 

reason Is often used Inaflato
aflatoxin Bl. Aflatoxin PI Is a phenolic 
n-relatedmetabollte experimentsanimals that have consumed 1' 

found In the urine of 
othecenas which areproduced mainly by FusaiumcompriseThe trich p.another important 

mypotoxjgroup, These Include the sclrpenolg 
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such as the T-2 toxin and zearalenone The materials used in the study were 
(1,7.9). Their effect on animals varies livestock and feed samples sent to the 
according to the compound and the Veterinary Medicine and Animal 
length of time and degree of exposure Science laboratory for mycotoxin 
to it. Intraperitoneal injections of analysis. A clinical report accompanied
trichothecene extract in laboratory each sample, indicating that the 
animals cause fibrous peritonitis (1,2). animals consuming the feed were not 
The biological effect of toxin T-2 can producing adequately or that fungus
be verified experimentally on rabbit had been found in the feed. 
skin tissue, which dies on contact with 
the scirpenol. The effects of The samples were tested for aflatoxin 
zearalenone have been studied on B 1 , zearalenone, ochratoxin and 
virgin sows, in which it produces scirpenols. To test for the presence of 
hyperestrogenism with degeneration aflatoxin B1, it was necessary to 
and proliferation of the vaginal mucous change from long to short wave when 
membrane (7,12). A vegetable oil the aflatoxins did not fluoresce, and to 
suspension of zearalenone fed to rats atomize with 20% sulfuric acid to 
produces results similar to those observe the color change, or with 
shown by the sows (7,12). The trifluoroacetic acid to induce change in 
scirpenols can be seen by using RF (11).
acidification combined with burning
(7,10,13). Zearalenone can be identified Four mold isolates, Penicillum, 
through thin-layer chromatography by Fusarfurn and two Aspergllus spp.,
its typical bright greenish-yellow were cultured on rice and used to 
fluorescence (BGYF) (4,11,12). inoculate feed for broiler chickens. One 

kilogram of inoculum was used for
Mycotoxicosis in animals can be each 30 kg of feed. Five groups of 20 
suspected as a cause of clinical chickens each were used. Four groups
problems when there is evidence of were fed one of the inoculated feed 
fungal activity and growth in the feed, mixtures, and the fifth group was used 
when the disorder is not contagious as the control. The chickens were fed 
and when the clinical symptoms do for four weeks, with amount of feed 
not respond to antibiotics. It may also consumed, weight gain and clinical 
be suspected when an illness appears signs recorded. The animals were then 
seasonally. dissected and the relative weights of 

the heart, liver, spleen, kidney andResearch Materials bursa of Fabricius were recorded, along
and Methods with any macro- and microscopic
This UNAM study of the biological changes. The analyses of the samples,
effects of aflatoxicosis in chickens is as well as feed consumption, weight
the only one that has been conducted gain and the condition of the internal 
in Mexico on any kind of farm animal. organs of the chickens are shown in 
There have been other aflatoxin Tables I and 2. 
studies in the country, but these have 
focused on the chemical analysis of 
aflatoxins or on aflatoxii 
contamination of human foods, 
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Results 
In 1984, 290 samples were received for 
testing by the laboratory. Forty-six
(18.9%) showed aflatoxin BI 
contamination of 25 to 100 ppb. Of 
this number, 41 were concentrated 
livestock feed samples, four were 
sorghum and one was maize silage. In 
1985, aflatoxins were found in 15 
(5.4%) of the 276 samples received, 10 
in concentrated feed, four in sorghum 
and one in wheat. The highest demand 
for analysis was in chicken feed, 
followed by pig feed. 

The chickens in the experiment
showed food-conversion deficiencies 
when aflatoxin B1 levels in their feed 
reached 0.8 ppm. The relative weights
of the livers and the kidneys were 
negatively affected. A microscopic 
examination showed a metamorphosis
of the fat in the liver with necrosis and 
proliferation of the bile ducts. 
Degenerative changes occurred in the 
kidneys. There was less significant
change in the other groups than in the 
two that were fed aflatoxin-
contaminated feed. 

Chickens within a group showed 
macroscopic changes of differing 
Intensity: for example, changes in the 
livers varied greatly. Macro- and micro
level changes in the kidneys followed 
the same pattern. The bursa of 
Fabriclus sometimes increased In 
weight and sometimes decreased 
within the same group. Some bone 
marrow changes were related to 
changes in fatty tissue, while others 
corresponded to changes in the 
hematopoletlc (reddish) tissue, again 
among chickens in the same 
Inoculation groups. 

Discussion 
The data for 1984 and 1985 show a 
drop in the number of aflatoxin
contaminated samples; in previous 
years, contaminated samples averaged 
around 30%of those sent in for 
analysis. The number of contaminated 
samples dropped to 18% of the total 
number received in 1984, and to 5% of 
the total received in 1985. This may
have been due to the weather; 
mycotoxin contamination shows a 
relationship to climatic changes. The 

Table 1. Results of analysis for aflatoxin B1 in samples of livestock feed, 
Mexico City, 1984 

Sample Poultry Cattle 
Spee 
we Trout Dogs Total 

Sorghum 
Concentrated feed 
Silage 
Zea concentrate 

4 
16 

-
-

-
9 
1 

-

-
11 
-
1 

-
4 
-
-

-
1 

-
-I 

4 
41 

1 

Total samples analyzed 
18.0% positive 

290 
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growing use of manufactured milled- Series Bulletin 279. Alabama
 
grain feeds may lead to increased Agricultural Experiment Station,

development of mycotoxlcosis, since Auburn, Alabama, USA. Pp. 46-50.
 
animals are unable to be selective in
 
their choice of food (6,9,10). 4. Cysewski, S.J., A.C. Pier,
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Species
Sample Poultry Cattle Swine Total 

Sorghum 
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3 
5 
I 

-
4 
-

1 
1 

-

4 
10 

I 

Total samples analyzed 
5.4% positive 

276 
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Premature Germination of Maize 
and the Related Mycotoxin 

M. Carvajal, Institute of Biology, National Autonomous University
of Mexico, Mexico, D.F., Mexico 

Abstract 
Prematuregerminationof maize (PGM)is produced by Fusarium monfliforme, 
but also presentare other Fusariurn spp., such as F. nivale, which produces
deoxynivalenol (DON). The mycotoxin associatedwith PGM appearsto be 
deoxynivalenol. 

Resumen 
La germlnacl6nprematuradel granode matz es provocadapor Fusarium 
moniliforme, aunque tambi~nestAn presentes otrasespecles de Fusarium, como F.
nivale que produce deoxinivalenol, ]a micotoxina que al parecerse asociacon la 
germinacl6nprematura. 

Premature germination of maize (PGM) 
is a common disease that has been 
observed in the USA, France, 
Venezuela and Mexico (3,4,7,12). The 
disease was first reported in 1924 (3) 
and has subsequently spread 
significantly, particularly in central 
Mexico, where thousands of hectares 
have been affected. In Mexico, affected 
maize, instead of being burned or 
destroyed, is mixed with healthy maize 
and used for human consumption in 
tortillas.
 

Premature germination of maize 
consists of germination of kernels 
while the ears are still on the plants, 
witches' broom of the ears and 
sometimes a diminished number of 
kernels (Figures 1, 2 and 3). Livestock 
reject PGM-affected grain, and the 
quality of the crop is greatly reduced. 

A number of causes have been 

suggested for PGM, such as genetic 
factors (2.8,10), manganese deficiency 
in the soil (11), Diplodiazeae (1) and 
Fusarlummoniliforme (5,6). 

Animal-Response Study 
A study was conducted by the 
Department of Plant Pathology of the 
Institute of Biology of the National 
Autonomous University of Mexico to 
determine the acceptibility of PGM 
grain on livestock (cattle, swine, sheep, 
goats, chickens, ducks and geese). Two 
groups of grain, one sound and the 
other with PGM, were provided ad 
libitum. Animal responses were 
registered on film. 

Materials and Methods 
The pregerminated maize kernels were 
cultivated in the laboratory on potato 
dextrose agar (PDA), and 100 ears of 
five criollo varieties, 2 white, 2 purple 
and one of mixed purple and white 
kernels, were inoculated with a 
solution of spores of F. monlifforme 
(Q x 109 in 100 ml distilled water). 
Fifty control ears were soaked in 
distilled water only. The ears were
wrapped in paper and each group 
placed in separate plastic bags and 
incubated at 25°C for two weeks. 



72 

Mycotoxin analysis of the 
pregerminated maize grain was carried 
out, using the method of Stoloff et al. 
(13). 

Results and Discussion 
All test animals initially consumed 
both sound and PGM grain, but after 
only 3 to 15 seconds or immediately 
after consumption of sound grain, the 
animals refused the PGM grain. Goats 
spent the most time eating PGM grain 
(1.5 minutes), but as soon as they ate 
sound grain they also rejected the 
PGM. From the behavior of the animals 
it appears that vomitoxin is responsible 
for the feed rejection. 

Laboratory tes s showed the presence 
in the PGM grain of the fungi 
F. monlilforme, F. nlvale, F. trltlnctum, 
F. oxysporum and occasionally 
F. poae. Fusariumroseum was not 
detected (Figure 4). 

When ears were inoculated with 
F. moniltforme, 90% of the white 
criollo varieties. 20% of the purple and 
50%of the mixed purple and white 
varieties exhibited PGM. Of the 
controls, 10% had PGM and 90% were 
sound. The results suggest that the 
white corn varieties were susceptible to 
the disease, the purple ones 
moderately resistant and those of 
mixed color slightly resistant. 
Premature germination of maize in the 
control cobs is explained by natural 
occurrence of F. monlilforme, as the 
ears were not disinfected internally. 

In the Stoloff mycotoxin test (13), 
deoxynivalenol (DON) was obtained by 
thin-layer chromatography; DON Is a 
trichothecene. The symptoms that it 
produces are decreased weight gain, 
abortion, feed refusal, vomiting, emesis 
in swine, digestive disorders, bloody 

diarrhea and hemorrhagic lesions in 
the stomach, heart, intestine, lungs, 
bladder and kidneys (9). 
Deoxynivalenol has been found in 
maize used for human consumption in 
the Transkei, where the icdence of 
esophageal cancer i high (9). 
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Aflatoxin B1. in Allergenic Mold Extract
 
Used for Immunotherapy Desensitization
 

M.S. Legator, V.M. Sadagopa Ramanujam, G. Kline and J.B. Ward,
Jr., Division of Environmental Toxicology, Department of
Preventive Medicine and Community Health, University of Texas
Medical Branch, Galveston, Texas, USA 

Abstract 
To investigate the possibilitythat carcinogenicaflatoxins may be present in
Aspergillus mold extracts used for immunotherapyofpatients with allergies, 12 
samples from various clinics and manufacturers were obtained.Chemical 
analysisby thin-layerand high-pressureliquid chromatographyshowed the 
presence of various levels (0.054 to 1.08 ppm) of aflatoxin .I in four samples.
The sample containing1.08 ppm of aflatoxin B1 was also found to be highly

mutagenic (>1000 net revertants/lOOfil)in the Ames Salmonella typhimurium

test with strains TA 100 and TA98. The findings suggest that careful screeningof 
commercially available allergenicmold extracts is warranted.There may be a 
risk of iatrogenic,aflatoxin-inducedillness such as Reye's syndrome from 
hyposensitizationimmunotherapy. 

Resumen 
A fin de invest;gar]a posibilidadde que ciertasafaitoxinascarcinogenicasestuvieran 
presentes en los extractosde moho de Aspergillus empleados en la inmunoterapiade 
pacientes con alergias,se obtuvieron 12 muestras de diversas clinicasy fabricantes.
El andlisisquimico mediante cromatografade capa fina y cromatograflaliquida de
altapresi6n setla]6 la presencia de varlos niveles (0.054 a 1.08 ppm) de aflatoxinaB 1en cuatromuestras. Tambien se encontr6 que la muestra que contenfa 1.08 ppm deallatoxina B I era en extremo mutag~nfca ( >1000revertientesnetos 100IZ) en ]a
pruebade Salmonella typhymurium de Ames con las cepas TA 100 y TA98. Los
resultadosIndican que se justiflca una selecci6n cuidadosade los extractos
alerg6nicosde mohos que se encuentran en el mercado. Puede haber un riesgo de
enfermedades iatrog6r.!casproducidaspor las alfatoxinas,tales como cl sindrome de 
Reye, causadapor ]a inmunoteraplade hiposensibilizaci6n. 

In injection immunotherapy To investigate the possibility that 
(hyposensitization), mold antigens are carcinogenic mycotoxins, specifically
commonly used to treat patients with aflatoxins, may be present in 
rhinitis, asthma or other conditions Aspergillus mold extracts used for 
(3,7). Injection immunotherapy is immunotherapy of patients with 
frequently employed when a patient's allergies, 12 samples from various 
history and skin test suggest that such sources were acquired and attempts
allergens as molds play an etiological made to Isolate and identify aflatoxins 
role in the Ill iess. Extracts are in the extracts (8).
frequently prepared from dried ground
powders, after growing the organisms Matcrlals and Methods 
on the surface of a suitable broth Chemical analysis was conducted by
medium, or from the medium alone, thin-layer chromatography and high-
Sometimes, the mat and medium are pressure liquid chromatography.
homogenized. The preparations are Mutagenicity testing was performed
frequently standardized on the basis of directly on the commercial mold 
protein nitrogen unit (PNU). 
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extracts using the Ames bacterial model 100-10 UV-visible variable wave 
bioassay with the Salmonella length detector and Gilson Spectra/Glo
typhimurlum strains TA 100 and TA98. filter fluorescence detector connected 

in series. An Altex Ultrasphere 5 ODS
Mold extracts reversed phase stainless steel column 
Asperglllus mold extracts (allergenic was used, and the TLC extracts were 
samples) were obtained from different eluted with methanol:water 65:35 (v/v)
manufacturers either dhi-ectly or solvent using a flow rate of 1 
through allergy clinics In Galveston ml/minute. The peak areas were 
and Houston, Texas, USA. calculated with an Altex C-RIA 
Chemicals Integrator. 

Aflatoxins (BI, B2. GI and G2) used as Quantitative estimates of the allergenic
stacidards for thin-layer sample TLC extracts separated by

chromatography (TLC) and high-
 HPLC were made using both UV (365
 
pressure liquid chromatography and 254 nm) and fluorescence
 
(HPLC) were purchased from the (excitation 360 nm, emission 455 nm)
Sigma Chemical Company. St. Louis, detectors (5,6). With UV-365 nm, the 
Missouri. Such solvents as chloroform, lowest detectable amount for aflatoxin 
methanol and water were of HPLC BI is 5 nanograms; with fluorescence,
grade (Fisher Scientific Company, amounts as low as 0.01 nanograms of 
Houston, Texas). The positive control Bi can be identified. After examining
for mutagenicity assays was HPLC profiles from each separate TLC 
2-aminoanthracene (2-AAn) (Aldrich extract and deciding whether 
Chemical Company, Milwaukee, aflatoxins were present, further HPLC 
Wisconsin); it was recrystallized with quantitation was done by reporting the 
50% aqueous ethanol before use. TLC with the allergenic samples 

containing aflatoxin B I . The spot
Methods for TLC and HPLC corresponding to the identified toxin 
Thin-layer chromatography was done was scraped and extracted, and the 
using the procedure of Beljaars et a]. final amount of aflatoxin BI 
(4), with silica gel G glass plates determined from its HPLC standard 
(Analtech Inc., Newark, Delaware) in curve. 
chloroform:acetone 90:10 (v/v). Five 
TLC plates were spotted with each Ames Salmonella 
allergenic sample (100 /tl/plate). After typhimurlum 
development of TLC plates, the rgion Microsomal Assays 
,.,ery close to the origin RF = 0.01 to Strains TA100 and TA98 used in the 
RF = 0.55, which fluoresced under assays came from B.N. Ames,
ultraviolet (UV) light (aflatoxins BI. B2, Berkeley, California. The Ames assays
G 1 and G2 fluoresce under UV light) of Aspergillus extracts were done using 
was scraped and the combined standard procedures (1,2,9). Four 
materials extracted with chloroform (2 concentrations of each extract were 
x 100 ml). The chloroform extract was usually assayed, sometimes with the 
filtered, evaporated to dryness under addition of rat liver S-9 fraction. 
vacuum and the residue dissolved in Negative controls were established by
500l of methanol for HPLC analysis. testing for spontaneous revertants for 
A toal of 12 allergenic samples were each strain with and without S-9 
analyzed. activation. In each experiment, positive 

mutagenesis controls, using 5 p1g/plate
High-pressure liquid chromatography of 2-acetylaminofluorene, were 
was done using a Beckman Model 332 routinely included to confirm the 
liquid chromatograph (Fullerton, reversion properties of each strain. A 
California) equipped with Hitachi chemical was considered to have a 
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positive response if the number of 
induced revertants was equal to or 
greater than twice the number of 
spontaneous revertants. 

Results 
Figure I shows the HPLC profile for 
the Aspergillus mix/TLC extract 
containing 1.08 ppm of aflatoxin B I 
with fluorescence detection. The peak, 
a retention time of 7.02 minutes, was 
identified as aflatoxin B1 by running 
an aflatoxin B 1 standard under 

C4 
tz0

identical conditions. Further 
confirmation was obtained by spiking a 
known quantity of aflatoxin B1 in the 
TLC extract corresponding to the 
region with RF of aflatoxin B1 (RF = 
0.53 in cbloroform:acetone 90:10) and 
comparing HPLC profiles and areas of 
peaks. No new peak was seen, and the 
area of the peak identified as aflatoxin 
B 1 increased proportionally. 

Ames test results with Salmonella 
typhlmurlum strains TA100 and TA98 
on the Asperglllus.mix sample 

Identified as AFT-B 1 

00! 

Retention time (minutes) 

Figure 1. HPLC profiles for the TLCIAspergIllus mix contailing 1.08 ppm
of aflatoxin B 1 , using a solvent system of methanol:water 65:35 (v/v) with 
1 mi/minute flow rate through an Altex reversed phase Ultraspherc 5 
ODS column; HPLC with fluorescence detection (excitation 360 nm, 
emission 455 nm). The peak with retention time of 7.02 minutes was 
identified as aflatoxin B 1 ; the other peaks with retention times of 10.99,
18.86, 23.26 and 25.62 minutes were not identified. 
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containing 1.08 ppm of aflatoxin B1 is too low a level tv show any positive
showed that the sample is positive result in the Ames test. Thus, the 
(+ +) with activation (+ S-9) and the other three samples with low levels of 
TA98 strain gives more net aflatoxin B1 gave only ± on the Ames 
revertants/plate for 100 /l volume, test. The HPLC technique using 

fluorescence detection, on the other 
Table 1 summarizes both mutagenicity hand, Is sensitive enough to detect 
and chemical (TLC and HPLC) analysis such low levels of aflatoxin B1. 
results on the 12 allergenic mold 
samples tested in the laboratory. Since Asperglus mold extracts are 

widely used for hyposensitizatlon,
Discussion these findings suggest that a careful 
Of the 12 samples analyzed by a screening of allergenic mold extracts 
combination of TLC and HPLC, four from a large number of manufacturing
samples contained aflatoxin Bi. The sources is warranted. The potential
single sample containing 1.08 ppm of risk of such latrogenic aflatoxin
aflatoxin B1 was found to be highly induced Illness as Reve's syndrome
mutagenic (>10)0 net revertants/100 (10) from hyposensitization
pfl) In TA '00 and TA98 strains with imm-anotherapy needs to be 
activation. The amount of aflatoxin B1 determined through clinico
equal to 0.062 ppm corresponds to 6.2 er Idemiological studies of an exposed
nanograms/100 gl of the sample; this population. 

Table 1. Results of Ames test and chemical analysis for aflatoxin
 
presence in 12 allergenic samples
 

Mutagenicity (Ames test) 
Strain TA98 Strain TAI00 Chemical analysis 

aSample +89 -89 + 89 -89 TLCV HPLCb/ 

FTB1 
I . c/ + _d + + + (0.062 ppm)
2 + + + + (0.054 ppm) 
3 	 + + + + + + (I.08 ppm)

AFTs t/ 
4 	 . 

5 
6 NT NT

7 
8 
9 

10 
AFTB111 + + + + (0.096 ppm) 
AFTs 

12 	 NT NT NT 

R/ TLC = thin-layer chromatography 
D/ HPLC = high-pressure liquid chromatography
c/ - = tested with negative results 
dl + = tested with positive results 
el/ AFTs = aflatoxins B1 , B2 . G1 and G2 
T1 NT = not tesied 
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studies of genotoxic mycotoxins to 
humans and animals chronically 
exposed to mycotoxins, alternative 
techniques have been sought. 
Immunological assays employing 
monoclonal and polyclonal antibodies 
to mycotoxin-DNA adducts permit the 
detection of 1-mycotoxin residue in 
106 	to 107 nucleotides (1); however, 
the 	versatility of lmmunoassays is 
limited by the need to produce highly 
selective antibodies for each relevant 
mycotoxin. 

A general approach to the detection of 
DNA damage and repair by genotoxic 
wycotoxins without the need for 
radiolabeled compounds has recently 
.been described by Reddy et al. (14). 
Mycotoxln-adducted DNA nucleotldes, 
generated by nucleae digestion of 
tissue DNA from 3nycotoxin-treated 
animals, are enzymatically labeled 
with 3 2 p and quantitated by thin-layer 
chromatography (TC). Initially. DNA 
isolated front aninals that luid been 
glveni the carcinogenic ,nycotoxn 
slrlgiltato ystll IS'I') was sttudled. This 
hlelfryclih, food.Ixmrie mycotoxin Is 
irtIlucd by Ampergllivs, I's-cll(lllmn 
aIld Ii4It jifol s1)1, anad (xhilblt 
'onsi~ldetatte h'iNlhilotoxih' iild 
he'Intt.N'ltI'Ilg lM04l4l 'Y In it 
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ST and aflatoxin BI in Salmonella 
typhimurlum has shown that aflatoxin 
B1 exhibits approximately ten times 
more mutagenic potency than ST (18). 

Research to identify mechanisms 
underlying the carcinogenic properties 
of ST has focused on tissue-specific 
metabolic activation of the compound 
to chemically reactive intermediates. In 
vitro, ST has been shown to undergo 
microsoma;-mediated activation (5) to 
an electrophilic intermediate, 
ST-1.2-oxide (Figure 2). The chemically 
reactive metabolite predominantly 
binds to DNA at the N7 position of 
guanine to form ST-N7 -guanine as the 
major DNA-bound moiety. While the In 
V'ifv formation of this ST-DNA reaction 
product has not been documented, 
expposure of rat liver In vitro to ST via 
pcrftison has documented the 
forairrcaon of ST-N7 -guanine as the 
major DNA adduct (7). 

DNA postlabeling technology has been 
e'mnployed to describe the time course 
of S'1 modification of liver DNA from 
rats undergoing single, subacute 
exposures to fh toxin. The approach 
allows ultrram-tsitive deletilon of ST-
DNA Inieractlorts at long periods of 
fillipa ler 1idn0111 lrat il. In additloll, 
lilt' irsiillln I)rovide it4 ool for deleltion 
(tl S'I'.i NA rri l on I)(i ('ts Iii 

Methods
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nucleotides (Figure 3). Adducted 
nuileotide fractions were subsequently
incubated with gamma 3 2 P]ATP and 
polynucleotide kinase isolated from T4
bacteriophage in which the terminal 
phosphate of ATP is transferred to the 
5'-position-of the ST-modified 
nucleotide creating a 3',5'-bis-

x x 
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HOCH 2 0 

H H H 

OP0 3 H

I 
PCMR! 

"OPP 

tfl"P0 ! 

phosphate. Unreacted phosphorous-32 
radloctivity is subsequently removed 
via a second round of preparative TLC,
and the individual postlabeled, ST
modified nucleotides are separated by
two-dimensional TLC, creating maps or 
"fingerprints" of ST-modified DNA 
samples. 
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Results modification of approximately 2.4 
Rats were rdministered 0.33, 1.0, 3.0 times. The level of ST-DNA adducts
and 9.0 mg ST/kg and sacrificed two observed after a 0.33 mg ST/lkg dose
hours later. The extent of ST-DNA indicated a substantial departure from 
covalent interaction in liver was an the linearity observed with higher
approximately linear function of doses; a three-fold decrease in dosage
dosage in the range of I to 9 mg ST/kg (from I to 0.33 mg ST/kg) was
(Figure 4). A three-fold increase in accompanied by a twenty-fold decrease
dosage resulted in an Increase in DNA in DNA modification. Explanations for 
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the nonlinearity of dose responses 
observed at higher dosages include a 
dose-dependent decrease in ST 
activation, a more efficient 
detoxification of ST at lower dosages or 
a greater rate of removal of ST-DNA 
adducts In tissues undergoing low-
level, subtoxic ST exposure. 

Average adduct levels from duplicate 
time-course experiments monitoring 
ST-liver DNA adducts were determined 
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two hours to 105 days after 
administration of an i.p. 9 mg/kg ST 
dose (Figure 5). Maximum ST-DNA 
adduct levels, observed at the two-hour 
time point, were reduced by 89% at 24 
hours. The rate of In vivo adduct 
removal decreased to 7% per day 
between day 1 and day 14 postdosing, 
and to 0.46% between day . I and day
105 postdosing; 0.5% of the two-hour 
adduct levels still remained 105 days 
after toxin administration. 

4._+ F 

28d 105d
 
Tne
 

Figure 0,Time course of ST-PNA adduct inmah. rats 

relldlleti
 

NoI U; A; iiJt w'i h;I;;t i:i; 1 '1A~ 411f) fwqrJ.s~) ;; I;jfjrj Ifrj 1 
ebjyt ! 4i'sI''hN I)NA-Ihu;d I iibivi vjII;'its of-P' Iv. I;)0r " Ja PI IIv 
iidihl~r'l Itvil), a1i tJl; ti ;l raJi irj;;' ;II1 ol !v$Jii POf" §T



89 

Two features are notable from these Future Plans 
findings. The values indicate a Reports of mycotoxin-contaminated
triphasic pharmacokinetIc profile for grain being sold to Mexico for human 
DNA-bound ST moieties, i.e., rapid loss consumption have led to serious 
during the first 24 hours (th = 12 concern about mycotoxin-induced 
hours), followed by a slower decline disease in the country (3.12). As a 
from 1 to 14 days postdosing (tih = 7 result, vide-ranging research 
days) and an extremely slow decline collabor,,tion between scientists at 
from days 14 to 105 post treatment Texas A 3 M University and the 
It% = 109 days). Also, ST adduct National kutonomous University of 
levels in rat liver can be measured Mexico (UNAM) has recently been 
three months after a single, subacute initiated Lo apply DNA adduct 
exposure. Sensitivity of the procedure technologies to document human 
for ST-DNA provides a basis for adduct mycotoxin consumption and disease 
studies In humans undergoing chronic, among certain Mexican populations.
low-level ST exposure. 

The discovery of a diverse and 
Discussion complex mixture of mycotoxins in 
Recognition -fthe genetic and many areas of Mexico indicates an 
carcinogenic hazards posed by food- urgent need for an assessment of food
and feed-borne mycotoxins has fueled borne mycotoxins to: 
Intense scientific research to design 
animal studies that probe cellular * Determine which of the many 
mechanisms responsible for mycotoxins to which rural 
mycctoxin-induced disease. Successful populations are exposed are 
identification of the principal principal agents for human and 
mycotoxin-DNA reaction products in animal mycotoxicoses; 
laboratory animals, as well as in 
acutely exposed humans, has provided * Assess whether mixtures of 
key information necessary to construct naturally occurring mycotoxins act 
molecular models describing synergistically to increase the 
perturbations in DNA structure and toxicity of the individual 
function subsequent to mycotoxin mycotoxin components: and 
damage. Rapid advances in the 
technology to monitor expression of * Suggest viable postharvest 
cellular oncogenes responsible for treatments to eliminate the toxic 
tumor formation portend improved effects of mycotoxins while 
diagnosis of cellular transformation, as retaining the organoleptic 
well as accelerated design of new drugs properties of food products. 
to Inhibit tumor proliferation and 
metastasis. Initial Joint studics have focused on an 

assessment of the multiple interactions 
h'le of mycotoxins previously documentedtechnology deserilxd In the 

current suldy, which monitored In Mexican foodstuffs (4,8), as well as 
mycoloxin exposure and effects via on mutagenle and D)NA-damaging
DNA adduc hevels In larget-organ components In current rural food 
tissue (liver) or entihienial tisue samples (2). Current loxlcoklnetic 
(placetlla), providest a car approacit toi tludles of placental uplake and 
extenldllohlcc,'1i tilidlva of mt1iaollsm of Ielwe tood-borne 
1inyctoxicology to addreiss crillcl mycotoxis will permit a lroaderIII 
umail) 11i1I veltrimiry livIllh Itites 
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design and clinical application of DNA- 5. Essigmann, J.M., L.J. Barker,
postlabeling technology to routinely M.A. Fowler, M.A. Francisco, 
monitor human populations at risk V.N. Reinhold and G.N. Wogan.
from high-level mycotoxin exposure. 1979. Sterigmatocystn-DNA 
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Sampling and Detection Techniques

for Aflatoxin in Maize
 

J.W. Dickens, Agricultural Research Service, US Department of 
Agriculture, North Carolina State University, Raleigh, North
 
Carolina, USA
 

Abstract 
Because a small percentageof the kernels in a lot of maize (Zea mays L.) may 
contain very high concentrationsof aflatoxin. accuratedeterminationof the 
concentrationis difficult. The varianceand skew increaseas sample size and/or 
lot concentrationdecrease. Therefore, the distributionof sample concentrations 
may be different from that of lot concentrationswhen small samples are used. 
Equations to compute the varianceassociated with sampling,subsamplingand 
analysis have been developed. Probesamplingmay be used soon after the 
blendingof a lot of maize by harvesting,handlingor otheroperations:otherwise, 
stream samplingshould be utilized. The relationshipbetween the weight percent
of brightgreenish-yellow fluorescent (BGYF) kernels and the aflatoxin 
concentrationin the sample may be expressed by the following equation: 

fig/kg in sample = 197 (weight percentage ofBGYF kernels) 

Because most samples of maize with more than 201tg/kg aflatoxin have BGYF 
kernels, an effective screeningprogrammight requirechemical analysisonly for 
those samples with BGYF kernels. 

Resumen 
Dado que es posible que un porcentajepequeflo de granosen una gran cantidadde 
mafz (Zea mays L.) contenga concentracionesmuy altas de aflatoxina, resulta dificil 
determinar]a concentrac16n con exactitud.La varianzay ]a asimetraaumentan 
conforme dlsminuye el tamaill de la muestra y/o ]a concentrac16n del lote. Por 
consiguiente,]a distribuet6nde las concentracionesen ]a muestra suele diferirde la 
de las concentracionesen los lotes cuando se emplean muestras pequels.Se han 
creado ecuacionespara calcularla varianza relacionadacon el muestreo. submuestreo 
y andlisis.St puede usar un muestreo de prueba poco despus de mezclar un lote de 
malz al cosechar,maneJarel maiz o efectuarotras operaciones;de otro modo. es 
preciso utilizarel muestreo de quJo. La sigulente ecuac16nse puede emplearpara 
expresarla relaci6n que existe entre t IporcentaJeen peso de granos con ]a
fluorescencia caracteristicacolor amarillo verdoso brillante(FAV3) y ]a concentraci6n 
de aflatoxina en la muestra: 

//g/kg en la muestra = 197 (porcentaJeen peso de granos FA VB) 

Como ]a irmensa mayoria de las muestras de maiz que presentan m1s de 20 pg/kg de 
aflatoxina contienen granosFA VB, es posible que los progamaseflcaces de selecci6n 
requieran un anAlisis quimico de las muestrasque presenten granosFA VB. 

The objectives of sampling maize (Zea method of sampling should be 
mays L.) for aflatoxin anaJyses may be appropriately designed. To check for 
to check for the presence, distribution the presence of aflatoxin or to 
or concentration of aflatoxin in a given determine the Incidence of aflatoxin 
lot or among a population of lots. The among different lots, the sampling 
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procedure should be biased towards sampling techniques for reducing 
the inclusion of kernels that are more errors in aflatoxin tests for maize are
 
likely to contain aflatoxin. For discussed, focusing on the efficacy of
 
example, kernels with visible mold the BGYF method.
 
growth or insect damage probably 
contain more aflatoxin than kernels Sources of Error
 
that appear sound; the sampling in Aflatoxin Tests
 
procedure should be selective or biased The distribution of replicated aflatoxin
 
to insure that the analytical sample tests about their mean is an important

contains such high-risk kernels. If the consideration in the design and
 
objective is to estimate the average evaluation of aflatoxin testing
 
aflatoxin concentration within a lot or programs. The distribution of tests
 
to determine the distribution of a may be skewed or symmetrical,
 
population of lots according to their 
 depending upon the test conditions.
 
aflatoxin concentrations, the sampling The distribution is symmetrical when
 
procedure must be unbiased, with an equal number of tests are above
 
every kernel within the sample and below the mean of all the tests
 
collected in a completely random (the median equals the mean). The
 
manner without regard to physical distribution is positively skewed when 
characteristics or location within the more than half of the replicated tests 
population of kernels that make up the are less than the mean of all the tests 
lot. The objectives of most aflatoxin (the median is !ess than the mean). 
tests require unbiased sampling. When small .3amples are used, the 

distribution of sample concentrations 
The aflatoxin concentration in a lot of about the true aflatoxin concentration 
maize is usually estimated from a in a lot is positively skewed, so that 
sample drawn from the lot. A previous more than half of the sample
study has demonstrated that replicated concentrations are less than the lot 
aflatoxin tests on the same lot of concentration (22). Consequently, there 
shelled maize may be highly variable is more than a 50% probability that 
(22). Because the toxin concentration the aflatoxin concentration in a small 
in individual kernels of a lot may range sample is less than the concentration 
from 0 to over 500,000 /Lg/kg (12,19), In the lot. As sample size increases, the 
a large sample of kernels is required to skew of the distribution of sample 
insure that the sample concentration is concentrations will decrease, and 
in reasonable agreement with the lot according to the central limit theorem. 
concentration. Subsampling error and will approach a normal distribution 
analytical error may also cause (14). For a given sample size, the skew 
significant differences between test also decreases as lot conceitration 
results and lot concentrations. A increases. 
thorough review of research related to 
sampling and testing maize for The official first action method for 
aflatoxin has been published by maize, as specified by the Association 
Dickens and Whitaker (4). of Official Analytical Chemists (2), does 

not designate sample size, but it 
Aflatoxin in maize may be determined requires that the entire sample of 
by the presence of kernels that exhibit shelled maize be ground to pass
bright greenish-yellow fluorescence through a no. 14 sieve, and that a 1- to 
(BGYF) under long-wave ultraviolet 2-kg subsample of this material be 
(UV) light (15). Through screening, an ground to pass through a no. 20 sieve. 
estimate may be made of the A 50-g subsample of the latter material 
percentage of BGYF kernels in a is then analyzed by the CB (AOAC)
sample from the lot (5). In this paper, method. Whitaker et al. (22) developed 
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the following equations for the 
variance (error) terms related to this 
test procedure: 

1. V = S + C + F + Q 
2. S = 3.9539 P/Ws 
3. C = 0.1196 P/Wc 
4. F = 0.0125 P/Wf 
5. Q = 0.0699 p2 /Nq 

The symbols V, S. C, F and Q are, 
respectively, the variance or the total 
error of the test, the error in sampling 
the shelled maize, the error in 
subsampling the coarsely ground 
material, the error in subsampling the 
finely ground material and the error in 
the quantification of aflatoxin in the 
chloroform extract from the finely 
ground subsample. The mass of the 
sample in kg is Ws, We is the mass of 
the coarsely ground subsample in kg, 
Wf is the mass of the finely ground 
subsample in kg, Nq is the number of 
times the aflatoxin in the solvent 
extract is quantified on a separate thin-
layer chromatography (TLC) plate and 
P is the aflatoxin concentration (Qtg/kg) 
in the lot. 

Equations 2, 3 and 4 are based on 
laboratory studies in which sampling 
and subsampling procedures were 
designed to eliminate bias. Only the 
inherent heterogeneity of aflatoxin 
concentration among the kernels and 
among the comminuted particles 
causes the indicated variances. When 
errors are introduced because of 
sampling and subsampling procedures, 
or when the particles in the 
comminuted samples are larger than in 
the laboratory study, the variances will 
be greater than those estimated by the 
equations. 

Equation 5 reflects the variance among 
replicated measurements of the 
aflatoxin concentration in the 
chloroform extract from the finely 
ground maize according to the CB 
method. A densitometer was used to 
quantify the aflatoxin in spots on the 
TLC plates (6). A study by Whitaker 

and Dickens (21) suggests that even 
when a densitometer is used, most of 
the error indicated by Equation 5 is 
due to errors in quantification of 
aflatoxin on TLC plates. High
performance liquid chromatography or 
other analytical procedures may reduce 
this error, but comparable data on 
these analytical procedures are net 
presently available. 

Error reduction 
Equations 2, 3 and 4 specify mass 
rather than the number of maize 
kernels or particles in the sample or 
the subsamples, because mass is 
directly cor,,elated with the number of 
kernels or particles and is a more 
convenient measurement. However, 
the number of kernels or particles in a 
sample or subsample is the important 
criteria. Therefore, for a given mass of 
subsample, the amount of subsampling 
error is reduced by grinding the 
sample more finely and thus increasing 
the number of particles in the 
subsample. 

Changes that can improve the 
precision of aflatoxin tests are 
increases in sample size, increases in 
the size of the subsample used for 
aflatoxin analysis and an increase in 
the number of analyses. Different costs 
are associated with each change, and 
careful study is required to dtermine 
the testing program that will provide 
the most precision for a given cost. 
The optimum balance in the sample 
size, degroe of comminution, 
subsample size and number of 
analyses will vary according to such 
factors as the cost of the sample to be 
comminuted, the cost of sample 
comminution and subsampling and the 
cost of analysis. In general, more 
precise aflatoxin testing programs will 
be more costly. 

Sampling Procedures 
Samples may be taken from maize 
growing in the field, during handling, 
during storage, and at other points in 
the production, marketing and 
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processing system. Each type of Field sampling
sampling presents a different situation When samples are taken before 
regarding distribution of the toxin and harvest, representative sampling of the 
accessibility of test material. When fleld is difficult as Aspergillus flavus 
feasible, samples should be taken after may be erratically distributed among
the lot has been reduced to a smaller ears in the field. Also, no kernels or 
particulate size. For example, it is any number of kernels on an ear may
better to sample shelled maize rather be aflatoxin-contaminated. The answer 
than ears, and ground maize is best. is to collect a large number of widely 

distributed ears to obtain a 
A sample is more unbiased when a lot representative sample for shelling.
of maize has been recently blended by Since maize is shelled during most 
such operations as harvesting, loading harvesting operations, sampling should 
or unloading and turning. This is be coordinated with harvesting so that 
because mold growth, which may have a large number of ears is represented

occurred in spots, will have been more in the sample (3).
 
evenly distributed. For example,
 
moisture condensation or leaks during Sample preparation
 
storage may have caused 
a portion of Because it Is not feasible to solvent
 
the lot to mold with a resulting high extract the aflatoxin from a large

concentration of aflatoxin (18). It is sample of maize, the sample must be
 
impossible to predict where to probe comminuted in order to extract the
 
the contents of a storage bin in order aflatoxin from a small subsample of
 
to obtain a sample with the same finely comminuted material.
 
aflatoxin concentration as that of the Subsampling error is inversely
entire lot. proportional to the number of particles 

in the subsample, so a larger
Stream sampling subsample is required for coarsely
The most effective sampling method is ground material than for finely ground
to take small portions from a moving material. The Association of Official 
stream at intervals and to combine Analytical Chemists (2) recommends a 
these portions into a sample; crosscut two-stage grinding operation, but in 
samplers are commercially available aflatoxin laboratories of the North 
that automatically cut through the Carolina Department of Agriculture 
stream at predetermined intervals, and North Carolina State University a 
When an automatic crosscut sampler is hammer mill is used to grind an entire 
not available, a cup may be passed sample so that it will pass through a 
through the stream at periodic screen with 1-mm openings (9). 
intervals, thus collecting a sample. The 
stream should be sampled frequently, Sampling for Survey Studies 
but the amount taken at each interval A positively skewed distribution of 
should be small. The samples must be sample means about the lot mean 
taken from the stream during the Indicates that the distribution of 
entire time that the lot is being moved, sample concentrations determined in a 

survey will probably be different thanProbe sampling the distribution of the true 
Probe sampling is probably adequate concentrations of the sampled lots. 
for shelled maize that has recently When small samples are used, most of 
been blended by harvesting or the samples will contain a lower 
handling operations. Recommended aflatoxin concentration than the 
methods for taking probe samples are sampled lot, and a few samples will 
published by the American Oil contain much higher concentrations 
Chemists' Society (1). 
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than the sampled lot. Expected 
agreement increases when a larger 
sample is used. 

It is difficult to make a general 
recommendation about the sample size 
that should be used in surveys. Larger 
samples will increase accuracy, but 
such costs as maize, transportation 
and sample preparation may be 
limiting. If the purpose of the survey is 
limited to a determination of the 
average aflatoxin concentration in all 
lots sampled, relatively small samples 
are required. When an accurate 
estimate of the distribution of lots 
according to aflatoxin concentration is 
desired, larger samples are required. A 
4.54-kg sample of shelled maize is 
probably sufficient for most survey 
purposes. Davis et a]. (3) have 
suggested protocols for mycotoxin 
surveys and discussed problems 
related to sampling, 

Sampling for Quality Control 
For regulatory purposes, the North 
Carolina Department of Agriculture (9) 
analyzes 4.54-kg samples of shelled 
maize using the procedure outlined by 
the Association of Official Analytical 
Chemists (2). Many commercial 
operations employ the same procedure 
for their aflatoxin control programs. 
Errors ini aflatoxin tests may cause 
good lots to test as bad (false rejects), 
and bad lots to test as good (false 
accepts). 

Most procedures for dealing with 
aflatoxin-contaminated products are 
expensive; therefore, it is important for 
the owners of the product that the 
risks of false rejects or false accepts be 
minimized. Since the accuracy of a 
properly designed aflatoxin testing 
program is generally directly 
proportional to the cost of the program, 
it is not usually economically feasible 
to employ a testing program that 
eliminates all risk for the owner. A 
program that maximizes the 

benefit/cost ratio would be the 
reasonable compromise. The benefit is 
the savings to the owner in the 
rejection of the bad lot before 
additiona4, investment is made for 
processing. The costs include the cost 
of the testing program, the cost for 
rejecting lots and the cost of accepting 
bad lots for further processing. The 
relative size of these costs and savings 
depends on many factors, including 
the value of the commodity, its 
intended use, the cost of removing 
aflatoxin contamination, the cost of 
diverting contaminated lots to nonfood 
uses, the cost of the aflatoxin tests and 
the incidence of bad lots. As a result, 
different types of testing programs may 
be desirable. 

At many points in the marketing and 
processing system, the benefits and 
costs can be treated as eccnomic 
values rather than as questions of 
human health. Evaluation of health 
risk can be defened until the last stage 
in the marketing/processing system. At 
this stage, sampling error is often 
reduced because of comminution and 
blending during processing operations; 
i.e., aflatoxin tests using cornmeal are 
usually more accurate than those 
using shelled maize. 

Several rapid analytical methods, 
generally referred to as minicolumn 
methods, have been developed to 
detect afiatoxin in maize (10,20). These 
methods are rapid enough to keep pace
with the marketing operation, do not 
require expensive laboratory space and 
equipment and are economical. The 
accuracy of these methods is often 
limited because samples are too small 
and because inadequate comminution 
and subsampling procedures are used. 
The same sampling and subsampling 
procedures should be used for 
minicolumn methods as for other 
methods, but unfortunately this greatly 
increases the time and labor 
requirements. 
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Using Bright Greenish-Yellow 1978 marketing season. Maize kernels 
Fluorescence to Detect that exhibited BGYF under long-wave
Aflatoxin Contamination ultraviolet light were hand-picked from 
A bright greenish-yellow fluorescence the samples. The BGYF kernels from 
(BGYF) under longwave (365 nm) 113 4-kg samples contained an average 
ultraviolet light has been associated of 8665 flg/kg compared to an average 
with the presence of aflatoxin in maize, of 46 /gfkg aflatoxin in the non-BGYF 
cottonseed and pistachio nuts (7,8,13). Kernels. A regression analysis between 
Examination of maize for BGYF has the aflatoxin concentration and the 
been proposed as a rapid screening weight percentage of BGYF kernels in 
method to detect aflatoxin- 2304 4.5-kg samples produced the 
contaminated lots at the time of regression equation: 
marketing. Previous studies indicate 
that the aflatoxin content oi samples ftgfkg in sample = 197 (weight 
with BGYF kernels may range from percentage of BGYF kernels) 
none to very hiigh concentrations 
(16,17). When there are no BGYF The correlation coefficient for the 
particles in 4.54-kg samples of cracked regression analysis was 0.90. 
maize, the probability is very low that 
the sample contains aflatoxin (15). Testing programs to reduce aflatoxin 
Therefore, an effective aflatoxin concentrations in purchased lots of 
screening program may consist of maize, based on either the BGYF 
accepting lots with no BGYF in the method or the AOAC chemical assay 
samples. and only analyzing those with method (2), were compared by Dickens 
BGYF kernels, and Whitaker (6). The average 

aflatoxin concentration in lots accepted 
Marketing tolerances for aflatoxin by the AOAC method was 4. 10 or 18 
concentrations of 20 pg/kg or more in /Lglkg when an acceptance level of 20, 
maize, depending on its intended use, 50 or 100 Ig/kg, respectively, was 
have been accepted in the USA. For a used. For the BGYF method, the 
BGYF screening method to be average aflatoxin concentration in 
practical, it must provide a accepted lots was 10, 16 or 22 1tg/kg 
dependable, quantitative estimate of when an acceptance level of 
aflatoxin concentrations ranging from <0.10%, <0.25% or <0.50% BGYF, 
20 to 100 ltg/kg in commercial lots. respectively, was used. Approximately 
However, studies on white maize the same percentage of lots were 
produced and stored on farms in accepted by both methods when either 
Missouri in 1971 indicated that the the low, medium or high acceptance 
weight percentage of BGYF particles level was used. These results indicate 
did not provide a satisfactory that the AOAC chemical assay method 
quantitative estimate for aflatoxin (11). is more discriminating than the BGYF 

method, but the percentage difference 
Dickens and Whitaker (6) conducted a in the average aflatoxin concentrations 
study to determine the correlation of the lots accepted by the two 
between the weight percentage of methods diminishes when the 
BGYF kernels and the aflatoxin acceptance level is increased. Both the 
concentration in samples from lots of cost and efficacy of the two methods 
yellow maize marketed in eastern should be considered when choosing 
North Carolina during the 1977 and between them. 
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Detection and Determination
 
of Aflatoxins In Maize
 

D.M. Wilson, Department of Plant Pathology, Coastal Plain
 
Experiment Station, University of Georgia, Tifton, Georgia, USA
 

Abstract 
Many different methods are availablefor aflatoxin analysis.Maize is often 
contaminated with a combinationof aflatoxinsB I and B2 and less often with a 
combination of B1, B2, G1 and G2. Safe handlingof analyticalsamples in 
laboratoriesworking with the aflatoxins or with the aflatoxigenicspecies of the 
Aspergillus group is essential. Common methods for screeningmaize for 
aflatoxin contaminationinclude the BGYF (brightgreenish-yellowfluorescence)
presumptive test and any one of several minicolumn methods. These methods 
should not be used to measure quantities of aflatoxin, but are effective for 
identifying lots of maize requiringfurther testing.Quantitativeproceduresfor 
aflatoxins B 1 , T32, G1 and G2 include several thin-layer chromatographic(TLC)
and high-performanceliquid chromatographic(HPLC)methods. The present
enzyme-linked immunosorbent assay (ELISA) methods arenot sufficiently
developed to be used for quantification,but they can be effectively calibratedto 
give positive results above a predeterminedamount of aflatoxin Bi. Current 
ELISA methods do not assess amounts of aflatoxin B2, G1 and G2. 

Resumen 
Se cuenta con diversos mtodos para analizarlas alfatoxinas. Con frecuencla, el nmalz 
es contaminadopor una combinaci6nde aflatoxina B 1 y B2 y, menos frecuentemente, 
con una combinaci6n de allatoxinaB1 , B2 , GI y G2 . Es de vital importancia tomar 
medidas de seguridadal manejarmuestrasanaliticasen los laboratorlosque trabajan 
con aflatoxinas o con especies aflatoxig6nicasdel grupo Aspergillus. Los mdtodos mas 
comunes de selecclonarel maiz para determinar]a presencia de contaminaci6npor
aflatoxinasincluyen la prueba de presunci6n de FAVB (fluorescenciacoloramarillo 
verdoso brillante)y diversos m6todos de microcolumnas.Estos mgtodos no se deben 
utilizarpara medir cantidadesde aflatoxina,pero resultan eflcaces para identificar 
lotes de malz que requieranms pruebas.Los procedimientoscuantitativosparalas 
aflatoxinas B 1, B2 , G1 y G2 incluyen diversos m~todos de cromatograflade capa fina 
y de cromatograha liquida de altp presi6n. Los mtodos actuales del ensayo
inmunosorbenteconjugadocon una enzima (ELISA) no se han desarrolladolo 
suflciente para emplearlosen ia cuantiflcaci6n,pero se pueden calibrareficazmente 
para darresultadospositivos poT encima de una cantidadde atlatoxinaBIdeterminadacon anterioridad.Los m6todos ELISA de los que se dispone hoy dia no 
sirven para evaluarcantidadesde atlatoxinaB2, G1 y G2 . 

Aflatoxin contamination of food and Safety
feed is important in human and animal Chemical safety
health, because the aflatoxins are toxic Guidelines for mycotoxin safety are 
and carcinogenic. The toxic and given at the beginning of chapter 26 in 
carcinogenic properties of the the Association of Official Analytical
aflatoxins make experimental safety a Chemists (AOAC) Official Methods of 
very important issue in all work with Analysis manual (2). The International 
aflatoxins or the fungi, Aspergillus Agency for Research on Cancer (IARC)
flavus Link ex Fries and A. parasiticus also has a good publication on safety
Speare, that produce aflatoxins. precautions (22). These safety 
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guidelines are appropriate for both Sampling

crude and pure aflatoxin preparations. Samples taken for aflatoxin analysis

The chemicals should only be handled are subject to large sampling errors
 
with gloves and used only in properly because aflatoxin is irregularly

ventilated hoods or glove boxes. Since distributed. The first consideration in
 
dry aflatoxins can dispersL in the any experiment should be how to take
 
laboratory, most analytical laboratories the sample, and then how to prepare

should buy commercially prepared the sample for analysis. Protocols have
 
standards. Spills and contaminated been published on field sampling

laboratory surfaces should be treated techniques (9), test plot inoculation
 
with 1%sodium hypochlorite bleach and sampling techniques (59,60), and
 
for ten minute.-, followed by 5% lot sampling techniques (22,58).
 
aqueous acetone. Glassware should be
 
rinsed, ideally before washing, in Aflatoxin contamination in maize is
 
methanol and soaked in 1% NAOCI generally less variable in single fields,
 
bleach for ten minutes, after which 5% single test plots or single lots than in
 
acetone should be added for 30 some other crops. A 4.54 kg sample is
 
minutes. usually sufficient for maize, especially 

when several analytical samples are
Biological safety averaged to approximate the true mean 
Spores and other viable propagules of (58). However, in mixed lots from 
A. flavus, A. parasitlcusand other different sources, a larger initial 
fungi can cause three types of disease sample should be taken. The total
 
in humans: allergy, poisoning and sample should be ground to pass

infection (19). Airborne spores and through a 0.85 mm sieve, thoroughly

dust containing propagules of the mixed or divided and properly

A. flavus group may cause allergies in 
some people and the inhaled particles 
may contain aflatoxins (47). Two thin
layer chromatographic (TLC) methods 
have been developed to measure 
aflatoxins in maize and grain dust 
(14,47). Aspergillus Ilavus infection in 
humans is uncommon but possible. 

Hill and co-workers (19) found between 
104 and 109 viable fungal propagules 
per m 3 of air containing maize dust. 
The majority of the A. flavus 
propagulcs in air samples were 
deposited on the stages of the 
Andersen sampler corresponding to the 
trachea, primay bronchi and 
3ccondary bronchi in the human 
respiratory system (19). Aspergillus 
flavus spor-es and propagules in maize 
dust associated with inoculation, 
shelling, grinding and extraction 
procedures are sufficiently hazardous 
to require the use of gloves, masks, 
protective clothing and efficient dust Asperguilluolavus spores must not be 
collection mechanisms. Inhaled; masks and other safety

precautions are essential 
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subsampled before analytical samples 
are taken. Sampling protocols for test 
plots must be part of the experimental 
design and need to be appropriate for 
the experimental objectives, 

Standards 
Criteria for mycotoxin standards (38)
and procedures for checking the 
concentration and prity of aflatoxin 
standards can be found in chapter 26 
of the AOAC manual (2). The use of 
calibrated standards in all analytical
laboratories is essential. Prepared 
standards are available from several 
commercial companies at reasonable 
prices, and analytical laboratories 
should routinely use these standards, 
Velasco (57) found that cyclohexane,
heptane and toluene could be 
substititued for benzene in standards if 
the solutions were not exposed to light,
but aflatoxins in these solvents 
degraded rapidly upon exposure to 
light. Chang-Yeng et a]. (5) found that 
solvent composition affects aflatoxin 
fluorescence, which should be taken 
into consideration when standards are 
prepared for high-performance liquid 
chromatography (HPLC). 

Aflatoxin Testing Methods 
Presumptive and 
screening methods 
Aflatoxin analysis can be approached 
in many ways. Maize is more often 
contaminated with aflatoxin B1 and B2 
than with a combination of B 1, B2, G 1 
and G2 . Some applications requ, re 
only presumptive or screening tests, 
while others require the quantitation of 
BI alone or several of the aflatoxins. A 
black light test to detect the bright
greenish.-yellow fluorescence (BGYF)
(16,49) indicative of potential aflatoxin 
contamination of maize should only be 
used to identify lots for further 
chemical analyses. Bright greenish-
yellow fluorescence should never be 
used to set maize prices in the market 
place. 

Another commonly used screening
technique is the application of one of 
several minicolumns to detect aflatoxin 
cont.lnination above a predetermined
level (20,39,44). Shannon and Shotwell 
conducted a collaborative study of two 
minicolumn methods and found that a 
combination method using the Holaday
extraction and the Velasco minicolumn 
was the most satisfactory (44). It is 
important to understand that a 
minicolumn technique shc.-Id not be 
used for quantitative purposes.
Madhyastha and Phat (29) recently 
developed a minicolumn confirmation 
method for aflatoxins. They confirmed 
the identity of aflatoxins on the 
developed minicolumn by applying 
20% H2SO4, 20% HCI or 
trifluoroacetic tcid (TFA) in 20% 
HNO 3 . All acids changed the 
fluorescence from blue to yellow, with 
the TFA in 25% HNO 3 having the 
lowest detection himit. 

Quantitative methods 
Many of the methods adopted by
scientific groups and government 
agencies are based on TLC detection 
and quantitation procedures that have 
been evaluated in one or more 
collaborative studies. The only reason 
that HPLC methods are not 
recommended more often is that few 
collaborative studies on HPLC methods 
have been conducted. The Official 
Methods of Analvsis (2) published by
the AOAC is probably the most widely
consulted manual for aflatoxin 
analysis; it recommends the CB 
method for aflatoxin analysis in maize. 
Other societies and agencies that 
recommend or publish methods 
include: American Industrial Hygiene
Association, American Oil Chemists' 
Society, International Union of Pure 
and Applied Chemistry, Tropical 
Products Institute, American 
Association of Cereal Chemists and the 
International Agency for Research on 
Cancer. Schuller ct al. (40) published 
an excellent review of sampling plans
and collaboratively studied methods for 
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aflatoxin analysis. This valuable paper The CB method is an excellent TLC
should be consulted to help devise or method, but it has two major
review analytical protocols for aflatoxin disadvantages; it is expensive because
analysis. Nesheim (32) and Shotwell it uses large amounts of solvents (thus(46) also have excellent reviews on creating a disposal problem), and the
aflatoxin analysis. major solvent is CHCI 3 , which may be 

a hazard to workers. In many researchAnalytical laboratories can and should applications, alternative methods may
participate in one or more check satisfy the experimental objective in a
sample programs. The American Oil less expensive and safer manner.
Chemists' Society conducts the Dantzman and Stoloff (8) developed aSmalley Mycotoxin Check Sample screening method omitting the column
Program (30). Information on this chromatography step of the CB method 
program can be obtained from Dr. J.D. and directly spotting the residual oil
McKinney, Ranchers Cotton Oil, P.O. from maize extracted with
Box 2596, Fresno, California 93745. CHCI3 -water. Spilman (50) modified

The International Agency for Research 
 this method by adding benzene:CH 3 CN 
on Cancer conducts the International (98:2) to the residual oil and measuring
Mycotoxin Check Sample Program the volume to obtain quantitative. TLC
(17). Information on this program may results.
 
be obtained from Dr. M.D. Friesen,

International Agency for Research 
on Many other methods have also been

Cancer, 150 cours Albert Thomas, published. Kamimura et al. (25)

69372 Lyon Cedex 2, France. recently published a simple, rapid
 

HPTLC method which compared
Thin-layer chromatography-The favorably with the CB method. Davis etofficial AOAC CB method (2) is the al. (11) devised an approach using the
standard by which other methods are fluorescence of the iodine derivative of 
judged. A good discussion of this 
method can be found in the IARC 
mycotoxin manual (22). Shotwell and 
Goulden (48) compared the AOAC BF 
peanut method and the AOAC 
cottonseed method with the CB 
method in maize. The BF method uses 
a methanol:water (55:45) extraction 
solution. Neither of these solvents 
extracted aflatoxins from maize as 
efficiently as the chloroform:water 
(250:15) extraction of the CB method. 
Lee and Catalano (28) developed a 
scaled-down cleanup column as a 
solvent-saving modification of the 
CB method. Alexander and Baur (I)
described one of many two-dimensional 
TLC procedures which have been 
developed for use in samples with 2 3 4
interfering substances. Laboratories 1,4: aflatoxins std. 
that use fluorodensitometry for 
quantitative measurements must avoid 2: bean extracts 
fading of aflatoxin spots on TLC plates. 3: corn ext racts
Nesheim (31) found that fading could Thin-layer chromoatography plate
be delayed by covering the layer on the showing separation of aflatoxins B,TLC plate with another glass plate. B2 , GI and G2 standards (I and 4),

bean extracts (2) and maize extracts (3) 
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aflatoxin B 1 for quantitation and TLC 
confirmation. Shannon and Shotwell 
(431 developed a method for 
de. .rmination of aflatoxin in roasted 
maize, and Bagley (3) referred to a 
method especially adapted for maize 
detoxifled by ammonia treatment. 
Josefsson and M61ler (24) developed a 
multimycotoxin screening method for 
the detection of aflatoxins, ochratoxin, 
patulin, sterigmatocystin and 
zearalenone in maize. Seitz and Mohr 
(42) and Thomas et al. (55) developed 
methods for aflatoxin arid zearalenone 
determination in maize, 

Aflatoxin identity needs to be 
confirmed regardless of the TLC 
method used. Nesheim and Brumley 
(33) have written a review of 
confirmation methods. The AOAC 
method is based on the trifluoroacetic 
acid (TFA) reaction with B1, GI or M1 
(37). The TFA procedure or direct 
acetylation (4) can be carried out on a 
TLC plate before development, 
Trucksess et al. (56) recently published 
a rapid TLC method using a disposable
silica gel column for cleanup and 
confirmation by gas chromatography/ 
mass spectroscopy. 

High-performance liquid 
chromatography-Aflatoxin analysis 
using HPLC for separation and 
detection is quite similar to TLC 
because many of the same types of 
sampling and extraction procedures 
are used. The major advantages of 
HPLC over TLC are speed, automation, 
accuracy and precision. Both normal-
phase and reverse-phase HPLC 
separations have been developed for 
aflatoxin analyses. Early experimental 
work by Seitz (41) and Garner (18) on 
HPLC separations revealed thai 
aflatoxins could be separated on 
normal-phase columns and detected 
with either a UV or fluorescence 
detector. Seitz (41) noted that the 
fluorescence detector had limited 
usefulness for aflatoxin Bl and B2 with 
normal-phase separations, 

Panalaks and Scott (34) developed a 
silica-gel packed flow cell for 
fluorometric detection of BI and B2 
with normal-phase separations. A 
silica-gel packed cell was used by Pon, 
(36) and Thean et al. (54) in two 
different HPLC methods for 
determination of aflatoxins in maize. 
The major disadvantage of the packed 
cell is instability. The cell needs to be 
repacked often and the detector signal 
weakens with time. The advantages 
are that no derivative is necessary for 
detection, and the mobile phase can b( 
recycled. 

Reverse-phase HPLC separations of 
aflatoxins are more widely used than 
normal-phase separations. However. 
the fluorescence intensities of BI and 
GI are diminished in reverse-phase 
solvent mixtures, so their derivatives 
are generally prepared before injection, 
Analysts should be aware that the B2a 
and G2a derivatives are not stable in 
methanol, which should therefore be 
used with caution, especially In the 
injection solvent. Acetonitrile-water 
mixtures do not degrade 132a and G2a 
rapidly and are preferable to methanol
water mobile phases. 

Several ievcrse-phase methods have 
been published (7,51), including three 
with comparisons to the CB method 
(12,21,53). Stubblefield and Shotwell 
(51) found that M1 and M2, as well as 
BI. B2, GI and G2, could be resolved 
and detected with a UV detector at 35C 
nm using reverse-phase chroma
tography. The methods developed by 
Hutchins and Hagler (21). DeVrics and 
Chang (12) and Tarter et al. (53) all 
use TFA derivitization and apparently 
compare favorably with other methods. 
Diebold ct al. (13) used laser 
fluorometry to detect aflatoxin B2a 
after reverse-phase chromatography. 

Davis and Diener (10) found that the 
iodine derivative of 131 could be used 
for confirmation and developed a 
reverse-phase method with 
fluorescence detection for this 
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derivative. This work led to the Aflatoxin analysis in experimental 
development of a post-column work must be tailored to the 
iodination method to enhance B1 and objectives, and a part of the 
G 1 fluorescence after reverse-phase experimental design should be a 
chromatography. Shepard and Gilbert careful selection of method. 
(45) investigated the conditions needed Inexpensive BGYF and minicolumn 
for the post-column iodination reaction data may be sufficient for some 
to enhance fluorescence of aflatoxin B 1 experimental purposes, or quantitative 
and GI. The detection limit for B1 was data on BI. B2, G1 and G2 may be 
about 20 pg at a signal to noise ratio of required. Costs and data requirements 
3. can be at odds when quantitative data 

Is necessary. In the long run, TLC and 
ELISA and RIA ELISA are not necessarily less 
Aflatoxin B1 in maize can be expensive, because HPLC requires a 
determined using solid phase radio- single large initial investment, whereas 
immunoassay (RIA) (26.52) or enzyme- TLC and ELISA both use disposab!e 
linked immunosorbent assay (ELISA) plates. Large analytical laboratories are 
techniques (6,15.27,35). Aflatoxin MI probably more suited for HPLC, while 
can also be determined using ELISA laboratories where only a few samples 
(23). The ELISA techniques are more will be tested may prefer TLC. With 
suited to field use than RIA techniques further development, ELISA methods 
and probably will be extensively will possibly become more versatile. 
developed and utilized. The major 
advantages )f ELISA include speed, References 
ease of sample preparation, ease of use 1. Alexander, R.J.. and M.C. Baur. 
and a potemtially low cost per analysis. 1977. Note on a two-dimensional 
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Abstract 
The ability to detect plant stress from space-borneplatforms has become more 
promising because of increasingknowledge about stress (chlorophylland 
temperaturechanges)and the development of betterinstruments.The recent 
Landsat satellites with thematic mappers (TM) and the Spot satellitewith 
improved resolution promise better detection of stress, although these intruments 
still requirea cloud-free day for acquiringdata. Futuresatellite instruments, such 
as those proposed in the Earth ObservationSystem (EOS), which will be placed 
on the Space Station in about 1994, offer furtherpossibilitiesfor detecting stress. 
Models that use climatologicalas well as remote sensingdata are encouragingfor 
predictingareas of stress. It should not be necessary to wait until plants are 
stronglyaffected before knowing about drought conditions. 

IResumen
La capacidadde detectar(mediantelos cambios en la cloroillay ]a temperatura)desde
plataformasespacialeslos efectos que las condicionesambientales adversas tienen en
las plantasse ha convertido en unaposibilidadreal a causa de los mayores
conoclmientos que se tienen acercade estos efectos y la creaci6n de mejores
instrumentos. Los nuevos sat~litesLandsat, provistos de planimetros temticos (PT)y
el satliteSpot, con una mejor resoluci6nde imagen, prometen una mejor deteccion, 
aunque todavla se reqUierendias despejados para que estos instrumentospuedan
obtenerinformaci6n. Los instrumentosde sat6litedel futuro, co.no los pmpuestos en
el Sistema de Observaci6nde la Tierra (SOT), que se colocarnen la Estacl6n 
Espacialalrededorde 1994, ofrecen nuevas posibilidadesde detecci6n. Los modelos 
que emplean informacilIn climatol6gicay de deteccl6n a distanciaofrecen muchas
posibilidadesparapredecirlas Ireas donde las plantaspueden estarexperimentando
los efectos de las condiciones adversas.No deberla ser necesarloesperara que las
plantasden muestrasde estarseriamenteafectadasparadeterminarque hay sequfa. 

Recent research in remote sensing 
shows that much has been learned 
about crop identification and the 
delineation of maturity stages, cultural 
practices and stress (2). These 
achievements have come about 
because of the design and construction 
of better remote sensing instruments, 
an improved understanding of the 
interaction of soil and vegetation, and 
the refinement of analysis techniques. 
This paper will consider remote 
sensing, use of data bases and 
geographic information systems, as 

well as the extent to which vegetation 
(especially maize) and vegetation stress 
can be identified. Finally, the promise
of future work on modeling for stress 
detection will be evaluated. 

Remote Sensing 
Remote sensing is the science auid art 
of acquiring information about material 
objects fron measurements made at a 
distance and without physical contact; 
included ia this definition are 
photography, scanning images, radar, 
sonar and similar data-gathering 
techniques. 



An important extension of the example, can be identified by the color 
definition is data extraction or analysis of light emanating from it (spectral 
to obtain useful information. Data variations), by the relatively uniform 
acquired by remote sensing are shapes of local crop fields (spatial 
measurements of variations in the variations), by the way in which the 
electromagnetic energy that may scene changes during the growing 
reveal spectral, spatial and temporal season (temporal variations), or by a 
variations in the scene (15). combination of these factors. 
Researchers need to think seriously 
about these variations before planning Frequent reference is made in remote 
to acquire or use a remote sensing sensing articles to the electromagnetic 
product. An agricultural scene, for spectrum (Figure 1). The optical 
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Figure 1. The electromagnetic spectrum; the lower part emphasizes
 
the regions of primary importance to most remote sensing users
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wavelength portion of this spectrum 
covers the range of 0.3 to 15.0 
micrometers. The visible portion (0.4 
to 0.7 micrometers) is the most 
familiar to us since this is the range to 
which the human eye is sensitive. 
Wavelengths below 0.4 micrometers 
are ultraviolet readings and have little 
value to land surface remote sensing, 
since much of the energy in these 
wavelengths is absorbed by the 
atmosphere. Those wavelengths from 
0.7 to approximately 3.0 micrometers 
are called the reflective infrared; *he 
region from 3.0 to 15.0 micrometers is 
the emmisive or thermal infrared 
region. Wavelengths above 1 cm are in 
the microwave region. This region, 
where data are collected by passive 
microwave and radar sensors, has 
become more important in recent years
because of improved design and 
colicction capabilities, providing the 
opportunity to collect data on cloudy 
days, since measurements from optical 
wavelengths are limited to cloud-free 
days. 

Remote sensing in agriculture began 
when the US National Aeronautics and 
Space Administration (NASA) provided 
funds to the US Department of 
Agriculture (USDA), and research was 
Initiated at the University of California 
at Berkley; the University of Michigan; 
the Agricultural Research Service 
station at Wesleco, Texas; and the 
Laboratory for Agricultural Remote 
Sensing (LARS) at Purdue University, 
West Lafayette, Indiana. Measurements 
were made of plants and soils in the 
laboratory and field using 
spectrometers and radiometers. The 
first aircraft scanner data over the 
Purdue Agronomy Farm were obtained 
with the University cf Michigan aircraft 
in 1965. Other US universities initiated 
remote sensing work in the late 1960s 
and early 1970:;. 

The first satellite data were actually 
obtained from the Apollo flights in 
1964. A scene over the Imperial Valley 
in California was digitized and 

analyzed by Anuta et al. (1). Landsat 
data were first analyzed in 1972 with 
80-meter (0.64 ha) resolution followed 
by thematic mapper (TM) data of 
30-meter (0.09 ha) resolution from 
Landsats 4 and 5, which are currently 
operating. The French launched the 
Spot Satellite in February, 1986, and it 
will provide 10-meter (0.01 ha) 
resolution data. The National 
Oceanographic and Atmospheric 
Actministration (NOAA) GOES satellites 
with their advanced very high 
resolution radiometer (AVHRR) became 
available in 1980, giving scientists the 
opportunity to map vegetation on a 
global basis with spatial resolutions of 
1 and 4 km. 

Data Bases and Geographic

Information Systems

The techniques available for analyzing 
remotely sensed data have been 
reviewed by Reeves (19), Swain and 
Davis (20) and Bauer (2). In particular, 
ancillary data, such as surface 
observations, soil maps and weather 
information can be combined with 
remotely sensed data. When this 
information is correlated in an orderly 
format (for example, geographically 
arrayed by a computer) it is referred to 
as a data base. 

An example of the use of a data base 
would be the combination of elevation 
data with Landsat data (8). In 
mountainous terrain, certain tree 
species exist within certain elevation 
ranges. Therefore, digital, 
geographically oriented toporraphic 
data can be merged with Landsat data 
to separate species that appear 
spectrally similar. 

Data bases also permit more flexibility
in the use of remotely sensed data as 
well as ancillary data. Weismiller and 
colleagues (25) spatially registered 
Landsat data at a scale of 1:24,000 and
overlaid this with digitized township, 
watershed and physiographic 
boundaries. This technique allowed 
separation of soil associations by three 
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landscaT e positions: the data base can 0 Characteristics of the background,
also delineate by categories the such as reflectance of soil and 
hectares of soil and vegetation by slope residues; 
group and by watersheds. The 9 Solar zenith angle; 
accuracy of runoff estimates in 0 Look angle; and 
watershed analysis is greatly increased * Azimuth angle 
by this approach (12). 

A series of regional and global projects
With the addition of temporal remotely was conducted to provide a focus on 
sensed data and ancillary data, land agricultural remote sensing and to 
cover can be determined by soil type, improve the technology. These 
soil interpretations can be provided, programs were the Corn Blight Watch 
erosion hazard areas determined, land Experiment (18), the Crop 
use changes charted and a variety of Identification Technology Assessment 
other applications done. Some of these of Remote Sensing (CITARS) project
data base applications can be obtained (7), the Large Area Crop Inventory
without using remote sensing data Experiment (LACIE) (17) and the 
directly. AgRISTAPS program (6). Through 

these programs, researchers developed
Developing data bases ultimately leads and refined analysis techniques and 
to the need for geographic information began use of multitemporal data with a 
systems (GIS). A GIS is a formal national focus on remote sensing by a 
process for gathering, storing, number of federal agencies, including
analyzing and disseminating NASA, NOAA, the USDA and the US 
information about natural resources Department of State. 
and socioeconomic data (8). Many 
resource scientists have found that This research determined that it was 
such a system provides a cost-effective difficult to quantify reflectance for a 
procedure for planning, developing and spccific crop because of dynamic
organizing natural resources research. changes due to growth, development 

stages, stress and varying cultural
Identification of vegetation practices. Therefore, instead of 
From its beginnings in the 1960s, focusing on a specific crop, remote 
remote sensing in agricultural research sensing scientists devoted their 
has concentrated on crop identification, attention to such research factors as 
Early work, extensively reviewed by leaf area index (LAI), percent soil cover 
Colwell (4), concentrated on and leaf angle distribution (LAD) (2). 
physiological studies of individual 
plant leaves. The interaction of Identification of stress 
electromagnetic energy with individual Vegetative stress may be described as 
leaves becomes increasingly complex an adverse condition imposed on the 
in an assemblage of leaves ini a crop plant from biological or environmental 
canopy. Efforts have centered on factors. Crop growth and yield are 
parameters to determine the influenced by light, carbon dioxide 
reflectance of a vegetative canopy, supply, temperature, water supply and 
including: nutrients interacting with the 

genetically determined biochemical
* 	 Transmittance of leaves; and physiological systems of the plant.
* 	 Number and arrangement of When changes in any one of oiese 

leaves; , factors exceed the ability of the plant
* 	 Characteristics of other to compensate, growth and yield are 

components of the vegetation reduced and the limiting factor
 
canopy (stalks. trunks, limbs); constitutes stress (14).
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The effects of stress on a plant can be 
manifested in a variety of ways that 
may be detected by remote sensing 
technology. Desiccation of plant tissue 
causes changes in cellular composition 
and structure which affect the 
reflectance of sunlight (14). For 
example, Figure 2 shows that 
reflectance measured from maize 
leaves increases as leaf moisture 
content decreases '9). These changes
in reflectance are accompanied by 
changes in the plant canopy, such as 
the wilting of soybean leaves or rolling
of maize leaves. Changes in plant 
architecture, while conserving water in 
the plant, also produce changes in 
composite (plant + soil) reflectance 
that can be detected from aircraft and 
satellite-borne instruments. 

Nutrient deficiency is another form of 
stress that produces characteristic 
reflectance patterns. Plants deficient in 
nitrogen teud to have reduced 
chlorophyll density and consequently 

reduced absorption of red light (0.68
Am) (16). In addition, nitrogen-stressed 
plants will have less foliage than 
normal plants; the result is higher 
canopy reflectance in the red band and 
lower reflectance in the near- and 
middle-infrared regions. The composite 
effect of reduced nitrogen levels on 
reflectance of maize is illustrated in 
Figure 3. 

A useful indicator of stress in plants is 
the relative change in the amount of 
green leaves or phytomass. 
Transformations of spectral data that 
utilize chlorophyll absorption (Red) and 
near-infraded (NIR) wavelengths have 
been shown to be sensitive to leaf area 
and phytomass. The ratio of NIR to 
Red (NIR/Red) spectral data and the 
normalized difference (NIR - Red)/(NIR
+ Red) are two commonly used 
vegetation indices (18). Figure 4 
presents the relationsh!ps of NIR/Red 
with maize canopy LAI and phytomass 
from data acquired at the Purdue 
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Figure 2. Spectral reflectance of maize leaves with different 
moisture contents 

Source: Hoffer and Johannsen (9). 
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Agronomy Farm. Tucker and co-
workers have demonstrated the 
feasibility of monitoring global changes 
in green phytomass using AVHRR data 
transformed to normalized differences 
(19,20). The effects of sun angle, look 
angle, atmosphere, and canopy 
structure are known to affect the 
usefulness of vegetation indices, 
Research to correct for these effects 
continues in NASA, NOAA and the 
USDA. 

Plant temperature is also known to 
vary with stress. If transpiration is 
reduced by a deficit of water, damage 
from disease or insects to conducting 
vessels, or by excess soil water 
salinity, then the net result is an 
increase in plant temperature (10). 
Instruments sensitive to thermal 
infrared portions of the spectrum (8 to 
14 jm)can be used to detect crop 
temperatures. For example, 
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experiments using thermal-infrared 
scanners and ground observations 
have demonstrated that recently 
irrigated crops were up to 200C cooler 
than nonirrigated portions of the same 
field (24). Jackson and colleagues have 
developed a crop water stress index 
based on a linear relationship between 
the difference in air temperature, 
remotely measured canopy 
temperature and air vapor pressure 
deficit (11). These relationships suggest
that remotely sensed temperatures of 
crops, coupled with meteorological 
parameters, may be used to effectively 
monitor stress over large areas. These 
techniques may be limited in areas 
where meteorological ground stations 
are scarce. 

Modeling for Stress Detection 
The task of detecting and recognizing 
stress in crops is made more difficult 
by the natural variability in the scene 
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Figure 3. Spectral reflectance of maize grown with different levels of
 
applied nitrogen
 

Source: Walburg et al. (23).
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which may mask subtle stress-induced models have been used to assess crop 
changes in crop reflectance or stress and production. The early 
temperature. In the most promising warning and crop condition 
techniques for monitoring stress, assessment project under the NASA 
models are used that indicate the AgRISTARS program developed crop 
stress potential for a given crop and stress indicator models that combine 
region. The Energy Crop Growth (5) satellite observations with daily 
and Crop Water Stress Index (11) precipitation, maximum and minimum 

8 y = 0.4619 + 0.4488x 
R2 = 0.87 16 

2-2 • AAAAA 
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Figure 4. Relationship of maize leaf area index (LAI) and fresh 
phytomass to the ratio of near-infrared to red (NIRJRed) reflectance 
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temperatures, evapotranspiration and 	 5. Daughtry, C.S.T., K.P. Gallo, 
solar radiation (3). In addition, a L.L. Biehl, E.T. Kanemasu and 
satellite-derived stress index was G. Asrar. 1984. Spectral estimates 
developed using day and night of agronomic characteristics of 
temperatures obtained from NOAA o gn rceriis of 
weather satellites and ground- crops. In Proceedings of the 
measured air temperatures. This index Sensed Data Symposiumo Purdue 
approximates the ratio of actual to Ses ta Smsi Pudue 
potential evapotranspiration, which is University, West Lafayette,
related to crop water stress (25). The Indiana, USA. Pp. 248-256. 
application of this technique has been 6. Hall, F.G. 1984. Remote sensing
limited to areas with a good network of of vegetation at regional scales. In 
ground meteorological stations; Proceedings of the SPIE (Remote
however, the concept has global Sensing) 475:70-80. 
implications. 

One of the most significant 	 7. Hall, F.G., M.E. Bauer and 
developments of crop assessmentfrmtecoidnfcaonb W.A. Malila. 1974. First results 
models is the derived capability to remote sensintcngy 
combine a referenced data base with a asses ntecn 
geographic information system. This Proceedings of the Ninth 
makes it possible to produce computer- International Symposium on 
generted maps that pinpoint areas Remote Sensing of the 
where the potential for crop stress may Environment. Pp. 1171-1192. 
be high. 
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Aspergillus flavus Infection of Maize:
 
Silks and Kernels
 

G.A. Payne, Department of Plant Pathology, North Carolina State 
University, Raleigh, North Carolina, USA 

Abstract 
Preharvestcontamination of maize with aflatoxin is a seriousproblem in th:!
southeastern USA. Understandingthe infection process of Aspergillus flavus in 
maize and the factors that influence this process is criticalfor developing control
strategies.The purpose of this review is to summarize what is known about the 
infection processand to discuss the infetion process in relation to the 
epidemiology of aflatoxin contamination.Aspergillus flavus readilycolonizes 
maize silks that are external to the husk andrapidly moves down the ear,first 
colonizinginternal silks, then the glumes and kernel surfaces, but rarely
penetratinginto the cob pith. The fungus resides on the silks, glumes and kernel
surfaces until late in the development of the maize kernel. Once the kernel 
approachesphysiologicalmaturity (moisturecontent approximately 32%) the 
fungus enters the kernels, predominantythrough the pedicel region. Aspergillus
ilavus is capable of direct penetrationinto kernels in the absence of insects. 
Surface colonization of kernels, however, appears to be more prevalent than
internalinfection; this may play a major rilein the epidemiology of the disease. 
The presence of the fungus on kernel surfaces allows it to rapidlyInvade kernels 
that are subsequently injured by insect feeding. 

Resumen 
La contaminaci6ndel mafz con aflatoxinasantes de la cosecha es un problemagrave 
en el sureste de Estados Unidos. El comprenderul proceso de infeccl6n de Aspergillus
flavus en malz y los factores que Io afectan es esencialpara crearestrateglasde 
control. El objeto de esta revist6n es resumirlo que se conoce acercadel proceso de 
infecci6n y tratarel tema a la luz de la epldemiologlade la contaminaci6ncon 
alatoxinas.Aspergillus flavus coloniza con facilidadlos estigmasexternos a las 
brActeas y luego desciende r4pidamentepor la mazorca, invadiendoprimero los
estigmits interlores, luego las glumas y la superficie de los granos,pero rara vez 
penetra la m~dula del olote. El hongo vive en los estigmas,glumas y superficies delos granos hasta la etapa tardiadel desarrollodel granode mafz. Cuandoel granose 
aproximaa la madurez i u contenido de humedad es de cerca de 32%). el hongo lo 
penetra princlpalmentea travs de la regl6n del pedicelo. Aspergillus flavus es capaz
de introducirseen los granos directamentecuando no hay insectos. Sin embargo, Ia 
colonlzaci6n de la superficle al pareceres mas frecuente que la infecci6n interna,
hecho que quizi desempefle una funci6n primordialen la epidemiologia de la
enfermedad. La presencia del hongo en las superficles de los granos le permite invadir 
con rapidez los granosque son dahladospor los insectos al alimentarse. 

Understanding of the aflatoxin storage molds, or fungi capable of 
contamination process in maize was colonizing only damaged kernels in 
transformed Just over a decade ago storage. The presence of A. flavus in 
when it wis learned that the crop preharvest maize raised the possibility
could become contaminated with that these fungi might have limited 
aflatoxin in the field (2,18,21). Prior to parasitic abilities, a concept that still 
1975, Aspergillus flavus and seems heretical to many. Recent 
A. parasiticus,the two fungi that studies (16,24,25,27), however, have 
produce aflatoxin, were considered demonstrated that A. flavus has the 
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limited parasitic ability to colonize 
silks and invade developing maize 
kernels. The objectivc of this paper is 
to summarize the evidence for silk and 
kernel infection by A. flavus and to 
characterize the infection process. In 
addition, the role of silk and kernel 
infection in the preharvest aflatoxin 
problem of maize is discussed. Since 
the last review of this subject area (27), 
much more has been learned about the 
infection process in maize, but many 
aspects of the process and the factors 
governing infection are not known, 

Early Field Studies 
Aspergillus flavus has been observed 
on preharvest maize for many years. 
Since aflatoxin was unknown until 
1963. the fungus was considered a 
problem only as an ear rotter 
(4.5,7,33). Taubenhaus (33) first 
reported field infection by A. fIavus in 
Texas in 1920, when he studied both 
the yellow and black ear molds, A. 
flavus and A. niger. He observed that 
A. flavus was found most commonly in 
the top one-third of the ear and almost 
always on varieties that had erect ears 
which collected water. Furthermore, he 
reported that infection was always 
associated with insect damage. 
Although he equated infection with 
sporulation, it has subsequently been 
established that kernels can be infected 
and show no visible sporulation 
(16,21,31,37). Taubenhaus probably 
underestimated the number of infected 
kernels. He tried several inoculation 
techniques and concluded that 
infection by A. flavu3 required kernel 
damage. Taubenhaus should be given 
credit for his early contributions, but 
since he may not have accurately 
determined the number of infected 
kernels, and since he did not attempt 
to establish infection without damage, 
he should not be cited as showing that 
Insects are required for infection by 
A. flavus. Field infection by A. flavus 
was also reported in Missouri in 1927 
(4), in Florida in 1930 (7) and In New 
South Wales, Australia. in 1947 (5). 

Early reports of A. flavus infection in 
the field in the midwestern USA were 
uncommon. In Indiana, Tuite (35) 
found an average of only 0.6, 0.09 and 
0.02% infection by A. flavus in 1956, 
1957 and 1958, respectivcdy. I. 1971, 
95 fields from 20 counties c,. western 
Indiana were sampled, and infection by 
A. flavus ranged from 0.2% in the 
northern counties t,', 1.2% in the 
southern counties. In a similar study, 
Rambo et al. (30) surveyed the 
northern, central and southern 
counties of both Indiana and Kentucky. 
In 1971. one sample from a northern 
county in Indiana contained 5.0% 
infected kernels. In 1972, A. flavus was 
found in 3.6% of the samples from 
southern Indiana, but the highest 
percentage kernel infection of any 
sample was 1.0%. No A. 11avus was 
found in the northern counties. 
Anderson ct al. (2) sampled all of the 
major maize-growing regions of the 
USA in 1971 and found the highest 
incidence of aflatoxin in the wanner, 
more humid growing areas. An 
extensive study conducted in central 
Illinois in 1974 (9) failed to recover any 
A. flavus. 

Although A. flavus and aflatoxin 
contamination are present in the Corn 
Belt of the USA in some years, the 
incidence of both is greater in the 
southeastern USA (10.21). In a survey 
of maize grown in South Carolina in 
1973, Hesseltine et al. (10) found 184 
of 305 samples with one or more 
kernels infected with A. flavus. Some 
kernels had insect damage, but 221 of 
297 samples had no visible injury and 
contained an average of 58% surface
colonized kernels and 4.4% infected 
kernels. A field study conducted In 
North Carolina in 1978 (15) revealed 
that under natural infection, 4.4% of 
the undamaged kernels were infected. 
The presence of A. flavus in kernels 
free of damage was an early indication 
that the fungus could directly invade 
kernels. 
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Attempts to obtain infection by kernels. In field studies, Jones et a]. 
A. flavus in the absence of damage (16) found colonization most likely one 
have been tried by seve, -; week after silking. Silks four weeks 
investigators. In the Phi-jwpines. Ilag after silking served as a substrate only 
(12) sprayed ears of maize with a spore if they were covered with a plastic bag 
suspension of A. flavus or A. after inoculation. Marsh and Payne (24) 
parasitfcusand obtained an average extensively studied silk colonization by 
infection of 10.5, 13.5 and 1.0% for A. A. flavus using scanning electron 
flavus, A. parasiticusand an microscopy (SEM). They reported silk 
uninoculated control, respectively, condition to be a better indicator of silk 
Rambo et al. (31), however, had little susceptibility than chronological age 
success obtaining kernel infection by since many factors influence the rate of 
silk-inoculating maize in Indiana. Of 12 silk senescence in the field. In a 
ears inoculated, no visible A. flavus comparison of three silk stages (green 
was present, but upon plating the unpollinated, yellow-brown and brown) 
kernels, it was found that 1% of the they found yellow-brown silks to be the 
kernels from three ears were infected most susceptible. Silks at this stage 
with A. flavus. ,Jones et al. (16) were have begun to senesce but are still 
the first to extensively study silk succulent. In four to eight hours, 
infection as a mode of entry for the conidia of A. ilavus germinated on 
fungus. They examined silk these silks, first nearest the pollen 
inoculation of ears in the field and in grains. Then the fungus spread rapidly 
controlled-environment studies. In a across the silk, producing extensive 
field study, silks were inoculated with growth and lateral branching. By 48 
A. flavus and the ears enclosed in hours conidiophores and conidia were 
plastic bags. An average kernel present on pollen grains. In contrast, 
infection of 15.9% and a mean few conidia germinated on 
aflatoxin contamination of unpollinated silks by 24 hours and 
83.5 /g/kg- 1 were obtained. Aflatoxin those that did failed to establish 
accumulation was positively correlated significant mycelial growth. Brown 
with the number of infected kernels. In silks also supported little growth of the 
a controlled-ervironment study, with fungus, and growth was concentrated 
no insects, silk-inoculated ears had an around pollen grains. 
average kernel infection rate of 9.8% 
and a mean infection concentration of Asperglllus flavus penetrated yellow
866 jg/kg-l. The correlation between brown silks both directly and indirectly 
number of infected kernels per ear and through cracks and intercellular gaps 
aflatoxin BI concentration was (24). Internal colonization of the silks 
r = 0.96. These data, together with was restricted to the parenchymatous 
earlier studies, show that A. flavus can tissue, and growth was oriented 
colonize maize silks and invade parallel to the silk axis. 
developing kernels. Internal silk and 
Infection Proccss kernel colonization 
Colonization of external silks Asperglllus flavus grows down silks 
Asperglllusflavus has been isolated very rapidly. In a controlled
from silks in the field (16,25) and it environment chamber with a 34 0C day 
has been reported to readily colonize and a 30 0 C night, a color mutant of 
both attached and detached silks A. flavus was recovered from the tip of 
(16,24,25). Silk condition g,. aatly the ear two days after Inoculation and 
influences how well the fungus from the base four days after 
develops on the external silks and inoculation (25). The fungus was found 
moves down the silk and infects on the glumes of the kernels and 
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adjacent silks six days after 
inoculation, but not on the seed 
pericarp. Growth of the fungus from 
incubated silk segments was first 
observed from the cut ends, indicating 
that the fungus may move down the 
silks internally. Such directed growth 
down the silks could explain the 
rapidity by which the fungus reaches 
the base of the ear. 

Colonization of external and internal 
silks in the field follows a similar 
pattern. In a field study in 1981 (25), 
Asperglllus flavus was found on 
external silks of 30% of the 
uninoculated ears i8 days after 50% 
silk emergence. Aspergillus Ilavus was 
present in the tip, mid- and base 
regions of 100, 67 and 33% of the silk-
colonized ears, respectively. By kernel 
dough stage (nine days later) 72% of 
the ears had externally colonized silks 
and the fungus was present on the 
surface of kernels in 47% of the ears. 
By August 14, 32 days after silking,
75% of the ears had colonized silks 
and 50% had kernels that were surface 
colonized. Little internal infection of 
kernels was present at this date. More 
recent data (next section) indicate that 
the moisture content of kernels at this 
date was probably too high for 
extensive internal infection. Extensive 
surface colonization of kernels has also 
been reported in Georgia. Wilson et al. 
(38) found tlat 91 to 100% of ears 
sampled from inoculated and 
uninoculated plots in 1975 and 1976 
contained A. flavus 56 days after 
silking. They concluded, however, that 
the fungus present at 56 days did not 
come from inoculum sprayed on silks. 

To follow the growth of A. flavus on 
ears in the field, Marsh and Payne (25) 
inoculated silks with a color mutant 
(5T) of A. flavus. The rate and path of 
colonization by the mutant inoculated 
onto silks were similar to those 
observed for A. flavus under natural 
infection. The frequency of colonization 
was greatest in the silks, followed by 
the kernels and then the cob pith. 

Colonization of the pith of the cob. 
however, was uncommon. The color 
mutant was found on 39% of the 
kernels 53 days after inoculation. 
These results, in contrast to those of 
Wilson et al. 38), indicate that the 
fungus present on kernels late in the 
season came from Inoculum sprayed 
on the silks. Kernels from these ears 
were removed and examined by both 
dissecting microscope and SEM. 
Colonies of the mutant criginated from 
the pericarp on the silk scar and/or
sides of the kernel where the glumes 
were in contact with the kernel. 
Colonization was mycelial and no 
conidiophores were present. A good 
correlation ir = 0.65) was found 
between surface-contaminated kernels 
and the presence of A. flavus in the 
silk or silk bundle adjacent to those 
kernels (25). Colonization of a 
particular kernel, however, did not 
require that it be adjacent tc a 
colonized silk and the fungus appeared 
to be spread across the glumes and 
kernel surfaces. Rambo et al. (31) 
reported some superficial spreading of 
A. flavus mycelium among kernels, 
especially near the tip. Koehler (17) 
reported growth of Cephalospoilum 
acremonlum down the ear by way of 
the glumes. Lillehoj et al. (19) detected 
bright greenish-yellow (BGY)
 
fluorescence of glumes, which Is
 
considered indirect evidence for the
 
presence of A. flavus.
 

The distribution of surface-colonized 
kernels is not uniform or consistent 
throughout the season. In general, 
more colonized kernels are present at 
the ear tip, and the number of 
colonized kernels fluctuates. Jones et
al. (16) found infected kernels to be 
banded in the middle of the ear in a 
field study, but to be evenly distributed 
across the ear in a phytotron study. 

Kernel infection 
The colonization of silks shortly after 
pollination and the rapid growth of 
A. flavus down the silks suggest that 
the fungus may be following the same 
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path as does the pollen tube, i.e., the layer. Rambo et a/. (31) also observed
 
stylar canal. Such a route has been extensive growth of A. flavus around
 
proposed for fungi by Wolf et a]. (39) the pedicel region of the kernel. The
 
and for A. flavus by Jones (14). Also, germ also appeared to be frequently
 
Anderson et al. (2) reported BGY colonized by the fungus. 
fluorescence in the crown area of 
kernels near the silk scar. Evidence Fennell et al. (8) plated surface
presented by Marsh and Payne (24), sterilized, undamaged or slightly 
however, suggests that the st',iar canal cracked kernels and observed A. flavus 
is not the major point of entry by most often in the germ (68%). next in 
A. Ravus. Of 80 plaled kernel halves the tip cap (50%) and least in the
 
from ears in the milk, dough and dent endosperm (12%). Rambo et al. (31)
 
stages, crown infection was found in surface sterilized, split and plated
 
one, seven and three kernels undamaged kernels; the frequency of
 
respectively, whereas tip infection was A. flavus sporulation was 54% in the
 
found in 4, 15 and 27 kernels, germ, 38% in the endosperm and 8%
 
respectively. Only five kernels had in both germ and endosperm. Jones et 
sporulation on the silk scar. When the al. (16) also reported extensive growth 
matching halves of these kernels were of the fungus over the germ with 
examined by scanning electron growth in the endosperm present only 
microscopy, A. flavus was found only in severely infected kernels.
 
in the tip cap region. Entry of A. flavus
 
in the tip cap region was also found by The tip cap and germ regions of maize
 
Tsurata et al. (34) in scanning electron kernels are common areas of
 
micrographs of mature maize kernels colonization by some other fungi.
 
removed from the car and inoculated Mantis and Adams (23) found
 
with A. flavus. mycelium of Fusarlum and
 

Cephalosporlumspp. most often in the 
The timing of silk colonization tip cap. Branstetter (4) also commonly
 
probably precludes frequent infection found infection in the tip of the kernel
 
through the stylar canal. Silks are and stated that if the kernel is
 
most susceptible to colonization when contaminated in any region it will also
 
they are yellow brown and the greatest be contaminated in the tip. In studies
 
number of kernels become infected on the infection process of
 
when silks of this age are inoculated. F. monlllforme, C. acrenionium, 
By this time, however, an abscission Gtbberelln zeae and Penicillfum spp. 
layer has formed at the silk attachment Koehler (17) found the fungi most 
site, and many silks have become commonly in the tip cap, followed by 
detached. Thus, silk detachment has the gern, floury endosperm and the 
probably occurred before the fungus horny endosperm. He reported that 
has advanced to the silk-attachment these fungi rarely entered in any way 
site. except via the tip cap. 

Strong evidence that the 'ip cap is the The route of colonization by A. flavus 
entry point of the fungus is supported from the tip cap into the maize kernel 
by earlier studies that consistently is not known. Diplodiazeae can 
show the fungus in the tip region of penentrate the suberized membram of 
kernels and little fungal growth the testa at its thinner spots, over the 
elsewhere. Fennell et al. (8) sectioned embryo and at its junction with the 
whole kernels that did not show BGY closing layer in the kernel tip (13). 
fluorescence. In kernels where they did Johann (13) has reported that the 
not find obvious development of closing layer is resistant to fungal 
A. flavus, they often found mycelium penetration but suggests that hyphae 
associated with or external to the hilar can transverse the hilum before the 
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closing layer is formed, or the hyphae 
may pass around the ends of the 
closing layer when there is a delayed 
or incomplete junction of the closing 
layer with the suberized membrane of 
the testa. Salama and Mishricky (32) 
suggested that F. monillforme may 
infect immature kernels through this 
same area, which they refer to as the 
placento-chalazal region. 

Internal infection of kernels by 
A. flavus appears to occur late in -he 
development of the kernel. In 
controlled environment studies (Payne, 
Thompson and Lillehoj, unpublished)
little infection occurred until kernel 
moisture was below 32%. Internal 
infection was 6, 18 and 27% at 30, 27 
and 23% moisture, respectively. These 
findings correlate well with those of 
Koehler (17). who found that infection 
of maize kernels by F. monllforme 
occurred late in development. One 
month after pollination, when the 
kernels were about to dent, only 7% of 
the ears were infected, and only 3.2% 
of the kernels had surface 
contamination. In contrast, 40 days 
later, when grain moisture was 24.9%, 
71 % of the kernels that had surface 
contamination, and 28.3% had internal 
infection, 

Factors Influencing the 
Infection Process 
Several factors are important in silk 
and kernel infection by A. flavus. 
Inoculum levels, drought, temperature 
and silk age can affect the infection 
process. Factors that have been shown 
to affect infection are temperature, 
drought and inoculum levels, 

Inoculum levels 
One of the least understood areas in 
the epidemiology of A. flavus is the 
source of inoculum. Conidia of the 
fungus appear to be present each year, 
but their airborne population 
fluctuates. Bothast et a]. (3) and Ilag 
(12) found low levels of conidia in 
fields. flag (12) found higher levels of 

conidia in warehouses and adjacent 
areas. Holtmeyer and Wallin (11) 
collected airborne conidia of A. flavus 
during the growing season each year 
from 1976 through 1978 at several 
locations in Missouri. Conidia were 
detected in the air over the fields at 
least 17% of the days in each year 
during the three-year study. In 1976 
and 1977, conidia were collected on 
more than 70% of the days at two 
locations, but less than 40% of the 
days at another location. In one 
location In 1978, conidia were collected 
on 88% of the sampling dates. 

Jones et a]. (15) were able to correlate 
levels of airborne conidia with 
environmental factors by daily 
collection of A. flavus conidia in 
irrigated and unirrigated plots. In 
1978, 465 colonies of spores were 
obtained from the irrigated plots and 
941 from the unirrigated plots. In 
1979, 274 colonies were collected from 
the irrigated and 322 from the 
unirrigated plots. Higher levels of 
airborne conidia in the unirrigated 
plots correlated well with an increased 
number of infected kernels in those
 
plots. Also, in unirrigated plots where
 
conidia levels were high, hybrids that
 
pollinated during weeks with high 
levels of airborne conidia contained a
 
higher percentage of ears with visible
 
growth of A. flavus. These data
 
indicate that inoculum may be limiting 
for maximum aflatoxin contamination 
in some locations and in certain years. 
The premise that inoculum may be 
limiting is also supported by studies 
that have shown increases in aflatoxin 
levels in response to inoculation with 
conidia of the fungus (20,22,28). 

Future work should be directed toward 
understanding the factors that 
influence inoculum levels of the 
fungus. Wicklow has shown that 
A. flavus can produce sporogenic 
sclerotia (36), and these sclerotia are 
present in infected maize seed (37). 
The role of these sclerotia in the 
epidemiology of the fungus is not 



125 

known: however, the population of to infection. On the other hand, high
A. flavus rises dramatically in the soil temperatures should be favorable for
 
following harvest (37). the growth of A. flavus, since the
 

fungus has a high optimum

Drought stress temperature (360 to 380C) for
 
Jones et al. (15) reported that plants growth (6).
 
exposed to drought stress in the field
 
had more infected kernels than Discussion
 
samples from irrigated plots. In 1978, Aspergillusflavus can colonize external 
they found 1.6% of the kernels from silks, grow down the silks and invade 
irrig... Ad plots were infected with developing kernels. Infection by this 
A. flavus, whereas 7.3% from route can occur in the absence of
 
unirrigated plots were infected. In insects, and it can lead to high levels
 
1979, the number of infected kernels of aflatoxin (16). Scanning electron
 
was lower, but more infected kernels microscopy studies have shown that
 
were present in the unirrigated plots, the fungus readily colonizes yellow-

They attributed the increased levels of brown silks and grows down the
 
infection in unirrigated plots to higher surface and interior of silks into the
 
levels of Inoculum, and to reduced leaf 
 ear. Once in the ear, the fungus 
area making the silks more accessible colonizer, the glumes of the kernels, 
to conidla of the fungus. Irrigation also then the kernel surfaces and finally the 
reduced kernel infection when silks tip of the kernel. Contamination of the
 
were inoculated and covered with a kernel suiaces and the glumes is
 
bag, indicating that drought stress may predominantly mycelial, but it persists

directly affect the infection process throughout the season. Surface
 
(28). colonization is more prevalent than
 

internal infection, and once A. flavus

Temperature has colonized surfaces, it is in the
 
Temperature has one of the most position to invade kernels damaged by

striking influences on silk infection, insect feeding. Therefore, under
 
Jones et al. (16) demonstrated that conditions of high insect activity.
kernel infection was much greater at surface colonization of kernels may be 
320 to 380C than at 210 to 260C. the most important aspect of the 
Payne et al. (27,29) reported low kernel infection process. 
infection (2%) at the day/night 
temperature regime of 260/220C, but Internal kernel infection by A. flavus 
high infection (49%) at the day/night does not occur until late in the 
regime of 340/301C. These findings are maturity of the kernel. The number of 
consistent with reports by several infected kernels greatly increases as 
investigators (26,40) that correlate kernel moisture falls below 32%. This 
serious aflatoxin contamination with is around the time of kernel maturity
high temperatures during and coincides with the formation of the 
development. Low temperatures at the kernel abscission layer. The 
time of inoculation may explain why physiological activity in the kernel is 
Rambo et al. (3 1) were unable to lower at this time, and increased 
obtain a high percentage of infected infection m..y reflect decreased 
kernels in their silk inoculation studies resistance in the kernel. Alternatively,
in Indiana. the moisture content per se may be 

important in stimulating the fungus,
Temperature may influence infection since A. flavus is a good competitor at 
through its effects on the plant, the low water activity levels. Whatever the 
fungus or both. Temperatures above mechanism, infection late in the 
30'C are not favorable for maize (1) maturity of the seed is common for 
and may serve to predispose the plant many seed-infecting fungi. 
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The consistent association of insects 
with high levels of aflatoxin (26) 
indicates that insects are important in 
field contamination of maize. However, 
studies reviewed in this paper indicate 
that insects are not required to bring
the fungus into the ear or to move it 
arolnd within the ear. Furtkermore, 
A. flavus is capable of infecting kernels 
and producing aflatoxin in the absence 
of insects (16,27). Insects are very 
important in inflicting damage and 
increasing the number of infected 
kernels. The numerous failures to 
correlate insect damage with aflatoxin 
contamination are probably due to the 
scattered distribution of the fungus 
within the ear. If, for example, insects 
enter the ear and feed on kernels that 
do not have surface or internal 
infection by A. flavus, there may be no 
correlation between insect damage and 
aflatoxin contamination, 

The incidence and degree of maize 
kernel infection by A. flavus and the 
subsequent production of aflatoxin is a 
complex process. No single factor can 
be identified as responsible for the 
inconsistent results obtained in studies 
with the fungus. A major factor, 
however, is the weak parasitic ability 
ofA. flavus. It is not a highly virulent 
pathogen such as Blopolarismayds, 
but is predominantly a saprophyte 
with limited parasitic abilities. For 
infection and aflatoxin contamination 
to occur, many conditions must be 
met. If one important factor is missing, 
little disease occurs. In some years 
inoculum may be limiting; in other 
years temperature or insects may be 
limiting. To understand and solve this 
complex problem, the biology of the 
fungus must be understood as 
completely as possible, and the 
temptation to look for a rapid solution 
to the problem must be avoided. 
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Abstract 
High levels of aflatoxin B3 have long been suspected of being associatedwith the 
low maize yields caused by drought stress. In 1982, the tverage aflatoxin levels 
orfour hybrids at six locations in the Missouriyield trialsrangedfrom 0 ppb to a 
trace. In 1983, six hybrids were tested at seven locations: the average yield
rangedfrom 439 to 7595 kg/ha and the aflatoxin BI levels were highest in maize 
from locations where the yield was 4896 kg/ha or less. In 1984. 12 hybrids were 
analyzed at seven locations.Average yields rangedfrom 3013 to 9479 kg/ha.
Yields were low (3013 and 3515 kg/ha) at two locations where aflatoxin B 1 levels 
were the highest (37 and 38 ppb). 

Resumen 
Desde hace mucho tiempo se ha sospechado que los altos niveles de aflatoxinas BI se
relaclonancon los bajos rendimientosde malz debidos a la sequla. En 1982, los 
niveles medlos de aflatoxinasde cuatrohibridos en sels localidadesen los ensayos derendimientode Missouri varlaronde 0 ppb a trazos. En 1983, se sometierona prueba
seis hlbridos en slete localidades;el rendimientomedio var6 de 439 a 7596 kg/ha y
los niveles de alfatoxinaB1 fueron mayores en el malz provenlente de las localidades 
que presentabantn rendimiento de 4897 kg/ha o menos. En 1984, se analizaron12
hibridos en siete localidades.Los rendimientosmedios variaronde 3013 a 9479
kg/ha. Los rendimientosfueron bajos (3013y 3515 kg/ha) en dos localidadesdonde
los niveles de aflatoxina B1 fueron mayores (37y 38 ppb). 

Drought stress at varied temperatures development. However, It may be 
during different stages of development impossible to avoid water stress when 
was shown to change aflatoxin irrigation is not available. 
formation and accumulation in a 
phytotron study by Thompson et a. In Missouri, 1982, 1983 and 1984 were 
(7). The results showed that both high excellent years to compare the 
temperature and inoculation at later influence of rainfall on maize yield and 
developmental stages are important for aflatoxin development in preharvest
producing high toxin levels. Drought maize kernels because of the sharp
stress observed by Manwiller and contrasts between years. In 1982,
Fortnum (2) suggested that water temperatures during the growing 
stress somehow rendered the plant season were relatively cool, and rainfall 
more susceptible to Aspergillus flavus was adequate. The 1983 and 1984 
infection and toxin production (1). growing seasons were hot and dry.
Zuber and Lillehoj (8) proposed that Since the relation of maize yield at 
good management practices include specific locations to aflatoxin levels had 
avoidance of drought during ear not appeared in the literature, this 

became the objective of the current 
study. 
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Materials and Methods University Veterinary Diagnostic
 
In 1982, samples of four maize hybrids Laboratory for aflatoxin analyses by
 
grown in the Missouri Corn Yield Test the thin-layer chromatography (TLC)
 
and commonly grown in the state method (6).
 
(DeKab XL 72AA. Golden Harvest
 
H2680, PAG S x 98 and US-13) (Figure In 1983, six other hybrids commonly

1) were brought to Columbia, Missouri, grown in the state (Golden Harvest
 
dried for six days at 600 C, shelled and 2680. Funk 4507, Zimmerman 14,
 
observed for bright greenish-yellow Pioneer Brand 3382A, Pioneer Brand
 
fluorescence (BGYF) under long-wave 3382B and Pioneer Brand 3183), along
 
ultraviolet light for the number of with the check hybrid US-13, were
 
glowing particles per weight of sample. sampled.
 
Subsequently, the kernels were ground

for aflatoxin analyses and samples of In 1984. 12 hybrids were involved in
 
the ground materials were taken to the the trials: Cargill 967, DeKalb Pfizer
 

XL-72AA, Funk G-4522, Golden 

Fairfax 

Spickard Novelty 

- Marshl 

Portagevillee 

Figure 1. Location of maize yield test sites, Missouri, USA 
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Harvest H-2500, MFA 6708. Paymaster 
8201, Pioneer Brand 3183, Pioneer 
Brand 3184. Pioneer Brand 3358, 
Pioneer Brand 3377, Sturdy Grow 
935W and US-13. 

The maize yield test data were 
obtained from the Missouri Crop 
Performance Reports (3,4,5). The 
weekly maximum and minimum 
temperatures and weekly total rainfall 
from June I to August 29 were plotted 
from data obtained from the 
Atmospheric Science Department, 
University of Missouri. Data from some 
locations were not available, so data 
from the closest weather recording 
station were substituted; in some 
cases, the closest station was as much 
as 25 miles from the plots. The 
aflatoxin analyses were related to 
meteorological data and yield. 

Test Results 
The aflatoxin content of preharvest 
maize in 1982 ranged from none to a 
trace at seven locations in the Missouri 
State Yield Trial. The summer rainfall 
conditions were localized and the 
Weather Service data were not 
representative of the maize plot 
locations, where local thunderstorms 
influenced yields: these data were not 
recorded. With the exception of one 
location (Novelty), weekly rainfall was 
adequate in August at every location, 
However, 3 inches of rain were 
recorded at Novelty in July and more 
than I inch in August. The weekly 
maximum temperature at all locations 
was below 35 0 C. Therefore, no heat or 
drought stress occurred at any 
location, and aflatoxin Bi was rarely 
detected (Table 1). 

The situation was drastically different 
in 1983. Aflatoxin B 1 was detected in 
preharvest maize at all locations at 
levels of 18 to 70 ppb (Table 2). 
Zimmerman 14 had the greatest toxin 
content, with four locations providing 

kernels exceeding 100 ppb. The 
aflatoxin BI levels of Pioneer Brand 
3183, sampled at five locations, was 0, 
including two locations where levels in 
Zimmerman 14 were greater than 100 
ppb. Toxin levels in Pioneer Brand 
3382A kernels were less than 20 ppb. 
Funk's hybrid 4507 was also 
consistently low in aflatoxin B I levels, 
having less than 20 ppb at five 
locations and 20 to 40 ppb at one 
location. Aflatoxin B 1 levels were 
lowest (20 ppb on the average) for the 
six hybrids sampled at Marshall. More 
hybrids at Spickard had aflatoxin 
levels exceeding 100 ppb than at any 
other location. 

The weekly temperature-rainfall data 
for each location differed drastically in 
1982 and in 1983. In 1983. from 
Fairfax in northwestern Missouri to 
Portageville in the southeast, the July 
and August weekly maximum 
temperatures were greater than or 
equal to 35 0 C. At Fairfax, almost no 
rainfall was recorded from July I to 
August 29, and aflatoxin at levels of 20 
to 80 ppb was detected (Table 3). At 
Portageville, almost no precipitation 
was recorded from July 15 to August 
29, and extreme drought stress and 
aflatoxin of from 20 to greater than 
100 ppb was noted. The same drought 
conditions apparently prevailed at all 
locations in July and August. and at 
every location high aflatoxin content 
was observed in maize grain. 
Comparative data for the two years 
portray the influence of heat and 
drought stress on the pr(Auction of 
aflatoxin BI in preharvest maize grain. 

In 1984, drought and high 
temperatures prevailed at three of the 
locations; yields were low (Table 4) and 
aflatoxin BI levels high (Table 2). This 
situation again demonstrated that 
drought and temperature stress lead to 
low yields, resulting in h'gh levels of 
aflatoxin BI. 



Table 1. Maize yield (kglha) at nine locations, Missouri Maize Yiel Test, 1982 

Location A/ 
Variety FFX NMC GMC MARSH CAPE ARC-dry DRC-dry ARC-irrDRC-Irr 

DeKalb XL72A 
Golden Harvest

H-2680 
US-13 
PAG SX98 

8.789 

10.484 
7.093 
9.859 

7.093 

8.035 
7.533 
8,224 

9.354 

8.914 
7.596 
9.354 

10,735 

10.420 
8.160 

10.358 

7.973 

8.475 
5.964 
9.605 

6.089 

6,591 
4.959 
8.098 

5.775 

6,340 
4,143 
6.089 

11,425 

9,228 
7.156 
8,726 

11.111 

10.484 
7.470 

10.484 
AI FFX 

ARC 
= Fairfax, NMC = Spickard. GMC = Novelty. MARSH = 
= Bradford. DRC = PortagevilIe. dry = unirrigated, irr = 

Marshall. CAPE = 
!rrigated 

Cape Girardeau, 

Table 2. Maize yields and aflatoxin B1 levels, Missouri Maize Yield Test, 1982-1984 

1982 
 1983 

Yield Afl. B 1 Yield Afi. 

1984 
B1 Yield AIL B1Location (kg/ha) (ppb) (kg/ha) (ppb) (kg/ha) (ppb) 

Cape Girardeau 8030 
 0 3451 70 7151 0
Columbia 6397 TR4/ 4893 35 5012 18Falrfax 9033 0 3764 48 7652 6Marshall 9912 0 8218 
 18 9492 11
Novelty 8781 0 
 440 28 3011 37

S'Fallon  - 3512 45 9786 6Splckard 7714 0 
 753 43 
 3512 38
 

_aTR = trace 

a-CD 



Table 3. Maize yield (kg/ha) at nine locations, Missouri Maize Yield Test, 1983 

Locationa 

Variety 	 FFX NMC GMC MARSH CAPE ARC-dry ARC-Jrr DRC-irr O'FAL 

Funk G-4507 3.708 565 502 10.044 3.202 4,896 8.663 8.349 2.511
US-13 1.507 816 502 6.340 3,390 3.766 5.964 7.470 2.950 
Golden Harvest 

H-2680 3.892 439 439 9.290 4.457 4.771 8.224 7.533 4.018
Pioneer 3382 6.089 1.318 37' 7.093 4.018 5.713 10.358 8.412 3.264
Z!mmerrnan Z14W 2.762 691 314 6.340 1.946 3.829 7.533 7.910 4.519
Pioneer 3183 4.708 565 377 10.044 3.578 6.089 9.165 8.035 3.829 

"I 	 FFX = Fairfax. NMC = Spickard. GMC = Novelty. MARSH = Marshall. CAPE = Cape Girardeau. 
ARC = Bradford. DRC = Portageville. OFAL = O'Fallon. irr = irrigated, dry = unirr!_1ated 

Table 4. Maize yield (kg/ba) at nine locations, Missouri Maize Yield Test, 1984 

Location a / 

Variety 	 FFX NMC GMC MARSH CAPE ARC-dry ARC-irr DRC-irr O'FAL 

Golden Harvest 
H-2500 8.224 3.708 3.390 9.165 4.018 4.394 11.739 8.726 9.228

Funk G-4522 7.973 3,641 4.959 5.085 11.3623.578 8.789 	 12.932 10.107 
DeKalb-Pflzer 

XL-72AA 8.726 2.825 3.641 9.919 8.160 5.148 9.416 10.232 9.228
Paymaster 8201 8.538 3.139 3.766 10.358 7.345 4.645 11.425 10.735 10.295
Cargill 967 7.659 3.264 2.825 9.290 7.784 4.708 12.179 10.923 9.416 
MFA 6708 7.470 3,829 3.390 9.228 7.721 5,022 11,111 12,555 10.170 
Sturdy Grow 934W 5,901 2.448 2.072 
US-13 5.462 3,013 2.072 6,654 6,026 4.332 7,659 8.789 7,784
Pioneer 3377 8.475 4.645 3.453 10,358 8.538 5,462 12.304 12,367 9,605Pioneer 3358 8.035 3.641 2,448 9.354 8,286 5.713 11.614 12.492 10.860 
Pioneer 3183 8,538 4,206 2.699 11,739 8.098 5,587 11.802 14.062 10.797 
Pioneer 3184 7.219 3,704 3.076 9.730 7,784 5,085 12.555 14.941 9,981 

A 	 FFX = Fairfax. NMC = Spickard, GMC = Novelty. MARSH = Marshall. CAPE = Cape Girardeau. 
ARC = Bradford. DRC = Portageville. OFAL = O'Fallon, irr = irrigated, dry = unirrigated 
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The Influence of Cultural Practices
 
on Minimizing the Development of Aflatoxin
 
in Field Maize
 

R.K. Jones, Agricultural Extension Service, Texas A&M
 
University, College Station, Texas, USA
 

Abstract 
The implicationsof preharvestaflatoxin contaminationin maize have led to the 

•evaluation of culturalpractices to reduce the impact of the problem for maize 
producers.This papersummarizespracticalconsiderationsfor growers to 
minimize potential losses at various stages duringthe productionseason. The 
influence of several factors is discussed: the choice of fields and hybrids: soil 
fertility: planting'density; plantingdate: irrigation;harvest date and 
methodology; tillage:and crop rotation.Improved techniques for plantingdate 
and rate, fertility practicesand modificationsin harvestingmethods are the most 
economical and useful techniquesfor reducingthe risk of marketing 
contaminatedgrain. Irrigationis also extremely effective where practical. The 
potentialbenefits of tillage and crop rotations are also discussed, although the 
utility of these practicesmust be determined by furtherresearchpriorto 
adoption. 

Resumen 
Los problemasque implica la contaminaci6ndel maiz con aflatoxlnasen ia fae de 
precosecha han dado como resultado que se evahfien las pricticasde cultive a fin de 
reducirel efecto de este problema sobre los productores de maiz. En este artlculose 
presentanaigunasrecomendaclonesprcticaspara que los productoresreduzcan a 
minimo las p6rdidaspotencialesen diferentes etapasde la temporadade produccl6n. 
Se analiza la influencia de diversos factores: ]a elecct6n de campos e hibrildos: 
fertilidaddel suelo; densidad de siembra:fecha de siembra: irrigaci6n:fecha y 
metodologla de la cosecha: m~todo de labranzay rotaci6n de cultivos. Las ttcnicas 
mis econ6micas y ,tiles parareducirel riesgo de comercializargrano contarninado 
son tLcnicas mejoradas en cuanto a ]a fecha y la densidad de la siembra, prcticasde 
fertilizaci6ny modificaci6n de los mdtodos de cosecha. En aquellos casos en que 
resultaprictica, la irrigaci6nes tambi6n sumamente eficaz. Asimismo, se analizan los 
beneficlos potenciales de los mdtodos de labranzay la rotac16n de cultivos, aunque es 
necesarlodeterminar,mediante nuevas investigaciones,]a utilidadde estas prcticas 
antes de adoptarlas. 

Understanding of the occurrence and * Reducing the potential for aflatoxin
 
development of aflatoxin in preharvest production before harvest;
 
maize has increased greatly in the last
 
decade, and methods of coping with * Reducing the harvest and sale of
 
the aflatoxin problem are beginning to contaminated maize;
 
emerge. The objective of these
 
methods can be simply stated as an * Finding ways to use contaminated
 
attempt to prevent aflatoxin from maize; and
 
entering the food chain. Tactics that
 
have evolved to achieve this objective * Educating producers, buyers and
 
include: consumers regarding aflatoxin.
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This paper will deal exclusively with made to subjectively evaluate the 
production practices that may reduce ability to manipulate these factors 
the potential for aflatoxJ.n economically to minimize the threat of 
contamination of maize before harvest. aflatoxin. 

Infection by Aspergillus flavus and the 	 Field Selection 
subsequent synthesis of aflatoxin in Field selection is occasionally useful in 
maize kernels occurs in such a way minimizing th2 development of 
that a classic disease cycle may aflatoxin in maize, particularly on 
develop. Wicklow and Donahue (26) farms with mixed soil types, where 
recently poposed a rudimentary cycle diverse crops can be grown. In Texas, 
that reflects the possible role of many farmers can effectively produce 
sporogenic sclerotia as prirmary grain sorghum (Sorghum vulgare), 
inoculum in maize. Although many guar (Cyamopsis tetragonoloba)or 
steps in this process are not yet fully other more drought-tolerant crops in 
understood, future investigations will fields with sandy or shallow soil 
likely elucidate the finer points, 	 profiles. For most producers, however, 

other cultural manipulations are more 
Seasonal, climatic and biotic factors useful than field selection when 
play important roles in the individual farms arc evaluated. Soil 
development of aflatoxin in the field. profiles and their inherent moisture-
Some of these factors can be holding capacities are more variable 
influenced directly by the maize between farms at diverse locations 
producer, but among the methods used than within farms. Economic reasons 
to control aflatoxin development, some or consumption motivate growers to 
practices are economical and others plant maize instead of another crop. 
are too expensive for some producers However, in certain geographic areas 
to adopt, given the sporadic nature of some soils are not conducive to maize 
the problem. production, and aflatoxin 

contamination is a potential result of 
Producers have a vested interest in this unsuitability.
 
understanding the disease cycle of
 
Aspergillus flavus in maize, peanuts Hybrid Selection
 
and other crops, as such an (Maturity Group)
 
understanding will be instrumental in Investigations in the United States
 
economic evaluations of cultural during the last ten years have
 
control practices intended to minimize extensively examined the question of
 
losses from the disease. In addition, maturity group with respect to the
 
the concept of a "disease triangle" severity of the aflatoxin problem. From
 
involving host, pathogen and 1977 to 1979 the influence of hybrid
 
environment is a useful concept to maturity group was evaluated at
 
apply when evaluating control tactics several locations in North Carolina
 
for aflatoxin in field maize. Many (5,12,13). It was concluded that
 
cultural practices that are effective in aflatoxin was influenced by a complex
 
reducing the incidence of aflatoxin in of factors that increased plant stress
 
maize can be directly assessed for their during pollination and grain-filling.
 
influence on the disease cycle and the Hybrids of short, medium and late
 
disease triangle. In the following maturity exhibited differing quantities
 
discussion, the decisions of 10 of aflatoxin at harvest. However, these
 
producers are assessed for their role in differences appeared to interact with
 
minimizing the aflatoxin problem in other factors, including planting date,
 
maize. The producers' practices are location, and within-year climatic
 
discussed in the sequence of the factors (i.e., drought periods). Fortnum
 
production year. and some effort is
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and Manwiller (6) observed similar 
results'in evaluating 15 commercial 
hybrids from each of three maturity 
groups in South Carolina in 1979 and 
1980. In other tests where the 
influence of maturity group has been 
examined (15,17,18,30), little or no
consistency exists that can be 
attributed solely to maturity group. 

Certain factors that can bc regionally
associated with reduced aflatoxin levels 
(i.e., husk cover, pericarp thickness,
kernel hardness) may be useful sources 
of polygenic resistance to aflatoxin 
contamination, but most of these can 
be negated or overridden in some 
years. Thompson et al. (24) suggest
that aflatoxin synthesis in maize 
inbreds is heritable, but that these 
differences may be relatively small and 
may not be sufficient to serve as a 
practical source for genetic control of 
aflatoxin contamination, 

In Texas, producers do not consider 
aflatoxin in varietal selection, 
Unfortunately, most hybrids are 
selected on the basis of highest
potential yields in optimum production 
seasons. Seed producers in the USA 
are guilty of performance testing under 
maximum production conditions 
despite the fact that in most regions
(excluding the Corn Belt) these yield
levels are neither the objective nor 
reality of the average yield per unit 
area harvested. In Texas, producers are
encouraged to select hybrids from the 
results of on-farm testing. Educational 
programs stress the utility of regionally
adapted hybrids without regard to 
maturity group but with particular
attention to their ability to tolerate 
early planting (cold tolerance), 

Fertilizer Programs 
Higher levels of aflatoxins have been 
found to be associated with lower rates
of soil-applied nitrogen (1,12). In these 
studies, the nitrogen content of foliage
and grain was also lower in plots
having more aflatoxin. Mineralization 

of nitrogen in highly organic soils may
account for the reduced levels of 
aflatoxin associated with maize 
produced on t'hese soils as compared to 
sandy soils. Drought stress may affect 
the uptake and translocation of 
nitrogen in maize and may also
influence the physiological status of 
kernels as substrates for aflatoxin 
synthesis (10). 

In general, balanced fertility programs 
are suggested to minimize aflatoxin 
cantamination of field maize. In 
aadition to an at-plant application of 
nitrogen, phosphorus and potassium at 
rates targeted for production goals,
minor elements need to be added 
according to local recommendations to 
prevent infertility from being a limiting
factor. Split nitrogen applications are 
suggested for sandy soils, in which 
extensive leaching may remove 
significant amounts of preplant 
nitrogen. Nitrification inhibitors may
be useful in preserving the applied
nitrogen: however, their ability to 
preserve plant nitrogen in sandy soils 
may not Justify their cost. Gyr mm 
application was found to reduce the 
incidence of seed colonization by A. 
flavus in peanuts (21), but this was 
probably a function of the role of 
calcium in pod formation and pod
integrity and would not likely provide
functionxal reductions of A. flavus 
infection of maize. 

Intraspecific Competition
(Planting Density)
Plant population is one factor that 
remains exclusively a decision of the 
producer. It is , ]so one factor that 
could potentially have a dramatic effect 
on the epidemiology of A. flavus 
infection and subsequent aflatoxinproduction, but this question has not 
been intensively studied. Plant 
densities are a function of in-row
numbers of plants per linear measure 
of row, as well as between-row 
spacings. In the USA, row spacings for 
maize usually vary from 60 to 100 cm; 
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and May than in maize planted In 
row meter 

June. In 1974 experiments in Georgia,the number of plants per 

varies from 3 to 8. Consequently, plant 
anWidstrom et al. (30) reported

densities can vary from 25,000 to as 
increase In the percent of aflatoxin

much as 80,000 plants per hectare. 
contaminated samples in maize 

planted on April 19 as opposed to 
Plant density could potentially reduce 

flavus maize planted on May 2. 
the incidence of infection by A. 

by reducing exposure of the maize ears 
As was shown in North Carolina, the 

and silks (8,13,14,19,20) to airborne 
influence of planting date on aflatoxin 

spores due to a canopy effect (10). 
concentration at harvest is affected by

Elevated plant population initiates 
location, within-year climatic factors 

increased aflatoxin contamination 
(i.e., drought periods) and maturity

through intraspecific competition for 
factors of the hybrids tested 

moisture, nutrients and sunlight, 
(15,17,18.25). In most regions, spring

planted maize exhibits its optimum
Optimum planting density varies from 

yield when delayed just past the frost
region to region and from field to field 

free date. In Texas, maize planting is 
according to yield goals and potentials. 


not recommended until soil
 
In general, producers need to plant at 

10 0 C at an 18-cmtemperatures exceed
densities that optimize yieldc for 

depth for three consecutive days, but 
average years. particularly when 

producers are encouraged to plant as 
irrigation is not available. In regions 

soon as these conditions are met. 
where soil moisture at planting is a 


major influence on total water
 
Late planting shifts the ear 

available during the season, 
development phase of most cultivars in 

adjustments in seeding rate can be 
southern Texas from April/May to 

made to account for available soil 

May/June. This shift exposes the
 

moisture. Although this strategy has 
reproductive phase of the crop to 

proved useful for some crops, such as 
higher temperatures, higher inoculum 

wheat, it generally has little utility for 
loads and increased insect activity. In 

maize because of the tremendous 
some regions, planting dates are 

evapotranspirational (in-season) losses 
to take advantage of periods of 

associated with maize production, 	 selected 
higher natural rainfall that occur with 

statistical frequency at some particularPlanting Date 
time. The use of 100-year average

The influence of planting date has 
rainfall charts and other data bases to 

been investigated at diverse locations, 
predict planting dates that "on the 

and intensively within some 
give the best chance of gettingaveragegeographical regions. The effect of 

rain for optimum ... [maize] grain fill" 
planting date on the incidence of A. 

may be useful in nine out of ten years
flavus infection and subsequent 

or so. Such an area would probably
aflatoxin levels in preharvest maize is 

have an aflatoxin problem only one 
confounded by the influence of several 

year in ten. In Texas and other regions
other factors affecting the disease cycle 

of the southern USA, 100-year rainfall 
and disease triangle. In North Carolina 

averages look fairly consistent, but
1979, maize plantedfor both 1978 and 

in April had less aflatoxin at harvest 	 experience has shown that averages 

hide a tremendous amount of year-to
than maize planted in May at four 

year variations.
locations with hybrids consisting of 

early-, mid- and late-season maturity 

groups (12,13). In 1976 experiments in If planting dates are delayed by wet 

fields at planting time, or if drought
Florida and Georgia, Lillehoj et al. (16) 

stress occurs during pollination and 
reported a greater incidence of 

grain filling, then producers must be 
aflatoxin B1 in maize planted in April 

http:15,17,18.25
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conscious of other cultural practices
that could lower the potential foraflatoxin development in their crop
and take steps to prepare for them.Producers occasionally mention that 
planting delays result frorr, the need to
tend to more important crops; theseattitudes show the need for further
information about afilatoxin
development. 

irrigationThrefets ontdiseases 
The effects of Irrigation on theailatoxin content of maize have been
evaluated in North Carolina (13), South
Carolina (6) and elsewhere (3).Irrigation effects appear to be similar to
adequate natural rainfall in reducing
the incidence of A. flavus and
aflatoxin. Fortnum and Manwiller (6)observed that irrigation suppressed
afiatoxin levels in 14 or 15 hybrids
(five from each of the three maturity
groups) grown in South Carolina in1979. The effect of irrigation on
reducing aflatoxin was amplified in the presence of simulated corn earworm
[Hellothiszea (Boddie)] damage. 

The Influence of irrigation was
evaluated in North Carolina in 1978 
and 1979. The effect of irrigation was 
more pronounced in 1978, whendrought stress (as measured by leaf
xylem water potential) occurred duringthe silking to late dough stages ofgrain development. The results of the1979 tests were similar to those
observed by Fortnum and Manwiller intheir 1979 studies, which were
conducted 200 km to the south. In the
North Carolina study, irrigation
affected airborne Inoculum loads,

subsequent kernel infection, aflatoxin

concentrations at harvest aud yields. 


Producers generally use irrigation tooptimize maize yields. In Texas, 
growers are encouraged to plant maize
in fields where supplemental irrigation
Is available and sorghum where
irrigation Is not available. Maize is
much more sensitive to drought than 

sorghum is, and yield economics 
support this strategy. However, themaize needs of the swine and poultry
industries often dictate the need formaize planting in excess of available 
irrigated land. 

Interspecific Competition

(In-Season Biotic Stresses)

Aflatoxins have been shown to exist at 

higher levels in maize affected by other(4). Competition from
nematodes (5) and weeds (1) may alsocontribute to heightened plant stress.
In Texas, major gene resistance and
diligent screening and release 
programs have limited serious losses in
recent years to the foliar pathogens ofmaize, including Bipolarismaydis,
Exerohllum turclcurn and Puccinla
polysora. The selection of resistant 
cultivars has limited the potential
contribution of these diseases to plant
stress that may enhance aflatoxin
contamination. Soil-borne diseases,
including Macrophominaphaseolmia
(the incitant of charcoal rot) and plant
parasitic nematodes, may reduce 
effective root surface areas andcontribute to plant stress, although
research on these interactions is not 
yet available. 

Weed competition may also contribute 
to stress-induced aflatoxin problems,
although as with many ectoparasitlc
nematode problems, significant
competition usually occurs in years
with average to above-average rainfall,
and aflatoxins are usually rare tononexistant in such crop seasons. 
Seasons in which above-average
rainfall during the early vegetative
stages of crop development is followed
by drought during the reproductive 
stages may be considered seasons inwhich in-season biotic stresses fromnematode and weed competition couldhave their greatest influence. These
effects would likely be most evident In
sandy soils that support high
populations of nematodes and have
limited moisture-holding capacities. 
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Most foliar diseases in commercial (9). Early warning systems for 
maize hybrids do not reduce yields hurricanes and tropical storms along 
sufficiently to suggest an overriding coastal areas should be used where 
effect on aflatoxin levels. Exceptions do practical to minimize exposure of 
occur, as in the case of B. maydis on maize for extended wet periods. Early 
susceptible genotypes, but varietal harvest and artificial drying of suspect
selection usually will limit their maize will likely prove economical in 
severity. Nematode and weed control these situations. 
practices should follow general
production recommendations, and During the actual harvest operation,
when these factors are limiting, reducing the combine header speed to 
effective control measures should be minimize the harvest of fines and trash 
used. can lower aflatoxin content in maze. 

Kernels infected by A. flavus are 
Insect damage may also contribute to extremely friable. In addition, insect
aflatoxin in severat ways. Root and damaged kernels and kernel fragments
stalk damage can alter the physiology can contain a high percentage of the 
of affected plants in much the same aflatoxin in a given load. Combines 
way as other biotic stresses, and that collect and harvest ears from 
control practices should be utilized fallen stalks should not be used in 
according to local recommendations to regions where aflatoxin is a problem. If 
limit damage. hand harvesting is practiced in a 

region, workers should be trained to 
Harvest Practices recognize visible sporulation of A. 
Modifications in harvesting procedures flavus and discard ears heavily infected 
can effectively reduce the risk of with A. flavus or those in contact with 
marketing contaminated grain, the soil. 
Producers who suspect that aflatoxins 
may be a problem can examine fields The incidence of aflatoxin 
and collect ears for analysis two or contamination varies widely from field 
three weeks before harvest (5,11,23). If to field and also within fields. 
A. Ilavus is visible on a high Producers have found some utility in 
percentage ( > 10%) of ears sampled, a separating maize from their best fields 
grower may harvest early at high (fields with a history of high yields) 
moisture (26 to 28%), and artifically from maize produced in traditionally
dry the maize to a moisture content low-yielding or late-planted fields. 
below 13%; this effectively halts Maize from irrigated fields or high
aflatoxin build-up. This practice has yielding fields should be kept in tanks 
been adopted in some areas where the or truckloads separate from maize 
natural dry-down of maize is slow, but produced on late-planted fields or fields 
has limited utility in regions with little where irrigation problems (broken 
late-season rainfall or where pumps, etc.) may have developed 
maturation occurs during hot periods during the season. Marginal areas 
of the year. For this practice to be within a field may also be harvested 
adopted, the risk of further aflatoxin separately to reduce the risk of 
contamination must exceed the aflatoxin contamination of clean maize. 
expense of early harvest and artificial 
drying. After harvest, particularly of suspect, 

high-mo.tsture maize, transit delays to 
Late-season rainfall has been shown to the bu.yi,-ig point or storage bin should 
f~ignificantly contribute to aflatoxin be minimized. Aflatoxins have been 
content in maize left standing in the shown to Increase in truckloads of 
field (12,13) or in outdoor drying areas contaminated maize by as much as 6% 
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per hour of delay. Increased aflatoxin 
in storage from grain already 
contaminated in the field can have 
serious consequences for the producer. 

Tillage 
The effects of tillage can be divided 
into two categories, those that involve 
subsoiling to break up equipment
hardpan layers that develop at various 
levels below the soil surface, and 
inversion tillage that can influence 
sclerotial inoculum in the upper soil 
profile. Documentation of the 
economics of these practices as they 
relate to aflatoxin in corn is limited, 
Subsoiling or chisel plowing car 
effectively disturb soil hardpans and 
allow root exploration of greater soil 
volumes. This likely has a double-
edged effect on alleviating stress to 
maize plants at later stages of 
development by increasing the root/soil 
interface at lower soil depths. Also, 
root development is not restricted to 
upper soil zones where even modest 
drought periods deplete or eliminate 
soil moisture reserves due to the 
combined effects of plant uptake and 
surface evapctranspiration. 

Inversion tillage (depending on depth) 
may disturb shallow equipment pans,
but it might also have the benefit of 
burying sclerotia of A. flavus deeply 
tnough to prevent sporogenic
g.rmination on the soil surface during 
the cropping season. Wicklow and 
Donahue (26) demonstrated the ability 
of diverse isolates to germinate and 
produce conidia on the surface of moist 
sand. They suggest that sporogenic 
sclerotial germination in A. flavus and 
A. parasltcuscould be important in 
the dissemination of conidia as 
primary inoculum. Inversion tillage 
may be useful in limiting this source of 
inoculum, particularly in high-risk 
rotations (e.g., maize-maize or maize-
peanut). The benefits to subsequent 
peanut crops may not be so evident, as 
aerial dispersion of primary inoculum 
may not be as Important in that crop. 

The role of sporogenic germination of 
sclerotia may also have important 
consequences in no-till or minimum-till 
systems. The economic evaluation of 
modifications in tillage practices 
requires further investigation. 

Crop Rotations 
The influence of crop rotation and 
minimum tillage on the populations of 
A. flavus conidia in peanut, maize and 
soybean rotations has been 
investigated recently (3). Populations of 
A. flavus were found to significantly 
increase in field plots of maize planted 
in 1975 and peanuts planted in 1976. 
Unfortunately, this work focused on 
conidial populations that were 
numerous but highly variable. Conidia 
of A. flavus are reported to have a very 
short life span when moistened (2) and 
would not likely overwinter. Wicklow 
and Horn (27) observed that a mixture 
of 10 sclerotium-forming isolates of A. 
flavus produced large numbers of 
sclerotia in wound-inoculated 
preharvest maize. Additional studies 
by this group quantified the sclerotial 
inoculum. (28,29). They suggested that 
sclerotia may represent an important 
source of inoculum in fields 
continuously cropped to maize. Pettit 
and Taber (22) showed that peanuts 
harvested from land planted to peanuts 
the previous year exhibited a higher 
Incidence of A. flavus than peanuts
grown on land planted to other crops 
in the previous year. It would be of 
interest to re-evaluate the rotations 
conducted by Cole et a/. (3), with 
particular emphasis on quantification 
of sclerotial populations of A. flavus in 
association with the various maize, 
peanut, soybean and fallow cropping 
systems. 
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Effect of Environment on 
Aflatoxin Development in Preharvest Maize 

B.A. rortnum, Department of Plant Pathology and Physiology,
 
Clemson University, Florence, South Carolina, USA
 

Abstract 
The effect of cnvironment on preharvest infection, colonization and aflatoxin 
production in maize (Zea mays L.) by Aspergillus flavus Link ex Fries is 
summarized in this paper.Prehaivestcontamination of maize by aflatoxin is a 
dynamic process that involves the physiology of the host as well as that of the 
fungus. This review deals with two major environmental parameters,moisture 
and temperature, that affect the contaminationprocess. Droughtin 1977 and 
1980 predisposedmaize in the southeastern United States to aflatoxin 
production.The high temperatures,moisture stress and insect damage during 
those years provided strongcircumstantialevidence that environment had played 
a significantrole In aflatoxin development. Subsequent researchresults have 
confirmed the role of weather in preharvestcontaminationof maize by aflatoxin. 
Although temperatureand moisture have been shown to play a pivotal role in 
preharvestaflatoxin formation in maize, other weather variables may also 
influence toxin production. 

Resumen 
En este articulose resume el efecto del medio amblente en la inf'ecci6n, co!onizacl6n y
producc16n de aflatoxinas durantela fase de precosecha en maiz (Zea maya L.) con 
esporasde Aspergillus flavus Link ex Fries.La contaminaci6ndel malz con 
aflatoxinasantes de la cosecha es un proceso dinlmico en el que participan]a
flsiologla de ]a planta hu6sped y ]a del hongo. En esta revisl6n se analizan dos 
par.metrosfundamentales, la humedady ]a temperatura, que afectan el proceso de 
contam'nac16n.Las sequfas de 1977 y 1980 predispusieronal malz del sureste de 
Estados Unidos a la producc6n de aflatoxinas.Las altas temperaturas,la falta de 
aguay el dafo producidopor los insectos durante esos aflos brindaronimportantes
pruebas circunstancialesde que el ambiente habia desempeflado un papel importante 
en el desarrollode aflatoxinas.Los resultadosde investigacionesposteriores
confirmaronel papel que desempei)a el clima en ]a contaminaci6ndel malz por
aflatoxinasantes de ]a cosecha. Si blen se ha demostradoque ]a temperaturay la 
humedad desempean un papel fundamental en ]a formaci6n de aflatoxinas en el 
malz durante la fase de precosecha,es posible que otras variables del clima influyan
tambitn en ]a producci6n de toxinas. 

Surveys conducted in the southeastern with 297 samples of preharvest maize, 
United States demonstrated that 49.5% contained detectable levels of 
Aspergillus flavus and aflatoxin are atlatoxin and 62% of these contained 
present in preharvest corn (6,12,13). more than 20 ppb (12). Severe 
As early as 1920, rlaublenhaus droughts in 1977 and 1980 
observed A. flavus growth on predisposed maize in the southern US 
developing maize cars (27): however, to allatoxin formation, and awareness 
the potential of the aflatoxin problem of the possible magnitude of the 
was not realized until 100.000 turkey problem increased. Manwiller and 
poults died from aflatoxicosis in Fortnum (18) estimated that during 
England in 1960. In a subsequent 1977 90% of the maize crop in South 
survey conducted in South Carolina Carolina was contaminated with 
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aflatoxin, rendering some samples 
unfit for consumption by livestock or 
humans. 

In the midwestern USA, aflatoxin 
contamination of field maize is 
considered primarily a storage 
problem. These regional variations led 
to early speculation that the 
environment plays a significant role in 
preharvest aflatoxin development. 
Maize grown in the southern USA is 
exposed to higher temperatures and 
more moisture stress and insect 
damage than maize grown in the 
Midwest. Two decades of research have 
confirmed that environmental variables 
affect the colonization of developing
maize kernels and the subsequent 
formation of aflatoxin. This article 
discusses the two environmental 
variables, moisture stress and high 
ambient temperatures, that were most 
important in the southern USA during
the drought years of 1977 and 1980. 

Moisture Stress 
In evaluating the role of moisture 
stress in aflatoxin formation in 
preharvest maize, both the moisture 
requirements of the fungus and the 
basic changes in host physiology 
resulting from drought need to be 
considered. Widespread drought has 
occurred every year for the past ten 
years in South Carolina, and aflatoxin 
contamination of maize has been a 
serious problem. Other researchers 
have noted the association of aflatoxin 
formation with drought (11), but a 
clear correlation between rainfall and 
aflatoxin formation has not been found 
in all studies. Stoloff and Lillehoj (25) 
reported that levels of aflatoxin in 
several southern locations were higher
in 1980 than in 1979, in spite of 
Irrigation both years. The variations in 
research results suggest that the 
preconditioning of maize to aflatoxin 
production involves a multitude of 
factors that may work interactively or 
independently to alter the level of 
aflatoxin at harvest. 

The viability of A. flavus spores is 
affected by such environmental 
conditions as moisture and 
temperature; generally, at a given 
relative humidity, increasing the 
temperature lowers the viability of the 
fingus spores (28). Teltell (28) reports
that a narrow band of relative 
humidity (RH) of around 75% at 29 0 C 
had a lethal effect on the conidia of 
A. flavus. As temperatures increased, 
the lethal RH band shifted from 75% at 
29 0 C to 81% at 450 C. The effect of the 
lethal RH zone on the epidemiology of 
A. flavus is unknown, and it may play 
a role in the variability in aflatoxin 
levels observed between locations. 

A popular measure of water availability 
to microorganisms (water activity or 
AW) is the ratio of the vapor pressure
of the water in the substrate to that of 
pure water at the same temperature
and pressure. Ayerst (2) studied the 
germination and growth rate of 
A. flavus through a range of 
temperatures and water activittes. The 
minimum AW for growth was 0.78, 
with the optim,-m greater than 0.98. 
The greatest tolerance of low water 
activity occurred at the optimum 
temperature of 33uC. No difference was 
observed among A. flavus strains. 

Northolt et al. (16,17) evaluated the 
role of AW on the growth and aflatoxin 
production of A. flavus and 
A. parasltlcus.At a high AW, !I 
optimum temperature for aflatoxin BI 
production varied with the strain of 
Aspergillus tested. Optimum 
temperatures varied from 130 to 160,
160 to 240 and 240 to 310 C. An AW of 
0.95 or less, coupled with moderate or 
low temperatures, inhibited toxin 
production more than fungal growth. 
At high temperatures, substrate and 
fungal strain have a greater influence 
on toxin production than AW. Diener 
and Davis (3) reported an optimum AW 
of 0.95 to 0.99 for A. flavus, depending 
on the substrate. The alfferences 
among fungal strains observed by 
Northolt et al. (16) may explain the 
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different optimum temperatures There is strong evidence to support the 
reported for toxin production, moisture stress-aflatoxin hypothesis-
Therefore, substrate, fungal strain and however, several studies have shown 
temperature determine the optimum that irrigation does not always reduce 
AW. It was also noted that aflatoxin- aflatoxin levels. Stoloff and LillehoJ (25) 
positive and -negative strains reacted reported that aflatoxin levels in 
similarly with respect to growth under preharvest maize remained high at five 
various conditions, locations throughout the southeast in 

spite of irrigation to reduce moisture 
In stored maize grain, moisture levels stress. Fortnum and Manwiller (5) 
must be above 16% (21) to 17.5% (15) could not demonstrate a reduction in 
to allow colonization by A. flavus. aflatoxin after irrigating maize in 
However, under field conditions, maize which A. flavus conidia were applied to 
inoculated in the late dough stage of intact kernels. Irrigation did reduce the 
development (when this stage coincides level of aflatoxin in kernels receiving 
with high temperature3) has the A. flavus inoculation plus mechanical 
highest aflatoxin levels at harvest (29). injury. These results suggest positive 
Inoculation of maize ears in the field interactions between insect damage 
indicated that maximum fungal and drought stress. 
infection occurred when ears were 
inoculated in the late milk to early One role of irrigation that is frequently 
dough stage (20). Aflatoxin production overlooked is its effect on the 
was greatest in ears inoculated 21 to epidemiology of A. flavus and levels of 
42 days following midsilk, and airborne fungal propagules. Jones et al. 
harvested from 6 to 9 weeks after silks (9) found a significant reduction in 
flist appeared (40). Little toxin was airborne propagules of A. flavus in 
formed when ears were inoculated at irrigated maize. lI center-pivot 
the time silks first appeared. Widstrom irrigation systems covering large areas, 
et al. (31) also reported that the the reduction in airborne A. flavus may 
greatest toxin production was in ears play a significant role in decreasing 
inoculated 20 days following midsilk. preharvest infection of r-riize and 
The moisture content of maize 21 to subsequent aflatoxin production. 
42 days following first silk ranged from 
27% to 35% (10). The role of moisture stress on host

plant physiology and its influence on 
Several authors have shown a negative toxin formation is a new area of 
correlation between irrigation and investigation. Although a direct cause 
preharvest aflatoxin production in and effect relationship may be difficult 
maize (5,9). Jones et al. (8) found to prove, there is ample evidence to 
higher aflatoxin levels in maize in the show an association between moisture 
more drought-prone soils of the coastal stress and the increased occurrence of 
plain than in the tidewater region of aflatoxin. Changes in host physiology, 
North Carolina, where the soils have a such as alterations in the composition 
greater water-holding capacity. Kernel of carbon or nitrogen compounds or 
infection in irrigated and nonirrigated their concentrations in developing 
maize was compared for 1978 and kernels, may enhance the
 
197'?, !.-rigatedplots contained establishment of A. flavus or the
 
significantly lower levels of kernel biosynthesis of aflatoxin (11). Increased
 
infection (9). Subsoilling with a hardpan aflatoxin production in nitrogen
has been shown to reduce aflatoxin, stressed maize underscores the
 
again implicating moisture availability importance of host physiology in the
 
in the soil as a factor in the tendency process (8).
 
of maize to produce aflatoxin (19).
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Temperature
In the southeastern USA temperature 
may be the single most important
environmental factor influencing thepreharvest infection of maize by
A. tlavus and the production ofaflatoxin. Aflatoxin oitbreaks observedin the south during t . hot dry
seasons of 1977 nnd 1980 provide
strong evidence for this. Most fungi

flourish between 200 and 300C 
 butA. flavus has a much broader 
temperature range and may be

classified as mesophilic, since its
optimum growth temperature is in the range of 351C. Schindler et al. (22)
evaluated the effect of temperature onthe growth of A. flavus and aflatoxinproduction from 20 to 521C. They
observed the maximum levels of toxinproduction on Wort media at 240C;
however, the maximum growth of A.flavus occurred from 290 to 350C, and no relationship was observed between
the growth rate of A. flavus and the
levels of toxin produced. Little or no

toxin was produced at temperatures
below 180C or above 350C. A similarreport by Ayerst (2) listed the optimum
temperature for spore germination andgrowth of four isolates of A. flavus to
be between 300 ard 400C. If adifferent substrate of A. flavus isolate
is used, considerable variation inresults can be obtained. Sorenson et al.(24) reported the highest levels of toxinproduction on rice media at 280 to320C. Diener and Davis (4) observedsimilar levels of aflatoxin production inpeanuts stored for 21 days at 

temperature from 150 to 210C after 24hours and then to 280C after 48 hours
resulted in a fourfold increase inaflatoxin compared to cultures heldconstant at 280C. Schroeder and Hein
(23) noted that short periods of hightemperature (400 to 500c) in each24-hour diurnal temperature cycle
reduced the growth of A. parasltcus
and the production of aflatoxin; also,
the ratio of aflatoxin B1 to G1increased. A diurnal cycle of 250C withshort exposure to temperatures as low as 100C had no effect on toxin orgrowth of A. paraslticus,and the ratioof B1 to G1 remained the same. 

The effect of temperature cycling ofaflatoxin B1 and GI was also studied
by Lin et al. (14). It was observed thatcycling the temperature between 330

and 150C favored aflatoxin BI
production, whereas a temperature

cycle of 250 to 150C favored the

production of G1. The authors
suggested that the enzyme responsible

for the conversion of B1 to G1 might

be more effmcient at 250C than at
330C. Stutz and Krumperman (26)

related total heat input to toxinproduction under conditions of diurnal
and nocturnal time-temperature
sequencing. Thermal input (degree
hours/day) could be related to fungussporulation and toxin biosynthesis.
Three responses were described: withinputs of less than 208 degree
hours/day, no growth was detected;with inputs ranging from 208 to 270degree hours/day, mycelial growth andtemperatures rangiLg from 250 to

350C. pigments were observed; and with an
input above 270 degree hours/day, 

Preharvest development of aflatoxin in heavy sporulation and aflatoxinbiosynthesis occurred.maize occurs in an environment ofconstantly changing temperatures, Temperature has a direc'. effect onwhich may play a major role in thecumulative levels of aflatoxin at 
A. flavus infection in mrize. Jones etal. (7) showed warm temperatures (320harvest. The effect of temperature

cycling on A. parasltcusgrowth has 
to 380C) favored the infection ofkernels more than cool temperaturesbeen the subject of several

investigations. West et al. (30) reported 
(210 to 260C). Thompson et al. (29) 

that increasing the incubation 
showed the highest levels of aflatoxin
occurred in a 300/260C and a 9/15 
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hour respective day/night temperature 6. Hesseltine, C.W., O.L. Shotwell,
regime. Infection of developing kernels W.F. Kwolek, E.B. LillehoJ,
occurred through the silks independent W.K. Jackson and R.J. Bothast. 
of insect vectors. The key factor in the 1976. Aflatoxin occurrence in 1973 
infection of kernels through silks corn at harvest. II. Mycological 
appears to be temperature. At higher studies. Mycologia 68:341-353. 
temperatures (300C) the growth rate of 
A. 	 flavus gives it a competitive 7. Jones, R.K., H.E. Duncan,
advantage over other ear-inhabiting G.A. Payne and K.J. Leonard. 
fungi. It has also been suggested that 1980. Factors influencing infection
A. 	flavus may have an increased by Asperglllus Pavus in silk
parasitic ability at higher temperatures inoculated corn. Plant Disease 
(7). 64:859-863. 
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Aflatoxin and Aflatoxin-Producing Fungi in Soil 

J.S. Angle, Department of Agronomy, University of Maryland, 
College Park, Maryland, USA 

Abstract 
Presenceof aflatoxin in the sofl raisesa number of serious environmental 
concerns regardingplant uptake, leachingand antagonisticeffects on the soil 
microbialpopulation. Studies were conducted to determine the number of 
aflatoxin-producingfungi in soil, as well as the fate of aflatoxin in soil. The 
occurrence of Aspergillus flavus and A. parasiticus in soils under variouskinds of 
cultivation and croppingsystems and theirability to produceaflatoxin was 
determined. ConventionaltillagepracticesIncreased the soil population of A. 
flavus and A. parasiticus. Under convenional tillagepractices,a soil croppedin a 
red clover-wheat-maizerotation was found to have 256 A. flavus and A. 
parasiticus propagulespergram of soil, whereas no propagules of the two species 
were detected in a virgin prairiesoil. Aspergillus parasiticus Isolates generally 
possesseda greaterability to produce aflatoxin than did A. flavus isolates. 
Aflatoxin B I added to soil rapidly decomposed to aflatoxin B2, a much less toxic 
form. Because the reaction was complete within four days, the conversion was 
thought to be chemically mediated.Aflatoxin B2 degradedmore slowly, with a 
detectablepresence in soil 77 days after the original dflatoxin B I was added. The 
complete microbialdecomposition of 1 4 C-aflatoxin BI, as measured by C02 
evolution, accounted for 14% of the added 1 4 C in 112 days of incubation. When 
aflatoxin Bi decomposition was monitored in several soil types, decomposition 
rates were ibund to vary. Aflatoxin degradedmost quickly in a fertile silt loam 
soil and slowest in a silty clay loam soil. In the silty clay loam soil, it was shown 
that a conjugate was formed which reduced the rate of decomposition. Therefore, 
few if any adverse environmental consequences would be expected from the 
introductionof aflatoxin into soil. 

Resumen 
La presencia de aflatoxinas er, el suelo pantea diversos problemas amblentalesgraves 
respecto a la captaci6npor partede las plantas.lixiviaci6n y efectos antag6nicosen la 
poblaci6n microbianadel suelo. Se Ilevaron a cabo estudios para determinarel 
nimero de hongos que producen aflatoxinas en el suelo, as! como el destino de las 
aflatoxinasen el suelo. Se determin6 tambi6n ]a presencia de Aspergillus flavus y
A. parasiticus en suelos baJo diferentes sistemas de sienibray cuitivo, y su capacidad
de produciraflatoxina. Las pricticasde cultivo convenclonales Incrementaronla 
poblaci6n de A. flavus y A. parasiticus en el suelo. Se encontr6 que, con pricticasde 
cultivo convencionales,un suelo en el que se rotaban cultivos de tr~bol rojo, trigoy 
maIz presentaba 256 propigulosde A. flavus y A. parasiticus por gramo de suelo, en 
tanto que no se detectaronpropigulosde ninguna de las dos especles en un suelo de 
praderavirgen. En general,los cultivos puros de Aspergillus parasiticus presentaron 
una capacidadmayor de produciraflatoxinas que los de A. flavus. La aflatoxinaB1
agregadaal suelo se descompuso rpidamentea aflatoxinaB2 , una forma mucho 
menos t6xica. Dado que ]a reacc16n se complet6 en cuatro das, se pens6 que ]a
conversl6n se Ilevaba a cabo graciasa una medlaci6n quimnlea. La aflatoxinaB2 se 
degrad6 con mayor lentitud y fue pusible detectarsu presenciaen el suelo 77 das 
desputs de agregar]a aflatoxina B1 original.La dcscomposici6n microbianacorleta 
de 24 C-aflatoxinaBi, medidapor ]a evoluc16n del CO2 , represent6el 14% de ]a 14 C 
en 112 das de incubaci6n.Se descubr6 que los Indices de descomposici6n de la 
aflatoxina BI variabanal supervisardicha descomposicl6n en distintos tipos de suelo. 
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La aflatoxina se degrad6 con mayor rapidez en un suelo margoso lmoso fdrtll y con 
mayor lentitud en un suelo margoso de arcilialimosa. En el suelo margoso de arcilla 
limosa. se demostr6 que se formaba un conjugado que reducla el Indice de 
descomposlci6n. En consecuencla, la introduecl6n de aflatoxinas en el suelo 
producirlapoco o nlngfin efecto amblental negativo. 

Recent studies have demonstrated that 
Asperglllus flavus Link ex Fries and 
Asperglllus paraslticusSpear often 
infect field maize prior to harvest 
(14,18,20). The source of inoculum for 
field infection is thought to be the soil 
where these organisms are commonly 
found. Spores in the soil could be 
transmitted by wind or insects to the 
infection site on the standing crop (6). 

The soil population of A. flavus and 
A. parasltlcusis therefore important. 
Griffin and Garren (7) have quantified 
A. flavus in Virginia field soils where 
peanuts were grown and found from 
0 to 105 A. flavus propagules per gram 
dry soil. Bell and Crawford (4), using a 
Bortran-amended medium, found 
5 x 103 to 2 x 104 A. flavus 
propagules per gram soil in a peanut 
field in Georgia. In Missouri, the soil 
population of A. flavus has been 
reported to range from 0 to 2 x 103 
propagules per gram soil (22). Swedish 
researchers have also reported high 
quantities of A. flavus in soil (5). 

Previous studies have shown that 
many soil fungi are significantly 
influenced by cultural practices 
(8,9,15). Presumably. the soil 
population of A. flavus and 
A. parasitlcusmay also be influenced 
by such practices as fertilizer 
application, crop rotations and manure 
application, 

The possibility exists that aflatoxin is 
produced directly in soil. While 
aflatoxin may be produced in situ by 
the indigenous population, it could also 
arise from the disposal of aflatoxin-
contaminanted maize into soil. When 
the aflatoxin concentration in a crop 
exceeds the US Food and Drug 
Administration limit of 20 pkg/kg "1 . the 

crop is considered unfit for interstate 
transport. Crops too contaminated to 
be transported are often disposed of by 
burial in the soil (3). 

The presence of aflatoxin in soil raises 
a number of serious environmental 
concerns. Aflatoxin has previously 
been shown to affect many aspects of 
the soil microbial population (2). 
Adverse effects on plant growth, as 
well as aflatoxin uptake by plants, 
have also been documented (16.19). 
Aflatoxin leaching through the soil 
profile and into the groundwater is 
another potential concern. 

To study some of these problems and 
questions, several experiments were 
conducted. Initially, the population of 
A. flavus and A. parasiticusin soil 
under various cultural and cropping 
systems was determined. These 
isolates were then screened for their 
ability to produce aflatoxin both on 
artificial media and in soil. Aflatoxin 
was subsequently added to soil to 
determine the toxin's persistence and 
subsequent potential as an 
environmental problem. 

Materials and Methods 
Soil populations of A. flavus and 
A. parasiticus 
The population of A. flavus and 
A. parasitlcuswas first determined in 
eleven soils. Ten samples were 
collected from Sanborn Field at the 
University of Missouri, Columbia. 
Missouri. The soil of this field is a 
Mexico silt loam (Udollic Ochraqualf; 
fine, montmorillonitic, mesic). Tillage, 
rotation, fertilizer and irrigation 
treatments are shown in Table 1. The 
soil fungal population was also studied 
in a virgin, tall-grass prairie (Tucker 
Prairie) located near Hatton, Missouri. 



Table I.Population and aflatoxin production of A. flavus and A. parasiticus in soil under various cropping
systems 

Relative aflatoxin production
Aspergillus (% of total isolates)isolates per A. flavus A. parasiticusCropping system 	 Total fungi Z 108 
g dry scil None Medium High None Medium High per g dry soil 

Conventional
 
(Wheat-red clover-maize 
rotation)
Full treatment 271 aW 13 14 9 0 35 29 
 4.9No treatment 217 a.b 4 44 9Manure 279 a 7 17 0 	

0 30 13 1.8
 
3 52 21 6.4
 

Continuous maize
No treatment 103 c.d 4 42 0 0 47Manure 7 1.0
108 c.d 7 47 5 1 30 10 1.9
 

No-till. full treatment 
(Soybeans-wheat and 
soybeans-maize)

Soybeans. irrigated 25 e 0 11 0 0 61 28 5.5
Wheat and soybeans.
irrigated 124 b.c.d 20 42 0 	 0 27 11 5.7Soybeans 
 65 d.e 17 39 8 0 30 6 9.0Wheat and soybeans 147 b.c 14 33 2 5 25 21 5.2 

Continuous maizeFull treatment 177 bc 6 23 0 0 56 15 9.6 

Virgin praire soil 0 e 0 0 	 00 0 0 4.5 
Mean 9 31 3 	 401 	 16 
_a
Values followed by the same letter are not significantly different at the 0.05 level according to Duncan's multiple range

test using triplicate sampling of soil composites collected from each plot at monthly intervals from May to October 
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This soil had never been cultivated or five grams of dry soil were weighed 
received any soil amendments. The into flasks for incubation. One set of 
prairie soil is a Putnam silt loam soil samples was treated with 14C. 
(Mollic Albaqualf; fine aflatoxin B1 (53 mCi mmo1- 1 ) at a rate 
montmorillonitc, mesic). of 4.7 Ag/kg dry soil-1. Another set 

received the same aflatoxin B 1 plus 50 
Soil samples were collected once a mg of wheat straw. The straw and 
month from May to October. Five glucose additions approximated annual 
random soil cores from each plot were increments of crop residues 
collected at depths of 0 to 3 cm, placed incorporated into soil. A fourth set 
in sterile plastic bags and immediately remained untreated. Each treatment 
transported to the laboratory for was replicated three times. 
microbial analysis. Three separate soil 
composites were taken from each plot Soils were incubated for 112 days, 
sample. during which time moist C02-free air 

was passed through the incubation 
Representative 10-g units of soil were flask at a flow rate of 60 ml/min-1. and 
aseptically transferred to a bottle the C02 was collected in 1.0N KOH. At 
containing 95 ml of a phosphate buffer specified intervals, the C02 trapped by 
solution. The soil suspension was the KOH was precipitated with 3.ON 
shaken for ten minutes on a reciprocal BaCI2. Each precipitate was filtered 
shaker, serially diluted and the through a sintered glass funnel, 
appropriate concentration was spread washed free of salts with hot distilled 
plated onto a Bortran-amended water and dried at 1050C. A portion of 
medium developed by Bell and the precipitate was finely ground and 
Crawford (4). The selective media was suspended in a scintillation counting 
specifically designed for the Isolation of solution. Cab-O-Sil gel was used as a 
organisms in the A. flavus group. suspending agent. 
Fungal plates were incubated at 30 0 C 
for four days. A separate experiment monitored 

changes in the structure of aflato!:Jn 
Aspergfllus flavus or A. parasltfcus Bi added to soils. Aflatoxin was 
colonies were counted, isolated and initially added to 100 g of soil at a rate 
transferred to a coconut agai medium, of 10,000 ,g/kg-1 aflatoxin BI (Applied 
This medium, designed by Lin and Science, State Park, Pennsylvania), 
Dianese (11), was used to distinguish using the method described in the 
A. flavus from A. paraslticusIsolates previous experiment. The high rate 
and to determine their ability to was used to provide for parent and 
produce aflatoxin. Isolates were divided derivative compounds that could be 
into three separate groups according to easily extracted and quantified. 
their ability to produce aflatoxin. The 
accuracy of this technique was tested Periodically, 10 g of soil was removed 
by periodically extracting the agar from the incubation flask and analyzed
media with acetone. for aflatoxins. The acetone extraction 

and analytical techniques followed 
Aflatoxin decomposition those of the Association of Official 
To significantly affect the soil Analytical Chemistry (1). Extracts were 
environment, aflatoxin must persist. compared against the standard 
Aflatoxin persistance and aflatoxin BI, B2. GI and G 2 . 
decomposition were first determined in 
a Mexico silt loam soil. Aflatoxin B I , Another study was conducted on the 
uniformly ring labeled with 14C, was influence of soil type on aflatoxin 
obtained from Moravek Biochemicals decomposition. Uniformly ring-labeled 
(City of Industry, California). Twenty- aflatoxin was added to several soils to 
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determine the rate of decomposition.
The 14 C-labeled aflatoxin B1 was 
incorporated into the soil at a 
concentration of 57.2 pg/kg1. The 
aflatoxin was added to the soils using
the methods described previously, 
Moist CO2-free air was passed over the 
soil, and the resulting C0 2 produced in 
the soil was collected in 0.5N KOH. At 
specific intervals, 5.0 ml of the KOH 
was added to 10.0 ml of a scintillation 
cocktail (Beckman Ready-Solv MpR) for 
counting. 

The 14 C-labeled aflatoxin was added to 
three soil types, as Beltsville silt loam 
(fine loamy, mixed, mesic typic
Fragiudult), a Sassafras sandy loam 
(mixed, mesic typic Hapludult) and a 
silty clay loam collected from the B 
horizon of a Fauquier silt loam (fine,
mixed, mesic ultic Hapludalf). In 
addition, the 1 4 C-labcled aflatoxin was 
added to the silt loam soil which had 
been amended to 50,000 jtg/kg'l 
aflatoxin B 1. The purpose of this 
treatment was to determine whether a 
high concentration of aflatoxin was 
capable of inhibiting its own rate of 
decomposition. Pertinent soil character-
istics are presented in Table 2. 

Preliminary results indicated that the 
rate of decomposition in the silty clay
loam soil was much slower than in the 
other soils. Therefore, an additional 
experiment periodically extracted the 

aflatoxin from the silty clay loam soil 
to identify the aflatoxin decomposition 
products. The adsorption rate of 
aflatoxin in the test soils was assayed
in an isotherm study. A mixture of 
labeled and unlabeled aflatoxin B1 was 
used to obtain the desired 

1 0 concentrations. A -1 1aliquot of 1 4 C_ 
labeled aflatoxin B1 was added to glass 
centrifuge tubes. The amounts of 
unlabeled aflatoxin B1 were 0.1, 1.0, 
5.0 and 10.0 mg/liter-I aflatoxin B1 .
 
Three replications per concentration
 
were used for each soil, plus a control 
containing no aflatoxin. The methanol 
was evaporated from the tubes and 10 
ml of distilled and demineralized water 
was added to the aflatoxin resldue. A 
0.5-g sample of soil was added to each 
tube and placed on a shaker-incubator 
at 251C for two hours, a time period
shown to be adequate for completion of 
the adsorption reaction. The tubes 
were subsequently centrifuged for one 
hour at 22,000 g and 251C. A i-ml 
aliquot of the supernatant was 
removed and placed into 9-ml 
scintillation cocktail (Beckman Ready 
Solv HP) for counting. After 
determination of remaining aflatoxin, 
the aflatoxin adsorbed to the soil was 
calculated by subtracting the total 
amount of aflatoxin added to the 
centrifuge tubes from the amount In 
solution. Freundlich's adsorption 
coefficient (K) and I/n values were 
determined. 

Table 2. Characterization of soils used in aflatoxin decomposition and 
adsorption studies 

Mechanica analysis 
(g/k-1)

Soil pH Sand Sand Clay 

Silt loam 5.8 267 397 336 
Sandy loam 6.0 647 232 121 
Clay loam 4.2 358 367 275 
Silty clay 7.3 229 392 378 
loam 

Cation 
exchange

Organic capacity 
matter (cmol
(g/k-Il) (+)/kg-l) 

29 11.72 
15 5.35 
18 6.60 
6 18.04 
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Results and Discussion cultivated soils because of the
Soil population of A. flavus and extremely low maize yield. The simple
A. parasiticus addition of manure was inadequate forThe total number of A. fiavus and good yield, and the maize stover hadA. parasiticuspropagules isolated from been removed from the two plots each
individual plots of Sanborn Field was year along with the grain.
determined (Table 1). Since no

significant population differences were 
 The number of isolates of A. flavus andobserved through the growing season, A. parasiticuswas notably lower in thepopulation values were combined over plots where soybeans were planted astime. The combined results of 20 a full-season crop than where soybeansplates for each of three composite soil were double cropped with wheat.
samples and six sampling dates These results indicate that rotation ofprovided a plot sample which generally maize with soybeans rather than wheattotaled at least 35 isolates of A. flavus provides better control of these fungi.and A. parasiticus. During the entire course of the study, 

no A. flavus or A. parasittcusisolatesThe largest population of A. flavus and were found in prairie soil. ApparentlyA. parasiticuswas observed in soils the residues of prairie grasses and

cultivated in a three-year rotation of 
 other species are not appropriate
wheat-red clover-maize (265 substrates for A. tfavus and

propagules/gram). The conventional 
 A. parasitlcusdevelopment.
plots differed from the others in their

cultivation by nominal tillage practices, 
 The relative proportion of A. flavus and
which incorporated large particles of A. parasitlcus,showed that A. flavus
maize plant residue into the soil. 
 comprises approximately 43% of thePresumably the icsidue from the total and A. parasiticus,approximately
previous year's crop was the growth 57%. The distribution was unexpected

site of A. flavus and A. parasiticus.The because preharvest maize grain is

population was lower with no-till 
 infected almost exclusively by
cultivation, because the maize residue A. flavus (10). The large population of was not incorporated, but remained on A. parasitlcusobserved in soils
the soil surface. This hypothesis is apparently does not result in asupported by a supplemental study significant infection of preharvest
conducted by the authors in which no- maize kernels. A large soil population
till and conventionally cultivated plots of A. parasfticushas also been were compared for A. flavus and observed by Lillehoj et al. (10). These
A. parasltlcuspopulations by authors studied the population ofexamining the residue per se. Under A. flavus and A. parastcis in soil andno-till cultivation. 85% of the total from soil insects. Of the 30 isolates
population of A. flavus and A. identified, 17 were A. llavus and 13
parasiticuswas associated with plant were A. parasiticus.

residue.
 

Aflatoxin production relative to theThe other conventionally tilled plots various isolates of the two species isunder study were continuous maize characterized in Table 1. Asperglllus
without treatment and a similar plot parasiticusisolates generally produced
which received an annual application higher quantities of aflatoxin thanof manure. The population of A. flavus A. flavus. Aspergillus parasiticus
and A. parasiticusin these plots was isolates producing a high amount of103 and 108 propagules per gram dry aflatoxin averaged 16% of the totalsoil, respectively. Presumably, the number of isolates, whereas A. flavus
population in these soils was lower isolates producing high amounts ofthan for the other conventionally aflatoxin accounted for 3% of the total. 



158 

Aspergillusparasiticusisolates that 
failed to produce aflatoxin accounted 
for only 1% of the total number of 
isolates, whereas 9% of A. flavus 
isolatcs were nonproducers. 

Aflatoxin production directly in soil 
was also investigated. All the test soils 
containing significant populations of 
aflatoxin-producing Aspergillus were 
extracted with acetone and analyzed 
for the presence of aflatoxin. No 
aflatoxin was detected. The absence of 
toxin was probably due to the low 
concentrations and highly localized 
production, prohibiting detection by 
conventional procedures. 

Aflatoxin decomposition 
The evolution of 14CO2 from the 
aflatoxin B i-amended soil during 
incubation was determined (Figure 1). 
During the first week, all treatments 
exhibited a relatively high rate of 

14.0

* -oAflataxln 

12.0 - - Aflatoxin plus wheat straw 

*- Aflatoxdn plus glucose 

10.0 

r 8.0 

6.0 

4.0 

2.0 

0.0 

0 14 28 42 56 

14C02 evolution: this may have been 
due to the presence of 14 C 

contaminants with simple carbon 
structures in the aflatoxin B or 
microbial stimulation associated with 
rewetting an air-dried soil. 

Following the initial flush of 14CO2 
from all treatments, 14CO2 evolution 
decreased to a slower rate. The soil 
treated exclusively with aflatoxin BI 
exhibited a constant rate of release of 
14CO2 from 7 to 112 days. After 112 
days, 14% of the 14 C-labeled aflatoxin 
added to the soil was recovered as 
14CO2. Soil amended with aflatoxin BI 
and wheat straw showed a somewhat 
reduced but relatively constant rate of 
14CO2 evolution from 7 to 112 days. 
At the conclusion of the experiment, 
9.7% of the total labeled 14C had been 
released. The lower rate of 14CO2 
evolution in the straw-amended soil 
may have resulted from a binding of 

70 84 98 112 
Time (days) 

1 4 C0 2Figure 1. Percent C recovered as during incubation of soil treated 
1with 4.7 /g/kg- of 1 4 C-labeled aflatoxin BI 
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aflatoxin or its degradation 
intermediates to compounds produced 
by microorganisms decomposing the 
straw. 

Soil treated with aflatoxin B1 plus
glucose demonstrated the highest 
initial release of 14 CO 2 . However, the 
rapid initial activity subsided abruptly, 
and very little 14CO2 was evolved from 
7 to 49 days. The rate of 14CO2 
evolution increased after this time but 
remained less than that for either of 
the two treatments, and at 112 days 
only 6.3% of the total 14C had been 
released. Glucose is known to greatly 
stimulate development of the soil 
microbial population and to be utilized 
in a short time (17). Presumably. the 
glucose was exhausted in one week, 
leaving a large population without the 
necessary energy for maintenancc. The 
initial population died and decayed in 
the following several weeks, while the 
secondary population may have bound 
aflatoxin or its degradation 
intermediates, thereby preventing its 

3.0 

j2.0 

1.0 

O00
 

0 7 ;1 3549 

complete mineralization to C02. After 
the microbial population stabilized, the 
evolution of 14C02 resumed at a 
relatively slow rate. 

Structural alterations in aflatoxin B I
occurred when it was added to the soil. 
Changes in concentration of aflatoxin 
BI and the decomposition compounds 
that resulted from the chemical and 
microbial attack of aflatoxin Bi during 
an incubation of 11 weeks were 
elucidated (Figure 2). After being added 
to the soil, the aflatoxin B1 
concentration rapidly decreased. The 
rate indicated the involvement of a 
chemical mechanism. Aflatoxin B2 was 
the first observed product after adding 
aflatoxin B1 to the soil; this compound 
results from a reductive attack of the 
vinyl ether double botnd of aflatoxin 
B 1 . Approximately 50% of the 
extractable aflatoxin BI was 
immediately reduced to aflatoxin B2. 
The concentration of aflatoxin B2 
rapidly increased, reaching a 
maximum at three days and then 

* Aflatoxin 1 

Anatoxin 8,2 

Anstoxdn 0 2 

6377
 

Time (days) 

Figure 2. Concentration of extractable aflatoxin species during
incubation of soil treated with 10,000 1g/kg "1 aflatoxin B 1 
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gradually decreasing. Aflatoxin B2 was into new microbial protoplasm or soil 
no longer detectable 77 days after organic matter. 
adding aflatoxin B1 to the soil. 

Aflatoxin decomposition in the same 
Low levels of aflatoxin G2 were soil amended with 10,000 /g/kg-1
observed one day after the addition of aflatoxin B1 indicated that the high
aflatoxin B I to the soil. The concentration of aflatoxin reduced its 
concentration of this compound slowly decomposition rate only during the 
increased for 14 days, then gradually first 20 days of incubation. It is likely
decreased until the 35th day; at 49 that after this time, much of the 
days no aflatoxin G2 was detected. aflatoxin had been bound to the 
Presumably, the aflatoxin G2 formed exchange sites of the soil, thereby
in this soil came from microbial effectively reducing its biotoxicity.
transformation of aflatoxin BI or B2. 
The decomposition of 14 C-aflatoxin in During the first ten days of the study,
four soils is presented in Figure 3. An the decomposition of 14 C-aflatoxin 
initial flush of 14CO2 was observed proceeded most rapidly in the sandy
from all soils, perhaps because of the loam soil, probably because the 
decomposition of labeled contaminants aflatoxin did not bind to the exchange 
or the microbial stimulation associated sites of the soil. Note from Table 2 that 
with the rewetting of an air-dried soil. the cation exchange capacity (CEO) of 
The initial release of 14CO2 lasted for the sandy loam soil was low (5.4
five days and then slowed. Alflatoxin cmol/kg- ). This soil contained low 
decomposed most quickly in the silt quantities of organic matter and clay
Inam soil. After 120 days of incubation, and thus could not bind aflatoxin. 
8. 1% of the aflatoxin was liberated as Therefore, much of the added aflatoxin
14CO2. While only a small percentage remained in solution where it was 
of the aflatoxin was converted to readily degraded. After f.i days of 
14CO2. this does not suggest that only incubation, however, the rate of 
8. 1% of the aflatoxin had been aflatoxin decomposition in the sandy
degraded. Most of the degraded loam soil declined, probably as a result 
aflatoxin was probably resynthesized of the soil being unable to support a 
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substantial and active microbial da'.a suggest that either the conjugate
population. After 120 days of was only partially broken or the
incubation, approximately two-thirds liberated aflatoxin species was a
less aflatoxin had been degraded In the relatively immobile degradation
sandy loam soil than in the silt loam product.
soil. 

Adsorption to clay may also be
The slowest rate of aflatoxin responsible for the reduced rate of
decomposition was observed in the aflatoxin decomposition observed in
silty clay loam soil. By the conclusion the silty clay loam soil. This soil has a 
of the study, only 1.4% of the afiatoxin relatively high clay content, which 
was released as 14CO2, probably as a could adsorb the aflatoxin or its
result of the binding of aflatoxin to the degradation products. Masimango et al. 
exchange sites of the soil. Aflatoxin (13) demonstrated that aflatoxin could 
bound to the exchange sites of soil bind very tightly to clay. 
appears generally resistant to microbial 
decomposition. In further investigations, adsorption 

isotherms for aflatoxin were
Since the aflatoxin persisted in silty established in the soils. Freundlich's
clay loam soil for a significantly longer isotherm adsorption coefficient K, I/n
period of time, it was investigated in values, and their 95% confidence limits 
more detail. Aflatoxin extraction from were determined from regression
the soil over time revealed that the analysis (Table 3). The K value
original aflatoxin B1 added to the soil represents the amount of aflatoxin
rapidly disappeared. A concurrent adsorbed per kilogram of soil when the 
appearance of aflatoxin B2 and G2 was equilibrium concentration equals
noted. Aflatoxii BI was no longer 1 mg/kg "1 . The I/n values are an
detected in the soil after six days of indication of the linearity of the 
incubation. The concentrations of adsorption process. According to
aflatoxins B2 and G2 rapidly increased Freundlich's theory, deviations of the
from day zero to six days. After this I/n values from one reflect a nonlinear 
time, the concentration of aflatoxin relationship between adsorption and 
gradually declined, although even after solution equilibrum concentration. The
20 days of incubation much of the I/n 95% confidence limits of all soils 
fluorescent activity of aflatoxins B2 include the value of one. 
and G2 remained. 

The silty clay loam soil had a
It was also noted that after one day of significantly greater K value than the
incubation, a nonmobile (TLC), other soils. The lowest K value
intensely fluorescing spot was occurrred in the sandy loam soil. The 
observed. The fluorescent intensity of differences occurring among the K
the spot increased up to four days of values of the various soils used in this
incubation and then declined very study can be attributed to soil texture,
slowly; this suggests that a conjugate organic matter and the corresponding 
was formed with a clay or organic CEC of the soils. The CEC and K 
component of the soil. The nonmobile values of the soils used in this 
fo::m of aflatoxin was treated with I.ON experiment were positively correlated;
HC1 to attempt to break the conjugate. the greater the CEC of the soil, the
The aflatoxin became partly soluble greater the K value. Soil texture also
after hydrolysis for one hour, thereby influenced aflatoxin adsorption. For
supporting the contention of conjugate example, increasing clay content in the
formation. The chromatographic soils was reflected in greater K values. 
movement of the hydrolyzed sample, Hence, the silty clay loam and sandy
however, was significantly less than loam soils represented the extremes in 
any of the aflatoxin standards. These clay content and K values. 
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The type of clay in the soil also 
appeared to have an influence on 
aflatoxin adsorption. The silty clay 
loam soil contained predominately 2:1 
expanding clays. These clays are very 
efficient in adsorbing and retaining 
aflatoxin (13). The 2:1 expanding clays 
by nature have a larger internal and 
external surface area that would be 
exposed for aflatoxin adsorption; these 
clays also provide for better retention 
of aflatoxin once it Is adsorbed. In 
contrast, the clay loam soil contained 
predominately 1: 1 clays. This clay has 
a smaller surface area and, as a result, 
a lower adsorptive capacity. 

Conclusions 
The data presented indicate that 
significant numbers of aflatoxin-
producing fungi can be present in soil. 
Aflatoxin production by soil isolates of 
A. flavus and A. parasltcuswas 
readily demonstrated on agar media. 
Whether or not these fungi produce 
aflatoxin directly in the soil is still In 
question. 

Aflatoxin In soil, producea by 
indigenous soil Aspergillus or 
aitificially incorporated into the soil via 
burial of contaminated crops, 
decomposes relatively quickly. Data 
presented clearly demonstrate that 
aflatoxin persists in soil for only a 
limited period of time. Even in soils 
where decomposition was inhibited, 
the formation of conjugates probably 

reduced the toxicity of aflatoxin. 
Therefore, few if any adverse 
environmental consequences can be 
anticipated with the presence of 
aflatoxin in soil. 
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The Relationship Between Aflatoxin Formation 
and Kernel Damage in Costa Rican Maize 

R. Echandi Z., Grain and Seed Research Center, University of
 
Costa Rica, San Jose, Costa Rica
 

Abstract 
Although resultsfrom a preliminarysurvey of grain sold on the market in Costa 
Rica suggest thatafiatoxin contaminationof maize is a majorproblem in the 
country,four widely used maize varietiesgrown in three ecological zones showed
low levels of contamination.Bending of maize plants in the field to reduce the 
penetrationof water into the ear,a common practiceamong Costa Rican 
farmers, seemed to have no effect on Aspergillus flavus kernel infection. In 
laboratorystudies with the same varieties,It was found that inoculum must be 
present and is equally as importantas kernel damage for the formation of 
aflatoxin. The relationshipbetween kernel damage and A. flavus infection and
afiatoxn production was confirmed by results of laboratoryinoculationof kernels 
on the ear. The lower afiatoxin level of intact,inoculatedkernels on the ear 
compared to that of intact, Inoculatedshelled kernels suggests that kernels on 
the earare less susceptibleto aflatoxin contamination. 

Resumen 
SI bien los resultadosde un estudiopreliminarde grano vendido en el mercado en
Costa Rica sugleren que ]a contaminaci6ndel maiz con aflatoxinas es un problema
grave en ese pals, cuatro variedadesde malz de uso extendido que se cultivaronen 
tres zonas ecoldgicas mostraronniveles de contaminaci6nbaJos. El doblarlas plantas
en el campo con el fin de reducir]a penetraci6n de agua en ]a mazorca, una prActica
comin entre los agricultorescostarricenses,a] parecerno tuvo efecto alguno en la
infeccI6n con Aspergillus flavus. En los estudios que se realizaronen el laboratorlo 
con las mismas variedades,se encontr6 que la presencia de in6culo es un factor tan
importanteen ]a formaci6n de aflatoxinascomo ]a integridadde los granos. Los
resultadosde ]a inoculaci6n en el laboratorode granos adherldosa la mazorca
conflirnaron]a relaci6n entre el daflo al granoy ]a infeccl6n con A. flavus y la
produce6n de aflatoxinas.El nivel baJo de aflatoxinas que se obscrv6 en granos
integrosadherldos a la mazorca e inoculados,en comparac16n con el nivel de granos
intactos, desgranadose inoculadossuglere que los granosadheridosa ]a mazorcason 
menos susceptibles a la contaminaci6ncon atatoxinas. 

In the tropical zones of the American 
continent, especially in the Caribbean 
basin, climatic conditions are highly
favorable for the development of 
microorganisms in grain. These 
conditions, combined with inadequate
technology for grain production and 
management, are a concern to 
researchers working on mycotoxins
and the problems they cause in food 
and feed grains, 

Worldwide mycotoxin research over 25 
years has shown that the presence of 
mycotoxins in grain can be associated 
with genetic differences among
cultivars, climatic conditions occurring
during the production cycle and grain
handling procedures during and after 
harvest. 

The presence of mycotoxins in grain
produced in tropical America is 
influenced by a fourth factor, i.e.,
farmers' agronomic practices. In most 
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cases, the technology applied to grain 
production, especially that for home 
consumption or for the local market, is 
inadequate, resulting in low yields. 
Local varieties and traditional 
agricultural practices are the norm, as 
are farms of only a few hectares. 
Harvesting, threshing and shelling are 
done by hand, and the grain is usually 
dried in the open air and/or in the sun. 
Grain is often stored in sacks or other 
containers with inadequate ventilation 
until it is used for food or taken to 
market, a period often extending over 
several months. As a result, the quality 
of grain found in the market Is poor, 
and since most of the countries do not 
have (or do not enforce) quality 
regulations for commercial grain, 
mycotoxin-contaminated grain may 
enter the marketing system (3). 

This study came about as a result of 
the desire to establish guidelines for 
the presence of mycotoxins in grain 
produced in Costa Rica. The findings 
are probably relevant to other 
countries in the region as well, due to 
the similarity of climates and 
agronomic systems. 

Aflatoxin in Costa Rican Grain 
A preliminary study was conducted (4) 
using 364 samples of maize 
(Zea mays), beans (Phaseolusvulgaris)
and rice (Oryza satliva). Samples were 
collected monthly over a period of four 
months during two consecutive years 
from grain on the market in the three 
largest cities in Costa Rica. The study 
showed that aflatoxin contamination is 
a problem; aflatoxin levels of more 
than 20 /g/kg were found in 40% of 
the samples the first year, and 30% of 
the samples the second year. 
Significant differences were observed 
in the frequency of aflatoxin 
contamination in white- and yellow
grain maize. Beans had lower levels of 
aflatoxin, and rice samples were free of 
contamination (Table 1). 

Aflatoxin Formation
in Preharvest Maize 
As the first step in detecting the source 
of aflatoxin contamination in Costa 
Rican maize, experimental plots were 
planted in three different ecological 
zones. Two had annual average rainfall 
of more than 2000 mm and average 
mean temperatures above 23°C. The 

Table 1. Aflatoxin content of maize grain in the commercial market, 
Costa Rica 

Number 
Grain and year of Aflatoxin content (Ikg/kg) Maximum 
of sampling samples 20 21-50 51-100 -101-500 500 aflatoxin 

Maize 
First year 
Second year 

52 
57 

32 
40 

9 
10 

4 
1 

4 
4 

3 
2 

1000 
3500 

Common bean 
First year 
Second year 

72 
66 

69 
64 

2 
1 1 

1 150 
90 

Rice-a/ 
First year 
Second year 

64 
53 

64 
53 

Total 364 322 22 6 9 5 

a/ Shelled and polished rice 
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third area averaged more than 4000 
mm of rainfall and 280C. Two F 1 
hybrids were tested, the white-grain 
X-105 and the yellow X-304, as well as 
two open-pollinated varieties, Alajuela 
Blanco and Alajuela Amarillo. All four 
are widely used by Costa Rican 
farmers. Plots of 450 m 2 of each 
cultivar were grown at each location 
using intermediate technology, 

A common practice among Costa Rican 
farmers is to bend maize plants 1.25 
meters above the ground three weeks 
after flowering; this is done to reduce 
the penetration of water into the ear 
and the resulting growth of 
microorganisms. In this study 50% of 
the plants in each plot were bent, and 
50% were left in the normal upright 
position. 

One hundred days after planting, 30 
ears of each variety were randomly 
selected from each site, 15 from bent 

plants and 15 from upright plants. 
Sampling was continued every two 
weeks over a four-month period. Ears 
were dried with forced air at 450C to a 
moisture content of approximately 
13%. Ears were shelled and ground, 
and the sample material was passed 
through a 0.8-mm mesh screen. 
Aflatoxin content was determined 
using a modified version of the Velasco 
method (4.7). 

Aflatoxin levels were low for all 
cultivars in the study (Table 2). No 
differences in aflatoxin contamination 
were found between ecological zones or 
as a result of the bending of the plants. 
The literature on aflatoxin 
contamination in the field is abundant, 
and in almost all cases it emphasizes 
the variation In varietal behavior in 
different years (2). The extreme 
climatic conditions encountered in this 
study make it of special interest. 

Table 2. Aflatoxin formationin preharvest maize, Costa Rica 

1 2 

Variety Location-l 
(110 days) 

Erect Bent 
(114 days) 

Erect Bent 

X-105 A 6 8 7 6 
B 9 9 7 6 
C 0 0 11 10 

X-306 A 8 6 8 8 
B 9 9 6 11 
C 0 0 23 30 

Alajuela A 6 6 7 15 
blanco B 6 8 8 6 

C 0 0 9 27 

Alajuela A 5 5 8 6 
amarillo B 14 7 10 13 

C 0 0 12 10 

A/ A = Buenos Aires, B = Orotina, C = Alajuela 

Aflatoxin content 
3 4 

(128 days) 
Erect Bent 

(142 days) 
Erect Bent 

8 7 6 6 
5 5 6 7 
5 5 5 6 

6 2 12 9 
6 7 8 9 
7 7 6 7 

9 8 6 7 
5 8 6 9 
4 4 6 5 

4 7 7 8 
6 6 15 15 
5 6 5 5 

h/ Samples taken every two weeks beginning 100 days after planting,
50% plants bent and 50% left erect 
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Aflatoxin Formation inoculation. Inoculation was done with 
in the Laboratory conidia of the isolate NRRL 2999 (1 X 
Kernel inoculation 106 /ml). The samples were kept in 
Laboratory testing was conducted to well-ventilated containers at 30 0 C for 
investigate Aspergillus flavus infection 96 hours and then autoclaved before 
and aflatoxin formation in maize. evaluation for aflatoxin contamination. 
Twelve 4-kg samples each were 
prepared of the Fls of the hybrids The results shown in Table 3 clearly 
X-105 and B-666 (white grain) and indicate a significant difference 
X-306 (yellow grain), and the open- between the inoculated and 
pollinated varieties Tico V-1 (white) uninoculated samples. Although 
and Tocumen (yellow). After kernel mechanical damage of uninoculated 
surface sterilization with sodium kernels resulted in a slight increase in 
hypochlorite, kernel moisture was toxin formation, the increase was little 
adjusted to 28%. The kernels from six greater than that of uninoculated, 
of the samples were mechanically intact kernels when inoculum was 
broken into relatively large pieces and present in the atmosphere. These 
sieved to assure uniform size. The results paralleled observations of the 
kernels of the other six samples were low incidence of contamination of 
left intact. The samples then received maize in the field. 
one of four treatments: intact kernels 
without inoculation; intact kernels with Ear inoculation 
inoculation; damaged kernels without Subsequent tests included ,=ar 
inoculation; and damaged kernels with inoculation; the kernels of some 

treatments were left intact and others 

Table 2. Cont'd. 

(14g/kg) by treatment b/ 

5 6 7 8

(156 days) (170 days) (184 days) (198 days)


Erect Bent Erect Bent Erect Bent Erect Bent
 

7 6 0 0 0 0 0 0 
8 18 7 13 0 0 8 30 
6 7 5 5 8 9 7 6 

8 8 0 0 0 0 0 0 
6 8 17 7 0 0 11 12 
8 18 6 5 6 6 8 6 

5 12 0 0 0 0 0 0 
6 7 7 8 0 0 7 7
8 7 5 5 5 6 7 6 

20 6 0 0 0 0 0 0 
6 10 7 8 0 0 8 8 
8 8 5 5 8 6 10 8 
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were damaged. A plot of the F1 hybrid
X-105 was planted, with special care 
taken to avoid any type of damage to 
the kernels, either !n the field or 
during handling; the best-looking ears 
were selected for the study. The ears 
had a moisture content in the field of 
approximately 20%, and were air dried 
at 45 0 C to a moisture content of about 
13%. 

Each treatment consisted of 12 ears 
divided into two groups of six, which 
were placed in I-liter containers. Each 
container had a false bottom over 
water, so that a high relative humidity 
was maintained in the container. Holes 
in the covers permitted the free 
exchange of gases in the containers, 
which were kept at a temperature of 
281C. The treatments consisted of ears 
with undamaged kernels without 
inoculation, ears with all kernels 
damaged (scraped) and without 
inoculation, inoculated ears with kernel 
damage in three adjacent rows, and 
inoculated ears with all kernels 
damaged. Inoculation was carried out 
by quickly submerging each treated 
ear in a suspension of spores of the 
isolate NRRL 2999 (1 x 106 /ml). 

Ears with undamaged kernels and 
inoculated ears with kernel damage in 
three adjacent rows were sampled at 
eight-day intervals over a 32.day 
period. Ears with all kernels lamaged, 

both with and without inoculation, 
were sampled only after 32 days. The 
containers were autoclaved for one 
hour and the ears evaluated for 
aflatoxin by using the modified version 
of the Velasco method (7). 

Aflatoxin levels in response to each of 
the various treatments were 
determined (Table 4). No aflatoxin 
formation was found in the absence of 
both inoculum and kernel damage.
These results support the findings from 
the field tests. Damaging the kernels 
resulted in large-scale aflatoxin 
contamination from what must have 
been natural inoculum sources. 
Aflatoxin ievels in ears with 
undamaged kernels were very low, 
except in two cases where divergence
from the mean was attributed to the 
germination of kernels on the cob. As 
could be expected, aflatoxin 
contamination levels were very high in 
inoculated ears with damaged kernels. 

In ears with only three rows of 
damaged kernels, special assays for 
aflatoxin content were performed 
separately on kernels in damaged 
rows, undamaged rows adjacent to 
damaged ones and undamaged rows 
away from the damaged ones. Massive 
aflatoxin contamination developed in 
the damaged kernels under the 
favorable conditions of temperature 
and humidity in which the ears were 

Table 3. Aflatoxin formation ({/g/kg) in maize kernels in the laboratory, 
Costa Rica 

Treatment 

Intact kernels 
Inoculated i 
Uninoculated 

Damaged kernels 
Inoculated!!/ 

Uninoculated 

?J NRRL 2999 (1 x 

B-666 X-105 X-306 Tocumen Tico V-1 
(white) (white) (yellow) (yellow) (white) 

51 317 580 67 23 
16 22 24 19 25 

58,000 104,000 121,000 29,000 24,000 
21 42 42 26 27 

106 /100g) 
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kept (Figures 1 and 2). Aflatoxin Bending of maize plants in the field, a 
accumulation was less in adjacent, common practice among Costa Rican 
undamaged rows, and even less in farmers, seemed to have no effect on 
more distant rows. A. flavus kernel infection, even though 

the ears of erect plants showed
Results moisture-induced damage.
Preharvest aflatoxin 
contamination Kernel inoculation studies 
The results presented here show low The relationship between kernel 
levels of preharvest aflatoxin damage and contamination by
contamination in maize under Costa saprophytic microorganisms, such as 
Rican climatic conditions, even when the Asperglllus spp., is shown by the 
the grain remains in the field for contrast between aflatoxin 
several months, exposed to the high contamination found in intact and 
temperature and humidity of a tropical damaged kernels in the presence of 
climate. These findings differ from equal 	amounts of inoculum-producing
those reported in the USA (2), where toxins. Inoculum must be present and 
aflatoxin contamination in preharvest is equally as important as kernel 
maize was highest in maize grown in damage for the formation of aflatoxin;
the hot, humid climate of the southern aflatoxin was also found in intact 
part of the country (1.2). kernels in the presence of inoculum. 

The difference in aflatoxin levels found 
Currently, the behavior cf the four in the four maize varieties in the study
maize varieties tested in relation to suggests that they differ in their 
aflatoxin accumulation cannot bc susceptibility to the toxin. 
explained. The high amount of rainfall 
might be one factor, since this affects Ear inoculation studies 
existing levels of inoculum. Jones et a]. The relationship between kernel 
(5) reported an inverse relationship damage and Aspergillus spp. infection 
between precipitation and leaf moisture and production of aflatoxin was 
and the quantity of live spores present. reaffirmed by the results of laboratory 

inoculation of kernels on the ear. The 

Table 4. Aflatoxin formation ( Lg/kg) In X-105 maize ears In the 
laboratory, Costa Rica 

Days after inoculation 
Treatment 8 116 24 32 

Uninoculated 
Healthy 
Damaged 

0-0 
NS b l  

0-0 
NS 

0-0 
NS 

0-0 
16,250 - 28,750 

Inoculated-a / 

Healthy 
Damaged 

0-0 
NS 

7-15 
NS 

19 
NS 

10 
54,200 - 72,600 

a/ 	 Inoculated by submersion in a suspension of NRRL 2999 spores (I 
106 /ml) 

b/I 	 NS = not sampled 

Note: 	Ears kept at a temperature of 281C, RH 95% 

x 
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Aflatoxin content(Fg/kg x 1000O 

60' 
-- Damaged rows 

50

40

30

20

10

0
8 16 24 32 

Days after inoculation 

Figure 1. Aflatozin formation in kernels ov ears of maize variety X-105 
Inoculated in the laboratory, Costa Rica 

Aflatoxin content (,tg/kg) 

500-
Adjacent rows 

Distant rows400-

300

200

100

0
8 16 2432

Days post inoculation 24 

Figure 2. Aflatozin formation In kernels on ears of nalze variety X-105 
inoculated in the laboratory, Costa Rica 
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lower aflatoxin level of intact, 2. Davis, N.D., C.G. Currier and
 
inoculated kernels on the ear compared U.L. Dlener. 1985. Response of
 
to that of intact, inoculated shelled corn hybrids to aflatoxin
 
kernels suggests that kernels on the formation by Aspergillus flavus.
 
ear are less susceptible to aflatoxin Alabama Agricultural Experiment

contamination, even when very close Station, Auburn, Alabama, USA.
 
to contaminated kernels. Lee et al. (6)

found that A. flavus does not seem to 3. Echandi, R., and F. Camacho.
 
spread easily from contaminated to 1986. Assessment of the problem

healthy kernels on the same ear. This of mycotoxins as grain

fact suggests that it might be advisable contaminants in the Caribbean
 
for Costa Rican farmers to store maize Basin through a monitoring study
 
on the cob instead of as shelled grain, carried out In Costa Rica. Paper

The storage of maize in ear form is not presented at the S-175 group
 
new; it is already a practice among meeting, Mayaguez, Puerto Rico,
 
some farmers. Therefore, it is January 1986.
 
important that the economics of
 
handling maize on the ear be studied, 4. Echandi, R., and F. Camacho.
 
at least until it Is possible to reduce 1986. Sampling and detection
 
the moisture content of the grain to methods for aflatoxin used in
 
levels unfavorable for the growth of Costa Rica. Paper presented at
 
toxin-producing molds. the S-175 group meeting,
 

Mayaguez, Puerto Rico. January
Conclusions 	 1986. 
Results from the preliminary survey of
 
grain being sold on the market in 5. Jones, R.K., H.E. Duncan,
 
Costa Rica suggest that aflatoxin G.A. Payne and K.J. Leonard.
 
contamination in maize Is a major 1980. Factors influencing
 
problem in the country. A large infection by Aspergillus flavus in
 
percentage was found to have aflatoxin silk-inoculated corn. Plant Disease
 
levels higher than are acceptable. 64:859-863.
 
Although a definitive solution to this
 
problem is unlikely, considering 6. Lee. L.S., E.B. Lillehoj and
 
prevailing production and handling W.E. Kwolek. 1980. Aflatoxin
 
methods, a reduction in aflatoxin distribution in individual kernels
 
contamination in maize grain could be from intact ears. Cereal
 
achieved by developing appropriate Chemistry 57:340-343.
 
cultural practices and encouraging
 
their adoption by the small-scale 7. Velasco, J. 1975. Fluorometric
 
farmers who produce a large part of measurement of aflatoxin
 
the maize grown in Costa Rica. absorbed in fio, Isil in
 

minicolumns. Journal of the 
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The Effect of Climatic Conditions on the 
Incidence and Severity of Aflatoxin in the USA 

P.F. Sisson, Department of Agricultural Economics, The Quaker
Oats Company, Chicago, Illinois, USA 

Abstract 
Climatic conditions in 1980 and 1981 were correlatedwith the incidence and 
severity of aflatoxin in maize at nine locations in the USA. Regression equations 
were developed that explained 80 to 89% of the variabilityof aflatoxin incidence 
and severity. The incidence of aflatoxin was primarilyrelated to averagehigh
humidity in July and average minimum temperatureIn August. The relevant 
variablesin a second equation were the number of weeks exceeding 320C for 
weekly maximum temperature,and the number of weeks in which average
weekly high humidity exceeded 95%. The severity ofaflatoxin was relatedto 
July average maximum temperature,August averageminimum temperatureand 
July averagehigh humidity. 

Resumen 
Las condiciones climiticas que imperaron en 1980 y 1981 se correlacionaroncon ]a
incidenciay severdadde la contaminaci6nde malz con aflatoxina en nueve 
localidadesde Estados Unidos. Se elaboraronecuaciones de regresi6nque explicaron
del 80 al 89% de la variabilidadde la incidenclay severldad de las alfatoxinas. La
incidencia de las aflatoxinas se relacion6principalmentecon la humedad alta media 
de Julioy con la temperatura minima media de agosto.Las variablesmds importantes
de una segunda ecuaci6n fueron el namero de semanasque presentaronuna 
temperaturasemanal mdxima de mis de 32 0C y el ndmero de semanas en las que ]a
humedad alta media semanal excedl6 el 95%. La severidad de las aflatoxinasse 
relacion6con la temperaturamdxima media dejullo. la temperaturaminima media 
de agostoy ]a humedad alta media dejullo. 

In a comparison of eight open- Mississippi, medium incidence (30 to
polli.ated maize varieties and four 45%) in Kentucky and Tennessee, and 
hybri0s for preharvest aflatoxin low incidence (2 to 25%) in Ohio and 
contamination in the USA, Zuber et a]. Indiana. 
(3) found that plant stress, especially
during tie grain-filling stages, affected The current study was conducted to 
the level of aflatoxin. High determine if the incidence and severity 
temperatures were more important of aflatoxin in maize kernels, as 
than lack of moisture, although both reported by LillehoJ et a]. (1). could be
enhanced aflatoxin levels, correlated with the climatic conditions 

that occurrred in 1980 and 1981 at the
Lillehoj et al. (1) documented the respective locations. 
incidence anu severity of aflatoxin in 
kernel samples from hybrids grown in Weekly averages of climatic conditions 
the crop years 1980 .nd 1981 at nine were developed for each location 
locations in the USA. They found high, within states for the two years, based 
medium and low incidence of aflatoxin on data from the Weekly Weather and 
among locations. High incidence (90 to Crop Bulletin (2). In most instances,
100%) was found in Florida, Georgia, climatic data were obtained from a 
North Carolina, South Carolina and 
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National Weather Service (NWS) 
station in the approximate vicinity of 
the test site (Table 1). 

Regression analysis was used to assess 
the impact of climatic conditions on 
aflatoxin development. A number of 
variables were generated (Table 2) and 
used to develop regression models. 
Incidence of aflatoxin (Ap) and 
aflatoxin levels (Ab) were considered 
dependent variables and the other 
parameters, independent variables, 

Resutts 
Climatic conditions recorded in 1980 
and 1981 correlate well with the 
incidence of aflatoxin at the nine 
locations. Two regression equations 
were developed that explained 80 to 
89% of the variability in aflatoxin 
incidence. A third regression was 
developed for aflatoxin severity, 

In Regression Equation 1 (Table 3), the 
R2 value was .8896; all of the variables 
used were statistically significant. The 

two most significant variables were 
average minimum temperature for 
August and average high humidity for 
July. 

In Equation 2 (Table 4) the number of 
weeks of selected temperatures and 
humidity events were determined to 
correlate with aflatoxin incidence, 
R 2 = .802. High temperature and high
humidity were the major determinants 
of aflatoxin incidence; again, weekly
lows of 21 °C and below were 
negatively correlated. The greater the
number of weeks with temperatures of 
210C and below, the less the quantity
of aflatoxin. 

In Equation 3 (Table 5), July average
maximum temperature, August 
average minimum temperature, July 
average high humidity and July 
average low humidity were the 
primary variables that correlated with
aflatoxin levels. Comparisons of the 
fitted regression to actual observations 

Table 1. Maize plot locations and weather stations, Quaker Oats aflatoxin 
tests, 1980 and 1981 

Number of 

Test plot location 
Nearest weather 

station 
plots

1LO0 1981 

Gainesville, Florida Orlando, Florida 1 8 

Tifton, Georgia Macon, Georgia 3 10 

Raleigh, North Carolina Raleigh, North Carolina 7 16 

Florence, South Carolina Columbia, South Carolina 4 11 

Mississippi State, Mississippi Meridian, Mississippi - 15 

Lafayette, Indiana Indianapolis, Indiana 5 12 

Wooster, Ohio Akron/Canton, Ohio 2 9 

Knoxville, Tennessee Knoxville, Tennessee 6 13 

Manhattan, Kansas Topeka. Kansas - 14 
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Table 2. Climatic variables used in regressions, Quaker Oats aflatozin 
tests, 1980 and 1981 

AP = Incidence of aflatoxin positives (percent)
Ab = Severity of aflatoxin B1 + B2(ng/g-1 )
Alt = August average minimum temperature 
Jhh = July average high humidity
W32t = Number of weeks during growing season in which weekly 

average maximum temperature exceeded 321C 
Jht = July average maximum temperature 
Jlh = July average low humidity
W90h = Number of weeks during growing season in which weekly 

average high humidity exceeded 90% 
D1 = Dummy variable indicating locations with 0 to 5 weeks in 

which wekly maximum temperature exceeded 320C 
D2 = Dummy variable indicating location with 11 to 15 weeks in 

which weekly maximum temperature exceeded 321C 
C = Constant 
W95h = Number of weeks during growing season in which weekly 

average high humidity exceeded 90% 
W38t = Number of weeks during growing season in which weekly 

average maximum temperature exceeded 380C 
W21t = Number of weeks during growing season in which weekly 

average minimum temperature exceeded 210C 
W55h = Number of weeks during growing season in which weekly 

average low humidity exceeded 55% 

Table 3. Ordinary least equares regression of the percent of aflatoxin 
incidence, Quaker Oats aflatoxin tests, 1980 and 1981 

Independent Estimated Standard T
variable coefficient error statistic 

Equation 1 [Ap = fAlt, Jhh. D1 , D2, W32t) R2 = .88961 

C -272.312 154.2 -1.77 
Alt -21.495 5.7 -3.79 
Jhh 6.828 2.1 3.26
D1 37.232 22.9 1.63 
D2 -93.496 25.1 -3.72 
W32t 20.502 4.4 4.66 

R 2 = .8896 
Adjusted R2 = .8344 
F-statistic (5,10) = 16.1138 
Durbin-Watson statistic (adjusted for 0 gaps) = 1.5794 
Number of observations = 16 
Sum of squared residuals = 2570.61 
Standard error of the regression = 16.0331 
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Table 4. Ordinary least squares regression of the percent of eflatoxin 
incidence, Quaker Oats aflatoxin tests, 1980 and 1981 

Independent Estimated Standard T_ 
variable coefficient error statistic 

Equation 2 lAp = f{W32t. W95h, W38t, W21t, W55h) R2 = .8021] 

C 40.293 22.1 1.82 
W32t 4.613 2.5 1.82 
W95h 5.669 2.3 2.94 
W38t 24.513 10.7 2.29 
W21t -6.489 3.5 -1.86 
W55h -2.494 2.1 -1.17 

R2 = .8021 
Adjusted R2 = .7032 
F-statistic 5, 10) = 8.10854 
Durbin-Watson statistic (adjusted for 0 gaps) = 1.8629 
Number of observations = 16 
Sum of squared residuals = 4606.35 
Standard error of the regression = 21.4624 

Table 5. Ordinary least squares regression of the level of aflatoxin 
severity, Quaker Oats aflatoxin tests, 1980 and 1981 

Independent Estimated Standard T_ 
variable coefficient error statistic 

Equatior 3 [Ab = R(Jht, Alt. Jhh, Jlh, D1, W90h) R2 = .8198] 

C 54.659 1077.7 .51
 
Jht 17.409 16.9 1.03
 
Alt -61.635 16.7 -3.69
 
Jhh 13.864 8.3 1.55
 
Jlh -14.597 6.1 -2.39
 
D1 -70.318 66.1 -1.06
 
W90h 14.439 7.2 1.99
 

R2 = .8198 
Adjusted R2 = .6997 
F-statistic (6,9) = 6.82377 
Durblri-Waton statistic (adjusted for 0 gaps) / 2.1819 
Number of observations = 16 
Sum of squared residuals = 46364.3 
Standard error of the regression = 71.7745 
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Figure 1. A comparison of thi percentage of aflatoxin occurrence under 
varied climatic conditions at diverse locations In the USA 

Note: Location numbers refer to sites listed in Table 1 
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Figure 2. A comparison of aflatoxin severity and pr~dlcted results under 
varied climatic conditions at diverse locations In the U6 A "" ' 
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indicate that the variables explain More studiea of cl;matlc conditions 
much of the variability in Incidence using a broader range of observations 
and severity of aflatoxin documented of aflatoxin incidence and severity are 
at the locations studied (Figures 1 and necessary to confirm initial 
2). conclusions. A time.series analysis for 

specific locations over a longer time 
Discussion period would be valuable. Dew 
Quaker Oats produces a number of formation as a potential explanation for 
high-quality maize products. In a the significance of August average
number of recent years aflatoxin has minimum temperature requires further 
been a major problem that has resulted study. 
in significant rejections of maize by the 
Quality Assurance Department. Testing References 
procedures for aflatoxin are costly and I. Lillehoj, E.B., M.S. Zuber, 
take time. The company Is interested L.L. Darrah, W.F. Kwolek, 
in developing means of forecasting W.R. Findley, E.S. Homer, 
aflatoxin severity to determine if G.E. Scott, A. Manwiller, 
testing for aflatoxin is required before a D.B. Sauer, D. Thompson, 
new crop of maize Is purchased. These H. Warren, D.R. West and 
studies represent Initial attempts to N.W. Widstrom, 1983. Aflatoxin 
develop relevant production equations. ocurrence and levels in 

preharvest corn kernels with 
High average July temperature and varied endosperm characteristics 
high average July humidity levels grown at diverse locations. Crop
would be expected to cause stress In Science 23:1181-1184, 
maize plants and should also be 
conducive to aflatoxin development. 2. National Oceanic and 
Surprisingly, both Equation 1 (Table 3) Atmospheric Adminisiration. 
and Equation 3 (Table 5) indicate an 1980, 1081. Weekly weather and 
association between higher ont lily crop bullelln. iJS)A Agricultiural 
average iniln|Unt!ten iperature in Weather F'lilily, Washington, 
Atgual, and redticed iwiidecwe and D.C., USA 
severity of aTlahoxin. Tlh o;)ervatilon 
seenis to contradict clrnt Ilhcory 111al 3. Zliher, M. .,,r. a ,
highevr eIvni$erdilca lrsijclicasie" on 1,1ilchoj, A. MaiwIller,re E.I1. 

lilaie pIilait liii i llillo lil 6.E. Scull, l I'.T. u'ilwslui,
s lhllilre
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Maize Plant Stress Inheritance 

S.D. Jensen, Pioneer Hi-Bred International, York, Nebraska, and
A.J. Cavalleri, Pioneer Hi-Bred International, Johnston, Iowa, USA 

Abstract 
Regression analysisof 339 commercialand experimental hybridsshowed that34% were significantly different from the mean fbr yield stability,the b value. In 
a group tested with over 500 replicates. 69% were significantlydifferent from the 
mean, a surprisingdegree of variability. There were more values of < 1.0 than> 1.0. indicatingstrongerselection for stress tolerance than for high yield only.
The effect on b values of testingin different regions of the country andin
different years was Investigated.Some crosses were stable,and others were not.
The b value x year interactionswere lower than those for b value x region, but
both Interactionsappearedimportant. Pairedstabilityregressions,paired
comparisonsat low, medium and high yield levels, and pairedcomparisonson
controlled dryland versus irrigatedconditions are discussedas methods ofcomparingthe relativestress toleranceof hybrids. A study comparing20 Inbred
lines crossed to four unrelatedtesters under drylandand Irrigatedcoiditions
showed 13 out of 20 significantlydifferent from the mean ibr combiningability
and seven out of 20 significantly different from Jie mean for b values, A breeding
scheme fbr drought-tolerant,single-cross hybrids Is described, Proceduresinclude 
utilizing elite inbred lines as source material;early testingand selection fornonaddiive effects; side-by-side dhyland and Irrigatedtesting; qnd selection for b 
values as well as combining ability. It is suggested that estimation of the b 
values Is importaitfor tile program 'ssuccess, 

Resumaso 
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This paper will deal with some 
experiences, covering more than 25 
years, with selection and testing for 
drought tolerance in US Corn Belt 
maize. Genetic variability for drought 
tolerance in modern maize lines and 
hybrids will be considered, as well as 
the problems of measuring and 
capitalizing on that variability. A 
breeding scheme designed for the 
selection of drought-tolerant hybrids 
will be proposed, with the hope that 
this will generate ideas for 
incorporating selection for aflatoxin 
tolerance as well. 

Soil water deficits, especially when 
accompanied by excessively high 
temperatures, are probably the most 
common yield-limiting factors in maize 
production, This is true in most maize-
growing areas around the world, 
whether in the troplc9 or in temperate 
zones, and especially at the southern 
and western fringes of the US Coin 
Belt, Drought Is a factor in maize 
production most years, even In the 
central p.rt of tie Corn Delt (8.9). 

Despile the conl[1mon occurrence of 
drought and the advancves In hredlg 
leclnology ovcr Ihl ai half cellillry,lie 
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defined as the relative ability of a 
genotype to withstand drought stress 
compared to other materials being 
tested. Russell (10) and Duvick (1) both 
show that there has been considerable 
genetic gain for drought tolerance over 
years. Apparently drought stress has 
been an effective factor in most maize 
breeding and testing programs. 
Regression analysis is a useful tool for 
measuring such relative differences 
(2,3,4,5). 

Phenotypic stability (b value) for a 
hybrid is the slope of the linear 
regression of its yield at a given
location against the mean yield of all 
hybrids grown at that location. The 
mean yield of a hybrid is expressed as 
a percent of mean yield of the location 
to characterize its relative yield level. 
The average b value for the group of 
hybrids Is 1.0. We will deline a hybrid 
with b > 10 as one with lower than 
average stress tolerance, and one with 
b < 10 as higher than average. If low 
yield Is the result of drought, then low 
1 values coupled with above-average 
mean yields are Indications of drought 

2tolerance. Valies of r for the 
regresslon many also he irldicallolle of 
alabilily
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the 339 hybrids, 34% had b values 
significantly different from the mean. 
In a group that was tested in over 500 
replicates and with a high degree of 
precision, 69% had b values that were 
significantly different from 1.0. The 
data also suggest that the distribution 
for b was skewed toward the low side, 
with 22% having b values < 1.0 and 
12% > 1.0, a ratio of nearly two to one 
in favor of stress-tolerant types. The 
results suggest that standard testing 
programs have been effective in 
selecting stable, stress-tolerant hybrids 
more often than high-yield types only. 

Twelve hybrids were selected to obtain 
a better understanding of the effects of 
geographical region ar - year on b 
values; these hybrids had been tested 
in over 600 replications at many sites 
over the USA for three years, The 
hybrids represented a range of b values 

and were grouped as b < 0.95, 
0.96<b <1.04 and b> 1.05; four 
hybrids were in each group. The r 2 

values ranged from .70 to .80 and 
Indicated a good fit of the regression 
line in all cases. 

The overall, regional and year effects 
for b value are shown in Table 1. Some 
hybrids were reasonably stable 
regardless of location, whereas others 
interacted with regions. Drought 
appeared to be a major yield-limiting 
factor in all regions, but other yield
eroding effects, such as temperature. 
relative humidity, diseases and insects, 
would be confounding elements in the 
response of hybrids to moisture stress. 
In these data, b x year interactions 
appeared to be somewhat less than 
b x region Interactions. However, both 
types of environmental interactions are 
felt to be important.. 

Table 1, Phenotypic stabilities (b values) of 12 widely tested maize 
hybrids in different regions of the USA, 1070-1981 
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The most critical comparison between the comparison of paired regression 
two hybrids is obtained when both are values, i.e., 3377 and 3378 yield nearly 
grown together at the same locations, the same at low yield levels, but 3377 
Such paired comparisons allow direct is superior at high yield levels. 
evaluation of two hybrids over a range
of yield levels. Pioneer brand hybrids A technique that has been used for 
3377 and 3378 are widely sold several years to measure hybrid
commercial hybrids. Figure 1 response to moisture stress under more 
illustrates three techniques for controlled conditions is available in 
documenting their individual responses irrigated areas. A sketch of the testing
to different yield levels. Figure la procedure is shown in Figure 2. Water 
shows the paired regression values for is withheld from the dryland test site 
the two hybrids. Comparisons of 1061 until the desired level of drought is 
replications demonstrated an overall obtained. A potential problem with the 
yield advantage of 0.32 t/ha for 3377. system is that scheduling to obtain the 
However, with a b value of 1.10 for desired stress level cannot be 
3377 and 0.96 for 3378, this difference controlled. Consistent, improper
is expected to Increase at higher yield scheduling could bias the selection to 
levels and be reduced or reversed at lit the watering pattern. However,
lower yield levels. Another technique multiple locations and yearti of testing
for showing response to yield levels is with various rairIall patterns tend to 
presented in Figure lb. The same two prevent or at least reduce such a bias,
hybrids, in side-by-side tests, are Figure lc shows an advantage for 3377
compared at low-, moderate- and high- over 3378 under irrigation, but 3378 
yielding sites. Conclusions are the excells by a small margin under 
same as observations obtained from dryland conditions, 
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Yield (t/ha) 

12
3377
 

337810- .. 10.03 

8.70 
8.49 

8

6 

4.56 4.74..........
 

Rep mean <6.5 6.8<9.4 >9.4 
Reps 80 18 112 
Diff .18 .21 .44 
Prob/sig/diff .173 ,049 ,001 

Figure lb, Ptired comparisons of two hybrid# at three yield levels over 
locations and years 
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Genetic Variability for for the stiff-stalked lines are listed asB Value Among Inbred Lines percents of the test mean. they range
Information is needed on the variability from 90 to 104. Eight of the 10 lines 
among inbred lines of maize for b, and are significantly different from the
whether inbred lines can be classified mean. For b value, much larger
as above or below average in their differences are required for
ability to transmit stability in crosses. significance, and only two of the 10 are
For that reason, two experiments were significantly different from 1.0. The r2 
conducted during the years 1982, 1983 values are quite high, ranging from .80
and 198,4 in south central Nebraska. to .90. Although the range in yield
Ten elite lines of stiff-stalked origin, differences is about the same for the
each crossed to four nonstiff-stalked nonstiff-stalked lines, only five of the 
testers, were grown at two locations 10 are significantly different from the
under dryland and irrigated conditions, mean for yield, and five of the 10 are
In a second experiment, 10 elite statistically different from the mean for
nonstiff-stalked lines crossed to four 2b. The r values again are high. In thestiff-stalked testers were tested in the two experiments, 13 out of 20 lines 
same manner. The average yield, b were significantly different from the
and r2 values are shown in Table 2 for mean for yield, and seven out of 20 
the two groups of lines. Yield values were significantly different from the 

........ ... ... ...I4~C4Loc. 4 ao 

,, ! . 1 
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mean for b. The data suggest that an Twenty percent (200) are selected for 
estimate of b as well as combining topcross testing in the following 
Pbility is important in evaluating season. The S2s are not yet advanced 
inbred line performance. Knowledge of to S38. 
b is also important in evaluating a line 
as a source of stress tolerance in a Year 3 
breeding program. This year features yield testing of 200 

S2 testcrosses. There are two locations 
A Breeding Scheme of controlled dryland and two locations 
for Drought-Tolerant, of irrigated testing, with two 
Single-Cross Maize Hybrids replications per location. The S2 lines 
A system for identifying drought- are also advanced to S3. Forty S3 lines 
tolerant, single-cross maize hybrids has are selected, based on performance 
been developed and used with under both dryland and irrigated 
reasonable success for a number of conditions, for advancement In the 
years (Figure 3). Some of the important winter. 
concepts of this program are: 

Elite inbred lines are utilized as Table 2. Combining ability and b
 
genetic material; values of elite inbred maize lines
 

e A relatively high percentage of the Yield B
 
total genetic variance surrounding Liel % 
such elite germ plasm is nonadditlve Line (% k) value r2 

In nature (7); and 

* 

* 	Exploitable variability for b as well Groul) I,stiff-stalked lines 
as for combining ability isavailable. SSl 909 ,85 * .80aiiiySS2 101 1,03 ,87 

Seleclioin is baied on a seqetillal SS3 D00* .03 . 86 
achenw of five yvarti. 'iS4 102* .1) IN 
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Year 3 (winter) 

Forty S3 families, each with two 

subfamilies, are advanced to S 4 and 

crossed to two unrelated elite testers. 


Year 4 

The S4 lines from the winter nursery 

are advanced to S5, and S3 testcrosses 

are tested under dryland and irrigated 

conditions. Lines with good combining 

ability and b values are selected. 


Year 4 (winter) 

Depending on performance relative to 

elite checks, up to eight S5 lines are
 
selected, advanced to S6 and crossed 

to four or more testers. 


Year 5 

The selected lines are advanced to S7, 

and sing!c crosses are tested under 

dryland and irrigated conditions, 

Combining ability and b valucs are 

calculated, Selected lines are 

rccom)ined among themselves and 

with other elite lines that have been 

contriluted from other programns.
 

One of the negative aspects of this 
selection program is the long cycle 
time. Due to high genotype x location 
and genotype x year interactions, the 
utilization of three years of testing for 
combining ability and b value is 
suggested before recombining. In some 
environments where drought stress is 
more predictable, this might be 
reduced to two years. It should be 
pointed out, however, that new 
breeding populations can be formed 
each year with the most current elite 
set of lines available. 

It is felt that future success of this 
procedure will be dependent not only 
on successful selection within the 
program, but also on the careful 
integration of materials from other 
programs. Genetic materials from 
broad-based synthetic varieties, or 
other pedigree selection programs in 
which drought stress is not 
emphasized, would provide good 
sources of test materials. 

Figure 3. Selection scheme for the development of drought-resistant, single. 
crosh male hybrids 

Year Procedure No. Testing Dry 
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Systemic Infection of Maize Plants 
by Aspergillus flavus 

S.M. Kelly, Department of Plaut Pathology, and J.R. Wallin,
Agricultural Research Service, US Department of Agriculture, and 
Department of Plant Pathology, both of tho University of Missouri, 
Columbia, Missouri, USA 

Abstract 
Systemic growth of Aspergillus flavus Link ex Frieslitplant tissue has been 
demonstratedby recoveringthe fungus from materlai sampled from three 
different partsof the maize (Zea mays L.) plant and at three different stages of 
growth. Inoculation with A. flavus was d&ne by decappin.gkernels, surface 
disinfecting,plating with an inoculum density of 3 x 100 conidia/mlof the 
fungus and incubating13 days at 26 0 C. Uninoculatedchecks were included. 
Following Incubation, the kernels were again surface disinfected andscrubbed 
free of all visible mycelia andconidla, planted in steam-sterilizedsoil and grown 
fin sterile growth chambers. Germinationrate and seedling survival rate were 
recorded. Tissues were sampled, surface disinfected and plated on Aspergillus
Differcntial Media (ADM). Characteristicoj-a .,e-pigmented colonies were observed 
growing on the ADM, Indicating the presence of the fungus ilithe varidus plant 
tissiLe segintiets sampled. Significant differences in the distributionof A. flavas 
coloniles occurrei anonig te leaf; stem and root sections sampled at the three
leaf stage: dlficrences in tht, distributionof the fungal cololies also occurred 
amng the lissuw sailJhile, obtainet at dillecrent stages of growth as represented 
by jIbt' /fill/ siite ind rool sectllis. 

Resumen 
S+e I11 d llit-wtt, lit c'it-cn lno sisrtfinivit fi Ills'xi.strtacia t l swras (ir Aspergilltis 
flalvl fhink vx i,ie. tollljtihihs ,'-ill .ith tint It reuiperaclit'i rel borigon 
nlitial 4)leI-ihlo Il,lic,.4it's ide .ntide mial Wi I.,n tresdit Ia Zea ays 


di ucchli'lllth. .
tlill)asrclilles lc lit InleliI hel tie A. Ilavcti se fi.tInl vor t-lh) it 
Iwrlle siuj tllh pi llILi, ll-Oill I lit Irllllcicllflolliou1 IIItl"higt. /.lo I 4-s srl h 

l1cl/ N'h ,!l hol i (IN hJlifjO eii ta'Ilas itihisi lla il 1 ,' it' ,i i l iltilivllidlo Ii h l I 
26 '. st! I irt'liyt l t) w drlI! h i1huJllilIt llS(aibl0 aall,0lt It.h'1j i 111i'lI ilds. iCS 

alit t h ' J iotso. guljtoi'ir,1lal I, bll' rlic i r 1 g11h' Nr.It' iilcI I) iaslil viiltlaa i c/; 
1,rll!i'tllo 'h! i'I~lV~l'l~01-~ 11's lsilfla,rol.'ic,1 s i t' VOl!llhlll,.! 1-11 r h' j t'1ihr.t 
4"1!II':ilp ifi- c11111 1(.11 th f!-"1'111irs. fit- g\rif'll ' tllflirr) itt-!g'li'iO nal !,1 1 ' ]il l 
"'llwllivi:,' '!l !!!, fT'i-tII!I.-i!'11 l i, IJ 1lh.l:,If~lJJJ14 d:0111llo w,flto.", I! 1111vilivir!.), 
Ill11 l l,4 ','l'o,! rI'/l !! !" ir !1'ri:,t :iff)('1 :oI11t, o jo'll 
lit1/!'1 ,41 1 t:,ill'l , I ,1 !I lil'l :" (flh1ll l11,' , l !i 
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This study was conducted to 
investigate the nature of colonization, 
as well as the coexistence of maize 
(Zea mays L.) and Aspergillusflavus 
Link ex Fries, previously classified as a 
saprophytic fungus. Field stress of 
maize plants enhances A. flavus 
invasion in developing ears. 
Colonization of kernels damaged by 
feeding birds and insects, or senescing 
silks (4,5,6,7,9), appear to be avenues 
of entrance of the fingus, 

Misra and Tripathi (8) demonstrated 
that maize seeds infected with 
aflatoxin-producing A. flavus. naturally 
contaminated with aflatoxins or treated 
with purified toxin resulted in reduced 
germination. Brodnik itu a'd. (2) 
compared the toxic effects of A. flavtis 
metabolites with those of aflatoxin B I 
on maize embryo growth and found 
the toxic metabolites had a more 
pronounced effect liman those of 111. 

Schoental and Whiie (10) and 
Slowatizky et il. (11) ohserved 
virescent leaf patterns on maie 
seedlings grown |roin taeeds Infected 
willh A. Ilavls. Gardl er aiind Wallil (3) 
sublecleci foijr Inbred linesi it A, litlios 
ind II Mid llltd Oeir' reslJm ic. 

Kiermels wer: ulbjected to if
llo)i)Mifl loxh|)-IirodtnllIig tilrin~ (NIMII, 

56566, it ioxhi pr'lii'j'ei (NI114, :i2b'I, 
NI 1 iit,556i5 iui oxll, iloMxii/t t : 
tim l! it ll llf alj -I villillll. 6f-01t:llll t
/I l'" '!lt M 111 -4'll 110 Wtl'l I t 

Il 4 1 it111lilt' Vill laiih. IMu 
eihl el+ lill i ft i ; i l illil 

l~~~~~~lw~~~~ 
GIV-11 Jil, i l 1 11, ,,j jllldi11111 o il 

Ii lli:1IC; JillJI1a1, , t 1i:,,or~l::I j q lqdfj ll w if lj l l" I , 11. 

lhishhllul~ lihi i I lu' ; i! utI heiee '.,b~I.fI'ih 

i~li!lsti Ih ildt c ,'ii iiil *lci Ieu ii s eiL 

ifl4 i;'l /;211lf1111 l!, , d c tpc0I!,'F!! ~,~~I!l~ l b tI !} 

microscopy (SEM), light microscopy 
and fungal isolations from infected 
maize tissue. 

Materials and Methods 
In 1982, a preliminary experiment was 
conducted to develop a technique, i.e., 
a method of treatment and sampling, 
and to estimate the plant tissue sample 
size. Treated and nontreated plants 
were grown to maturity, and plant 
tissue and kernels were assayed for 
A. flavus. 

Two methods of treatment were 
compared to determine the best 
inoculation technique. Kernels of Zea 
diploperennis (liltis, Doebiey and 
Guzman) were inoculated in pctri 
dishes with 2 x 10 3 conildial/ml 
aqueous suspension of a toxin
producing strain of A, llavms, NRRL 
3357. The samples were incubated at 
26"C for eight days. Twelve percent of 
t lie treated se(eds ger innated s+rd 
stirvived. lhv n'cond method used 
liernels oi 'l1w inbred line Mo 17 and lilt! 
cross Mo17 x 2. dIlpuretmni lhat 
wele p llied h1i soil ald Ihell satllted 
wilil 1, .in'vlj. voillllal illtile laloll ill 
2 x I1t0 volial/iii. tilxly.omc pervtelll 
l I 1i4 (117 it l " and i7% il ilt-

M 17 x Z. dip vit-mclt-i~ liwcl'mlt
gvl 11il lvhd. 

Illc I~lylhil l I llihiifiiidi t J dltii 
pllliou Wr!i: lililtillth tl i iu 1 1111?I IJ-0,1laiy jljotlti tyl il ~l l-,i~ j ! tl l illilll 

tC:hl ltf iii: AI lliji-t'd Itli Juf iiu 
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removed essentially all surface the extent of airborne conidia. The 
contaminants, but did not kill A. flavus peat pots were watered from below to 
within the plant tissu..) Leaf tissue is reduce contamination from one pot to 
difficult to surface disinfect because another by splashing.
the waxy cuticle is not readily wetted. 
Tissues were rubbed to reduce surface Survivors were counted during the first 
tension. The disinfected samples were week after planting. Eleven treated and 
plated on Aspergllus Differential Media 33 untreated plants were selected at 
(ADM), a media developed for rapid the three-leaf stage and sectioned into 
identification and enumeration of eight pieces. Pieces one to three 
A. flavus and related fungi (1). Some of consisted of the leaves, pieces four to 
the plants failed to produce kernels, six consisted of the stem, and seven 
but those kernels produced were and eight, the roots and hypocotyl.
surface disinfected, split longitudinally Each piece was surface disinfected 
with an alcohol-flamed razor blade and with a 1% solution of NaOCI for 90 
placed cut side down on ADM. After seconds, rinsed twice in sterile, 
three days at 261C, the A. flavus distilled water and dissected into 
colonies were ccunted. smaller pieces with an alcohol-flamed 

scalpel before plating on ADM. After 
The experimental techniques described three days at 260C, the plates were 
in the previous paragraphs were removed from the inrubator and tissue 
repeated in 1983. Kernels from three samples were examined for the 
ears of an open-pollinated white maize presence of viable A. Ilavus. 
originating from a bulk of commercial 
white-maize hybrids were used. One Another group of 11 treated and 33 
hundred surface-disinfected. decapped untreated control plants was selected 
kernels were inoculated in sterile petri in the four-leaf stage, surface 
dishes with 3 x 103 conidial/mI and disinfected and plated on ADM. The 
incubated at 260C for 13 days. Kernels last group to be assayed consisted of 
were decapped to enhance infection, ten treated and 32 untreated plants in 
An equivalent number of controls were the five-leaf stage. 
incubated in sterile, distilled water. 

Positive samples were prepared for the 
Kernels that germinated in the petri scanning electron microscope (SEM),
dishes were counted and individual using ethanol cryofracture techniques.
seedlings were hand-scrubbed and Samples were fixed in 1% aqueous
surface disinfected with a 1% NaOCI osmium tetroxide and prepared for 
solution to remove visible mycelia and SEM by dehydration in a graded
conidia. The treated and vntreated absolute ethanol series with three 
control seedlings were planted in changes for 30 minutes each. 
individual 7.5-cm peat pots containing Specimens were plunged into liquid
steam-sterilized soil and placed in nitrogen, fractured with a chilled razor 
growth chambere (disinfeci-ed with blade, replaced in absolute ethanol and 
approximately 2.5% NaOCI) under critical-point dried in carbon dioxide. 
incanle: .cent and fluorescent lights. Fragments were mounted on specimen
The lighting was timed for holders with a piece of electrically
photoperiods of 14 hours of light and conductive tape and placed vertically 
ten hours of darkness with resulting with the adhesive side up. Specimens 
temperatures of 290 and 241C, were spatter coated with two 
tespectively. An Andersen six-stag' angstroms of gold paladium and 
viable particle sampler was operated in viewed in a JEOL JSM 35U scanning
the chambers periodically to monitor electron microscope. 
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Samplcs were viewed at 600X and 
3000X magnification to observe 
propagule distribution. Tissue was set 
aside that contained A. flavus and was 
cleared of chlorophyll by boiling in a 
1:1 glacial acetic acid and ethanol. The 
transparent tissue was then stained 
with lactophenol cotton blue and 
viewed under 200X magnification with 
a light microscope. 

Results 
Plants of inbred Mo 17, Mo17 x Zea 
dlploperenn.s,and Z. dlploperennls 
that survived A. flavus inoculation 
were grown to maturity and the leaves 
sampled for the presence of live 
systemic A. flavus. Aspergllus flavus 
was detected particularly in leaves 
from the middle areas and top portions 
of mature plants, but was not isolated 
from the control leaves. Only a few 
ears were assayed. but A. flavus was 
recovered from 89% of the kernels 
plated from those ears. Minimal 
contamination of other fungi was 
observed on the plates. The 
preliminary study showed that 
A. flavus grew systemically and that 
decapped kernel inoculation In petri 
dishes was an efficacious technique for 
inoculating kernels, 

In a second experiment, 76% of the 
A. flavus-inoculated kernels 
germinated in petri dishes compared to 

98% for the control. Although A. flavus 
is commonly thought to be a 
saprophyte, it appears to be a weak 
pathogen, since it caused seedling 
death for 44% of the 76% germinated 
seedlings soon after planting in peat 
pots. 

Data were grouped in two classes 
according to presence or absence of 
A. flavus growth obtained from tissue 
samples. A row-by-column Chi-square 
test of contingency was computed. 
Originally, the plant was divided into 
eight sections. The X2 test revealed 
that some of the expected values (row 
frequency x column frequency/sample 
size) were less than 1. Since the 
expected values of the individual 
pieces (1 to 8) were less than 1, the 
data were combined: 1 to 3 
represented leaf area, 4 to 6 
represented the stem and 7 and 8 
represented the roots and hypocotyl. 
Another row-by-column Chi-square was 
computed on the combined pieces. 

Table I is a summaiy of six row-by
column X2 tests. The X2 values found 
in the last row of the table represent 
three of the six row-by-column X2 s 
and test the presence or absence of 
A. flavus in the plant part for each leaf 
stage. The other three row-by-column 
X2 values found in the last column of 
the table represent presence or absence 

Table 1. Distribution of AsajergUilus flavus recovered in. plant pieces 
sampled at the three-, four- and five-leaf stages of growth 

Three- Total Four- Total Five- Total 
Plant leaf stage no. letf ,tage na. leaf stage no. 
piece (%) samples (% samples (%) samples X2 a 

Leaves 92.3 13 85.7 21 20.6 34 31.50b/ 
Stems 46.7 15 85.7 21 33.3 33 14.34 b 

Roots 80.0 10 85.7 14 39.1 23 9.79h/ 

/ 7.58 b/  X4_ od/ 2.53d1 

a/ Row X2 lists testing differences between percentages due to stage of development
b/ Significant at P = < 0.05 
S/ Column X2 lists testing differences between percentages due to plant pieces
A/ Not significant 
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of A. flavus at different leaf stages for In all instances, a decrease in percent
each plant part. Values are the distribution of the fungus in all areas 
percentages of A. flavus present and of the plant in the five-leaf stage may
total number or tissue pieces sampled. be explained by the physiological
The analyses revealed that significant maturing of the plant, resulting in a 
differences for presence or absence of stronger resistance response. 
A. flavus existed between the leaf,
 
stem and root pieces sampled during The overall distribution of A. flavus in
 
the three-leaf stage of development, the different leaf stages sampled after
 
Asperglllus flavus was located 80% of pooling the leaf, stem and root pieces
the time in the root area, but 92.3% of indicated significant differences among
the pieces sampled Indicated the the different stages of maturity of the 
fungus was located in the leaf tissues. plant. Data from the three-leaf stage
In the four-leaf stage, the distribution indicated 71.1% fungal recovery, with 
of the fungus was equal among leaf, an increase to 85.7% observed for the 
stem and root areas within the plant, four-leaf stage. Again the five-leaf stage
but in the five-leaf stage the was much lower (30.0%). 
distribution of the fungus appeared to 
shift to the root and lower areas of the The control plants were used for 
plant. When results of the different comparing plant height, germination
sampling stages were pooled, the rate and appearance. These plants
overall distribution of A. flavus in were healthy and vigorous, with very
leaves (54.4%). stems (50.3%) and uniform characteristics, i.e., plant 
roots (61.7%), after pooling the height, vigor and deep green color. 
different stages of sampling, did not 
show significant differences. Intercellular hyphae were observed 

within the leaf tissue under the SEM as 
Comparisons between the shown in Figure 1. Since hyphae were 
developmental stages sampled were seen in the treated saiple and none in 
also made using a row-by-column Chi- the untreated samples, the probability 
square test of contingency. The row was high that the hyphae shown in the 
Chi-square test showed significant 
differences in all areas of the plants 
due to stage of development. The 
largest amount (92.3%) of A. flavus 
occurred in the leaves at the three-leaf 
stage of development and only a slight 
decrease was observed in the four-leaf 
stage: a significant decrease occurred 
in the leaves at the five-leaf stage. U 
The stem area analyses indicated a 
shift in the distribution of the fungus. 
The stems of the three-leaf stage
showed 4G.7%, increasing significantly 
to 85.7% at the four-leaf stage; theapercentage fell to 33.3% for the five- nm _ i': 

leaf stage. 

The root area in the three-leaf stage Figure 1. Scanning electron 
revealed 80.0% fungal recovery and micrograph of hyphae in 
the four-leaf stage, 85.7%. This intercellular space in corn leaf 
dropped to 39.1 % in the five-leaf stage. tissuw (3000 x magnification) 
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photo were A. flavus. Recommended 
staining techniques were employed, 
but no fungal hyphae were observed in 
sections from tissue samples prepared 
for light microscopy. Presumably the 
fungus is present only in trace 
amounts, barely subsisting in 
intercellular spaces. But the results of 
these experiments indicate that 
A. 	flavus can be present in a 
developing maize plant originating 

from infected seed. 


Conclusions 
Aspergillus flavus was shown to 
become systemic in young maize 
seedlings grown from contaminated 
seed. The distribution of the organism 
was highly variable. Germination rates 
were considerably lower when 
A. flavus entered and contaminated the 
seed. The isolate appeared to cause 
seedling death. Distribution of the 
fungus within the plant suggested that 
initially the organism may follow the 
meristem of the plant. As the plant 
matured, the incidence and 
distribution of the fungus was 
suppressed, suggesting possible host 
tolerance as the plant matures. 

Future studies will deal with (1) the 
inclusion of different genotypes to 
determine if differences in resistance or 
susceptibility occur among them; 
(2) the monitoring of plant and fungal 
development throughout the life cycle 
of the plant to determine if this might 
be a mode of infection for preharvest 
contamination of maize kernels; and 
(3) the investigation of this assay as a 
feasible screen for resistance, 
eliminating the necessity for the 
inoculation techniques presently used 
in field studies and the uncertainty of 
simulating natural preharvest 
infection. 
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Relation of Insects to Aflatoxin Contamination 
in Maize Grown in the Southeastern USA 

W.W. McMillian, Insect Biology and Fopulation Management

Research Laboratory, Agricultural Research Service, US
 
Department of Agriculture, Tifton, Georgia, USA
 

Abstract 
Insect damageand aflatoxin contaminationare chronicproblems In maize 
(Zea mays L.) grown In the southeasternUSA. Research has demonstrated that 
insects significantly increaseafiatoxin levels in preharvestears. Insects trans.port 
Aspergillus flavus Link spores, as well as damagingkernels, which results In 
increasedfungal infection. Infection by A. flavus appearsto be associatedmore 
with foliage-feedinginsects, whereas A. parasiticus appearsto be associatedmore 
with soil-InhabitingInsects. Maize weevils (Sitophilis zeamals Motschulsky) 
appearto be more Important In increasingkernel infection and afiatoxin 
contaminationthan the fall armyworm [Spodoptera fnigiperda (J. E. Smith)], the 
European corn borer [Ostrinia nubtlalis (Hubner],or the corn earworm [Heliothis 
zea (Boddie)]. The applicationof insecticides to silks of developing earsgenerally 
reduces insect daageand afiatoxin contamination.Heavy morningdew, which 
Is common in the southeasternstates, appearsto favor aflatoxin development. 
Insect damage and afiatoxin contaminationarepositively correlatedwith mean 
temperaturein the field duringplant development. Aflatoxin contaminationand 
net evaporationarealso positively correlated. 

Resumen 
El dahoproducidopor insectosy la contaminaci6nporaflatoxinas representan
problemascr6nicos en el maiz (Zea mays L.) que se cultiva en el sureste de Estados 
Unidos. La investigaci6n efectuada ha demostrado que los insectos hacen que 
aumenten en forma signillcatlvalos niveles de aflatoxina en las mazorcas antes de ]a
cosecha. Los insectos transportanesporas de Aspergillus flavus Link ex Friesy
tambitn daflan los granos,lo cual da por resultadoun incremento en la infeccl6n por
hongos. Al parecer,la infecci6n con A. flavus se asociamis con insectos que se 
alimentandel follaje, en tanto que la infeccl6n con A. parasiticus parecerelacionarse 
mis con insectos que viven en el suelo. Los gorgojos del maiz (Sitophillis zeamais 
Motschulsky) parecen ser m9s Importantesparaaumentar]a Infecci6n de los granosy
]a contaminaci6npor aflatoxinas que el gusano cogollero (Spodoptera fi ugiperda [J.E.
Smith])), barrenadoreuropeo del maiz (Ostrinia nubilalis [Hribner), o que el gusano
elotero (Hellothis zea [Boddie]). La aplicaci6nde nsecticidasa los estigmas de las 
mazorcas en desarrollosuele reducir el daflo ocasionadopor los insectosy ]a
contaminaci6npor aflatoxinas. Al parecer,el abundanterocio matinal,comin en los 
estados del sureste, favorece el desarrollode atfatoxinas. El daflo por insectos y ]a
contaminaci6npor aflatoxinasse relacionanen forma positiva con una temperatura 
media en el campo duranteel desarrollode la planta. Asimismo. la contaminaci6npor
atlatoxinasy la evaporacl6nneta se relacionanen forma positiva. 
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Recently, Dr. T. Kinney, Jr., 2% a year. In the 1970s, however,
Administrator for the Agricultural yield losses began to increase, and by
Research Service of the US Department the early 1980s, losses had risen to 6% 
of Agriculture, stated that one of the annually (11,21). 
prime challenges facing agricultural
research today is to find ways to Increased losses in maize frcm insect
 
improve crop quality and to reduce the damage are probably due to a
 
yield losses in maize as a result of combination of factors. New, early

grain invasions by insects and fungi maturing hybrids with loose, open

(4). Perhaps the best justification for husks and quick dry-down attributes
 
Dr. Kinney's remarks was the 
 have recently been introduced in the
 
devastating insect damage, Aspergillus southeast and have probably

flavus Link infection and aflatoxin contributed substantially to the
 
contamination inflicted on the 1977 increase in insect damage. Also,

maize crop grown in the southeastern infestations by some insect species

USA (8). have occurred earlier in the season
 

than in past years. The increased
 
In 1977, the Maize Host Plant acreage of irrigated maize and earlier
 
Resistance and Aflatoxin 
 planting dates may contribute to early-
Contamination Project was initiated at season increases in insect populations

the Agricultural Research Service 
 that migrate to and severely damage

Laboratory at Tifton, Georgia, with late-planted, nonirrigated maize.
 
three overall objectives:
 

As early as 1920, Taubenhaus (15)

* Investigate the interactions of published the first paper that 

insects, plants, fungi and aflatoxins; specifically associated A. flavus 
infections with insect injury in maize. 

* Identify and develop maize In 1960, Walsh and Riley (16) reported
germplasm with resistance to insect that a greenish-brown fungus (probably
damage, A. flavus infection and A. flavus) grew on the developing ears 
aflatoxin formation; and of maize that had previously been 

damaged by the earworm. They stated 
" Develop management practices that that "the dampness from the exudated 

reduce crop losses, production costs sap of injured kernels favored the 
and environmental pollution, growth of fungi." wereWhen aflatoxins 

identified in the 1960s, insect damage
This presentation will center mainly on was immediately associated with 
results of research conducted at the contamination (1,3,14,19). The role 
Tifton laboratory during the past eight that insects play in contributing to 
years. aflatoxin contamination in preharvest 

maize was reviewed by Widstrom in 
Over the last several years, preharvest 1979 (17) and updated by McMillian in 
maize in Georgia has experienced an 1983 (8). 
increase in insect damage. During the 
1930s and 1940s, estimated yield Laboratory studies have demonstrated 
losses in maize due to ear damage by a that A. flavus infection and aflatoxin 
complex of insects, especially the corn development in maize kernels can 
earworm [Heliothlszea (Boddie)], occur without insects and the damage
averaged 10%. During the 1950s and 
1960s, these losses declined to about 
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they inflict (13). However, a variety of 
field experiments have demonstrated 
that insects significantly enhance the 
aflatoxin problem by transporting 
fungal spores as well as by damaging 
kernels. 

Research has shown a broad, 
interregional occurrence of A. flavus-
contaminated insects on maize plants
(8). Insect contamination can be both 
internal and external. Aspergillus 
flavus appears to be associated more 
with foliage-feeding insect species,
whereas A. parasiticusappears to be 
associated with soil-inhabiting insects 
(6). An eight-year evaluation of 
earworm moths captured in Tifton, 
Georgia, maize fields during the 
growing season revealed that 
contamination with A. flavus ranged
from 30% of the moth population in 

4.. 

L* _ 

_ 

Aspergilius Navus infection of maize ear 
after kernel damage by the corn borer, 

May, when plants were in the seedling 
stage, to 70% of the population in 
August, when plants were mature. 
Incidence of the fungus fluctuated from 
15% in 1982 to 84% in 1981. In 
general, the level of aflatoxin 
contamination in preharvest maize 
appears to follow the degree of 
earworm moth contamination with 
A. flavus. 

In field tests, maize weevils (Sitophilus 
zeamais Motchulsky) were exposed to 
spores of toxin-producing A. flavus 
NRRL 3357 and A. parasiticusATCC 
24690, and applied to silks of 
developing ears; fungal spores were 
also applied to the silks. The study 
demonstrated that certain 
combinations of maize weevils and 
fungal isolates were significantly more 
effective in increasing levels of 
infection and aflatoxin contamination 
(W.W. McMillian, unpublished data).

Specifically, the combination of
 
A. flavus spores and weevils resulted in 
81% kernel infection, compared to
 
24% kernel infection for the
 
A. parasiticusspores and weevils 
combination. Asperglllus flavus spores
applied to silks with no weevils 
resulted in 61% kernel infection, 
compared to 16% kernel infection for
the treatment of A. parasltlcusspores 
with no weevils. Aflatoxin levels were
considerably higher in the A. flavus 
spores plus weevils treatment (1287 

ng/g-1) than in the A. parasiticusplus 
weevils treatment (412 ng/g-1). 
Aflatoxin levels for A. flavus without 
weevils were 299 ng/g 1 and for 
A. parasltlcus,220 ng/g-1. 

during the last eight years (1977 to 
1984) revealed that the percent of ears 
with visible insect damage ranged from
55% in 1979 to 100% in 1977 
(W.W. McMillian, unpublished data). A 
corresponding grain yield loss of 20% 
in Georgia in 1977 compared with a 
2% grain loss in 1979. During the 
same period, average aflatoxin 
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contamination ranged from 37 ng/g"1 	 Correlations ( = statistically
In 1984 to 622 ng/g-1 in 1977. It was 	 significant at the 5% probability level,
noted each year that regardless of the 	 * * = statistically significant at the 1%
severity of aflatoxin contamination, a 	 probability level) among data means
few fields had no aflatoxin or very low 	 from a six-year study of maize fields in
levels. For example, in 1977 some 	 Georgia revealed a positive association
fields produced grain samples with up 	 between the percent of ears with 
to 4708 ng/g-1 of aflatoxin, whereas 	 visible A. flavus and the percent of
samples from neighboring fields 	 ears with visible Insect damage
contained only 40 ng/g- 1 of aflatoxin. 	 (0.17 *) and between the percent of
Double checking ruled out sampling 	 ears with visible A. flavus and the 
error; therefore, it appeared that 	 amount of Insect damage to ears 
certain field conditions and/or crop 	 measured in centimeters of feeding
management practices could have been 	 penetration down the ear (0.50**) (12).
respoh~sible for minimizing insect There was also a positive correlation

damage as well as aflatoxin between the level of aflatoxin

contamination, 	 accumulation and the percent of ears 

with visible insect damage (0. 15 *), asSome of the first studies at Tifton well as between the level of afiatoxin
identified maize insect species in 	 accumulation and the amount of insect
Georgia that contributed to A. flavus 	 damage measured In centimeters of
infection ar ' aflatoxin development 	 feeding penetration (0.32"*).
under field conditions. The primary
species that traditionally inflict 
economic damage to preharvest ears in 
the area are the corn earworm, the fall 
armyworm [Spodoptera rugiperda
(J.E. Smith)], the European corn borer 
[Ostrlnfa nubllalfs (Hfibner)] and the 
maize weevil. A three-year field study . 

in which developing maize ears were 
infested with these insects (previously
exposed to A. flavus spores)
demonstrated that the maize weevil 
increased the aflatoxin level (299
ng/g-l) In maize more than other insect 
species tested (W.W. McMillian, 
unpublished data). Grain from plots
infested with corn earworm (55 ng/g-l),
fail armyworm (77 ng/g-l) and 
European corn borer (65 ng/g-l) was 
about equally contaminated with 



aflatoxin but was significantly more : 
contaminated than grain from the 



untreated check (31 ng/g-l). The 
untreated check sustained slight
damage from natural insect 
infestations, which may account for 
the background contamination in Maize kernel damage by the maize 
check plots. Other studies (2) have weevil; fungal growth will begin here. 
suggested that mites are not 
significantly involved in increasing 
aflatoxin contamination in preharvest 
maize in Georgia. 
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Relationships were predictably closer 
for years when contamination was 
most severe, but trends still emerged
for years in which levels of 
contamination were low. 

Experiments to reduce aflatoxin 
contamination by controlling field 
insects have produced mixed results 
(5,18). Insecticides applied to silks of 
developing ears generally reduced, but 
did not completely eliminate, either 
insect damage or aflatoxin 
contamination. Research conducted in 
Georgia, Florida and South Carolina 
demonstrated that maize treated with 
numerous insecticide applications 
(three times a week for six weeks) 
yielded grain with an average of 70% 
less aflatoxin than the untreated 
check. Normally, however, the use of 
insecticides to protect field maize is not 
economically practical. Limited field 
studies at Tifton involving the 
application of fungicide to developing 
silks have failed to show a significant 
degree of control of either A. flavus oi' 
aflatoxin formation (7). 

Other studies have demonstrated that 
A. flavus and aflatoxin can be 
detrimental to insect biology. When 
250 ng/g"1 of aflatoxin B 1 were 
incorporated into a standard laboratory 
diet and fed to second instars of the 
corn earworm, fall armyworm and 
European corn borer, larval rr.rtality 
was 96%, 44% and 70%, respectively 
(9,20). Aflatoxln concentrations of 25 
or 2.5 ng/g-1 showed no measurable 
effect on lanal biology. In another 
study, maize weevil mortality was 
significantly higher (22%) when 
weevils were reared on grain 
contaminated with A. paraslitcusthan 
when reared on grain contaminated 
with A. flavus (12%) (9). 

Aflatoxin development in preharvest 
ears is also increased by simulated, 
early morning dew (10). When silks 

were sprayed with a mist of water on 
three mornings a week for four weeks 
to simulate heavy, early-morning dew, 
aflatoxin accumulation averaged 299 
ng/g- 1 , compared to 74 ng/g- in plots 
receiving no spray. A trend also 
appeared for increased insect damage 
in plots sprayed with water (8 cm per 
er)compared to unsprayed plots 
(7 cm per ear). 

An evaluation of six years of weather 
data collected at Tifton demonstrated a 
positive correlation (0.860) between 
mean temperatu'e and aflatoxin 
accumulation in the grain. Also, a 
positive correlation (0.83*) was 
obtained between the net evaporation 
and aflatoxin accumulation (12). 
Macro- and micro-climate appear to be 
intimately involved in aflatoxin 
contamination of preharvest maize. 

In summary, rese arch results 
demonstrate that multiple factors 
influence the ultimate degree of insect 
damage and aflatoxin contamination in 
preharvest maize. Solutions to 
minimize losses in maize should 
involve a multidisciplinary approach 
toward total management, from seed 
selection to product consumption. 
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Insects of Maize and Their Association 
with Aflatoxin Contamination 

D. Barry, Agricultural Research Service, U.S. Department of
 
Agriculture, University of Missouri, Columbia, Missouri, USA
 

Abstract 
Many insect species areassociatedwith maize and several of these may be 
directlyor indirectly importantin aflatoxin contamination.Pertinentinsects can 
be broadly divided into above, and below-ground feeders, but the divisions are 
not mutually exclusive. Aspergillus flavus isolates can be obtainedfrom most soil 
samples orinsects associated with maize. GeographIclocatiorn significantly 
influences aflatoxin contaminationof preharvestmaize kernels. Genotypes of 
maize with resistanceor susceptibilityto the European corn borer (ECB) and 
corn earworm (CEW) do not appear to affect the amount of aflatoxin produced. 
However, insertssuch as ECB, CEW and the maize weevil may be responsiblefor 
Increased levels of A. flavus infection and aflatoxin in preharvestmaize kernels, 
depending on location and climatic conditions. 

Resumen 
Un sinnmem de especies do insectos se asociancon el maiz y muchas de ellas 
pueden ser directao indirectamenteimportantesen ]a contaminacl6nporaflatoxinas. 
Los insectos m,2s importantes se pueden clasilficaren forma generalen insectos que 
se alimentensobre el suelo e insectos que se alimenten dentro del suelo, aunque estas 
clasificacionesno se excluyen mutuamente. Se pueden obtener aislamlentosde 
Aspergillus flavus de casi todas las muestrasde suelo o de insectos asociadoscon el 
maz. La situaci6ngeograflca influyen dt: manera significativaen la contaminaci6n 
por aflatoxinasde los granosde matz en ]a fase de precos,-cha. Al parecer,los 
genotipos de inaiz resistentes o susceptibles al barrenadoreuropeo del malz o al 
gusano elotero no afectan ]a cantidadde aflatox,,as producidas.Sin embargo, 
insectos tales como el barrenadoreuropeo del mafz, el gusanoelotero y el gorgojodel 
malz suelen ser los responsablesde que aumenten los niveles de infeccl6n con A. 
flavus y de aflatoxinas en los granosde malz antes de /a cosecha. dependiendo de la 
situaci6n geogriLfca y de las condiciones climatol6gicas. 

There is little question that insects 
play a significant role in aflatoxin 
contamination in preharvest maize. 
Insects can transport spores to the 
developing kernels, and along with 
inflicting damage to the grain, they 
facilitate colonization by A. flavus. The 
latter appears to contribute most to 
aflatoxin contamination. Of course, 
A. flavus inoculum must be present 
when environmental conditions are 
favorable for the development of the 
fungus. 

One of the first considerations in 
approaching the insect and fungi 
relationships contributing to the 

aflatoxin problem in preharvest maize 
is the diversity of insect species 
associated with maize production. 
Broadly, these insects can be 
characterized as above- or below
ground feeders, but these categories 
are not mutually exclusive. 

Although this paper deals primarily
with insects found in the US Corn Belt, 
some other insect species will be 
considered in the context of A. flavus 
infection of developing maize kernels 
and aflatoxin contamination. 
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Above-Ground Maize Insects 
Above-ground maize insects are 
'robably of most importance in 
i elation to A. flavus infection of 
developing maize kernels, 

Armyworm, Pseudaletla 

unipuncta (Haworth) 

Description-This insect is called the 
true armyworm and can be recognized 
by its grayish-brown forewings which 
have a white spot in the center. The 
eggs are greenish white, globular and 
laid In rows. Freshly hatched pale 
green larvae become yellowish- or 
brownish- green with age and have 
greenish-brown heads mottled with 
dark brown. The larval bodv reaches 
3 to 4 cm in length, and has two 
longitudinal orange stripes along each 
side and a pale orange, white-bordered 
stripe both above and below the
spiracles. 

Biology-The true armyworm has a 
wide range of hosts, primarily grasses. 
It is found throughout the USA east of 
the Rocky Mountains. The larvae are 
nocturnal feeders, capable of derouring 
tender young plants or skeletonizing 
older ones. The armyworm overwinters 
as a partly grown larva, with the fir.t-
generation moths emerging about May. 
A female moth is capable of laying 
2000 eggs. There may be two to three 
generations per year in the northern 
USA and five or more generations in 
the south. 

Fall armyworm, Spodoptera 
frugiperda (J.E. Smith) 
Description-The forewings of the fall 
armywonn are dark gray, mottled with 
lighter and darker splotches and with a 
whitish spot near the tip. The wing 
span is about 2.5 to 4.2 cm. The eggs 
are light gray and laid in clusters, 
Fully grown larvae vary in color from 
light tan oi green to nearly black and 
are 3 to 4 cm long. 

Biology-This insect is very common in 
the US states around the Gulf of 
Mexico and in the tropics of North, 
Central and Scuth America. It migates 
northward or is !:own northward from 
the Gulf area in the spring, often 
resulting in large populations in the 
Corn Belt by midsummer to late 
August. Females normally lay their 
eggs at night in clusters of fifty to 
several hundred on maize leaves or 
3ther vegetation. Depending on the 
temperature, the eggs hatch within two 
to ten days. The larvae feed in the 
maize whorl and developing tassel or 
ear. They are voracious, feeding any 
time during the day or night. After two 
to three weeks continuously on plants, 
they pupate in the soil. Fall 
armyworms have one generation per 
year In the northern USA, but several 
In the south. 
Corn earworm, Holiothis zea 
(Boddie); tobacco budworm, 
H. virescens (Fabricius);
 
Old World corn earworm
 
H. armigera (Hiibner) 
Description-The forewing color of 
these noctuids varies between and 
within sexes of each species. The corn 
earworm forewings may be light 
yellowish olive, yellowish brown or 
pinkish brown with a dark spot near 
the center. The egg is white, dome
shaped and appears sculpted: it 
develops a reddish-brown band before 
hatching. Full-grown larvae are 

moderately hairy ,And range ini colorfrom brownish to greenish and are 
sometimes purplish. They have 
yellowish lateral stripes and alternating 
light and dark longitudinal stripes on 
the dorsal surface of the body. 

Biology-Maize is one of the preferred 
hosts, but these insects have over 200 
recorded hosts throughout the world. 
The first generation larvae feed in the 
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whorl of maize, giving the plant a Flea beetle, Chaetocnema 
ragged appearance. Second generation pulIcarla (Melshiemer)
larvae initially feed on the ear silks, Description-This beetle is small, oval 
but go through the silk channel to the and black, tinged with bronze or bluish 
developing kernels, either feeding on green. The hind legs are distinctly
the kernels at the tip of the ear or enlarged. The larva is a white, slender, 
feeding down a line of kernels on the cylindrical grub with a brown head 
cob. Larvae are cannibalistic so only and tiny legs. 
one insect generally develops in an ear. 
In the southern USA, corn earworms Biology-Three species of flea beetles 
overwinter Inthe soil as pupae, that may be found on maize are 
emerging as moths in the spring and distributed throughout the states of the 
depositing eggs on seedling maize if north central USA. The corn flea beetle 
available. The eggs are laid singly. is a general feeder, but it prefers 
Larvae feed two to four weeks, going grasses and horticultural crops. Maize 
through five to six instars before plants are attacked as soon as they
dropping to the ground and pupating. emerge and as long as the leaves 
The second generation of moths remain tender. The feeding damage 
generally emerge about the time maize itself is usually not an economic factor, 
is silking, and they usually deposit but the beetle transmits Stewart's wilt 
their eggs on the silks. which can be an important disease of 

maize. Stewart's wilt is usually more of
Corn leaf aphid, a problem after a mild winter that 
Rhopaloslphum maldis (Fitch) favors overwintering of the beetle. 
DescriFpton-7 he oval, soft-bodied, 
wingless adult is pale bluish green 
with black antennae, legs and 
cornicles. with a dark area around the 
base of the cornicles. The head has two 
longitudinal dark bands, and the 
abdomen has a row of black spots on ! 
each side. 

Biology-This aphid is found 
throughout the temperate and tropical 
areas of the world. Heavy colonies 
cause mottling and discoloration of 
maize leaves, which may wilt and die; tk 
maize tassles and silks may be covered 
with sticky honydew. By feeding on 
the stem below the tassel, this aphid . 
can reduce or prevent pollination. It is 
assumed that the cern leaf aphid L". 
migrates into the Corn Belt from the I 
southern USA. Generally, this aphid is 
parthenogenic, but on rare occasions . 
males are found. In the northern USA, 
this insect may only have a few 
generations per year, but in southern 
Texas there may be as many as 50. 

Corn earworm on a maize car 
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Grasshoppers: redlegged 
grasshopper, Melanoplus 
femurruben (DeGeer); 
differential grasshopper,
M. differentials (Thomas); 
tw -striped grasshopper,
M. bivittatus (Say); 

migratory grasshopper, 

M. sanquinipes (Fabricius) 
Description-Grasshoppers are 
generally brown-green to gray with 
various markings; they are recognized 
as jumping insects. They are usually
19 to 38 mm long, with large heads 
and large compound eyes. The 
forewings are narrow, leathery and 
thick, whereas the hind wings are 
membranous, broadly triangular and 
often brightly colored. 

Biology-Grasshoppers are distributed 
throughout the USA. They ae general
feeders, and can be found feeding on 
most agricultural crops, including
maize. They consume the foliage and 
silks, which reduces pollination,
Grasshoppers overwinter as eggs in 
pods (25 to 150 eggs) which are 
deposited in the soil in vegetative 
areas, such as fence rows or 
waterways. The young are nymphs
that resemble the adult except for 
having incomplete wings. They molt 
five to six times during the 35 to 50
days before becoming adults. 

European corn borer,
Ostrinia nubilalis (Hubner) 
Description-The female moth is pale
yellow to light brown and has a robust 
body; the male is darker and smaller, 
The outer one-third of the wing area is 
usually crossed by two dark zigzag
lines. The eggs are pearly white when 
first deposited in masses, shingle
fashion. The egg turns darker as it 
develops and appears as a black head 
(the head of the larva) Just previous to 
hatching. The larvae become about 25 

mm long when full grown and pupate
into carmel to dark brown pupae after 
five instars. 

Biology-The European corn borer was 
introduced into the USA in 1917 and 
has spread to nearly all areas wheremaize is grown. Its distribution in 
Europe and south into Egypt is similar. 
Maize is the main host, though over 
200 other hosts have been identified. 
The maize plant is usually thought to 
have two developmental stages that are 
susceptible to attack, the whorl stage
and anthesis. During the whorl stage,
the first generation larvae feed on the 
unfurled leaves and may eventually 
enter the maize stem. Second 
generation larvae usually begin to feed 
on pollen and tender tissue at the leaf 
axil before proceeding to feed behind
the leaf sheath and collar. They also 
enter the stern during the fourth to 
fifth instar. Full-grown larvae can 
overwinter in maize stems in a state of 
diapause. In the Corn Belt, adult moths 
emerge in late May and early June,
and a single female may deposit 500 to 
600 eggs in masses of 20 to 60 on the 
underside of a maize leaf. Eggs hatch 
within four to eight days, depending on 
temperature; the larval stage Is usually
16 to 24 days, and the pupal stage,
9 to 14 days. 

Spotted stalk borer 
or pink stalk borer,
Chilo partellus (Swinhoe)This is a tropical stem borer 
resembling the European corn borer,
both in appearance and habits. It is 
distributed throughout India, much of 
Africa and East Asia. 

Maize stalk borer, 
Busseola fusca (Fuller)
This tropical stem borer, found In 
Africa, is much larger and a more 
voracious feeder than C. partellun. It 
may feed on maize leaves, but is more 
often found in stems. The eggs are 
deposited in batches behind the leaf 
sheath. 
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Pink stalk borer, Sesamla Sap beetles, Nitidulldae 
calamistis (Hamps.); purple These beetles may be found on maize 
stem borer, S. Infercens (Wlk.); silks, feeding on sap and some types of 
S. cretica (Led.) fungi. generally as secondary invaders. 
These stem borers make up a complex

and are frequently refelTed to by a Below-Ground Maize Insects
 
specific name that may or may not be Seed corn beetle,
 
correct. However, the behavior and Stenolophus lecontel (Chaudoir)

damage of these insects are similar to Description-The seed corn beetle Is

those of the maLhe stem borer. small and dark brown with a tan


border on the wings. 
Southwestern corn borer, 
Diatraea grandiosella (Dyar); Biology-This insect is generally
southern corn stalk borer, distributed in +he USA and Canada. It 
D. crambldoldes (Grote); sugar- may feed on me contents of seed,
 
cane borer , D. saccharalis especially seed with low viability or
 
(Fabricius); sugarcane stalk seed left ungerminated in the ground

borer, Eldana saccharins(Wlk.) for an extended period of time.Normally, this beetle is a scavenger,
Biology-Maize is one of the hosts of feeding on Insects and decaying
pyralid stem borers inhabiting the matter. It is a member of the
tropics and the more temperate areas Carabidae family and may have one or 
of the world. These Insects have some more generations per year.

similar characteristics and behavior.
 

Biology-The southwestern corn borer EUROPEAN CORN BORER-:"!
 
was introduced into the USA from
 
Mexico in 1913. It has since spread LlfeCyde
 
west to Arizona, north to Kansas and
 
Missouri and east to Georgia. It is a
 
voracious feeder: the first generation

attacks maize In the whorl stage, and
 
the second generation feeds on and
 
around the ear and in the stem. The 
larva of the summer generation(s) of r. ,,p,,., .,
this insect Is spotted, but the 
diapausing or winter generation is 
immaculate and creamy white. 1,,,va' ,4inch t ',,- o,"I
Generally, only one full-grown larva of 
the second generation of this insect is 
found in a plant. This borer prepares 
an overwintering site in the taproot of Pup. f,,dwthi,,, .ti.,,inh. stalk 

the maize plant, frequently girdling the 
stem about 15 to 25 cm above the 
ground and causing the top portion of ,o" 
the plant to break. 

Lcafhoppers: Blackfaced 
leafhopper, Graminella : . 

tnigrfrons (Forbes); Dalbulus Adul,- estj, ingmyareas durng 
maidis (Delong and Wolcott) Lif cycle of the European corn borer 

The primary problem caused by 
leafhoppers on maize is diseases, 
especially viruses. 
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Seed corn maggot, 
Hylema platura (Meigen) 
Description-This insect as an adult is 
a gray fly, about 5 mm long and with 
scattered bristles on its black body and 
legs. The larva is a legless, 
12-segmented maggot with a potnted 
head and rounded tall, white to yellow 
and 5 to 7 mm long. 

Biology-This maggot, first discovered 
in New York in 1856, is widely 
distributed in the USA. southern 
Canada and Mexico. The maggot has a 
variety of hosts, including maize. This 
insect overwinters as a larva inside a 
puparium in which the pupa develops. 
The adult lays eggs singly or in small 
clusters on decaying vegetation. There 
may be several generations per year 
with each generation requiring four to 
five weeks, depending on temperature. 
Since the larvae feed on seeds, they 
reduce germination and weaken 
seedlings. 

Thief ant, 

Solenopsis molests (Say) 

Description-The thief ant is very 
small, about 1.5 mm long, and light 
brownish yellow. The genus Solenopsis 
differs from other ants by having a 
10-segmented antenna with a two-
segmented club and a two-segmented 
pedicel or waist. 

Biology-The ant is distributed 
throughout the USA and feeds on grain 
by hollowing out the ungerminated 
seed; its presence is revealed by small 
starch grains scattered in the soil. 

Northern corn rootworm, 
Diabrotica longicornis (Say) 
Description-The adult beetle is about 
6 mm long, with a pale green or green 
body without any distinguishing 
marks. Larvae are white and slender, 
about 12 mm long when full grown, 
and have a brown head and a dark 
plate on the dorsal side of the terminal 
segment. The pupa is white, about 

6 mm long, and has the basic form of 
the beetle. Eggs are white, oval and 
about 0.1 mm long. 

Biology-This species is widely 
distributed in North America. from 
Colorado to the eastern Corn Belt and 
south to Oklahoma. Maize is the 
preferred host. The larvae are the most 
serious problem because they damage 
maize roots, which results in goose
neck. a form of root lodging; adults 
feed on leaves and silks. The insect 
overwinters as an egg and has one 
generation per year. 

Southern corn rootworm, 
Diabrotica undecimpunctata 
howardl (Barber) 
Desci Iption-This beetle is about the 
same size or slightly larger than the 
northern corn rootworm. It has a 
bright greenish-yellow body with 
twelve black spots on the wing covers 
and the head; legs and antennae are 
black. The full grown larva Is 15 mm 
long with a creamy white wrinkled 
body. The upper side of th,- terminal 
segment has two spine-like tubercles. 
Pupae are white to yellow and about 
6 mm long. 

Biology-The southern corn rootworm 
is found throughout the USA, but is 
not considered a serious maize pest. 
The beetles prefer broadleaved plants, 
and larvae may damage maize in the 
same manner as the northern corn 
rootworms. The insect overwinters as 
an adult beetle and becomes active in 
the spring when temperatures reach 
210 C. It requires six to nine weeks to 
complete the life cycle. 

Western corn rootworm, 
Diabrotica virgifera (Le conte) 
Description-The adult beetle is yellow, 
about 6 mm long, with a black stripe 
on the outer side of each wing cover. 
The stripe is more pronounced in 
females than in males, as the entire 
posterior half of the male's wing may 
be black. 
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Biology-The western corn rootworm, Other types of soil cutworms are: 
once distributed in the western Corn 
Belt, has now established itself as far Bristly cutworm, Laclnlpolia 
east as Ohio and Michigan. Maize is renigera(Stephens)
the preferred host of the larva and Larva: The body is yellowish gray
adult. The life cycle and habits of this with diamond-shaped markings on 
insect are similar to those of the the back. It has very coarse hairs on 
northern corn rootworm. the body. 

Black cutworm, Bronzed cutworm,
 
Agrotis Ipsilon (Hufnagel) Nephelodes minians (Guenee)
 
Description-The forewings of the Larva: It has three stripes which run
 
moth are long, narrow, and usually from the head to the tail end. The
 
dark, becoming gradually paler near body is dark brown.
 
the tips. There are three black lines on
 
each forewing. The eggs are round and Claybacked cutworm,
 
white. The larvae vary from very small Agrotis gladiarla (Morrison)
 
when freshly hatched to about 3 to 4 Larva: The body is greenish to dark
 
cm long when full grown. Above the brown, with a broad pale dorsal
 
spiracles, the larvae are light gray to stripe.
 
black. They differ from other cutworms
 
by having convex, rounded, distinctly Dark-sided cutworm,
 
isolated coarse grandules with smaller Euxoa messora (Harris)
 
grandules interspersed between the Larva: The body is dull gray with
 
larger ones. The larvae curl up if several stripes; it has dark gray

disturbed. The pupae are brown, about stripes Just above the spiracles.
 
20 mm long, with a tapering posterior

and a blunt head with evident mouth Dingy cutworm,
 
paits and antcnnae. Feltia ducens (Walker)


Larva: The body is brownish tan 
Biology-The black cutworm occurs in with a faint dark V-shaped marking 
most areas of the western hemisphere. on the back of each segment. 
Young larvae feed on leaves of young
plants by chewing holes. As the larvae Glassy cutworm, 
mature, they move to the soil where Crymodes devastator (Brace) 
,hey cut off seedlings at ground level Larva: The body is a translucent, 
or below. Frequently, these larvae greasy white color; the head and the 
migrate into the field from other shield of the head are reddish 
vegetation. Some stay at the site of the brown. There are no stripes on the 
plant they have cut off and feed on the body. 
roots; they may also attempt to drag 
the upper portion of the plant into a Sandhfll cutworm, 
crack or hole in the soil. One larva Euxoa detersa (Walker) 
may cut off four to six plants. There is Larva: The worm is whitish to pale
considerable discussion as to how the gray with seven faint chalky white 
black cutworm overwinters, but in the stripes running the length of the 
Corn Belt it is probably as larvae or body. 
pupae. In the Corn Belt, they begin to 
lay eggs in March. In Canada, two White grubs, Phyllophaga spp. 
generations per year are usually Description-White grubs are scarab 
produced, whereas further south in beetles that are robust, oblong (12 to 
Tennessee four generations can be 20 mm long), hard shelled and tan to 
produced. reddish brown to black. The eggs are 
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white and spherical and may be found 
encased in soil particles. The larvae are 
white, C-shaped grubs with a brown to 
grayish head capsule. The pupa varies 
from creamy to dark brown. 

Biology-These grubs are found 
throughout North America and feed on 
the roots of many grasses and 
cultivated crops. This insect has a life 
cycle of two to four years (usually
three). 

Annual white grub,
Cylocephala spp. 
Biology-This insect overwinters as a 
larva in the soil, pupates in May, and 
emerges as an adult, laying eggs in the 
soil in a few weeks. 

Japanese beetle, 
Popillia japonica (Newman) 
Description-This scarab is shiny, 
metallic green and about L' mm long. 

Biology-This insect was first reported
in New Jersey in 1916 and now occurs 
in 20 states along the Atlantic coast 
and as far west as Missouri. Its 
primary hosts are turf grasses, but it 
has over 250 known host plants,
including maize. 'it primarily damages 
maize by feedin g on the silks, thur 
preventing pollination. The Japanese
beetle has a one-year life cycle,
overwintering as larvae. 

Wireworms, Melanotus spp, 
Description-The adult wireworm is 
hard, smooth-bodied, reddish brown to 
black, elongate and tapers on both 
ends (more so towards the rear); it is 
about 6-19 mm long. Larvae are yellow 
to reddish brown, with a brown fiat 
head and a wire-like appearance when 
full grown. Pupae are white, soft 
bodied and have no protecting cover. A 
dozen or more species of these click 
beetles are known to attack maize. 

Biology-These worms have a six-year 
life cycle and are distributed 
throughout the USA. They are 
abundant in the Midwest and the 
southern states. Melanotus spp. feed on 
the roots of many grasses, including
maize, though they are not limited to 
grasses. They are frequently a problem 
in maize planted in no-till or in 
conventionally cultivated sod fields. 
The larvae feed on seed, destroying the 
germ, or on the roots of emerging
plants, leaving spotty stands or-weak 
plants. The larger larvae alse damage
maize by boring into the underground 
stem and taproot area, causing the 
plant to wilt and/or die. Generally, 
larvae spend five years in the ground
feeding on plant roots, before emerging 
as adults. Adults feed on pollen before 
hibernating in protected areas; In May 
or June of the next year they start 
laying eggs. 
Sod webworm, 

Crambus teterrellus (Zincken)
Description-This is a small white to
 
brownish moth with a pointed snout
 
(labial palps). At rest the wings are
 
folded around the body. The larva is
 
tannish gray with paired black spots
 
on the top and sides of the abdominal
 
segments. 

Biology-Many species of webworm, all 
native to America, periodically infest 
maize in the USA and Canada. Damage 
is pre ,zent in the eastern USA and 
sandhills of Nebraska. Partially grown 
larvae emerge from hibernation in the 
spring and feed on the roots and into 
the stem below the ground, damage 
resembling that of the cutworm. The 
insect overwinters as a larva in a silk
lined tube in the soil. Sod webworms 
attacking maize have one generation 
per year. 

Grape Colaspis, 
Colaspis brunnea (Fabricus)
Dcscripion-This Is an oval, yellowish
brown beetle, 4 to 5 mm long; the 
wings appear striped. The larvae are 
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white or tan with a dark brown head Stored Grain Pests
 
and prothoracid shield. They have fat Angoumois grain moth,
 
grub-like bodies with three pairs of Sitotroga cerealella (Oliver);

legs. maize weevil, Sitophilus
 

zeamals (Motechusky)Biology-The grape colaspis Is most 
commonly distributed in the eastern Although these two pest are thought of 
USA, but is found as far west as New as stored-grTn pests, they are alsoMeic autIsoundroa. Tre ats rew capable of infesting grain in the field.Mexico and Arizona. The adults are T m i sfe ue e w ei nl o n 
usually foliage feeders, and the larvae The maize weevil is frequently found 
feed on the roots of the same plants. in the field in the southern parts of theUSA. 
They have a wide range of hosts, 
including fruits, legumes, grasses and Effects of Insects, Maize 
weeds. A symptom of larval damage is Genotype and Location 
a purpling of plants, similar to 
phosphate deficiency. The larvae on Preharvest Alfatoxin 
overwinter in the soil and emerge as Contamination 
adults in July. The insect has one Insect samples were collected from 
generation per year. maize plants and :oil along with soil 

samples at four locations (Iowa, Illinois, 
Corn root aphid, Anuraphis Missouri and Georgia) for identification 
maldiradicis (Forbes) of A. flavus and A. par-siticusisolates 
Description-This is a wingless, blue- (6). Visual Identifiable isolates were 
green, soft-bodied aphid with a black found at all locations, and about 50% 
head and black or reddish-brown eyes. of the isolates produced aflatoxin. All 
The female, during the egg-laying A. parasitfcus isolates were either from 
period. has a gray body with a pink the soil or from insects collected from 
abdomen and a white powdery coating. the soil, whereas A. flavus was also 
The eggs are elliptical and yellowish obtained from the plant-collected 
green, turning to black. Nymphs insects. Toxin production was noted at 
resemble adults, but they are smaller, all locations, but only Georgia had a 
pale green and have red eyes. wide occurrence of aflatoxin in mature

maize. 

Biology-The corn root aphid can be 
found in the maize- and cotton-growing Regional research (3,4) in Iowa, 
areas east of the Rocky Mountains; it Missouri and Georgia with European 
may also be found on smartweeds. The corn borer (ECB), A. flavus, maize 
damage to maize plants is caused by hybrids resistant and susceptible to 
sucking sap from roots, resulting in ECB and planting dates again indicated 
stunting when the plants are 15 to 45 the significance of location with regard 
cm tall. The life cycle of this insect is to aflatoxin production. There was a 
attuned to the ant, which transports broad distribution of toxin in Georgia 
eggs to the ant nest for overwintering and Missouri, but little in Iowa. 
and the young nymphs to the maize Increased toxin levels were found in 
plants to establish the aphid colony, samples from plants hand-infested with 
The ants feed on the honeydew of the ECB, but planting date, fungal 
aphids. The eggs all hatch as females, inoculation or different hybrids did not 
which are parthenogenic and continue affect toxin levels. It appeared that 
to produce 40 to 50 nymphs each until inoculation with nontoxin-producing 
cold weather, when they also produce isolates did not block toxin propagules 
true wingless males. These aphids 
mate and produce eggs. 



210 

from entering kernels of developing 
ears. The ECB-resistant hybrid had a 
higher level of aflatoxin in Georgia 
than the susceptible hybrid; in 
Missouri the reverse was true. 

More fungi were found in larvae from 
the ECB-susceptible hybrid than the 
resistant hybrid, but no similar 
association was found in the grain 
samples. These results demonstrated 
the importance of interactions among 
the various treatment components. 

Lillehoj et al. (5) studied the 
4.feractions among three species of 
fungi, A. flavus, Penicillium oxalclum 
and Fusartum monlilforme, on two 
maize hybrids with different degrees of 
resistance to ECB at three locations 
Iowa, Georgia and Missouri. A higher
incidence of A. flavus isolates wae 
obtained from ECB larvae collected 
from A. flavus-inoculated ears than 
from uninoculated ears. The resistant 
hybrid had less ECB damage than the 
susceptible hybrid, but there did not 
appear to be any hybrid effect on the 
association of A. flavus and ECB. 
Locations were significant for 
differences in aflatoxin contamination. 
Conditions in Missouri were very 
conducive (419 ppb) to aflatoxin 
development. 

Studies (7) with corn earworm (CEWJ,
A. flavus and a resistant and 
susceptible hybrid (to CEW) indicated a 
distinct regional variation. Incidence 
was relatively high !n Georgia, 
intermediate in Missouri and low in 
Iowa. No treatment effects were noted 
in Georgia, but A. flavus inoculation 

and CEW infestation increased toxin 
accumulation in Missouri kernels. The 
hybrids did not appear to affect the 
amount of aflatoxin produced, and the 
application of fungicide (Benomyl) did 
not significantly reduce aflatoxin
 
levels.
 

Barry et al. (1) determined that the 
maize weevil, inoculated with A. flavus 
spores, can effectively increase the 
incidence of aflatoxin in kernel 
samples in Missouri. The wheat curl 
mite was not an effective vector. In
 
another study (2), a tight husk
 
effectively reduced the amount of
 
aflatoxin in kernel samples. 
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Abstract 
Maize (Zea mays L.) with resistanceto Infection by Aspergillus flavus Link exFries and subsequentatatoxin formation became urgently needed when it was
determined that preharvestaflatoxin contaminationof the kernels is chronicin
several maize-growingareasand Intermittent in many others.Initial
observations,mostly of naturallyoccurringcontamination,suggested that little 
or no resistanceexisted in availablegermplasm. Some refinements of technique,
including artificialinoculation,have resulted in the demonstrationof genetic
differences In plant resistance to infection and contamination.Recent findings
also suggest that sufficient genetic variabilityexists to warrantselection for
plants with improved resistanceto aflatoxin contamination.The genetic
variabilityis believed to be primarilyadditive.Since different factors, such as 
resistanceto insects and plant stresses,are probably responsiblefor resistaaceto
infection and contamination,a strategyof selection based on an index appears
desirable.Any plan to control aflatoxin contaminationmust Include genetic and
nongeneticmanagement components, since no single component seems to have 
a major, consistent effect. 

Resumen 
El maiz (Zea mays L.) resistentea la Infeccl~n con esporas de Aspergillus flavus Link ex Friesy a ]a subsecuenteformaci6n de afilatoxinas se neceslt6con urgenciacuando 
se determin6 que ]a contaninaci6npor aflatoxinas de los granos antes de ia cosecha es crdnicaen muchas zonas en las que se cultiva el maiz e internitenteen muchasotras.Las observacionesIniciales,granparte de las cuales se referan a la
contamlnaci6n que se producaen forma natural, indicaron que el germoplasma
existente posela poca o ningunaresistencia.Ciertosrefinamientosde ]a tecnica,Incluyendo ]a Inoculaci6nartificial,han dado como resultadola demostraci6nde ]aexistencia de diferenclasgentticas en Ia resistenciade las plantasa ]a infecclOnycontaminacl6n.Hallazgos reclentes tambldn Indican que existe suflciente varlabilidadgenetica queJustifica la selecclOn para obtenerplanras que presenten una mejorresistenclaa la contaminaci6npor aflatoxinas.Se cree que la varlabilidadgendtica esfundamentalmenteaditiva. Puesto que es probable que diferentes factores, tales comoresistenclaa los Insectos y a las condiciones adversas,scan responsablesde la
resistenclaa la infecci6n y a ]a contaminaci6n.parece conveniente emplear unaestrateglade seleccl6n que se base en un Indice. Cualquierplan destinadoa combatir
la contaminaci6npor alatoxinasdebe incluirelementos de maneJo gen~ticoy nogenetico. ya que, al parecer,ning6n elemento por si solo ejerce un efecto importante
de maneraconstante. 

Plant resistance to molds by maize were Aspergillus niger Van Tieghem
(Zea maya L.) kernels was suggested and Aspergillus flavus Link ex Fries,more than 65 ycars ago by the latter being a producer of aflatoxin.
Taubenhaus (18). At least two of the Breeding strategies to control aflatoxin
molds observed in that early study contamination In maize were not 
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seriously considered until the 1970s, capabilities have been shown to have
when contamination in Georgia was unique linear aflatoxin accumulation 
clearly demonstrated to be a rates during ear maturation, when
 
preharvest condition (1). At about the wound-inoculated at 20 days after
 
same time, minor amounts of silking (24). This suggests that
 
preharvest contamination were 
 differences in aflatoxin concentration
reported in Indiana and Kentucky (17), in the grain of hybrids can be most 
and significant amounts were present easily detected when sampling occurs 
in maize from Missouri and South at physiological maturity or later. Both
Carolina (8,9) and from Georgia and field (3,12) and laboratory (14,22) tests
Texas (29). proved that genotypes differing in 

endosperm carbohydrates also
Naturally occurring infection and supported varying amounts of aflatoxin 
contamination are often sporadic, and production. In general, sugary
the variation prohibits delineating endosperm supports large amounts of 
resistance among test genotypes (25), aflatoxin production, whereas lesser 
even when mary test locations are amounts accumulate in a substrate of 
used (2,30). However, when the high amylose or more complex
incidence and amounts of aflatoxin are endosperm starch. 
high, as they were in 1977 and 1980 
(16), genotype differentiation is Breeding for 
possible (12,13). Maize Improvement 

Certain prerequisites are critical inA review by Zuber (27) in 1977 successfully implementing a breeding
indicated that information regarding strategy to improve any trait. The first 
plant resistance to infection and is to select a trait for which genetic
aflatoxin production was Inconclusive, variability exists. This may seem to be
By 1983 (26) and 1984 (21), several of small importance, but in the case of 
studies reported a more favorable resistance to infection by A. flavus and 
prognosis. Most of these studies subsequent aflatoxin production, great
employed some type of inoculation difficulties are encountered in
technique to enhance infection and demonstrating significant differences 
contamination during years when among genotypes. The relative amount 
natural contamination was too low to of total variability attributable to
identify genotype differences (6,11). genetic sources is that which 
The percentage of kernel infection was determines the heritability of a trait
also found to be an effective and consequently whether improved
measurement of resistance if artificial plant types can be obtained from the
inoculation was used (4). available germplasm. It also has a 

direct bearing on the ease of screeningInherent differences in the ability to large numbers of plants and locating
resist infection or to produce aflatoxin those with the desired resistance 
have been clearly demonstrated for characteristics. 
commercial hybrids (4,7,22),
experimental single crosses (5,23,28) At least four major genetically
and inbreds (20). The differences also controlled traits influence or condition 
now extend to open-pollinated varieties resistance in the maize plant to
(19,30) and specialty maize, such as aflatoxin contamination. The first two 
sweetcorn (23) and popcorn (15). There factors, which are measured directly,
is a distinct advantage in waiting until are 1) plant resistance to the infection 
physiological maturity of the kernels process itself, and 2) the process of 
before sampling grain for aflatoxin toxin production after infection has 
production. Two commercial hybrids occurred. Two additional factors are
differing in aflatoxin production indirect measures of resistance, since 
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they involve processes widely believed 
to reduce aflatoxin contamination: 3) 
plant resistance to insect damage, and 
4) resistance to environmental stresses. 

Resistance to infection is difficult to 
measure in the field; it is usually 
necessary to test individual intact 
kernels. Failure of the fungus to 
become established on the ear is often 
attributed to physical factors, such as a 
perlcarp that is not easily penetrated. 
However, resistance may also be due to 
chemical factors in the silk, husk or in 
the kernel itself; they can prevent 
spore germination or fungal 
penetration. Accurate measurement of 
resistance to infection usually involves 
precautions against physical damage to 
the kernels; under field conditions, 
kernel damage alone dramatically 
increases infection percentages and the 
incidence of aflatoxin-posiLve samples 
(10,11). 

A distinct advantage of using infection 
percentages to assess resistance is that 
toxin formation is not necessary. 
Therefore, the expense of aflatoxin 
analysis can be avoided. When 
aflatoxin production Is used as the 
measurement of plant resistance, the 
need for an aflatoxin-producing isolate 
of the fungus leads to the expense of 
chemical analysis. Toxin production 
may be measured cn damaged or 
intact kernels in the field or laboratory, 
allowing more flexibility in a testing 
program. Finally, in view of the 
heterogeneity in infection rates and 
aflatoxin accumulation under most 
naturally occurring circumstances, an 
obvious need exists for appropriate 
inoculation and rapid, inexpensive 
resistance measurement techniques. 

Choosing a Breeding Strategy 
A breeding strategy can be developed 
after selecting a trait or traits to 
measure plant resistance. A trait is 

Asperglluas flanvu Infe'ction on maize esrs 
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deemed appropriate if it characterizes 
the nature and mechanisms of 
resistance, and if sufficient variability 
exists for the trait to demonstrate 
differences among available germplasm 
sources. Further testing may be 
required to determine optimal 
conditions for eliciting differences so 
that traits will be useful tools for 
screening genotypes, but the 
proportion of variation attributable to 
various genetic sources is the most 
important criterion for deciding on a 
plant improvement procedure. 

Assessing sources of variation, or the 
inheritance of a trait, involves using at 
least one of several experimental 
designs so that the variability can be 
conveniently partitioned. One of the 
simplest designs used to evaluate a 
specific group of sources (usually 
inbred lines) is a mating design, the 
diallel. This design is useful when 
germplasm screening identifies a 
rather limited number of inbred line 
parents (usually six to twelve). Table 1 
shows the results from two diallel 
experiments, each conducted over a 
three-year period. The mean squares 
indicate that tremendous variation 
existed for contamination from year to 
year, and that inbreds contributed 

significantly different amounts of 
resistance than did single crosses as 
measured by aflatoxin production in 
the grain. The general performance of 
the dent lines was fairly consistent 
from year to year, but certain 
sweetcorn crosses performed differently 
over years. 

Aflatoxin contamination means of 
inbred lines obtained from their FI 
crosses is given in Table 2. Reduced 
average amounts of contamination for 
the dent diallel still reflect both 
differences from year to year and a 
significant average level of general 
combining ability for resistance among 
dent inbreds. Heritability estimates 
were 27% for the dent and 26% for the 
sweetcorn crosses, suggesting that 
stringent selection will be needed to 
successfully select for improved 
resistance to aflatoxin contamination. 
The fact that no sources thus far 
identified have more than moderate 
amounts of resistance will add to the 
difficulty of developing germplasm 
with improved plant resistance. The 
high reproductive capacity of maize, 
and its compatibility and versatility for 
genetic manipulation, will help make 
progress in selection pos;sible. 

Table 1. Analyses of variance for aflatoxin contamination of single 
crosses in diallel experiments involving nine maize dent and eight 
sweetcorn inbreds, Tifton, Georgia, 1978-1981 

Mean squares 

Source of variationLa/ Dent Sweetcorn 

Years 847.2** 1299.1 * * 
GCA 7.6* 7.0* 
SCA 1.8 2.5 
GCA x years 2.5 1.2 
SCA x years 2.0 2.0* 

a/ CGA = general combining ability, SCA = specific combining ability 

** Significant at the 0.05 and 0.01 probability levels, respectively 

Source: Wldstrom. et al. (23) 
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The breeder has several options when 
choosing a selection procedure, but the 
correct choice should be based on 
results of tests such as the diallel 
experiments. For example, the results 
in Table 1 indicate that great 
differences in contamination occur 
from one year or one environment to 
the next. Therefore mass selection, 
which normally involves selection 
based on the performance of one 
genotype in a single environment, 
would be inappropriate as a selection 
scheme. The diallel tests clearly 
indicate some type of selection based 
on general performance that can be 
tested at more than one location. In 
addition, the performance of specific 
crosses should be monitored for the 
sweetcorn germplasm. When both 
general and specific combining abilities 
are of importance, reciprocal recurrent 
selection is useful to assure response to 
selection. 

It may be important that the breeder 
determine more than one trait, such as 
infection percentage and toxin 
production, laboratory and field test 
traits measuring different mechanisms 

of resistance, and separate 
measureme2nts for resistance to 
aflatoxin production, plant stress and 
insects. Selection for more than one 
trait has three basic forms: 

* 	Tandem selection (separate 
successive selection for each trait), 
which is most often used but is least 
efficient: 

* 	 Independent culling, in which 
selection Intensity is severely 
reduced with each additional trait; 
and 

* 	 Index selection, the most efficient 
but also the most expensive 
procedure. 

Because of the necd for low selection 
intensities, and the low heritability 
associated with traits presently used to 
measure resistance, index selection 
would probably be best for aflatoxin 
studies. The procedure would also 
maximize information obtained from 
expensive aflatoxin analyses. 

Whether selection is for one trait or 
more, the progress or genetic gain from 
selection will be a function of the 

Table 2. Amounts of aflatoxin contamination for maize dent and 
sweetcorn inbreds evaluated as single crosses of diallels, Tifton, 
Georgia, 1978-1981 

Dent Sweetcorn
 
Inbred Aflatoxin (ng/g'I)a /  inbred Aflatoxin (ng/g-1)_a/
 

Mp464 10.0 ab/ 259 82 at/
Mp313E 10.4 a 0d3 95 a,b 
GE317 13.2 ab Tex703-338 122 b,c 
Sa4(w) 15.2 b 145 138 c 
GE335 15.5 b 230 147 c 
Abl8 17.5 b M119 147 c 
9-54C 17.8 b 415 150 c 
BJ30 18.0 b 339 156 c 
SC413 18.4 b 

At Geometic means of aflatoxin concentrations 
./ Numbers followed by different letters are significantly different at the 

0.05 probability level. 

Source: Widstrom, et al. (23) 
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variability of the trait and the intensity systems use a large proportion of the 
of selection. The gain for each cycle additive genetic variance in the genetic 
may be mathematically expressed as gain formula, the type of variation 

critical to general combining ability. 
krpH = genetic gain, 

A program of recurrent selection for 
where k is the selection intensity In reduced amounts of aflatoxin 
str.dard units, Up is the square root of contamination fro, i su2h a population 
orp (the phenotypic or total variation a-iong Si progenies was begun at 
for the trait), H = 2 / or is the Tifton, Georgia, in 1983, and the 
heritability of the trait, and is the second cycle of selfed progeny 
additive variation attributable to evaluations is now being completed. 
genetic sources. Selection intensity (k) The estimate of heritability using 
is adjusted by the breeder's control of components of variance from the first 
each generation's proportion saved for cycle of progeny evaluation was 48%. 
the next cycle of selection. The breeder This estimate was higher than 
also has some control of variability estimates from the diallel tests, 
through choice of a mating design. probably because the Ur estimate 

from the Si progeny tests contains a 
The selection intensity, selection genotype x environment interaction 
scheme and mating design chosun may that was removed from the diallel 
change the response per cycle of estimates. Evaluation of selection 
selection, but the mating design also progress will be conducted as soon as 
influences the length of time required the selected progenies are recombined 
to complete each cycle of selection to form the second cycle population. 
(Table 3). Ultimately, each choice or 
adjustment of a procedure depends on Sweetcorn inbreds (Table 2) used to 
accumulated Information about the form a breeding population for reduced 
trait in question. In a population aflatoxin present a selection situation 
generated by the dent inbreds of Table somewhat different from that of the 
2, selection would be best dent population. Specific combining 
accomplished by testing Si or S2 ability, in addition to general 
progenies and recombining the selected combining ability. is also important 
one from remnant seed, because these among the sweetcorn inbreds; it 

Table 3. Time requirements and coefficients for genetic variance 
used in genetic gain formulae to estimate progress of various 
selection schemesa / 

Selection Coefficient Generations 
scheme for 0,, per cycle 

Mass_/ 1/2 1 
Half.sibc/ 1/4 2 
Full-sib 1/2 2 
Half-sib progenyd/ 1/2 3 
Si progeny 1 3 

a/ 	 Each selection procedure results in a slightly different method for 
estimating u, and definition of U2 changes slightly as inbreeding occurs 

b/ Selection for one sex only 
c_ Remnant half-sib seed is used for recombination 
d/ Selfed seed is used for recombination 
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suggests the use of half-sib progenies, 
for example, to allov testing of cross-
bred performance, and places some 
emphasis on both general and specific 
combining abilities, 

Very little is known about the basic 
chemical nature of plant resistance to 
infection and contamination. As this 
information becomes available, the 
potential of genetic engineering 
techniques to provide the resistance 
needed for transfer to hybrids is 
increased. Tissue and cell culture 
techniques will become more useful as 
the problems associated with plant 
regeneration in maize are resolved. 
Since good sources of resistance are 
not now available for maize, and 
assuming that sources of resistance 
can be identified in other species,
interspecific gene transfer would seem 
to be the most promising approach. 

Utilization of 
Availabie Germplasm 
The final stage of a breeding strategy 
employs the developed germplasm as 
part of a working program of aflatoxin 
control. Such a program controls 
contamination by utilizing as many 
factors as possible that influence the 
contamination process. Many of these 
will be genetically controlled and 
closely related to traits selected during 
development of the germplasm. The 
factors would include the use of 
adapted hybrids, timely irrigation, 
good fertilization practices, chemical 
control of insects and disease when 
necessary, as well as limited 
environmental control through the 
adjustment of planting dates. Each of 
these factors, some of which are 
difficult to adjust, becomes less 
important as the amount of direct 
genetic control imposed by the
available germplasm is increased. 

High levels of control have not been 
achieved with available hybrids, but 
that seems likely to change as resistant 
germplasm is developed. However, any 
present program of control will rely 

heavily on improved management and 
must exploit related factors in every 
way possible. This approach, along 
with the use. of existing hybrids with 
modest levels of resistance, rould 
substantially reduce con:tm'natlon of 
the maize grain crop in "nr,.uy areas. As 
more resistant germplasm beccmes 
available and we learn more about the 
nature of rer!.tance, a continual 
reduction in preharvest contamination 
can be expected. 
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Host-Plant Resistance: Screening Techniques 

G.E. Scott and N. Zummo, Crop Science Research Laboratory, 
Agricultural Research Service, US Department of Agriculture,
Mississippi State University, Mississippi State, Mississippi, USA 

Abstract 
Published studies to evaluate response of different maize (Zea mays L.) genotypes 
to infection with Aspergillus flavus Link ex Friesand/oraflatoxin productionby 
the fungus in preharvestgrain arereviewed. A number of inoculationtechniques 
have been used .n an attempt to obtain a relatively high and uniform level of 
infection with A. flavus; some of these techniques damage kernels and othersare 
designed to avoid kernel damage. Kernel infection and/orafiatoxin concentration 
have been evaluated using undamaged kernels only, kernels from the whole ear 
or damagedkernels only. Kernel infection with A. flavus and aflatoxin 
concentrationhave been much higher when only damaged kernels were included 
in the sample. Significant differences among maize hybrids for kernel infection 
with A. flavus or aflatoxin concentrationhave been detected in at least some 
environments with many of the inoculation techniques, but the variabilityof the 
results has been greaterthan desiredand is unacceptablefor some inoculation 
techniques.An inoculation technique that produces a consistentlyhigh and 
uniform level of kernel infection and aflatoxin concentration without damaging 
the kernel has not yet been developed. 

Resumen 
Se revisan estudios publicadoscuyo fin fue evaluar la respuestasde diferentes 
genotipos de mafz (Zea mays L.) a la infeccln con esporas de Aspergillus flavus Link 
ex Friesyio a ia produccl6n de aflatoxinasporparte del hongo en el grano antes de ]a
cosecha. Se han empleado diversas t6cnicas de inoculaci6ncon el objeto de obtener 
un nivel relativamentealtoy uniforme de infecci6n con A. flavus; algunasde estas 
tLcnicas daihan los granos y otras estin disefladaspara evitarel daflo a los granos. Se 
evalda ]a infecci6n de los granosy/o ]a concentrac16n de afiatoxinas utilizando 
6nicamente granos no daflados,granosextraidos de toda ]a mazorca oOnicamente 
granos dalados.La Infeccl6n de los granos con A. flavus y la concentraci6nde 
aflatoxinasfue mucho mayor cuando s6lo se incluyeron granos dahados en ]a 
muestra. Se detectarondiferenclas significativas entre los hlbrido: de malz respecto a 
]a lniecci6n de los granos con A. flavus o a ]a conccntraci6nde aflatoxinaser agunos
amblentes con muchas de las ttcnicas de inoculaci6n. pero ]a variabilidaddc los 
.'"sultadosfue mis grandede lo conveniente y resulta inaceptableen relac16n con 

clertas t~cnlcas de inoculac16n. Todavia no se ha creado una tacnica de inoculaci6n 
que produzca un nivel constantementealto y uniforme de infecci6n en los granosy de 
concentraci6nde aflatoxinas sin darlarlos granos. 

Although the principles of screening difficulties associated with obtaning
maize (Zea mays L.) for resistance to high uniform levels of kernel in~ection 
Aspergillus flavus Link ex Fries and/or with A. flavus: 
aflatoxin production are not necessarily 
different than for other diseases, many * Aspergillus fiavus Is a weak 
rather distinctive problems have been pathogen;
encountered. There are a number of 
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* 	The fungus may or may not produce
aflatoxin; and 

* 	 Infection of kernels must occur 

when they are on the ear. 


There are also problems associated 

with the evaluation of genotypes for 

response to infection, including: 


" Variation among samples; 

" Evaluation procedures (both for 


kernel infection and aflatoxin 
determination) are time consuming 
and costly; 

* The resistance level must be high 
because the acceptable tolerance 
level of aflatoxin in grain is very
low; 

" 	Kernels are the only portion of the 

plant that can be evaluated but 

different tissues in the kernel have 

different genotypes; and 

" Infection cannot be determined just
by looking at the ear. 

Because the evolution of genotypes is 
time consuming and costly, the results 
from one year's testing may not be 
available to plant for the following
year's experiments. 

This paper reviews studies published 

on the reaction of two or more maize 

genotypes to A. flavus, even though 

the main purpose of .,ome of the 
studies may have been other than 

screening for resistance among maize 

genotypes. Data obtained when 

screening genotypes for response to a 
pathogen are often rot appropriate for
publication as joumnal articles. At best, 
they are often presented at annual 
commodity meetings and appear in 
abstracts, i.e., King and Scott (12).
However, because of the importance of 
aflatoxin contamination, some 
screening experiments have been 
published as journal articles. King and 
WaIlin (13) have previously reviewed 
the literature on methods for screening
maize for resistance to A. flavus and/or
aflatoxin piroduction. 

Rambo et al. (30) evaluated four 
hybrids for incidence of visible 
A. fiavus growth and bright greenish
yellow fluorescence (BGYF). They 
inoculated by spraying the silks with a 
spore suspension, by injecting the ear 
through the husk and inserting a swab 
dusted with spores into a hole drilled 
into the cob. They did not report
whether or not the differences among 
hybrids were significant. 

Five South Carolina single-cross 
hybrids and one open-husk short
season maize cultivar were evaluated 
by LaPrade and Manwiller (14). Four 
methods of inoculation were used: 
inoculum applied to the silks,
inoculum applied to the surface of 
uninjured tip seeds of each ear 
following hand removal of the husks. 
Inoculum injected forcibly through the 
husk into a single seed and inoculum 
injected forcibly through the husk into 
three seeds per ear. They found
significant differences among hybrids 
for aflatoxin concentration. 

Lillehoj et al. (23) evaluated opaque-2
and normal endosperm types of two 
different hybrids. They relied on 
natural inoculation, ear inoculatio, 
with hypodermic syringe and ear 
damage without inoculation by 
stapling through the husk. Aflatoxin 
concentration, averaged over four 
locations, differed significantly between 
the two hybrids. Differences between 
endosperm types were not significant. 

In 1974 LillehoJ et al. (22) evaluated 
six maize hybrids at Florence, South 
Carolina, and Gainesville, Florida. 
Hybrids included five South Carolina 
experimental single crosses and a 
commercial single-cross hybrid adapted 
to the Corn Belt. Treatments included 
inoculating silks with spores of 
A. flavus, mechanical damage to 
uninoculated ears, an untreated control 
and applying an insecticide to 
untreated plants. The ears inoculated 
with A. flavus had a higher incidence 
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of BGYF and higher aflatoxin levels ear was also inoculated through the 
than the controls. Significant husk at three places. Genotypic 
differences among hybrids for BGYF differences for aflatoxin concentration 
and aflatoxin concentration were were not detected in either of the 
observed, with the highest amounts three-way tests. 
being found in the hybrid adapted to 
the Corn Belt. Zuber et a]. (43) evaluated 28 single 

crosses of an 8-parent diallel for 
In a study by Zuber et a]. (42), no aflatoxin. In this study, the husks were 
significant differences were found in pulled back and the kernels injured 
afL uxin concentration between two with a pinboard. The ears were then 
single crosses (one with a thick inoculated with a spore suspension of 
pericarp and the other with a thin A. flavus, after which the husks were 
pericarp) grown at 22 locations under repositioned over the ear and secured 
conditions of natural infection. Using with rubber bands. Significant 
six different kernel injury inoculation differences for aflatoxin concentration 
techniques, Calvert et a/. (2) compared were found among the crosses. 
aflatoxin amounts in kernels with a 
thick perlcarp to amounts in kernels In a study designed to develop a 
from a thin pericarp single cross. The system to estimate preharvest aflatoxin 
thin pericarp single cross had contamination. Lillehoj et al. (24) 
significantly higher levels of aflatoxin. tested two commercial hybrids at nine 

locationw, under natural A. flavus 
LaPrade and Manwiller (15) inoculated infection. They found no difference 
nine short-season hybrids with an between hybrids for toxin occurrence. 
A. flavus spore suspension at three 
sites on each ear using needle Lillehoj et al. (17). in an attempt to 
inoculation through the husk. The evaluate aflatoxin concentration in 
aflatoxin concentration varied from 88 blends of inoculated and noninoculated 
to 145 /Lgkg, and differences among kernels, inoculated two maize hybrids 
hybrids were significant. They also with A. flavus using a pinboard device. 
evaluated 27 long-season hybrids and No significant differences for aflatoxin 
found that, although differences for concentration occurred between the 
aflatoxin concentration ranged from two single crosses, B73 X Mo17 and 
only 0 to 46 pkg/kg, differences among N28 X Mol7. 
hybrids were significant. 

Jones and Wallin (7) and Wallin et al. 
Ten full-season and 10 short- to (34) used a decapped kernel method to 
midseason hybrids were tested under screen maize for response to A. flavus. 
natural infection by Widstrom et al. Decapped kernels were placed cut-side 
(40). No significant differences among down in petri dishes on moist paper 
hybrids were detected when toxin containing A. flavus conidia. After 
concentrations were averaged over all inoculation, kernels were evaluated for 
locations. However, at the Tifton visible A. flavus growth, BGYF and 
location, significant differences aflatoxin content. A few of the 
occurred among hybrids. in tests with genotypes raad significantly lower 
and without corn earworm [HelJothfs levels of A. flavus growth and BGYF 
zea (Boddie)J infestation. They also emission. 
reported results from 30 dent and 15 
sweetcorn three-way crosses from plots Lillehoj et al. (27) evaluated 12 
infested with 30 corn earworm eggs commercial and experimental single 
and inoculated with A. flavus spores and three-way cross hybrids at 12 
injected into the silk mass. Later each 
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locations. Treatments included a 
control, inoculation into the extended 
silk channel with A. flavus and 
damage of kernels with a pinboard 
pressed through the husk. Significant
differences were found among hybrids 
for aflatoxin concentration in the 
inoculated samples. 

Llllehoj et al. (25) tested four hybrids 
(two developed for the central Corn 
Belt and two developed for the 
southern region) with three planting 
dates at nine locations under 
conditions of natural inoculation with 
A. flavus. They reported significant
differences among hybrids at some of 
the locations. However, the relative 
response of each hybrid over locations 
was not as consistent as desired. 

In another study, Liilehoj et al. (20) 
grew 12 hybrids in Georgia, Florida 
and Tennessee. Treatment involved a 
control (natural A. flavus infection) and 
inoculation Into the silk channel, 
Aflatoxin varied among hybtrdis at a 
location, but uniform susceptibility of 
individual hybrids at all locations was 
not observed. 

McMillian et al. (29) tested mature ears 
of two hybrids using maize weevils 
(SitophiluszearnalsMotschulsky), 
some of which had been dusted with 
spores of A. flavus. They found 
significant differences among hybrids 
for percentage of ear area with visible 
A. flavus. 

Two genotypes were evaluated by
Thompson et al. (31) in controlled 
environment chambers. Ears were 
inoculated by peeling back the husk on 
one side, applying a pinboard to 
damage two adjacent rows of kernels 
and spraying with an A. flavus spore
suspension. Husks were then 
repositioned, secured with a rubber 
band and covered with a paper bag. No 
significant difference between maize 
genotypes for aflatoxin concentration 
was reported. 

Wilson et al. 141) monitored the 
incidence of A. Ilavus on insect
damaged maize ears, BGYF of kernels 
and afiatoxin concentration of kernels. 
They used treatment combinations of 
silk inoculation with A. flavus and 
infestation with corn earworms, 

N 

Fungal growth on one row as a result of pinbar Inoculation 
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including infested-inoculated, infested Lauver and Calvert (16) inoculated 
only, inoculated only and the control, surface-sterilized kernels with conidia 
Aflatoxin levels were found to be of A. fiavus and tumbled them in water 
significantly different among hybrids in to increase their moisture content to 
1975 but not in 1976. 25 to 28%. The kernels were then 

incubated for 14 days and assayed for 
Using the pinboard technique, Jones frequency of infection and aflatoxin 
and Duncan (8) inoculated ears of two content. No differences were detected 
hybrids with A. flavus in a study to among the three lines tested. 
evaluate cultivar, planting date, 
harvest date and nitrogen fertilization. Ten commercial maize hybrids were 
No significant differences among maize evaluated by King and Scott (11) using
genotypes were found. four inoculation techniques and a 

noninoculated control. No significant 
Widstrom et a]. (36) inoculated four differences among genotypes with 
hybrids with A. flavus using a needle natural infection or with silk 
through the husks, a knife, and inoculation were detected. Exposed
multiple-puncture injury to the kernel inoculation (the husk on one 
kernels. They measured aflatoxin side of the ear was peeled back, the ear 
concentration, insect damage to the ear inoculated with A. flavus spore
and percentage of ears with visible suspension, and the husk repositioned)
A. flavus. Differences among hybrids had statistically significant differences 
were not significant for any of the among hybrids for each of the two 
three characteristics when the averages years, but agreement between years
for two years were compared. However, was not good. Significant differences 
differences among hybrids were among hybrids for percent of kernels 
significant in the heavily contaminated infected with A. flavus were detected 
1977 test. 

Expooed kernel Inoculation of the maize ears 
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with single kernel infection (evaluating
the first, second, third and fourth 
kernels from the inoculated kernel) and 
with pinbar inoculation (evaluating the 
kernels on the first and second row 
from the inoculated row). 

McMillian et al. (28) evaluated 17 
popcorn genotypes for three years. In 
the first two years, ears were 
inoculated 20 days after full silk by
injecting an A. fiavus spore suspension
into the top, middle and base of the ear 
with a hypodermic syringe. In 1980, 
ears were inoculated by thc knife 
inoculation technique. Over the three-
year evaluation, the geometric mean 
for aflatoxin concentration ranged from 
31 to 320 ppb. Differences among 
genotypes were significant. 

In a study to determine the 
interactions among the European corn 
borer, three fungal species and
developing kernels of two maize 
genotypes, Lillehoj et al. (18) reported
results from three locations. No 
significant differences were observed 
between hybrids. Widstrom et al. (37) 
grew two commercial maize hybrids In 
1978 and 1980 to evaluate 13 
sampling methods (grain-sampling-
Inoculation combinations) for A. flavus 
concentration in the grain. The two 
inoculation tecnniques used were knife 
inoculation and needle inoculation of 
the silk masses at the ear tips.
Significant differences between the two 
hybrids, averaged over the 13 
sampling methods, were detected for 
aflatoxin concentration. 

Gardner (6) evaluated three inbred 
lines with three A. flavus inoculation 
techniques. Inoculation techniques
used were pinboard, silk and toothpick-
cob. Differences in aflatoxin production 
were not detected among the three 
Inbred lines. In 1980, Liliehoj et al. 
(19) evaluated 26 hybrids grown at 
Florence, South Carolina, in yield
trials. These hybrids had received only
natural Infection with A. flavus. The 

range in aflatoxin concentration was 
from 1 to 614 itg/kg. Differences 
among hybrids were statistically
significant, but primarily because of 
one hybrid that had the highest level 
of aflatoxin. More levels of significance 
were obtained among the hybrids for
BGYF. 

Twenty hybrids of different endosperm
types were tested by LillehoJ et al. (26).
Hybrids were subjected to natural 
Infection with A. flavus. Significant
differences among hybrids were 
detected for the mean aflatoxin 
concentration over locations. Zuber et 
al. (44) evaluated four adapted maize 
hybrids and eight open-pollinated
varieties under conditions of natural 
A. flavus infection. One open-pollinated 
variety, Huffman, had significantly
higher levels of aflatoxin concentration 
than the other genotypes evaluated. 

King and Scott (10) employed a 
laboratory technique based on the 
extent of growth of A. flavus on 
kernels in petri dishes to ditferentlate 
among genotypes. Using the same 
technique, Adams et al. (1) inoculated 
kernels with a spore suspension of 
A. flavus and incubated the kernels to 
allow the fungus to grow and develop.
A rating scale of I to 8 was used to 
indicate the amount of growth and 
development of A. flavus on the maize 
kernels. Significant differences among
10 single crosses and four commercial 
hybrids were found. 

Differences in A. flavus growth on 
inoculated kernels were also found 
among four inbreds and 16 single 
crosses. Lillehoj et al. (21) evaluated 
eight treatments of two hybrids for 
reaction to A. flavus/allatoxin. The 
treatments were: control; A. flavus 
(silk) inoculation; corn earworm (CEW);
fungicide: 4. flavus + CEW; A. flavus 
+ fungicide; CEW + fungicide; and 
A. Ilavus + CEW + fungicide. No 
differences between the hybrids for
aflatoxin concentration were found. 



227 

Eight hybrids were grown by Tucker et al. (33) evaluated four single
Thompson et a). (32) in the phytotron crosses using the pinbar, knife, 
and in the field, and kernels were exposed kernel and silk inoculation 
inoculated with A. flavus by peeling techniques, as well as natural 
back the husk on one side of the ear. infection. They found significant 
applying a pinbar to damage adjacent differences among hybrids for aflatoxin 
rows and then spraying with A. flavus concentration with each of the 
spore suspension. Husks were inoculation techniques, but the 
repositioned, secured and covered with aflatoxin concentration with silk and 
plastic and paper bags for three days natural Inoculation were very low on 
to maintain humidity. Ears were all hybrids. For A. flavus kernel 
shelled at maturity and assayed for Infection, differences among hybrids
aflatoxin concentration. Significant were detected with all inoculation 
differences for afiatoxin concentration techniques. However, again, the silk 
were detected among hybrids. inoculated and noninoculated material 

had a very low percentage of kernels 
Widstrom et a!. (38) evaluated the 36 infected. The percentage of kernels 
possible single crosses of a nine-parent with BGYF differed among hybrids
diallel of dent inb,'eds and the 28 only with pinbar inoculation. 
possible single crosses of an eight
parent diallel of sweetcorn inbreds. Davis et al. (3) presented results from 
Ears were inoculated with a spore aflatoxin analysis of 215 maize hybrids
suspension of A. ffavus in the tip, grown at one or more of 12 locations in 
middle and base with a hypodermic Alabama in one or more years during
syringe or with the knife inoculation the period 1976-1981. All hybrids were 
technique. Significant differences for subjected to natural infection. The 
aflatoxin concentration were detected. authors concluded that there was no 
Widstrom et a!. (39) inoculated eight resistance in the hybrids tested. 
commercial hybrids in the field using a However, they did not present any
hypodermic needle through the husks. statistical analysis of their data. 
They found differences for aflatoxin 
concentration among hybrids. Grain Zummo and Scott (45) evaluated maize 
from other commercial hybrids was genotypes for A. fiavus kernel infection 
also infused in agar, placed in petri by a number of techniques (pinbar,
plates and inoculated with A. flavus. needle application of inoculum through 
Colony diameter was a better criterion the silk channel directly onto the ear, 
than sporulation characteristics for infested toothpick in the ear, infested 
detecting differences among hybrids. toothpick in the silk channel and 

infested string around the silks). Kernel 
Fortnum and Manwiller (5) evaluated infection percentages were higher for 
15 commercial hybrids for field the pinbar and needle inoculation, and 
aflatoxin concentration. Natural both techniques showed significant 
infection produced significant differences among genotypes tested. 
differences for aflatoxin concentration Needle inoculation did not produce 
among some hybrids, but hybrid more kernel infection than the pinbar 
response was not consistent. When technique, but it did not cause kernel 
damaged and intact kernels were damage, was easier to apply and did 
Inoculated with a spore suspension of not require hand shelling of inoculated 
A. flavus, differences were obtained ears. 
among hybrids, although again the 
consistency over years was not high. 
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The crosses of a ten-parent diallel have 
been evaluated (unpublished data) for 
percentage of A. flavus kernel infection 
for two years (Table 1). Based on 
previous single-cross data, five inbreds 
were designated as resistant and five 
inbreds as susceptible. Single crosses 
were inoculated with a pinbar, and 
kernels from the adjacent row were 
evaluated for percentage of infected 
kernels. Significant differences among 
hybrids were detected each year. In 
1983, the results from resistant x 
resistant, resistant x susceptible and 
susceptible x susceptible crosses fairly
well verified the previous classification 
of the parents as resistant or 
susceptible. However, with the lower 
infection level in 1984, differences 
based on previous parental 
classification were not obvious, 

As can be seen by the information 
presented in this paper, a number of 
inoculation techniques have been used 
in an attempt to identify maize hybrids 

resistant to infection by A. flavus 
and/or aflatoxin production. Natural 
infection has been effective in detecting 
significant differences among 
genotypes in some studies 
(5,19,25,26,33,44) but not in others 
(3,11,24,42). Natural infection often 
produces relatively low aflatoxin 
concentrations. Needle inoculation of 
one or more kernels through the husks 
at a few positions on the ear has been 
effective in detecting significant
differences among genotypes in some 
cases (14,15,22,23,28,37,39), but not 
in others (36,40). Inoculation of the 
silks has also been successfu1 in some 
cases (20,37,33,41) and not in others 
(6,11,14,21,40). Of all inoculation 
techniques evaluated, the pinboard 
inoculation technique resulted in the 
highest aflatoxin concentration in the 
ear. However, differences among 
genotypes based on pinboard 
inoculation are inconsistent (2,32,43
and 6,8,17,31,36). Inoculation with 
A. flavus through the husk using a 

Table 1. Percentage of kernels infected with Aspergllus fla-us in row 
adjacent to pinbar-inoculated row in resistant x resistant, resistant x 
susceptible and susceptible x susceptible crosses, Missidsippi, 1983 and 
1984 

1983 1984 
Common Crossed with Crossed with 
parent Resistant Susceptible Resistant Susceptible 

Resistant 
Mp337 15 21 10 6 
GA209 13 14 11 11 
Mp317 14 11 11 8 
Tx601 13 19 7 10 
T232 11 15 11 12 

Mean 13 16 10 9 

Susceptible 
Mp307 15 29 9 8 
Mp428 16 27 8 6 
Mp486 20 33 8 9 
SC212M 19 20 11 9 
SC376 14 27 10 8 

Mean 17 27 8 8 
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knife was effective in a number of sampling problem. For instance, if the 
cam s (28,33,37), but in another study inoculation technique involves kernel 
was not (36). The pinbar inoculation damage, will the best results be 
technique usually shows differences obtained by evaluating only damaged 
among the genotypes being evaluated kernels, only Intact kernels or all 
(1 1,15,33). Needle inoculation, in kernels? If only damaged kernels are 
which inoculum is applied down the assessed, the aflatoxin concentration 
silk channel and onto the ear, has been will probably be high and a possible
effective in only one reported case (45). source of resistance may be missed 

because its kernels have been damaged
The inability to consistently detect mechanically. If only intact kernels are 
significant differences among evaluated, the spread of A. flavus from 
genotypes being tested can be the the damaged kernels is being 
result of the facts that the genotypes determined and the samples will 
do not differ, that inoculation probably vary because the kernels 
techniques result in infection rates that adjacent to the damaged kernels will 
are too low or too variable, or that have a higher A. flavus infection and/or
sampling and/or evaluation procedures aflatoxin concentration than kernels 
do not give a reasonably good estimate further removed from them. If all 
of the genotypic mean for the field plot kernels are examined, then the sample
from which the sample was harvested, evaluation may more accurately reflect 
A major constraint has been that the number of damaged kernels in the 
highly resistant and susceptible sample than the genotypic response to 
genotypes have not been identified for infection by A. flavus or aflatoxin 
use in comparing various inoculation concentration. Dickens and Whitaker 
and evaluation techniques. Without (4) and Whitaker and Dickens (35)
known resistant and susceptible have discussed the problems of 
genotypes, the merits of the sampling. Even inoculation techniques 
inoculation and evaluation techniques that do not damage the kernel pose 
cannot be evaluated, and without the some problems in evaluation; this is 
proper inoculation and evaluation primarily because of insect damage 
techniques, the genotypes for and the relative number of insect
resistance and susceptiblity cannot be damaged kernels that go into the 
identified. sample being evaluated. 

It seems self-evident that screening A better understanding of the Infection 
maize genotypes for Infection by process of A. flavus in maize ears and 
A. flavus or aflatoxin production may kernels is needed. Although the 
not necessarily show differences organism is mainly considered a 
among them. Of course, with larger saprophyte, an understanding of the 
numbers being evaluated, the factors involved in the shift to parasitic
probability is greater that some will metabolism Is critical In establishing a 
have a higher level of resistance than base of knowledge of the fungus in 
others. developing maize. 

The inoculation and evaluation Screening maize genotypes for kernel 
techniques currently used may infection with A. flavus and/or 
contribute to the inability to precisely aflatoxin production is not an 
measure differences among genotypes. impossible task. There is no question
What is needed Is a representative that it offers a challenge. For 
sample of the response of a genotype screening, it would be desirable to 
to A. flavus and/or aflatoxin have elevated pathogenicity of 
production. Thus, it also becomes a A. lavus, but such Increased disease 
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potential is undesirable in the 
agronomic context. Some progress has 
been made in screening for resistance, 
and because genotypes have been 
identified that differ in response to 
A. flavus infection, the rate of progress
in detecting higher levels of resistance 
should increase. 
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Regionally Adapted Maize Hybrids with 
Respect to Levels of Aflatoxin Contamination 

A. Manwiller, USAID, Nairobi, Kenya 

When it was first generally recognized 
that aflatoxin could be a preharvest 
problem in maize (Zea mays L.), it 
seemed practical to evaluate 
commercial hybrids in actual 
production. In 1977, Manwiller (3) 
sampled 70 hybrids grown under 
severe drought stress from two South 
Carolina coastal plain locations, 
Thirteen hybrids had aflatoxin levels of 
20 ng/g" 1 or less. 43 yielded 21 to 
100 ng/g-1 and 15 exceeded 100 
ng/g-l; the worst had 280 ng/g-1. For 
the most part, the entries with 
20 ng/g-1 or less were statistically 
better than those with over 100 ng/g-1. 
The full-scason types (1200 AES 
maturity) with long, tight husks had a 
better record than the semident Corn 
Belt group with shorter, looser husks. 
Also, the grain quality ratings (ear rots 
and Insect damage) were reasonably 
well correlated with aflatoxin levels. 

Therefore, It seemed that some 
agronomically satisfactory hybrids in 
each maturity group were safe for 
human food, while many others could 
be fed to the more resistant types of 
livestock. The marks of excellence 
were a long tight husk and resistance 
to rots, molds and the major insect 
pests. 

The following year Manwiller and 
Fortnum (4) repeated the experiment 
and fcund poor correlation between 
aflatoxin levels of individual hybrids 
over the two years. Only a few cases 
were sufficiently consistent to be 
classified as high or low for both years. 

These were among those used by 
Lillehoj et al. (1,2) and Zuber et a. (5) 
in artificial inoculation experiments, 
insect evaluations, etc., in which the 
same material was planted in several 
Corn Belt states, together with a 
number of southern states, and the 
data were pooled. Since uninoculated 
checks were used routinely, it was 
possible to follow natural 
contamination patterns over a wide 
range of environments. The overall 
toxin averages were often reassuring, 
but these were misleading as the 
hazardous results were diluted with 
those from areas where little or no 
aflatoxin was produced. In every case 
examined, on or more locations 
yielded unacceptable amounts of 
aflatoxin for each hybrid entry. 

The aflatoxin levels under artificial 
inoculation were, on occasion, 
extraordinarily high and showed the 
true potential for aflatoxin production, 
given their optimum conditions of 
kernel injury, fungal presence and 
weather stress. While the problem Is 
probably under complex genetic 
control, it Is a classic case of overkill; 
the susceptible inoculated samples 
yield 800 ng/g-i and the resistant ones 
25% as much (either level can kill). 

The huge breeding effort to date has 
netted a very small positive result. 
This is not to say that a "safe" hybrid 
cannot be produced, but present 
evidence is still very sketchy. Perhaps 
the gene splicers will be able to add 
something from the soybean (Glycine 
max L. Merril) that will be able to 
break through the barrier. 
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Abstract 
Germplasm substantiallyreducingthe I roduction of aflatoxin B1 in maize (Zea 
mays L.) kernels infected with Aspergill-is flavus Link ex Fries has not been 
identified. Despiteseveral studies that Indicate different types of genetic control 
of aflatoxin production in US maize, progress in breedinghas been lacking.To 
broaden the searchfor resistance to naturallyoccurringcontamination, 12 
CIMMYT germplasm pools and 17 advancedpopulationswere evaluated at seven
sites In the USA and Mexico. Because stress caused by lack of adaptationmay
enhance the production of afilatoxin, the pools and populationswere topcrossed
onto the inbred lines B73 and Mol 7, which represent the dominant heterotic 
groups in US maize production.Entries were evaluatedfor yield to obtain 
informationon combining abilityand for aflatoxin B 1 . Differences among entries 
for yield were significantat all sites. Population29 yielded significantly more 
when crossed to B73 than when crossed to Mol 7. Three genotypes, Pool26 and 
Populations22 and 43, appearedto cross well with both testers but did not fit 
Into eitherheterotic group.Differences among entries for aflatoxin B1 were
significantonly in South Carolinaand in the combined analysis.Three entries,
all pools orpopulationsper se, had significantlymore aflatoxin than ',e mean of 
all entries and none had less alatoxin. Correlationsbetween yield and aflatoxin 
were not significant. Groupingthe pools and their topcrosses by flint and dent
endosperin types showed a significant difference In the pools, where the dent 
endosperm types had significantlymore aflatoxin B1. Differences in the B73 and 
Mol 7 topcrosses exhibitedsimilartrends, but the variationwas not signiflcant.
Effects of the flint or dent endosperm may have been diluted in the testcrosses. 

Resumen 
No se ha identiflcadoningn germoplasmaque reduzca en forma sustanclalla
producc6n de aflatoxinaBI en los granosde maiz (Zea mays L.) Infectados con 
esporas de Aspergillus flavus Link ex Fries.A pesarde los diversos estudios
efectuados que indican diferentes tipos de control genetlco de la produccl6n de
aflatoxinas en el maiz estadounidense,no se ha realizad' ningdn progeso en el 
mejoramiento. A fin de ampliarla b&squeda de la obtenJ6n de resistenclaa ]acontaminaci6nque se produce en forma natural,se evaluaron 12 compleJos
germoplsmicosy 17 poblacionesavanzadasdel CIMMYT en siete localidadesde
Estados Unidosy M6xIco. Dado que el estr~s causadopor la falta de adaptacl6nsuele
incrementarla producc6n de aflatoxinas,se efectuaron cruzas triples entre los
complejos y las poblacionesy las lineaseadogimicasB73 y Hol 7, que representana
los grupos heterocig6ticosdominantes en la produccl6n estadounidensede malz. Las
entradasse evaluaronrespecto al rendlinientoa fin de obtenerinformaci6n sobre la
capacidadde combinaci6ny respecto a la aflatoxinaB1 . En todas las localidades, lasdiferenclas entre las entradasen cuanto al rendimientofueron significativas.La 
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Poblacl6n29 tuvo un rendimlento mucho mayor cuando se la cruz6 con B73 quecuando se hi cruz6 con Mol 7. Tres genotipos, el Complejo 26 y las Poblaclones22 y43, parecle'vn cruzarseblen con los dos probadores,pero no se adaptabana ningunode los dos grupos heteroclg6tlcos. Las dMferencias de las entradas en cuantoa ]a
aflatoxina B1 s6lo fueron signficativas en Carolinadel Sur y en el anAllsis combinado.Tres entradas,que eran compleJos o poblaciones,presentaron un nivel
slgniflcativamentemayor de aflatoxfnas que la media de todas las entradasy ningunapresent6 niveles menores de aflatoxina. No fueron significativaslas correlaciones 
entre el rendimlentoy el nivel de aflatoxinas.La clasflcaci6nde los complejos y sus cruzas triplesde acuerdocon el tipo de eiidosperma (cristalinoo dentadoj mostr6 unadiferencla significativaen los conplejos,ya que los tipos de endosperma dentadopresentaron una cantidadmucho mayor de aflatoxina B1. Las diferenclas en las cruzas triples con B73 y Mol 7 presentarontendenclas semejantes, aunque ]avarfac16n no fue significativa.Es posible que los efectos del endospermacristalinoo
den tado se hayan perdido en las cruzas de prueba. 

Production of aflatoxin BI in maize 
(Zea mays L.) kernels infected with 
Aspergillus flavus Link ex Fries 
appears to be controlled genetically,
Zuber et al. (4), using the pinboard 
inoculation method, found significant
differences for aflatoxin BI content 
among the 28 possible F1 crosses of 
eight maize inbred lines; two 
replications of a 13-plant plot were 
used. Estimates of general combining 
ability were highly significant, and 
estimates of specific combining ability 
were nonsignificant. General 
combining ability effects and specific 
combining ability effects for aflatoxin 
levels reported in the study may have 
been affected by ear size, because 
kernels from whole ears. rather than 
only infected kernels, were ground and 
analyzed. 

A similar diallel, including seven of the 
eight lines used by Zuber et al. (4), was 
grown by Gardner (2), who also used 
the pinboard inoculation method; in 
this study only inoculated kernels were 
analyzed. Genotypic differences were 
significant for both aflatoxin B1 and 
B2 , as was the valance associated 
with genceral and specific effects. 
Specific combining ability sum of 
square estimates accounted for 
approximately 65% of the genotype 
sum of squares. Coefficients of 
variation were high, 92% for B1 and 
90% for B2. In spite of the differences 

in the studies, the estimates of general
combining ability effects and rankings
of aflatoxin levels from crosses and 
parental line means were in general 
agreement with Zuber et al. (4). 

Results from other, unpublished,
genetic studies have shown large error 
variances and poor separation of 
means. These results have been 
attributed to very large genotype x 
environment interactions and the lack 
of suitable methods of artificial
 
inoculation. The pinboard method
 
defeats any protection offered by the
 
husk, silk channel, pericarp and/or

aleurone layer. The Importance of
 
these barriers is 'Indicated by the
 
significant rank correlation between
 
insect damage rating and aflatoxin
 
levels from natural contamination
 
found in a study of 12 genotypes at
 
eight locations over two years (3). 

The question arose as to whether 
results from artificial inoculation 
studies would be the same as those 
from studies conducted under 
naturally occurring aflatoxin levels. In 
1981, 21 F 1 crosses from a diallel 
mating of the same parents as used by
Gardner (2) were grown in six 
environments with six replications 
each (Darrah, personal 
communication). Silks were sprayed
with a spore suspension of A. flavus 
approximately five days after full 
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extrusion, and the ears were covered 
for three days to produce conditions of 
high humidity. Sites in Florida, 
Georgia. Mississippi, North Carolina, 
South Carolina and Tennessee were 
chosen because of the high evels of 
natural aflatoxin incidence Ilund in 
previous studies (no data were 
obtained from Florida). 

Aflatoxin levels differed significantly 
among genotypes and environments, 
Mean aflatoxin BI levels ranged frcm a 
low of 54 ngfg-1 at Knoxville, 
Tennessee, to 1788 nglg-1 at 
Mississippi State, Mississippi. General 
and specific combining ability mean 
squares were highly significant. 
Comparison of aflatoxin levels by Fl 
crosses, or estimates of general 
combining ability effects under natural 
contamination versus results of 
artificial inoculation, showed negative 
relationships in this study. Results 
indicated that genotypic information 
on genetic control of aflatoxin 
contamination obtained by artificial 
inoculation with A. flavus was not the 
same as that provided by natural 
contamination, 

Naturally occurring aflatoxin 
contamination was compared In a two-
year study in the southern USA by 
Zuber et a]. (3). Four widely grown 
commercial hybrids and eight open
pollinated varieties adapted to the 
region were grown with two 
replications at eight locations in 
Alabama, Florida, Georgia, Mississippi, 
North Carolina, South Carolina, Texas 
and Hawaii. No attempt was made to 
control insects or inoculate with 
Aspergillus species. Aflatoxin levels 
differed significantly among entries. 
The open-pollinated variety Huffman 
had significantly more aflatoxin than 
any other entry, and it also had the 
highest insect-damage rating. The 
mean of the four commercial hybrids 
was significantly lower than the mean 
of the eight open-pollinated varieties. 

Contributing to this difference may be 
greater tolerance to stress in the 
commercial hybrids as compared to 
the older, open-pollinated varieties. 

No single source of resistance has been 
identified for incorporating resistance 
into breeding material. Artificial 
inoculation techniques do not mimic 
natural infestation adequately; 
therefore, the best current procedure 
appears to be the evaluation of 
naturally occurring contamination. 
Evaluation should be conducted in 
geographic areas where aflatoxin 
occurs with demonstrated frequency. 

Tropical maize germplasm is often not 
adapted to the USA and could be 
considered to be under stress when 
grown there. Since resistance to 
aflatoxin contamination in US 
gerraplasm appeared to be limited, 
several of the CIMMYT germplasin 
pools and populations were considered. 
To reduce the lack of adaptation, the 
pools and populations were toperossed 
onto the inbred lines B73 and Mo17, 
representing the major heterotic 
groups in US maize production. The 
objective of the study was to evaluate 
the combinipg ability of the pools and 
populations and to screen for possible 
resistance to contamination by 
naturally occurring aflatoxin. 

Materials and Methods 
Twelve CIMMYT pools and 17 
populations were chosen for topeross 
evaluation (Table 1). The pools 
included all combinations of the 
tropical lowland classification of early, 
intermediate or late maturities, white 
or yellow kernel color and dent or flint 
endosperm (1). The population 
represented a range of material 
included in the CIMMYT international 
maize testing program. 

Toperosses were made in the winter of 
1982 in Maui, Hawaii, by DeKalb-Pflzer 
Genetics. Except for Population 28 
(Amarillo Dentado), topcrosses were 
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successfully made to both B73 and 	 The US sites were all planted in April 
Mol7 in sufficient quantity for the 	 or May, 1983, and the two sites in 
evaluation. Included in the evaluation 	 Mexico, at Poza Rica and Tlaltizapan, 
were the pools and populations, the 	 were planted in December, 1983. The 
topcrosses to B73 and Mo17 and 	 experimental design was a quadruple 
checks to bring the total number of 	 rectangular lattice with an 
entries to 90. 	 experimental unit of one row of 20 

seeds. Analyses of variance were made 
Ten environments were sampled for assuming that the entries were fixed 
the evaluation, ranging from Iowa to variables and that the combinations of 
Mexico; of these, sites in Iowa, Missouri locations and year were random 
and Costa Rica did not produce data. 	 environments. 

Table 1. Tropical lowland pools and populations included in the
 
topcross evaluation, USDA-University of Missouri study, 1982
 
and 1983
 

Pool or 
population Name 	 Characteristic 

Pool 15 Early white flint
 
Pool 16 Early white dent
 
Pool 17 Early yellow flint
 
Pool 18 Early yellow dent
 

Pool 19 Intermediate white flint 
Pool 20 Intermediate white dent 
Pool 21 Intermediate yellow flint 
Pool 22 Intermediate yellow dent 

Pool 23 Late white flint
 
Pool 24 Late white dent
 
Pool 25 Late yellow flint
 
Pool 26 Late yellow dent
 

Pop. 21 Tuxpeflo 1
 
Pop. 22 Mezcla Tropical Blanco
 
Pop. 23 Blanco Cristalino-1
 
Pop. 24 Antigua Veracruz 181
 
Pop. 26 Mezcla Amarilla
 
Pop. 27 Amarillo Cristalino-1
 
Pop. 28 Amarillo Dentado
 
Pop. 29 Tuxpefto Caribe
 
Pop. 30 Blanco Cristalino-2
 
Pop. 31 Amarillo Cristalino-2
 
Pop. 35 Antigua Republica Dominicana
 
Pop. 36 Cogollero
 
Pop. 38 Poza Dulce (MS) 6 QPM~!-

Pop. 39 Yellow QPMaJ
 
Pop. 40 White QPMaI
 
Pop. 43 La Posta
 
Pop. 49 Blanco Dentado-2
 

!I/ QPM refers to quality protein maize. 
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For aflatoxin analyses, 10 ears were 
harvested after physiological maturity 
and immediately dried at 600C for 
three to four days to stop further 
fungal growth. After drying. ears were 
shelled and the grain samples sent to 
the US Department of Agriculture's 
Southern Regional Research Center in 
New Orleans, Louisiana, for aflatoxin 
analyses. Although results were 
provided for aflatoxin B I and B2 , the 
occurrence of aflatoxin B2 was 
sporadic, and significant differences 
among entries were found only at 
Winterville, North Carolina. The 
combined analysis of variance for 
aflatoxin B2 did not show significant 
differences among entries. 

Results and Discussion 
Data were received from sites in 
Georgia, Mississippi, North Carolina, 
South Carolina, Texas and Mexico 
(Poza Rica and Tlaltizapan) for 
aflatoxin and from all but Mississippi 
for yield. Yields ranged from 62.7 
quintals/ha " I (I quintal = 100 kg) in 

-Georgia down to 25.4 q/ha 1 in North 
Carolina (Table 2). The US growing 
seaon in 1983 was characterized by a 
prolonged drought during the latter 
part of July and early August, 
accompanied by higher than normal 
temperatures; crop failure occurred in 
1'wa and Missouri. Differences among 
entries were significant at each site 
where yield was measured. Coefficients 

of variation had a not unexpected 
spread of values, with the Mexican 
trials at Poza Rica and Tlaltizapan 
having the lowest coefficients of 
variation (CVs) of 12.9 and 12.8%, 
respectively. The relatively higher CVs 
noted for the US sites may be largely a 
reflection of low mean yields. 

Differences among entries for aflatzxin 
B1 were significant in South Carolina 
and in the combined analysis. 
Amounts of aflatoxin B1 ranged from 
1.6 ng/g- 1 at Tlatizapan to 162.7 
ng/g- in North Carolina (Table 2); 
South Carolina averaged 20.7 ng/g-l. 
The CVs differed considerably. North 
Carolina had a CV of 157.2%. whereas 
Poza Rica had 803.1% and Tlaltizapan, 
967.0%. As with yield, the low mean 
incidence of natural contamination at 
the Mexican sites contributed to the 
relatively high CVs. The combined 
analysis CV, based on the genotype x 
site interaction, was 273.4%. The 
range of CVs observed substantiates 
the need for adequate replication and 
for choosing sites where incidence of 
natural contamination is high. 

Mean yields varied from 4.0 q/ha " 1 for 
the Inbred Mol7 to 67.1 q/ha-I for the 
topcross of Population 29 to B73 (Table 
3). Seventeen entries had yields 
significantly exceeding the mean for all 
entries (48.4 q/ha-1). Of these, 13 
involved topcrosses to B73 and the 

Table 2. Location and combined statistics for yield (q/ha'l) and aflatoxin 
B 1 (ng/g-l), USDA-University 

Character Georgia Mississippi 

Yield 
Mean 62.7 -
LSD 0.05 22.0 -
CV % 24.9 -

Aflatoxin BI
Mean 55.9 3.7 
LSD 0.05 ns ns 
CV % 191.7 716.5 

of Missouri study, 1982 and 1983 

USA Mexico 
North South Poza Tialti-

Carolina Carolina Texas Rica zapan Combined 

25.4 37.1 46.9 58.2 60.0 48.4 
12.5 11.0 13.6 10.6 10.8 11.6 
34.7 21.0 20.4 12.9 12.8 41.5 

162.7 20.7 38.7 9.2 1.6 43.2 
na 92.2 na ns ns 67.6 

157.2 320.5 192.4 803.1 967.0 273.4 
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remaining four were topcrosses to well with both testers, were Pool 26 
Mo17. Over half of the pools and and Populations 22 and 43. All of the 
populations yielded significantly less topcrosses for these three sources 
than the mean of all entries and 60% yielded significantly above the mean of 
or less than the mean for the all entries. Adaptation of the topcrosses 
topcrosses. was adequate in most environmcnts, 

as reflected by the average or better 
The topcross yields were examined to yields obtained. The pools and 
determine if any heterotic patterns populations, however, were probably
might be found. Only Population 29 under some degree of adaptive stress 
had topcrosses to B73 and Mo17 that as evidenced by their relatively low 
differed significantly, with the cross to yield. 
B73 yielding 67.1 q/ha-I and the 
topcross to Mol7 yielding 54.5 q/ha -1 . Significant differences among entries 
Pools or populations that favored for aflatoxin Dl were found in the 
neither heterotic group, but performed combined analysis of variance. Three 

Table 3. Combined yield and aflatoxin data from sites growing the 
1983 topcross evaluation of CIMMYT pools and populations, USDA-
University of Missouri, study, 1982 and 1983 

Entry No. Yield Aflatezin BI 
(q/ha-l) (ng/g-1) 

Pool 15 (TEWF) 1 31.3 113.5 
Pool 16 (TEWD) 2 34.2 55.5 
Pool 17 (TEYF) 3 31.3 29.2 
Pool 18 (TEYD) 4 33.4 35.4 
Pool 19 (TIWFJ 5 36.1 66.0 

Pool 20 (TIWD) 6 43.2 146.3 
Pool 21 {TIYF) 7 43.5 35.9 
Pool 22 (TIYD) 8 41.2 98.9 
Pool 23 (TLWF) 9 40.9 33.4 
Pool 24 (TLWD) 10 39.8 73.0 

Pool 25 (TLYF) 11 40.1 20.2 
Pool 26 (TLYD) 12 36.1 65.0 
Popn. 21 (Tuxpeflo-1) 13 29.8 53.4 
Popn. 22 (Mezcla Tropical Blanco) 14 40.9 46.5 
Pop. 23 (Blanco Cristalino-1) 15 37.9 61.3 

Pop. 24 (Antigua Veracruz 181) 16 36.0 70.9 
Pop. 26 (Mezcla Amarilla) 17 36.9 30.8 
Pop. 27 (Amarillo Cristalino-1) 18 36.5 122.2 
Pop. 28 (Amarillo Dentado) 19 32.2 76.2 
Pop. 29 (Tuxpefto Caribe) 20 37.6 40.3 

Pop. 30 (Blanco Cristalino-2) 21 38.0 17.6 
Pop. 31 (Amarillo Cristalino-2 22 33.3 25.7 
Pop. 35 (Antigua Republica Dominicana) 23 36.3 47.9 
Pop. 36 (Cogollero) 24 39.3 43.6 
Pop. 38 (Poza Dulce (MS) 6 QPM) 25 28.3 76.7 
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Table 3.(continued) 

Entry 

Pop. 39 (Yellow QPM) 

Pop. 40 (White QPM) 

Pop. 43 (La Posta) 

Pop. 49 (Blanco Dentado-2) 

Pool 15 x B73 


Pool 16 x B73 

Pool 17 x B73 

Pool 18 x B73 

Pool 19 x B73 

Pool 20 x B73 


Pool 21 x B73 

Pool 22 x B73 

Pool 23 x B73 

Pool 24 x B73 

Pool 25 x B73 


Pool 26 x B73 

Pop. 21 x B73 

Pop. 22 x B73 

Pop. 23 x B73 

Pop. 24 x B73 


Pop. 26 x B73 

Pop. 27 x B73 

Filler (B73 x MolT) 

Pop. 29 x B73 

Pop. 30 x B73 


Pop. 31 x B73 

Pop. 35 x B73 

Pop. 36 x B73 

Pop. 38 x B73 

Pop. 39 x B73 


Pop. 40 x B73 

Pop. 43 x B73 

Pop. 49 x B73 

Pool 15 x Mol7 

Pool 16 x Mol7 


Pool 17 x Mol7 

Pool 18 x Mol7 

Pool 19 x Mol7 

Pool 20 x Mol7 

Pool 21 x Mol7 


No. 

26 

27 

28 

29 

30 


31 

32 

33 

34 

35 


36 

37 

38 

39 

40 


41 

42 

43 

44 

45 


46 

47 

48 

49 

50 


51 

52 

53 

54 

55 


56 

57 

58 

59 

60 


61 

62 

63 

64 

65 


Yield Aflatoxin BISgUha1) (ng/g-1) 

34.3 27.0 
35.9 37.9 
34.3 69.8 
30.2 83.6 
50.3 10.9 

54.6 16.6 
45.6 9.8 
49.2 11.4 
61.3 28.1 
62.2 32.9 

56.4 15.8 
63.0 16.9 
61.9 46.3 
64.3 67.1 
62.0 7.0 

60.3 25.2 
64.4 66.5 
63.7 41.9 
60.3 16.0 
61.8 34.3 

53.4 30.6 
59.4 38.6 
48.0 55.7 
67.1 37.2 
49.7 13.9 

51.9 3.6 
59.0 93.1 
59.1 85.4 
56.5 28.0 
50.4 30.4 

55.5 55.1 
64.3 62.9 
59.9 43.8 
47.5 14.1 
52.0 22.8 

47.3 29.4 
49.3 64.6 
52.6 79.1 
52.3 51.8 
54.1 29.8 
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Table 3. (continued) 

Entry No. Yield 
(gtha-1 ) 

Aflatoxin B1 
(nglg4 ) 

Pool 22 x Mo17 66 57.9 22.9 
Pool 23 x Mo17 67 54.4 31.5 
Pool 24 x Mo17 68 57.5 16.3 
Pool 25 x Mo17 69 57.1 21.6 
Pool 26 x Mol7 70 61.1 47.4 

Pop. 21 x Mol7 71 59.8 62.2 
Pop. 22 x MoI7 72 60.1 55.5 
Pop. 23 x Mo17 73 51.9 14.5 
Pop. 24 x Mo17 74 59.6 23.1 
Pop. 26 x Mo17 75 57.8 12.2 

Pop. 27 x Mo17 76 54.1 47.5 
Filler (B73 x Mol7) 77 45.5 15.5 
Pop. 29 x Mo17 78 54.5 11.8 
Pop. 30 x Mol7 79 54.7 27.2 
Pop. 31 x Mol7 80 41.3 14.2 

Pop. 35 x Mol7 81 32.8 12.8 
Pop. 36 x Mo17 82 51.2 36.0 
Pop. 38 x Mol7 83 51.3 16.2 
Pop. 39 x Mo17 84 51.1 33.3 
Pop. 40 x Mol7 85 60.9 17.7 

Pop. 43 x Mo17 86 63.2 54.7 
Pop. 49 x Mo17 87 57.1 65.3 
B73 x Mol7 88 46.5 26.9 
B73 89 8.9 37.4 
Mo17 90 4.0 18.4 

Mean 48.4 43.2 
LSD 0.05 11.6 67.6 
CV% (based on site x entry mean square) 41.5 273.4 
Number of sites 6 7 

entries had significantly more aflatoxin barriers of husk protection, thick 
than the mean for all entries, Pool 15 pericarp or a tight silk channel, is not 
(113.5 ng/g-l), Pool 20 (146.3 ng/g-l) known. 
and Population 27 (122.2 ng/g-1). No 
entry was significantly less than the Differences among groups of genotypes 
mean of all entries, because the LSD were further examined by averaging 
0.05 was greater than the mean. similar entries. For instance, the four 
However, Population 31 topcrosses to early maturity pools had an average
B73 had only 3.6 ng/g" 1 aflatoxin Bi. yield of 32.6 q/ha "1 , with an average of 
Whether that low value was due to 113.5 ng/g" 1 of aflatoxin BI (Table 4).
inherent resistance or one of the The early maturity pools averaged 
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significantly lower yield than the represents a lack of adaptation through
intermediate or late pools. Similarly, maturation before other maize in the 
the topcrosses of the early pools to B73 vicinity. Usually, maize that matures 
yielded significantly less than early relative t0 other maize is more 
topcrosses of the intermediate and the prone to bird damage and subsequent
late pools. For the Mo17 pool infestation with A. flavus. The 
topcrosses, only the averages of the populations had significantly more 
early pools and late pools differed aflatoxin than their toperosses to Mol7
significantly for yield. The populations (54.8 versus 31.5 ng/g-l, respectively). 
yielded significantly less than their 
topcrosses to both B73 and Mo17. Correlations of yield and aflatoxin BI 

were calculated on the combined 
Aflatoxin B1 amounts found in the means for each grouping (Table 4) and
early, intermediate and late pools for all entries. The correlation 
differed significantly, with more coefficient for all entries was r = -0.19. 
aflatoxin found in the earlier maturity which was not significant at P = 0.05. 
entries. It is possible that this response None of the correlation coefficients for 

Table 4. Summary of combined yield and aflatoxin B I data averaged 
across pool maturities and populations by testers, USDA-University 
of Missouri study, 1982 and 1983 

No. of Yield Aflatoxin B I ra_/
Groups entries (qlha'.) (ng/g- 1) 

Early maturity pools 4 32.6 113.5 -0.33 
Intermediate maturity pools 4 41.0 86.8 0.22 
Late maturity pools 4 39.2 47.9 -0.54 
Populations 17 35.2 54.8 -0.31 

Early pools x B73 4 49.9 12.2 0.92 
Intermediate pools x B73 4 60.7 23.4 0.46
Late pools x B73 4 62.1 36.4 0.69
Populations x B73 16 58.5 42.6 0.43 

Early pools x Mol7 4 49.0 32.7 0.09
Intermed!ate pools x Mol7 4 54.2 45.9 -0.76 
Late pools x Mol7 4 57.5 29.2 0.54 
Populations x Mol7 16 55.1 31.5 0.46 

B73 x Mol7 check hybrid 3 46.7 32.7 0.99 
B73 1 8.9 37.4 -
Mo17 1 4.0 18.4 -

LSD 0.05 for comparing 5.8 33.8 
average of 4 entries 

LSD 0.05 for comparing 4.6 26.7 
average of 4 and 16/17 entries 

LSD 0.05 for comparing 2.9 16.9
 
average of 16/17 entries
 

a/ Correlation of yield and aflatoxin Bj in each group; none of the 
coefficients were significant at P = 0.05 
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the individual groupings were 
significant at P = 0.05. Signs and 
magnitudes of the coefficients 
suggested random variation. However, 
with only four entries in most of the 
groupings, significance was difficult to 
obtain. Yield was not significantly 
related to the levels of aflatoxin 
observed. 

A question that is often asked is 
whether endosperm type has any 
relation to susceptibility to aflatoxin 
contamination. Means were calculated 
for the flint and dent endosperm types 
for all maturities of the pools and their 
topcrosses to B73 and Mol7 (Table 5). 
Mean yields did not differ significantly 
for any comparison of the endosperm 
types. However, the dent pools had 
significantly more aflatoxin B1 than 
the flint pools (79.0 versus 49.7 ng/g- I . 
respectively). Differences between 
aflatoxin levels for the flint and dent 
endosperm topcrosses to B73 and to 
Mol7 were not significant. The 
differences were in the same direction 
as the pools, suggesting that a dilution 
effect of the tester may have occurred. 
Characterization of the flint and dent 
pools for husk coverage and pericarp 
thickness might explain a part of the 
observed difference, but it is likely that 
the major effect is of endosperm 

vitreousness and decreased ability of 
the fungus to infect the vitreous 
kernels. 
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Table 5. Comparison of six entries of flint and dent endosperm maize 
types and their topcrosses to B73 and Mo17 for yield and aflatoxin 
B1 using combined means, USDA-University of Missouri study, 1982 
and 1983 

Groups Yield 
(q/ha"1 ) 

Aflatoxin B1 
(ng/g',) 

Flint pools 37.2 49.7 
Dent pools 38.0 79.0 

Flint pools x B73 56.3 19.7 
Dent pools x B73 58.9 28.3 

Flint pools x Mo17 52.2 34.3 
Dent pools x Mo17 55.0 37.6 

LSD 0.05 for comparing groups 	 4.7 27.6 
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Potential Involvement of Plant Metabolites in 
Maize Resistance to Aflatoxin Contamination 

D.M. Wilson, Department of Plant Pathology, Coastal Plain
 
Experiment Sttxtion, University of Georgia, Tifton, Georgia, USA
 

Abstract 
Limited information is availableon the effects of volatile and nonvolatile 
metabolitesof maize on Aspergillus flavus and A. parasiticus and theiraflatoxin 
production. The active volatile aldehvdes aregenerally more inhibitory than 
active ketones or the correspondingalcohols. Beta-ionene has an unusual effect 
on growth and morphology of the A. flavus group. Some extracts of maize 
containingnonvolatilemetabolites may contain unidentified compounds that will 
suppressgrowth and/or aflatoxinproductionby the A. flavus group. Breeding 
programsmay be possible which manipulateinhibitorymaize metabolitesfor 
resistanceto aflatoxin contamination. 

Resumen 
Se cuenta con muy poca informaci6n acercade los efectos de los metabolitos voldtles 
y no voldtiles del maiz sobre Aspergillus flavus y A. parasiticus y su produccl6n de 
aflatoxinas.En general.los aldehidos voltles activos son mds inhibitorlosque las 
cetonas activaso los alcoholes correspondlentes.La beta-ciclocitrilidenacetonaejerce 
un efecto desusado en el crecimlentoy morfologla del grupo A. flavus. Ciertos 
extractos del malz que contienen metabolitosno voliftiles suelen presentar
compuestos no Identificadosque suprimen el crecimientoy/o ]a producci6n de 
aflatoxinasporparte del grupoA. flavus. Quiz, sea posible crearprogramasde 
mejoramlento que manipulen los metabolitosinhibitoriosdel maiz paraobtener 
resistenciaa la contaminac6nporaflatoxinas. 

Aflatoxin contamination of maize, 
Zea mays L., follows the successful 
germination, colonization and growth
of Aspergillusflavus Link ex Fries or 
A. parasiticusSpeare. Aflatoxin 
contamination cannot occur without 
prior growth of a toxigenic member of 
the A. flavus group. However, maize 
colonized by a member of the A. flavus 
group is not necessarily colonized by 
an aflatoxin-producing isolate (6).
Experimental approaches to aflatoxin 
control can emphasize either the 
control of fungal growth or inhibition 
of secondary aflatoxin production. 

Plant metabolites that affect A. flavus 
group growth or alatoxin production 
are infrequently reported in the 
literature (15). R. Gueldner at the US 
Department of Agriculture (USDA)
Richard Rusaell Laboratory, Athens, 

Georgia, and N.W. Widstrom and 
W.W. McMillian at the USDA 
laboratory at Tifton, Georgia. have 
encouraging preliminary results in a 
cooperative project designed to identify
chemicals in maize that affect the 
growth and sporulation of the A. flavus 
group. 

Some maize metabolites that affect the 
A. flavus group and aflatoxin 
contamination have been reported by
Nagarajan and Bhat (12). They found 
that a 5% aqueous Nt Cl extract of 
opaque-2 Zea mays 1. inhibited toxin 
production, probably due to a low 
molecular weight protein.
Pryadarshini and Tulpule (13) did not 
find a correlation between fungal 
growth and aflatoxin production and 
suggested that genotypic differences 
were due to nutritional factors. Wilson 
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and co-workers (14) reported that beta- volatile oil. Flath and coworkers (7) 
ionone affected both growth and identified 63 components in the 
aflatoxin synthesis. Other work in volatile oil of maize silks. Wilson and 
Georgia (9) demonstrated that several co-workers (14) tested several of the 
volatile maize metabolites inhibited volatile metabolites of maize in culture 
A. flavus group growth. using a nontoxic A. flavus isolate. The 

aldehydes 2,4-hexadienal, 
LillehoJ, Garcia and Lambrow (11) trans-2-hexenal and trans
suggested that mineral nutrition of trans-2.4-decadienal all inhibited 
maize, especially zinc, could influence A. flavus growth. Several alcohols, 
aflatoxin contamination. They including 1-heptanol. 2-nonanol, 
postulated that metal complexes with 1-nonanol, geraniol, 2-octanol and 
naturally occurring chelating agents, 2-decanol slightly inhibited A. flavus 
such as phytic acid, could be growth. Gueldner, Wilson and Heidt (9)
Important in controlling aflatoxin found that furfural also inhibited 
contamination of maize. Gupta, growth of A. flavus. When natural and 
Maggon and Venkitasubramanian (8) synthetic active compounds were 
suggested that zinc-related glycolysis tested, aldehydes were the most 
may be involved in aflatoxin inhibitory, followed by ketones; the 
biosynthesis, corresponding alcohols were the least 

inhibitory to growth. 
Extracts from several plants and spices 
have been found to inhibit aflatoxin The active aldehydes and alcohols 
production, and quite often inhibited growth and sporulation of 
A. parasitlcushas been more sensitive A. flavus but did not alter conidlophore 
to inhibition than A. flavus (10). morphology. Beta-lonone severely 
Buchanan and Shepard (2) restricted both growth and sporulation 
demonstrated that thymol was in culture. Dirt contact with beta
generally more inhibitory to growth of ionone applied next to the agar surface 
the fungus than to toxin production, resulted In very restricted growth, little 

sporulation and arrested asexual 
Carrot root extracts affect growth and reproductive development. Contact 
development of A. parasltcusand with beta-lonone only in the vapor 
inhibit aflatoxin production (1). Raw state resulted In slow growth and a 
carrot roots do not support growth of typical conidial development, such as 
A. parasltcus,but cooked carrot roots branching and unusual conidiophore 
support growth and aflatoxin morphology. In shake culture, 
production. Batt, Solberg and Ceponis A. flavus grew more slowly with 250 
(1) extracted carrot roots and found 14l of beta-lonone per liter of liquid 
that chloroform extracts contained medium than with 50 /Ll of beta-lonone 
substances that inhibited sporulation per liter of liquid medium. 
and aflatoxin production by Concentrations of 100 I/l and above 
A. parasiticus;the extracts had little of beta-ionone in the culture medium 
effect on Its growth as measured by inhibited aflatoxin accumulation 
dry weight. Buttery and co-workers (14,15). It is interesting to note that 
(3,5) identified several volatile beta-ionone also occurs in carrot roots 
compounds from carrot roots. (5). Perhaps beta-ionone and related 

carotenes contribute to the inhibition 
Plant volatiles have been Ir~iplicated in of A. parasiticusgermination and 
regulation of fungal development (15). growth in raw carrot roots. The loss of 
Buttery, Ling and Chan (4) used a volatile compounds during cooking 
steam distillation technique to identify may be one reason that cooked c.Tots 
56 compounds in maize husk volatile support A. parasiticusgrowth and 
oil and 34 compounds in maize kernel aflatoxin production. 
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The manipulation of volatile or other 
maize metabolites in maize breeding 
programs for aflatoxin resistance 
seems possible. This experimental 
approach is not yet very advanced, but 
the published and preliminary work by
the USDA in Georgia is encouraging. 
When optimum mixtures of maize ear 
volatile and nonvolatile compounds are 
identified, breeders may be ablc to 
develop tolerant genotypes based on 
the fungistatic properties of thest: 
chemicals. 
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Maize Plant Resistance to Insect Damage
and Associated Aflatoxin Development 

W.W. McMillian, Insect Biology and Population Management
Research Laboratory, Agricultural Research Service, US
Department of Agriculture, Tifton, Georgia, USA 

Abstract 
Field tests conducted at Tifton, Georgia, indicate that maize (Zea mays L.)
hybrids adapted to the southern USA averageless insect damage and aflatoxin
contaminationthan hybrids adapted to the Corn Belt. The differences are
apparentlydue primarilyto the complete husk cover on the southern ear.Other 
evaluationsof maize germplasm have revealed that both chemical and physical
attributesof the silk and kernel may influence insect damage, Aspergillus flavus 
Link ex Friesgrowth and/oraflatoxin development. 

Resumen 
Pruebasde campo efectuadas en Tifton, Georgia. indican que los hibridosde malz
(Zea mays L.) adaptadosa ;a zona surde Estados Unidospresentan, en promedlo,
menores daihos causados por insectos y menor contaminaci6npor aflatoxinas que los
hibridos adaptadosa ]a faja maicera. Al parecer,las d.ferencias se deben
fundamentalmente a la coberturacompleta que presentan las mazorcas de ]a zona 
sur.Otras evaluacionesdel germoplasma de maiz indican que las propiedadesfisicas y quimicas de los granosy estigmas pueden influir en el daho ocasionadopor losInsectos, el crecimientode las esporas de Aspergillus flavus Link ex Friesy/o el
desarrollode aflatoxinas. 

In 1920, J.J. Taubenhaus (4) stated in 
the bulletin, A Study of the Black and 
Yellow Molds of Ear Corn [Zea mays
L.J, "To control yellow mold 
[presumably Aspergillus fiavus], one 
has only to plant those varieties of 
corn that have ears that hang down. 
To do so is especially important in 
localities with heavy rainfall." Passing 
years have shown the prcblem to be a 
little more involved than Taubenhaus 
once suggested. 

A large portion of the maze research 
effort at the Insect Biology Population 
Management Research Laboratory in 
Tifton, Georgia, involves cooperative 
plant resistance studies. The purpose 
of this paper is to briefly review 
selected research presently conducted 
there by cooperating entomologists,
plant geneticists and chemists. 

On several occasions, mature ears that 
were either upright or hanging tip
down on the stalk have been harvested 
and compared. To date, no significant 
differences have been detected in 
either insect damage or aflatoxin 
accumulation as a result of ear 
posture. 

A number of researchers (3,8,19,20) 
have reported that lower levels of 
overall insect damage and/or aflatoxin 
accumulation are sustained by maize
hybrids adapted to the southern USA 
than those adapted to the Corn Belt. 
The differ! nces in susceptibility are 
apparently due primarily to the 
complete husk cover of the southern 
ear (5.9,12,13). For example, in a test 
conducted at Tifton over the last six 
years, a representative southern
adapted hybrid with complete husk 
cover averaged only about one-sixth 
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the amount of aflatoxin contamination occurred in corn borer larvae collected 
compared to an open, loose-husk Corn from Oh43 x W182E. a susceptible 
Belt hybrid. Insect damage-mainly hybrid. than from B86 x SC213, a 
corn earworm, Hel!othls zea (Boddie)- resistant hybrid. In this evaluation, 
to these same hybrids averaged 3.2 cm however, there appeared to be no 
of feeding on the southern type association between hybrid resistance 
compared to 6.1 cm of feeding on the to corn borer damage and aflatoxin 
Corn Belt type. contamination levels. 

Wiseman et al. (14,16,18) reported that Studies by Widstrom et al. (6,7) have 
silks of some maize germplasm, such demonstrated that maternal tissue in 
as Zapalote Chico, express the the maize kernel is important in maize 
resistance mechanisms of weevil (Sltophllus zeamais 
nonpreference and antibiosis to corn Motschulsky) resistance. Husk cover 
earworm larvae, resulting in and kernel hardness are probably the 
significantly less ear damage, smaller principal contributors to this 
larvae and fewer surviving earworms. resistance. 
It Is suggested that maize hybrids that 
possess the Zapalote Chico type of Other evaluations of maize germplasm 
resistance could be used as an integral have revealed that both physical and 
part of a pest-management program. chemical attributes of the kernel may 
Studies by Widstrom et al. (10) have influence insect population build-up 
suggested that maize plants with fewer and aflatoxin development (2). Maize 
trichomes are least preferred by the weevils exposed to spores of A. flavus 
adult earworm for oviposition. Further or A. parastfcus and reared on dent, 
studies by Wiseman et al. (15) have flint, waxy and high-amylose versions 
demonstrated car resistance to of the maize hybrid B37 x C103 
earworms, due to a long, tight silk- produced progenies of 445, 438, 456 
channel filled with a large silk mass and 557 weevils, respectively. The dent 
that allows small larvae to complete version of B37 x C103 contained the 
development before reaching the kernel highest level of aflatoxin (2,622 ng/g-1 ), 
area and inflicting damage. followed by flint (2,088 ng/g-1 ), waxy 

(981 ng/g-) and high amylose (391
The fall armyworm, Spodoptera ng/g -1 ) versions. Fungal growth 
fruglperda (J.E. Smith), often inflicts appeared to be closely associated with 
severe feeding damage on whorl stage the area damaged by maize weevils. 
as well as mature maize plants. Field 
studies over three years (17) Recently in the field in Tifton, an ear 
demonstrated that maize genotype of maize from an unidentified hybrid 
Antigua 2D-1 18 was not favored by fall was observed to be segregating for 
armyworm larvae, resulting in fewer visible A. flavus sporulation on the 
larvae per plant and half the damage kernels. The ear was harvested and the 
sustained by the susceptible check kernels were separated into A. flavus 
Cacahuacintle X. resistant and susceptible categories. 

For the past five years, each population
Field experiments in Georgia by was increased and evaluated. The 
Widstrom et al. (11) have kernels that were free of visible 
demonstrated that damage by the A. flavus on the original ear have 
European corn borer larvae, Ostrinla produced progeny that have 
nubtlalls (Hibner), enhances aflatoxin consistently sustained lower aflatoxin 
contamination in' preharvest maize. An contamination levels than the infected 
Interregional field test by Guthrie et al. kernels, even under field-inoculated 
(1) demonstrated that a higher conditions (W.W. McMillian, 
incidence of A. flavus group isolates unpublished data). 
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Recent laboratory bloassays of crude 
plant extracts have indicated that 
some maize genotypes possess 
chemicals that inhibit A. fiavus 
growth. When a low concentration of a 
methanol extract of the resistant 
genotypes was applied to paper discs, 
air dried and then placed on A. flavus. 
inoculated agar medium, A. flavus 
growth on and around the discs was 
inhibited for several days (W.W.
McMillian, unpublished data). Although
these plant chemical evaluations are 
very preliminary, they suggest 
possibilities for development of 
chemically-based resistance in maize to 
insects and/or fungi. 
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The Laboratory Response of Two Maize
 
Varieties and Three Hybrids to Two Types
 
of Aflatoxin-Producing Aspergillus Strains
 

Angulano, R.G.L., and D. Guzman de Pefia, Center for Research 
and Advanced Studies, National Polytechnic Institute, Irapuato, 
Guanajuato, Mexico 

Abstract 
One of the most recent approachesfor controllingaflatoxin contaminationof 
maize Is the use of resistantmaize hybrids. This study investigatedthe 
susceptibilityin the laboratoryof three hybrids and two varietiesof maize grown
in the BaJio region of Mexico to two aflatoxin-producingstrainsof Aspergillus.
These strains were found in samples of maize in the region; their toxin-producing
capacity had been recognized in previous tests. Fifty-gram samples of the maize 
genotypes were inoculated with a determined number of spores suspended in 
distilled water, and were incubatedat room temperature (250 to 270 C) for seven 
days. The methods used for the analysisand quantificationof atlatoxin were 
those of Shotwell et al. (11), Nabney and Nesbitt (9)and a modified CB test (1).
Despite the small number of materialsstudied, it was possible to separatethe 
maize genotypes into three groups accordingto theirresponse, susceptible(good
substrates), resistant(poorsubstrates)and ambiguous, dependingon the strain 
used as the inoculum. 

Resumen 
Uno de los enfoques mis rccientes en el control de ]a contaminaci6ndel malz con
aflatoxinas es cl uso de hi bridos resistentes.El objeto del presente estudto fue 
investigar]a sensibilidaden el laboratorlode tres hibridosy dos variedadesde malz 
que se cultivan en ]a reg6n del Balo en MWxico a dos cepas toxigcnicas de
Aspergillus. Estas cepas se encontraronen muestrasprovenientes de ]a regl6n: su 
capacidadparaproducirtoxinas habia sido identiflcadaen ensayos anteriores. 
Muestras de 50 g de los genotipos de malz fueron inoculadascon un n6mero 
constante de esporas suspendidas en agua destilada e incubadasa la temperatura
ambiente (250 a 270 C) durante siete dias. Los mLtodos utilizadospara el andlisisy
cuantiflcacl6n de las aflatoxinas fueron los de Shotwell et al. (11), Nabney y Nesbitt 
(9)y una prueba CB-modlflcada (1). A pesar de limitado namero de materiales 
estudiados, fue posible separarlos genotipos de malz en tres grupos segdn su 
respucsta:sensible (buenos substratos),resistente (malos substratos)y ambigua,
dependiendo de ]a cepa que se utliz6 como In6culo. 

Aflatoxin production in cereals and recognized as a strain-related trait, a 
ollseeds is related to a number of fact which allows for great variability
complex factors, such as the presence in toxin-producing capacity (4). Leach 
of strains of toxin-producing fungi, et al. (5) have reported that Aspergillus
substrate susceptibility and flavus mutants can be classified as 
environmental factors, the most having high, medium or low aflatoxin
significant of which are temperature producing capacity. Similar results 
and moisture. These factors affect the were observed in a study of Aspergillus
behavior of both the plant and the strains in maize from the BaJilo region
microorganism. The toxicity of certain of the state of Guanajuato on the 
species of Aspergillus has been central Mexican plateau (G.L. 

Angulano, unpublished data, 1984). 
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A review of the literature shows that analyzed in the laboratory on the 
maize genotypes exhibit differing levels maize variety VS-373, using both 
of susceptibility to the attacks of intact and damaged kernels. The 
storage fungi; this suggests the strains were kept in inclined tubes 
possibility of a similar response in the with potato-dextrose agar. Sterile, 
case of aflatoxin production (2,7). distilled water (10 ml) was added to 
Priyadarshini et al. observed each tube to obtain spore suspensions 
differences in the responses of maize for use as inocula. 
varieties to both fungal growth and 
aflatoxin accumulation. These Inoculation and incubation 
differences have been associated with Five types of maize were used in this 
qualitative changes in the study, the opaque-2 double-cross 
characteristics of genotypes (10). Zuber hybrid H-332-OP, the inbred line x 
ct al. demonstrated that aflatoxin B 1 variety hybrid HB-15 and the hybrid 
was produced in low concentrations in H-363-R, the synthetic dwarf inbred 
maize hybrids and in high line VS-361 and the improved variety 
concentrations in crosses of the maize CO-82. They were analyzed by method 
variety OH-545 with hybrids (14). 1 of the Association of Official 

Analytical Chemists (AOAC) (1) to 
Studies of environmental factors ascertain that they were free of 
affecting aflatoxin production have aflatoxins. Fifty grams of damaged 
indicated that such conditions as high kernels were sterilized in 500-ml 
temperatures (35 0 C), drought and high Erlenmeyer flasks at 15 pounds 
moisture levels during storage favor pressure for 15 minutes. Each sample 
aflatoxin production. Other was inoculated with the corresponding 
determining facors are the differences spore suspension, at concentrations of 
in the level of susceptibility of certain 2200 spores of A. flavus UI-1 and 9000 
plants (for example, maize and spores of the nonproducirng strain. 
peanuts) to the growth and/or 
sporulation of the main groups of To provide sufficient moisture in the 
storage fungi (2,6). This study was substrate, which had been dried to a 
conducted at the Center for Research 12% moisture level, 3 ml of sterile, 
and Advanced Studies of the National distilled water was added to each flask 
Polytechnic Institute at Irapuato, after three days and 8 ml of water the 
Mexico, in order to evaluate the fourth day. Five repetitions of each 
laboratory production of aflatoxins in treatment of maize genotype x fungal 
three maize hybrids and two varieties strain were performed. The flasks were 
in the Bajio in the presence of strains then incubated in the dark at 250 to 
of varying toxin-producing capacity. 271C for seven days. 

Materials and Methods Extraction and 
Microorganisms quantification of aflatoxins 
A good toxin-producing strain, The procedure used to extract and 
A. flavus UI-I, and a nonproducing quantify the aflatoxin consistcd of a 
strain that was thought to be combination of methods. For extraction 
A. restrictus UI, were used in the of the toxin, the method of Shotwell et 
study. Both samples were al. (11) was used. Maize samples were 
morphologically classified according to sterilized at 15 pounds pressure for 15 
M.C. Christensen (3) but their minutes, after which 500 ml of distilled 
classification must be confirmed by water was added to each of the flasks; 
comparison with an internationally they were then shaken for five minutes 
accepted microbial collection. The in a Lab-Line multiwrist shaker. Five 
toxigenic capability of the strains was hundred ml of chloroform was added 
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to each flask, and flasks were shaken 
again for 30 minutes. This mixture 
was filtered through cotton in a funnel 
and the two layers so obtained 
separated in a separation funnel. The 
chloroform layer was collected, and the 
aqueous layer was again extracted. 
Another 200 ml of chloroform was 
added. The chloroform layers were 
mixed together and put into a 1.01 
Erlenmeyer flask and 25 g of anhydric 
sodium sulfate added. The flask was
hand shaken and the mixture filtered 
through Whatman No. 4 paper. The 
fraction so obtained was evaporated to 
10 ml and purified in a column of 
silica gel, acording to method I (CB) of 
the AOAC (1). The fraction obtained 
from the column was concentrated to
500 ll, and was analyzed by thin-layer
chromatography by the method 
described by the AOAC for visual 
quantification (1). After the extracts 
were purified on preparatoy plates, a 
spectrophotornctric dctermlnation was 
made using the Nabney and Nesbitt 
method (9). 

Statistical analysis 
Statistical analysis was performed,
using the criteria of Whitaker and 
Dickens (13) for determining the total 
error associated with each reading. The 
differences of the means were 
calculated by the Tukey method and 
the Student (LSD) method. In both 
cases, a 5% level of significance was 
used (13). 

Results 
In the laboratory, the maize varieties 
studied showed various levels of 
susceptibility to aflatoxinandtn 
accumulation. The analysis of their 
responses in the presence of the highly
productive strain showed two hybrids
(H-332-OP and H-363-R) and one 
improved variety (CO-82) as 
susceptible (good substrates for 
aflatoxin production, 1555 Ag/kg). The 
hybrid FIB-15 and the variely VS-361 
were resistant (poor substrates for 
toxin production, < 86 Ig/kg). 

This response is clearly seen when 
aflatoxin production is measured by
spectrophotometry, as shown in Table 
1. When production is determined by
visual comparison with a standard in 
thin-layer chromatography (Table 2),
the differences are less pronounced but 
still detectable. Nevertheless, statistical 
analysis reveals a significant difference 
in the response of maize genotypes to 
A. flavus UI-I. 

When the different varieties of maize 
were inoculated with the strain that 
seemed to be A. restrlctus,it was 
observed that this fungus (currently
considered nontoxigenic) was capable 

Table 1. Production of aflatoxin B 1
in maize by Asperglilus flavus U1-1, 
Irapuato, Mexico Vt 

Aflatoxin {ug/kglb/ 
Standard 

Genotype Mean deviation 

H-332-OP 
HB-15 

3923 
780 

1346 
408 

H-363-R 1555 1289 
VS-361 859 239 
CO-82 2559 1041 

-/ Determined by spectrophotometry 
b/ Average of 5 repetitions 

Table 2. Production of aflatoxin B1
in maize by Asper //us favus UI-I, 

Irapuato, Mexico _i 

n t dard 

Genotype Mean deviation 
H-332-OP 2380 887 
HB-15 1421 917 
H-363-R 2083 1235 
VS-361 1388 362 
CO-82 18 32 

C0-82 2809 1522 
a/ Determined by thin-layer 

chromatography 
b/ Average of 5 repetitions 
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of producing low levels of aflatoxin B 1 resistant or partly resistant (poor 
(Tables 3 and 4). The hybrid H-3S3-R substrate), HB-15 and VS-361; and 
continued to be a good substrate for ambiguous, CO-82 and H-332-OP. 
aflatoxin accumulation with this strain, 
whereas HB-15, H-332-OP and VS-361 Discussion 
were poor substrates; the amount of In this study it was observed that the 
aflatoxin accumulation was very low. ability to sustain aflatoxin production 
The variety CO-82 proved to be the depended on the interaction between 
most toxin-resistant substrate. The the characteristics of the maize and the 
statistical analysis of these results fungal inocula. The maize hybrid
shows significant differences in the H-363-R showed a uniform response of 
response of the various maize hybrids susceptibility to both species of 
and varieties to the strain that is Aspergillus. The HB-15 and VS-361 
thought to be A. restrictus(Table 5). genotypes were equally stable in their 

response for resistance. The CO-82 and 
Based on these results, maize response H-332-OP varieties were susceptible 
can be classified in three categories, only for the highly productive strain 
susceptible (good substrate), H-363-R: and resistant for the strain of low toxin 

production. These responses indicate 
that some maize varieties have noTable 3. Production of aflatoxin B 1 Inhibitors to aflatoxin production; the 

in maize by Asperfllus reaLtrictus, presence of these inhibitors in maize 
Irapuato, Mexico has been suggested by various authors 

Aflatoxin (gg/kgb/ (8, 10,12). 

Standard The majority of studies reported inGenotype Mean deviation literature concerning differences in the 

H-332-OP 53 32 capability of maize genotypes tosustain aflatoxin production have beenHB-15 38 84 performed with A. flavus and 
H-363-R 567 599 A. parasiticus.Both strains are 
VS-361 73 103 recognized as outstanding aflatoxin 
C082 21 47 producers (5,10,14). However, it was 

a Determined by spectrophotometry 

b/ Average of 5 repetitions Table 5. Interaction between fungal 

strain and maize genotype, Irapuato, 
Table 4. Production of aflatoxin B 1 Mexico 
in maize by Asper 5 llus restrictus,Irapuato, Mexico r A. flavus A. restrictus 

Irapuato, Mexico Genotype (Lg/kg)_a 
-

a H-332-OP 55.08850 a b/ 8.41507 b 
Stannde HB-15 4.07580 b, ca 31.84130 c 

Genotype Mean deviation H-363-R 40.09050 b 15.08550 a 

H-332-OP 99 57 VS-361 33.06695 c 4.89376 b. c 
HB-15 46 86 CO-82 50.78285 a 1.93441 c 
H-363-R 147 141 
VS-361 26 43 LSD 0.05 = 6.22 
CO-82 0 0 a/ Averages converted according to 
SDetermined by thin-layer Whitaker and Dickens (13) 

chromatography Numbers followed by the same 
b/ Average of 5 repetitions letter not significantly different 
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found in this study that when the 
strain thought to be A. restrictus, 
considered in the literature as 
nontoxigenic, was present in high 
levels of inoculum with various 
varieties of maize, it produced low 
levels of aflatoxin B I in most 
materials. The fact that some geno-
types vary their resistant/susceptible 
response in the presence of this strain 
could lead to more rigorous selection, 
Two of the varieties maintained their 
resistant response through all 
repetitions and with both aflatoxin-
producing strains. 

The results obtained again 
demonstrate that maize varieties differ 
in their levels of susceptibility to 
aflatoxin accumulation, as reported by 
Zuber and Priyadarshini (10,14). The 
results also suggest that aflatoxin-
resistant varieties have inhibitors that 
are not present in varieties showing a 
susceptible or ambiguous response. 
The presence of such inhibitors ab 
Beta-ionone in certain materials has 
been reported by Wilson et a]. (12). 
Future plans should include the 
measurement of the level of this 
inhibiting substance in resistant maize 
varieties. 
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Decontamination of 
Aflatoxin-Contaminated Maize Grain 

E.B. Lillehoj and J.H. Wall, Southern Regional Research Center,
Agricultural Research Ser-iice, US Department of Agriculture, New 
Orleans, Louisiana, USA 

Abstract 
Widespreadoutbreaks ofaflatoxin contaminationof agriculturalcommodities
have stimulatedresearchInterest in prevention and detoxification. The discovery
of widespreadpreharvestcontamliationof maize by aflatoxin demonstratedthatprevention approacheswill notprovide rapidsolutions.Researchershave focused 
on developingproceduresfor detoxifying certain targetcommodities to provide
feed-grade materials,in an effort to avoid massive economic sanctions. This
review outlines the fundamental techniquesthat have been developed for
physical separationofaflatoxin-contaminatedseed, solvent extraction of aflatoxin
and chemicalinactivationof the toxin. Information is presented on the methods
utilized for decontaminationofpeanuts and cottonseed because these procedures 
arerelevant to the evolution of effective andpracticaltechniques for 
detoxification of aflatoxin-contaminatedmaize. 

Resumen
La gran cantidadde brotes de contaminaci6nde productosagricolascon aflatoxinas
despertaronel interts de ]a investigaci6n en la prevencl6n y destoxiflcaci6n. Eldescubrimientode una gran contaminaci6ndel malz con aflatoxinasdurante la fasede precosecha demostL-6 que los mdtodos de prevenci6n no ofrecen una solucldn
inmediataalproblema. Los investigadoreshan concentradosu atencinen ]a creacl6n
de precedimientospara eliminar]a contaminaci6nde clertos productos con el fin deproporcionarmaterialesaptospara el consumo animaly tratarde evitar sanciones
econ6mi-asmasivas. En este trabajose describen las principalestdcnicascreadas para separarflsicamente las semillas contaminadascon ailatoxinas,extraerlasaflatoxinasmediante solventes e inactivarla toxina por medlos quimicos. Se presentainformact6nacerca de los metodos utilizadospara descontaminarlos cacahuatesy lasemilla de algod6n porqueestos procedimientosson importantespara el desarrollodetMcnicas practicasy eficaces para]a eliminacldn de toxinas del maiz contaminadocon 
aflatoxinas. 

The most effective strategy for 
controlling aflatoxin contamination of 
food and feed commodities is to reduce 
or eliminate the initial toxin production 
process. However, extended 
observations have demonstrated that 
control procedures may be only
partially effective, and that such 
unanticipated environmental factors as 
prolonged droughts during crop
development can introduce high,
widespread levels of aflatoxin. The 
ongoing nature of aflatoxin 
contamination has underscored the 
need for techniques to identify 

commodities at high risk of 
contamination. Relatively rapid
quantitative methods for detecting
aflatoxin have been developed (90), but 
technical expertise is required to carry 
out the assays. 

A simple, presumptive method has 
been developed that is based on the 
presence of bright greenish-yellow 
(BGY) fluorescence in aflatoxin
contaminated maize (50,92). Presence 
of the BGY fluorescence in a 
commodity Is clear indication of the 
activity of Aspergillusfiavus Link ex 
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Fries and/or A. parasidcusSpeare, but eliminate the toxin (25,27,87). Dry
the test is not an absolute measure of roasting of peanuts and maize kernels 
the qualitative occurrence of aflatoxin. also reduces contaminant 
The test is used widely at rural grain concentrations (11,87), but the 
elevators in the USA to detect a procedures do not routinely lower the 
potential aflatoxin problem in maize. levels to acceptable concentrations. 
Unfortunately, a certain amount of 
spurious price manipulation has The US Food and Drug Administration 
evolved from the BGY test. (FDA) identified a guideline of 20 ppb
Furthermore, the fate of the devalued, total aflatoxin level, with some 
BGY-positive material is not clear. An variance for animal feeds (82). The 
equitable management procedure concept of guidelines and tolerances is 
would include a concise method for currently being reviewed by the US 
pricing BGY-positive maize and a Supreme Court (6). Although 20 ppb
mechanism for directing the material has also been considered acceptable for 
to an appropriate destination, feed, FDA regulations in recent years 

have concentrated on aflatoxin and 
Physical methods to identify and aflatoxin derivatives in tissue residues 
separate aflatoxin-contaminated seed of milk, meat and eggs (78). With an 
from larger lots have been developed, expected ratio of 100:1 feed to tissue 
These procedures are based on the distribution of aflatoxin, levels of toxin 
heterogeneous distribution of in the feed could be at the 50 ppb level 
coataminated seed within a parent lot. and still not violate FDA action levels 
Only a few seeds are generally of 0.5 ppb residue in tissues (83).
responsible for contamination of a 
large lot. In the peanut industry, Under appropriate conditions aflatoxin 
kernels are traditionally examined at is degraded by light, particularly
shelling to remove discolored and ultraviolet radiation. Sunlight has been 
immature seed by hand sorting and/or utilized to reduce aflatoxin levels in 
mechanical screening (43). In addition, contaminated peanut cake and 
electronic sorters have been developed vegetable oils (84,91). Ultraviolet light
to individually examine each kernel has been used to degrade aflatoxin M1 
and reject discolored seed, resulting in in milk; the process removed all of the 
a concomitant reduction of aflatoxin in toxin in milk more efficiently in the 
the parent lots (29). A similar presence of small quantities of 
procedure has been developed to hydrogen peroxide (103). Ultraviolet 
eliminate fungal-infected tree nuts and irradiation of oilseed meals to destroy
cottonseed by electro-optical sorting for aflatoxin has been patented (9).
BGY fluorescence (10,37,86). Most BGY Simple, light-mediated aflatoxin 
fluorescence in A. favus-infected maize decontamination techniques are 
kernels is within apparently sound available and are practical in certain 
kernels; therefore, the BGY instances for use in developing 
fluorescence test requires damaged countries (70).
kernels (57). Since maize kernel 
fragments are not suitable for Aflatoxin is also degraded by gamma
electronic sorting, BGY fluorescence radiation (100). However, gamma 
tests are incompatible with electron treatment of aflatoxin-contaminated 
sorting of contaminated maize. commodities has provided mixed 

results. Feuell (38) observed no 
A number of heat treatments have reduction in toxicity, whereas Aibara 
been tested in aflatoxin-detoxiflcation and Miyaki (1) and Ogbadu and Bassir 
studies (80,89). Steaming under (69) detected decreased toxicities of 
pressure and other cooking techniques contaminated feeds after gamma
often reduce aflatoxin levels but do not radiation. A study by Temcharoen and 
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Thilly (97) identified a reduction in 
toxicity of gamma-irradiated, aflatoxin, 
contaminated peanut meal, but Ames 
tests demonstrated the presence of a 
mutagen in the treated meal. Although 
physical processes for removal or 
detoxification of aflatoxin-contaminated 
materials ameliorate problems in 
peanuts, evaluation of the literature 
suggests that the most economical 
processes for contaminated maize will 
be linked to chemical procedures. 

Solvent Extractions 
Solvent extraction of aflatoxin from 
contaminated commodities has a 
number of desirable aspects: 

" 	 Potential for quantitative removal of 
the toxin; 

" 	Technologies that are available on 
an industrial scale for recovery of 
vegetable oils; 

• 	 Simultaneous extraction of oils and 

toxin from seed fractions can be 

followed by established refining

procedures using bleaching clays 
that remove the toxin from the oil 
fraction (45,72): and 

" 	Selective extraction of the aflatoxin 
and free fatty acids with negligible 
oil and protein solubility, leaving a 
full fat commodity for conventional 
oil recovery, 

One negative feature of solvent 
extractions is the removal of desired 
portions of the seed and reduction of 
the net value of the commodity. 

Feuell (38) tested several ordinary 
organic solvents for detoxification of 
toxin-contaminated peanut meal. He 
found that toxin extractability fr,;m 
meal is not the same as anticipated 
from solubility data of the toxin alone, 
He concluded that in the meal 
aflatoxin is bound to polar 
macromolecules. A system capable of 
removing aflatoxin from contaminated 
meal without extracting large 
quantities of solids, using a tertiary 

system of acetone-hexane-water, was 
developed and patented (44). Gardner 
et al. (41) evaluated a tertiary solvent 
and a binary aqeuous acetone for 
aflatoxin removal from contaminated 
oilseed meal. Both procedures offered 
an economical technique for removing 
aflatoxin to the 30 ppb level in the 
extracted material. 

Although polar solvents such as 
methanol and ethanol effectively 
reduce aflatoxin levels In contaminated 
materials, they also extract significant 
quantities of solids (28,38,43). Rayner 
et al. (79) reported that 80% aqueous 
isopropanol completely removed 
aflatoxin in cottonseed and peanut 
meal, but it also removed 8.7% and 
9.5%, respectively, of the meal solids. 
Cottonseed extracted with aqueoun (25 
to 30%) acetone has been reported to 
remove most aflatoxin with only 
negligible removal of neutral oils and 
protein (43). The aflatoxin-free material 
Is a full-fat product that is ideally
suited for subsequent processing. 
Sreenivasamurthy et al. (94) described 
an aqueous calcium chloride solution 
that extracted most of the aflatoxin 
from peanut meal, with only 8% 
removel of the protein. Calcium 
chloride solutions added in the 
preparation of protein isolates 
prevented toxin from associating with 
the precipitated protein. Aibara and 
Yano (3) described a procedure for 
methoxymethane extraction of 
aflatoxin from contaminated peanut 
meals that effectively removed oil and 
aflatoxin in a single step with no 
solvent residues In dried meals. An 
intriguing new process, described by 
Hron and Koltun (47), utilizes an 
aqueous ethanol for cottonseed oil 
extraction with subsequent phase 
separation of oil fractions from solids. 
The system would provide a unique 
method for solvent recovery of 
aflatoxin from contaminated meal; the 
method is currently being assessed for 
its efficiency in extracting aflatoxin 
(Hron, personal communication). 
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Chemical Inactivation peroxide cleavage of the toxin 
Chemical inactivation of aflatoxin In molecule. A 3% H202 technique has 
situ appears to offer the most been developed for maize that reduces 
promising potential for effective control the aflatoxin level from 397 ppb to 
of contaminated agricultural below 20 ppb, with less than 0.6% loss 
commodities. The two most vulnerable in proteins and lipids (20). Spraying 
sites on the aflatoxin molecule for peanuts with H202 after removal of 
chemical reaction are the coumarin skins also reduced aflatoxin levels (73). 
moiety and the double bond of the Applebaum and Marth (7) developed an 
terminal furan (28). innovative method to inactivate 

aflatoxin M 1 in milk by adding 1%
 
Oxidation/reduction agents H202 plus 0.5 mM riboflavin to
 
Trager and Stoloff (98) examined a contaminated milk at 300C for 30
 
number of chemical reactions minutes, followed by heating at 631C 
including oxidations as potential for 30 minutes. In an earlier study, 
detoxifying procedures. Benzoyl they had also utilized sulphite or 
peroxide and osmium tetroxide reacted bentonite to remove aflatoxin Ml from 
with aflatoxin B 1 and GI through the naturally contaminated milk (8). 
olefinic double bond, whereas NaOCI, 
KMn40, NaBO3. Ce(NH4)2(SO4 )3 and Sodium hypochlorite has been widely
3% H202:NaBO2 (1:1) reacted with all utilized as a decontamination agent in 
four toxins (B 1 , B2,GI and G2). laboratories to degrade glass-bound
Bioassay demonstrated the ability of toxin (28). Castegnaro et a]. (18) 
gaseous chloride, chlorine dioxide, demonstrated that excessive 
nitrogen dioxide and 5% NaOCI to aflatoxin:NaOCI ratios can produce the 
detoxify contaminated meal. Feuell aflatoxin BI-2.3.dicholoride. Early 
(38) identified the capacity of sulfur work identified the dihalide toxin 
dioxide to decontaminate meals. The derivative as an effective carcinogen
initial studies identified oxidative (96). Therefore, the use of hypochlorite 
cleavage as the reason for the to effect oxidations was questioncd. A 
vulnerability of the double bond in the treatment developed to eliminate the 
terminal furan (BI GI and MI) in halaform reaction included adding, 
toxin molecules. The mechanism for hypochlorite to an aqueous aflatoxin 
the observed oxidative degradation of solution, diluting it to a final 
the toxin structures with no olefinic concentration of 1:1.5% of the 
furan bond (B2, G2 and M2) has not oxidizing solution, incubating the 
been established, solution at ambient conditions for 30 

minutes. and adding it to a final 5% 
Hydrogen peroxide has been utilized to acetone:95% .,ater solution (v:v). 
develop practical techniques for Although formation of the dihalide 
oxidative decontamination of aflatoxin derivative of aflatoxin raises serious 
in tainted meals (28,43). questions about the practical value of 
Sreenivasmurthy et al. (95) described the technique for detoxification of 
an effective method that involved commodities, it has been used to 
addition of an equal weight of a 6% eliminate aflatoxin with no residual 
H202 to a 10% solids suspension toxicity in the treated material (33, 
followed by incubation for 0.5 hours at 102). 
80°C; a similar procedure has been 
patented for peanut meal detoxification Natarajan et al. (64) developed a 
(95). Addition of basic compounds to method for the NaOCl-mediated 
the reaction facilitated the oxidative oxidation of aflatoxin-contaminated 
degradation of the toxin. Apparently, peanut protein isolate and defatted 
opening of the lactone ring facilitates meal. Results of the studies identified 
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concentration of the oxidizing agent 
and pH as the critical components of 
the toxin-degradation system. At pH 
8.0. 0.4% NaOCI reduced aflatoxin Bi 
from 725 ppb to trace levels, whereas 
at pH 9.0 only 0.3% NaOCI was 
required. Similar observations were 
made in tests of defatted meal. 

Oxidative destruction of aflatoxin by 
ozone has been considered as a 
practical method for decontamination 
of oilseed meal (34). After two hours of 
incubation with ozone at 1000C in 
meal containing 22 to 30% moisture, 
all of the aflatoxln B1 was inactivated, 
whereas 78 to 90% of the other toxins 
(B2 and G 1) was degraded. Dollear et 
al. (31) compared the ability of ozone, 
oxygen and air to reduce aflatoxin 
levels in contaminated cottonseed and 
peanut meal. Heating meal at 22% 
moisture for two hours at 1000C in air 
and oxygen effected a 67 to 76% 
reduction in toxin levels, whereas 
ozonized air completely destroyed 
aflatoxin BI and G1 in one hour. 
Ozone in water has also been utilized 
for decontamination (19); the technique
could be useful for industrial-scale 
detoxification of the water extracts 
from wet maize milling, since the toxin 
accumulates in the steep water fractlon 
(101). However, ozone preference for 
the olefinic bonds of B1 and G1, with 
less effect on B2 and G2, reduced its 
usefulness. Although the aggressive 
oxidizing capacities of substances such 
as H202 and ozone have an inherent 
ability to degrade the aflatoxin 
molecule, they also react with other 
entities in contaminated commodities 
and often reduce the value of the 
treated material. 

Bisulflte is a highly reactive compound 
that is often used in wines, fruit juices,
Jams, dried fuits and other foods to 
inhibit enzymatic and nonenzymatic 

browning and growth of microbes by 
reductive processes (81). Since bisulfite 
is an acceptable food additive, Doyle 
and Marth (32) tested its ability to 
degrade aflatoxin. Bisulfite reacted 
with aflatoxins B1 and Gi and reduced 
the fluorescence of solutions of the 
toxins. The results suggested that 
treating food with 50 to 500 ppm S02 
would not effectively degrade aflaioxin, 
but treatment with 2000 ppm S02 at 
higher temperatures would distinctly 
reduce aflatoxin concentrations. 
Moerck et al. (63) observed extensive 
destruction of aflatoxin after 24 hours 
at ambient temperatures in 0.5 to 
2.0% bisulfite. Hagler et al. (46) 
examined the effect of sodium bisulfite 
on maize grain containing 2350 ppb 
aflatoxin B 1 and 45 ppb B2. Under 
appropriate conditions all of the BI 
was destroyed by bisulfite, whereas B2 
was relatively recalcitrant. Moisture, 
bisulfite levels, time and temperature 
had significant effects on aflatoxin 
degradation. The most effective 
procedure involved soaking maize 
kernels in 10% sodium bisulfite for 72 
hours, removing the solvent, placing
the kernels In plastic bags and 
incubating at 500C for 21 days.
Sodium bisulfite exhibited 
antimicrobial activity similar to 
propionic acid and was considered an 
effective antimicrobial agent in high
moisture stored maize. 

Acids 
Aflatoxin B1 in acids is hydrated to 
hydroxidihydro aflatoxin BI (aflatoxin 
B2a). The hydrated toxin is 
significantly less toxic than the parent 
compound (56), it is somewhat 
unstable and is converted to aphenolic 
dialdehyde under alkaline conditions 
(74). Acidification of free fatty acids in 
commercial soapstocks has real 
potential for toxin removal during the 
refining process (75). Kinetic studies of 
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the acid-mediated hydration showed aflatoxin-contaminated maize were 
that heating at 100 0 C for 10 minutes decontaminated by addition of bases 
at pH 1 converted 95% of the B 1 to such as NaOh, with subsequent 
B2a, whereas at pH 3 and 1000C, incubation of the hot stillage (58). 
seven hours were required to achieve 
the same conversion. Since relatively Dollear et al. (31) tested methylamine 
drastic conditions are required to for degradation of aflatoxin. A 2% level 
induce satisfactory conversions, it is of the base added to peanut meal with 
unlikely that aqueous acid solutions 8.9% moisture reduced the toxin 
will be utilized on a broad scale in concentration to less than 5 ppb when 
aflatoxin decontamination of maize. the treatment included heating at 

1000C for 90 minutes. A reduction in 
Bases lysine levels similar to the NaOH 
Inorganic and organic bases have been treatments was observed. In a later 
widely utilized in food processing to study, Mann et al. (59) increased the 
achieve a number of objectives, efficiency of aflatoxin degradation in 
Vegetable oil refining represents a good cottonseed meal by simultaneous 
example of the industrial use of bases; 	 incorporation of 1% NaOH and 2% 
crude oils are washed with sodium methylamine. The treatment did not 
hydroxide solutions to remove gums, reduce the amino acid availability of 
free fatty acids and base-soluble the meal, but in animal-feeding trials 
pigments (4). After water washing, the the methylamine-treated meal 
treated oils are routinely bleached with produced liver abnormalities. Brandt et 
special clays to remove other pigments. al. (14) patented a detoxification 
Although the procedures are utilized to process based on use of alkali and an 
achieve desired chemical properties of 	 organic amine. 
the oil, the technique also removes 
most of the aflatoxin present in the The Uae of Ammonia for 
crude oil; however, a signicant portion Decontamination 
of the toxin is retained in the meal. 	 Aqueous or gaseous ammonia with or 

without elevated temperature and 
Initial consideration of chemical pressure appears to be the most 
treatments to destroy aflatoxin in meal efficient approach to decontaminating 
routinely included bases such as commodities containing aflatoxin 
sodium hydroxide (28,38.43). A (5,21,45). Masri et al. (61) patented a 
cooking procedure with aflatoxin- process for ammonia detoxification of 
contaminated peanut meal was aflatoxin-contaminated peanut meal, in 
developed that utilized 2% sodium which moistened meal was incubated 
hydroxide and 30% moisture for two at 940C for 60 minutes at 20 psig 
hours at 1001C. The technique anhydrous ammonia pressure. Similar 
reduced total aflatoxin to less than 5 pr'ocedures, developed by Dollear et al. 
ppb. However, the procedure (31), were effective at somewhat milder 
significantly reduced lysine so that conditions of temperature and time 
amendments were needed before ('fable 1). Although ammonia 
treated material could be used as treatments increased the overall 
complete feed rations. Spent grains nitrogen levels of meal, some 
from ethanol fermentations of reductions in lysine levels were noted. 

http:28,38.43
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For large-scale runs, Gardner et al. (40)
developed optimum techniques to 
decontaminate ton lots of oilseed meal 
by ammoniation. The most effective 
conditions included adjustment of 
moisture levels to 12.5%. 1140 to 
1220C, 50 psig ammonia and 60 
minutes incubation time. Monocalcium 
phosphate was added to the treated 
material to absorb residual ammonia, 
since in the iniial studies a relatively
significant amcunt of ammonia was 
released at the end of the trials. 

A new procedure for eazymatic 
(urease) release of aminonia from urea 
has been developed that effectively 
detoxifies aflatoxin in contaminated 
meal (85). Although the initial studies 
showed a real potential for industrial-
scale use, a number of problems were 
identified. Base-mediated reactions 
with aflatoxin involve opening the 
lactone ring with a concomitant loss of 
the fluorescent chromophore. Parker 
and Melnick (72) identified this loss 
under basic conditions, and the 
reappearance of the Intact aflatoxin 
molecule when the solution was 
acidified. Since the initial in situ 
ammonia procedures did not Identify
the fate of the aflatoxin moleucles, the 
possibility existed that the toxin would 
be reconstituted intact in animal 
digestive systems. Uncertainty about 
the safety of the products made a 
subsequent biological assay necessary.
The ammonlated cottonseed meal 
prepared by Gardner et al. (40) was 
utilized in dairy feeds, and no aflatoxin 
M1 was found In milk (62). 

The success of pressure ammonia 
treatments in reducing aflatoxin in 
contaminated oilseed materials 
increased interest in developing similar 
procedures in maize. To determine the 
on-farm practicality of a procedure,
studies were carried out at ambient 
pressures. Brekke et al. (17)
recirculated NH3-air mixtures through 
a column of shelled maize at 250C and 
17.6% moisture until the NH3 was 
uniformly distributed. After 
ammoniation, the columns were sealed 
and incubated at 25 0 C for two weeks,
resulting in a reduction of initial 
aflatoxin levels from 100 ppb to 10 ppb
(Table 2). The procedure was expanded 
to larger lots (1000 bushels or about 40 
metric tons), using a standard grain
bin with a perforated floor and a fan 
for recirculating the atmosphere above 
the grain through the floor (5,17).
Grain was adjusted to 15 to 22% 
moisture, with a target range of 18 to 
19% after equilibration (11,67). 
Gaseous ammonia was introduced to 
provide a level of 0.5 to 15% (dry
weight basis) and the closed 
atmosphere was recirculated for 24 
hours. The treated grain was then 
incubated at ambient conditions for 
about two weeks. The procedure 
effectively reduced aflatoxin from 
levels exceeding 100 ppb to less than 
20 ppb. In a subsequent study, 
Nofsinger and Anderson (65) stored 
ammonia-treated maize in a bin during 
a winter In the midwestern USA with 
average temperatures during the six
month period of -50 to 160C. With 
2.5% ammonia-treated grain, original 
aflatoxin levels of 226 ppb were 
reduced to 15 ppb. 
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Table 1. Ammoniation of aflatoxln-contnminated peanut meal under 
different conditions of prerjauxe, temperature and time 

NH 3 pressure Temperature Time Aflatoxin total 
(psig) (oC) (min) (1g/kg) 

0 550 

20 64 10 81 
20 63 20 29 

45 46 15, 15 
45 57 20 5 
45 86 .45 -0 

30 64 30 0, 

Source: Dollear et al. (31) 

Table 2. Effectiveness of gaseous and aqueous ammonia ;or Inactivation 
of aflatoxin in maizea/ 

Reaction Residual 
NH 3 

(g/LOOg maize) 
NH 3 
form 

Maize moisture 
(% wet wt. basis) 

time 
(days) 

aflatoxin B 
(Itg/kg) 

0 1000 

0.5 gas 16.7 14 23 
0.5 aqueous 17.5 14 30 

1.0 gas 19.7 14 8 
1.0 aqueous 20.0 8 7 

1.5 gas 16.7 15 8 
1.5 aqueous 17.5 8 15 

2.0 gas 16.7 15 11 
2.0 aqueous 17.5 8 11 

_a/At 250C 
Source: Brekke et a. (17) 
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Utilization of anhydrous, gaseous 
ammonia as a decontaminating agent
in maize containing aflatoxin has 
distinct advantages: 

" 	Anhydrous ammonia is widely used 
in agriculture as a source of 
nitrogen fertilizer and is readily 
available; 

" 	Widespread use of anhydrous 
ammonia has led to its economical 
production and distribution; and 

* 	Gaseous ammonia is very 
penetrating and distributes rapidly
within a storage bin and into stored 
kernels, 

The disadvantages of anhydrous 
ammonia for detoxification are: 

* 	Release of noxious vapors: 
• 	 Discoloration of the maize grain; and 
* 	Need for careful monitoring of gas 

release and uniform distribution, 

The latter problem can be corrected by
introducing NH3 in aqueous solution. 
Bothast et a!. (13) described a method 
in which a 22% aqueous solution of 
ammonia was used to obtain an 
average 0.48% ammonia concentration 
in the maize. The liquid ammonia was 
applied as a coarse spray to maize 
grain being augered into a bin. The 
equipment required for this procedure 
was relatively simple compared to the 
metering device required for 
introducing gaseous ammonia. In 

addition to ease of application, with 
this procedure the moisture levels 
needed to expedite the detoxification 
process could be achieved at the same 
time. Ammonia can also be used In 
high-moisture maize grain to control 
microbial development (13,36). 
Ammonia (0.5 to 1.2%) restricted 
fungal development on maize stored at 
27% moisture, but after one month 
Scopularlopsfsbrevicaulls Saccando & 
Brainier became the predominant 
microbe on the stored commodity. 

Ammoniated maize grain has a very 
strong ammonia odor. Although this 
odor was not identified as a significant
rejection factor in ruminant feeding
trials, poultry and swine reduced their 
intake of rations containing maize 
ammoniated with 1.5 to 2.0% NH 3 
(5,15). Drying techniques were 
developed to deodorize the ammonia
treated maize. Reducing moisture to 
10% distinctly reduced the ammonia 
odor of treated grain (Table 3). and 
incorporating ammonia-treated, dried, 
ground maize with other ingredients in 
a mixed feed provided a satisfactory 
ration for poultry and swine. 

Another objection to ammonia-treated 
maize is kernel discolcration. White 
maize turns yellow to tan and yellow 
kernels become dark tan to mahogany 
(15). The ammonia-treated kernels 
represent some potential problems for 
the processing industry since 

Table 3. Drying ammonia-treated maize to reduce ammonia odora 

Drying time 
(hr) 

0 
1.5 
4.2 
9.5 

Moisture NH3 
(%) (% 

18.5 0.50 
13.1 0.36 
10.3 0.32 
10.1 0.29 

NH 3 	 odor 

Very Strong 
Very Strong 
Moderate 
Slight 

A 	 Maize treated with 1% 1H3 for 23 days at 240-320C and dried with 
circulating air at 510 C 

Source: Brekke et aI.(15) 
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incorporating some treated kernels into Ammonia Detoxification: 
large lots through blending would Industrial Processes 
make it difficult to detect treated In response to the studies of ambient 
material. However, the residual ammonia detoxification proceduresammonia in the starch fraction could developed for maize, scientists in 
become widely distributed in a Arizona developed similar techniques
processing procedure and introduce an for cottonseed. Price et a]. (78) utilized 
organoleptically undesirable element cottonseed samples contaminated with 
into food commodities, Certain safety 400 to 7000 ppb of aflatoxin in multi
precautions are also required in ton lots. The contaminated cottonseed 
dealing with large quantities of maize was treated with 11.%ammonia,
during amomonia treatment. Adequate packed into polyethylene bags (3 x 
ventilation is required to avoid 30M) and held for 21 days.

exposing workers to ammonia 
 Ammoniated cottonseed was fed to
 
concentrations exceeding safety limits lactating dairy cattle at a level -f 3.5
 
specified by such regulatory agencies kg per cow per day for 19 days. Less
 
as the US Environmental Protection 
 than 0. 1 ppb of aflatoxin M I was
 
Agency. detected in the bulk milk during the
 

trial. Ammoniation of whole cottonseedA number of studies have been carried reduced the level of aflatoxin MI in 
out to evaluate the feed efficiency of milk by approximately 90%. 
ammonia-treated maize grain (5,38,43).
Brekke et al. (15) examined the ability Several pilot-scale processes developed
of ammonia-treatcd, aflatoxin- in Europe provide new and imaginative
contaminated maize to reduce approaches to using ammonia to 
carcinogenicity in trout. During a detoxify aflatoxin-contaminated 
12-month feeding period, untreated commodities (23,42,76). In Senegal, a 
maize contaminated with 180 ppb processing plant (handling 150 
aflatoxin produced a 96 to 98% tons/day) using a detoxification process
incidence of tumors in trout, whereas based on that developed by Lesieur 
the same quantities of ammonia- Cotelle et Associes has been built by
treated maize produced less than a 3% Draiswerke of Mannheim for the 
occurrence of tumors. In a study Societe Nationale de Commercialisation 
comparing aflatoxin-free with des Oleagineux du Senegal. The 
ammonia-detoxified maize fed to procedure involves charging a reactor 
chickens, Hughes et a). (48) recorded with peanut cake (12 to 15% moisture)
that the ammonia-treated feed had no and subsequent treatment with steam 
deleterious effect on production, egg and ammonia. The treatment is carried 
quality, feed consumed per dozen eggs out at 2 to 3 bars pressure for 16 to 30 
or mortality. In somewhat more minutes at 90 0 C with intermittent 
sophisticated studies, Norred (68) agitation (23). Residual ammonia Is 
examined the effect of ammonia- removed by forced ventilation. 
treated. aflatoxin-contaminated maize Nutritional studies of the treated 
on liver function in rats. The changes material indicate effective
 
in liver function observed when the detoxification without sirnificant loss
 
rats were fed aflatoxin-contaminated of nutritive components. A pilot-scale

maize were not observed in livers of plant (6.25 tons/day) is being built at
 
rats fed ammonia-detoxifled maize. Port Sudan by Extraktionstechnk
 
Similar studies by Southern and (Extechnik) of Hamburg. The plant is
 
Clawson (93) and Norred (36) support under construction, and no information
 
the contention that ammoniation of is available on the efficiency of the
 
maize contaminated with aflatoxin
 
provides a practical and economical process.
 
method for detoxification.
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The third design involves a 
collaborative project between the 
Tropical Development and Research 
Institute (TDRI) and the Ministry of 
Agriculture, Fisheries and Food (MAFF)
in the UK. The moisture content of 
peanut cake is raised by steam to 15 to 
20% moisture, and gaseous ammonia 
is circulated through the hot cake at 
pressures not exceeding 1 bar. The 
ammonia is left in contact with the hot 
cake for one hour and then is slowly 
reduced in pressure to ambient. Excess 
ammonia is purged form the system
with steam. The procedure reduces 
aflatoxin about 95% with slight losses 
of the amino acids cystine and !ysine 
(23). 

Since the process of tortilla production 
uses lime, which elevates p1l levels, 
that method has been considered for 
detoxification of aflatoxin-contaminatcd 
maize. A preliminary study by Ulloa-
Sosa and Schroeder (99) demonstrated 
that boiling the maize in limewater, to 
facilitate peeling and softening of 
kernels before grinding them to 
produce masa, also significantly 
reduced aflatoxin levels, from 49.1 ppb 
in the starting material to 15.5 ppb in 
the tortillas. In a subsequent study, 
Price and Jorgensen (77) examined 
maize naturally contaminated with 127 
ppb aflatoxin (Table 4). Treatments 
varied in percent Ca(OH) 2 , boiling and 
holding time; aflatoxin determinations 
plus Ames tests (bacterial mutagenesis) 
were carried out at various stages of 
the procedure. Toxin and mutagen 
levels were also assesssed In reacidified 
samples. Although all of the treatments 
caused a decrease in aflatoxin, 
acidification of the samples prior to 
assay caused nost of the original 
aflatoxin to re-form. Treatments also 
decreased the level of mutagenic 
potential of samples with the exception 
of the acidified tortillas;the latter 
contained more mutagens than the 
original maize. The studies elucidated 
flaws in earlier work on aflatoxin 
decontamination during tortilla 
production, and provided evidence for 

the inability of traditional methods 
used in tortilla manufacture to 
effectively reduce aflatoxin levels in 
contaminated maize products. 

The active base ingredient of 
limewater, Ca(OH)2 , has also been 
used to degrade aflatoxin in 
contaminated meal (22). At 25% 
moisture, 2.0% Ca(OH)2 and 1.0% 
formaldehyde, meal containing 600 
ppb aflatoxin was reduced in one hour 
at 1150 to 117°C to less than 5 ppb of 
toxin. Formol has also been 
incorpurated into rrocedures with 
ammonia to increase the rate of 
aflatoxin degradation (39). 

Ammonia-Degraded
Aflatoxin Products 
Since the fate of ammonia-degraded 
aflatoxin will determine the final utility
of the process, a number of important 
chemical studies have been carried out 
to define the pertinent mechanisms. In 
a model system, reaction of aflatoxin 
BI with NH4OH at 1001C in a Parr 
bomb produced two products (286 MW 
and 206 MW) (26,54). The proposed 
reaction mechanismn involved initial 
opening of the lactone ring that occurs 
under mild alkaline conditions (25). 
Subsequently, the acid undergoes 
decarboxylation to form aflatoxin DI 
(286 MW) or the dthydro-4
hydroxy-6-methoxyfuro-(2,3,6) 
benzofuran (206 MW). The studies 
provided convincing evidence of the 
chemical degradation of the aflatoxin 
molecule during pressure ammonia 
treatment. 

Ammonia treatments of contaminated 
cottonseed meal verified the conversion 
of B 1 to DI under the conditions of 
nominal detoxification (52). Ames tests 
for the presence of mutagenic 
substances in extracts of ammoniated 
materials containing aflatoxin 
demonstrated only slight mutagenic 
activity (51,53,7 1). Schroeder et al. (87) 
determined the distribution of C-14 
label in ammonia-treated cottonseed 
meal after spiking with C-14 ring
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labelled aflatoxin. Twenty-five percent
of the label was recovered by
methylene chloride extraction of the 
meal, 5% was recovered by methanol 
extraction, 3% was released by weak 
acid treatment of meal and 19% of the 
label was released by pronase 
digestion. The results veRify the 
binding of aflatoxin derivatives to 
protein structures in ammonia-treated 
meals. 

Examination of the radio-labeled, 
aflatrxin-binding properties of 
ammonia-treated derivatives In 
commodities demonstrated that 
ammoniating maize meal at 250 to 
500C for periods of 3 to 30 days
induced two types of aflatoxin binding 
to meal macromolecules (12). A 
reversible association of the toxin 
resulted from the opening of the 
lactone ring and electrostatic and/or
hydrogen bonding with meal 
components. The irreversible binding 
was facilitated by covalent bonding
through the dihyd0ofuran ring of 
aflatoxin. The nature of the covalent 
binding of aflatoxin derivatives 

remains somewhat obscure, but the 
overwhelming body of information on 
the reduced toxicity in ammonia
treated commodities provides 
assurance that the bound toxin does 
not contain the intact aflatoxin 
structure. 

Summary 
The intrinsic hazards associated with 
ingesting aflatoxin-contaminated food 
or feed have served as the impetus for 
an impressive research effort to 
develop effective and economical 
methods for detoxification. A number 
of physical procedures for identifying
contaminated grain have emerged,
based on the detection and elimination 
of the limited number of contaminated 
kernels in a large lot. Electronic sorters 
are widely used in the peanut industry
and, in conjunction with screening and 
hand-sorting, they reduce aflatoxin 
levels in the commercial commodity.
The extensive effort to develop solvent 
extraction techniques to chemically 
remove aflatoxin from food and feed 
have provided several important,
efficacious procedures. Although the 

Table 4. Effect of tortillapreparation process on aflatoxin and mutagen
levels in naturally contaminated maize 

Treatment 

Aflatoxin Total Salmonella typhimarium
(gglkg) revertant number 

Untreated Tortilla Tortilla Untreated Tortilla Tort lla 
(alkaline) (acid) (alkaline) (acid) 

Cooked 20 min. 
in 0.33 lime- 135 62 93 815 408 1248 
water, soaked 
15 hr. 

Cooked I hr. in 
0.25% lime- 145 67 84 1002 932 1101 
water, soaked 
24 hr. 

Soaked 15 hr. in
0.33% lime- 142 38 110 862 400 1320 
water, no cooking
 

Source: Price and uargensen (77)
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methods may be limited by economic 
considerations, they remain an 
important repository of technology that 
might be used in the future. The 
procedures that currently appear to 
offer the most effective and economic 
detoxifi-ation are based on cher-Ical 
inactivation of the toxin In situ. 
Gaseous and aqueous solutions of 
ammonia provide the best, most 
practical inactivation methods. 
However, some const-aints in the 
techniques are linked to the inability to 
define the fate of the ammonia-
degraded toxin. Efforts to identify the 
degradation products of the treated 
toxin have begun, but important
questions remain that can only be 
answered by extensive feeding studies. 
Results from an array of feedng 
studies conducted on a range of animal 
species will provide the best. basis for 
assessing whether ammonia-treated, 
aflatoxin-contaminated commodities 
are safe sources of feed for mature 
domestic animals. 
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The Use of Urea as a 
Control of Aflatoxin in Maize 

A. Oonsales P., Quality Control Laboratory, CONASUPO, Mexico,
D,, Mexico 

Abstraso 
Urea at levels of 0,0 0,11 and OAS was evaluated to determine Ito effectiveneu 
In deeonteantIatthig ceretl I1r human and animal consumption, Sets consisted of
mINe .wtI viiverlied ureat mnhiMe noculated with A.flavum spore solutioniI 
Inllp ilouiltedwith A, oovnand treated with urei sld a control 
UIOiflhiJloie, U/nt eiled /.i/e/kept At relative humidities of 70%,NO %and

flR~sm WerP O,mild flmnAli~t IneilptlAt MM rowih and auntoxIn
h11/flti weFs fiitilelreidr Iw,P.ill 11 A17OS relative humndiltyo urea

i IlliPI w week aitiIn Itl tlee mveni/r lltouin until the twelfth 
~ ~~~~0 pIqei~vdillli11 te~ ~ ~ llittt ~~~ecitiIt wt we0f 
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When aflatoxin is randomly located in 108 perforated 200-ml containers for 
cereals, the use of volatile alkalis, such maize. United States Pharmacopoeia 
as methylamine and ammonia, has (USP)-grade urea was used, as well as 
been especially successful. Ammonia solvents for performing mycotoxin 
has been found to deactivate 95 to quantification according to the method 
98% of the aflatoxins in contaminated of Stoloff (2). Number 2 grade maize 
materials (5). and Aspergillus flavus isolates were 

used. 
CONASUPO, the National Basic 
CommoditL, Supply Agency, buys and The chambers were divided into three 
sells all kinds of foods as a means of sets of nine each. Each of these was 
ralaing the nutritional level of the further subdivided into three chambers 
lower-income groups in the country, each, with four of the 200-ml 
The .rpfanizatitn buys a great deal of containers for maize. The first 
mal, grain, which must be handled container waiv used as the control 
mid store(, often under suhoptimal (uninoculated, untreated maize), and 
rinudlIions which lead to fungal growth the second contained maize with 
;n(d elaitoxin civelopnwnt. The pulverized urea. The third container 
oje,'ilvt* offti rscarc'h rcpor(ed here was inoculated with an A. flavus spore 
waol Ihe "vIiinIllt iot of the c' rilvenesr. solution, and the otirth was inoculated 
(ol Ih,1 :'n iniaaolue.gprwroai lg (lnolld, with A. fiavus and treated with urea. 
111#1iD d 'Oi€lh1111 ltll g c'erraln for The first set had an internal relative11 

IlllowI41 111d col lnlap foil. hllnildity of 70%, the second 85% andciiinil 

thI Ihird 95%, attained by the use of 
Mooerlhin and Methods maturled solutions of Ca(C 2 , CuSO4

}".lllll'll~l nalvilsllq Ihtirli qd 27 |llld NallC , remptild vely, 'I'le( tets we~re 

.'Jfiiif-lf w1t Ii~a 1,1 11'1l IIIfive lMein Inlculcated it f')oom ile rar trlue (221"C),
t,''h eJ,,,tge~lle' r#'Ilvl ' hiuuunitelly, aunt( 
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and fungal growth was checked aflatoxins for up to six weeks in

weel-]y. Aflatoxin analyses were done inoculated grain and eight weeks for
 
every two weeks over the period of 12 grain naturally infected by the

weeks. atmosphere. 

Results and Discussion It has been shown that ammonia levels
When the finely pulverized urea was of 0.5 to 2.0 g/kg of maize grain aremixed with maize, contact with effective for eliminating aflatoxin
moisture caused it to break down to contamination (3). Urea decomposes
ammonia and other trace elements. As slowly and therefore releases ashown in Table 1, at 70% relative constant supply of ammonia which hashumidity It inhibited fungal growth a continuous inhibiting effect on mold
until the seventh week, and aflatoxIn growth. 
presence until the twelfth week. When
the maize was inoculated with The toxic properties of urea in cereals
A. tiavus, and urea was not used, for food and feed have been studied,ailatoxins were present from the first and the levels utilized In these
week. experiments (0.1, 0.3 and 0.5%) have 

been reported to be safe (5). In t1;e caseWhen relative humidity was Increased, of ruminants, urea Is beneficial; thefungal growth and aflatoxin animals are able to utilize ire piilrooen
development continued to be delayed generated. Tlis is not true of otherby the use of a higher concentration of animals or of poultry. 
urea (Table 2). With a relative 
humidity of 95%, ligher levels of The slow deconiposition of ul'ea lowe'rsaflatoxin were found, even though urca the actuilal colceilratio; of aiioplaconcentratlon was furler Increased )resent i ecereals at any ope I!lye.
(Table 3). However, even under tIbs Also iJiiporlant Is I)e fact Ilal forextreme condition of relative !iindily. hullan consi11i11)l io cereal ''ais al' urea Inhibits the generaition of s;eldon Ctall asi 0yc. ro] tit" 

TIble J. ungaj growth and aflat.axii prrmoe in inaiae grain frcplcqwM 19.1% ;!tea Oa at 7Q% relatjvc $!u'' Phol,, 

NNM aslu t, mas NPI t 3. 1NrFe 4! fflSo t Icc,A. fleuse W Afl.lsusn h/ 4. hly0Ua APAatoS9 A. ff4a 4 10101114 4. fly
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field; they are processed Into for up to eight weeks. It is 
foodstuffs, For thosereasons, even the recommended that further experiments
highest recommended rate of urea Is evaluate other cereals and levels of 
not dangerous to health, relative humidity and temperatures, In 

this way, the offectivencms of urea for 
Conoluilons lowering af1ntoxin contamination of 
The re l04of these experiments varioun cereals under varying
s'ggest that urea Ps an effective agent environmental condition van he 
for"inhlbiting fun gal growth and . determined, 
4fatoIn devenpmnin In §orad male 

o vblenfgll growt .and ,, e In malm; 6rutn trated
WithO,of#% WI "dlt Flle h lt GONANIUP Well Iludy 

--- fI ia tinIl 

1li 
I I I i Iil 

fi i 
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International Survey on 
Natural Aflatoxin Occurrence in Maize 

M.B. Zuber, Department of Agronomy, L.L. Darrah, 
Agricultural Research Service, US DeparZmant of Agriculture,
both of the University of Missouri, Colum 4a, Missouri, and 
E.B. Lillehoj, Agricultural Research Serviic, US Department of 
Agriculture, New Orleans, Louisiana, USA 

Abstract 
In 1979 and 1980, maize grain samples were obtained for an alatoxin survey
from six and ten countries, respectively, located in the tropical and subtropical 
areas of the world. These samples came from the Internationalmaize testing 
program conducted by CIMMYT, Incidence of aflatoxin ranged from 42 to 100% 
in samples from Mexico, Thailand, Colombia, India and Costa Rica, No anlatoxin 
was detected In aamples from Burma, Republic ofSouth Africa, Ivory Coast,
Xcuador and the Philippines, Allatoxin levels associated with genotypes over 
locations were not significant, 
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developed. The 1979 study involved 
six entries in EVT 13A (the late,
tropical, yellow, normal endosperm 
group). Grain sar.ples were obtained 
from three countries: Colombia, Costa 
Rica and the Philippines. In 1980, six 
entries were 3ampled in EVT 13A and 
EVT 15A (tropical, high-lysine, 
modified opaque-2). Grain samples 
were obtained from ten count ies: 
Bolivia, Brazil, Burma, India, Ivory
Coast, Mexico, Ecuador, Ghana. 
Thailand and the Republic of South 
Africa. 

The sampling procedure at each 
location involved obtaining 2.5-kg
samples by comlining replications one 
and two and another 2,5 kg from 
replications three and four for each of 
the six entries. Shelled grain was dried 
to 12% moliture as rapidly as possible
after harvetl, 

Grain samples were relornei Io Ili 
USA lrogllil h cooperalive effort s of 
US agrictilltiral tlli lii adi US 
Agency for interna til )cvelopltmuel
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Inspection Service for inspection and 
clearance, and finally sent to the 
Southern Regional Research Center, 
ARS, USDA, New Orleans, Louisiana, 
for aflatoxin analyses. 

Results from the 1979 study (EVT
13A) showed all 12 samples from the 
Philippines to be aflatoxin negative and 
all samples from Costa Rica positive;
83% of the samples from Colombia 
were positive (Table 1). 

Only three of the ten countries (Brazil, 
India and Mexico) participating in the
1980 study had sqmples that were 
positive for aflatoxin, and the incidence 
was quite low, except in India 
(Table 2). Sbce most of these countries 
are located InI the tropics aind 
subtropics, a higher incidence of 
aflatoxin contamination was 
alllclpat ed. I Is obvious that 
dilfereices wold 1 o1 be talitilcally
signifliant aiigil Ilie ilx entrlet will 
6such low lildiiii and levela of
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late, tropical, yellow, normal Reasons for the limited aflatoxin 
endosperm. Six of the 10 countries contamination in these studies might
showed aflatoxin contamination for the be related to the better-than-average
high lysine maize, compared with only agronomic practices, for example,
three of 10 for the yellow, normal insect control, associated with the 
endosperm types (Table 3). CIMMYT maize performance trials. It is 

Table 2. Presence, range and means of aflatoxin B1 levels in EVT 13A 
maize samples A from ten countries, Southern Regional Research Center, 
New Orleans, Louisiana, 1980 

Aflatoxin 

Country 
No. of 

samples 
presence 

%) 
Aflatoxin B 1 (ng/g'l 
Range Wom 

Bolivia 12 0 - -
Brazil 12 8 Trace Trace 
Burma 12 0 - -
Ecuador 12 0 - -
India 11 27 4-121 13 
Ivory Coast 12 0 - -
Mexico 12 8 0-16 1 
Philippines 6 0 - -
Rep. of South 12 0 - -

Africa 
Thailand 12 0 

al Tropical, yellow, normal endosperm 

Table S. Presence, range and means of aflatoxin B I levels in EVT 15A 
maize samples a / from ten coantries, Southern Regional Research Center,
New Orleans, Louisi-na, 1980 

Aflatoxin 
No. of presence Aflatozin B3(rg/gl)

Country samples (%) Range Mean 

Bolivia 12 8 0-3 Trace 
Brazil 12 0 - -
Burma 12 0 - -
Ecuador 12 0 - -
Ghana 12 8 0-24 2 
India-I 12 100 5-293 98 
Indla-2 12 17 0-17 3 
Ivory Coast 12 0 - -
Mexico 12 58 3-48 9 
Rep. of South 12 0 - -

Africa 
Thailand 12 42 Trace 5 

2! Tropical, high-lysine, opaque-2 
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also possible that the genotypes
developed by the CIMMYT maize 
breeding program and chosen for this 
study may have better than average 
natural resistance to fungal infection 
by A. flavus. 

Conclusions 
Problems of moving whole maize grain 
samples across national borders were 
encountered. For future studies, 
grinding samples at each location and 
taking small random aggregate
samples for aflatoxin determination 
would be less costly, and fewer 
problems with quarantine regulations 
in the various countries would likely
be encountered. 

References 
1. 	Widstrom, N.W., and M.S. Zuber. 

1983. Prevention and control of 
aflatoxin in corn: Sources and 
mechanisms of genetic control in 
the plant. In Aflatoxin and 
Aspergillus flavus in Corn,
U.L. Diener. R.L. Asquith and 
J.W. Dickens, eds. Southern 
Cooperative Series Bulletin 279. 
Alabama Agricultural Experiment 
Station, Auburn, Alabama, USA. 
Pp. 72-76. 

2. 	 Zuber, M.S., O.H. Calvert, 
W.F. Kwolek, E.B. LillehoJ and 
M.S. Kang. 1978. Aflatoxin 
production in an eight line diallel 
of Zea inays L. infected with 
Asperglllusflavus. Phytopathology 
68:1346-1349. 



289 

Aflatoxin in Costa Rica 

M.A. Mora, Grain and Seed Research Center, University of Costa 
Rica, San Jos6, Costa Rica 

Costa Rica, with an area of 51,100 Of the total volume of basic grains 
square kilometers and a population of consumed in Costa Rica in 1983-84, all
2.6 million inhabitants, is the second of the wheat and nearly 20% of the 
smallest country In Central America. beans were imported; the remainder 
As is the case of many developing was grown domestically (Figure 1).
countries, it has a large agricultural Twenty-four per cent of the rice 
economy. The agricultural sector produced was exported. This situation 
accounts for 20.4% of the gross may vary, depending on the growing
national product (GNP), and basic season, as can be seen in Table 1.
 
grains represent 10% of that amount.
 
Grains are important not only Grains are grown in the four
 
economically, but also for their geographical regions of the country,

contribution to nutrtion; they are the with either one or two crops produced
 
source of nearly 32% of the proteins per year. Certain areas produce larger

and 35% of the calories consumed by amounts of a specific grain than

Costa Ricans (not counting indirect others. The Chorotega region (northern

consumption in the form of livestock Pacific) is dn important producer of
 
products). Basic g '.Ins are also an rice and sorghum, and the Atlantic and

important source of income for small- southern regions are the major maize
scale farmers, generally a very low- producing areas.
 
income group.
 

150.. 

120i 

30- nsumpiuon 

0- - Production 

Milled rice Beans 	 White Yellow maize Wheat
 
maize and sorghum
 

Figure 1. Grain production and consumption in Costa Rica, 1983-84 
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The relationship between grain- cooperating with othcr laboratories to 
production cycle and weather in the develop techniques for aflatoxin 
various regions often results in the analysis. 
harvest season coinciding with periods
of high precipitation and accentuated Research on aflatoxins during the past
fungal growth (Figure 2.). Temperature few years has led to certain basic 
is always favorable for growth of the conclusions, one of which is that post
fungus (Figure 2). harvest systems in Costa Rica 

unquestionably lead to aflatoxin 
Costa Rican agriculturists became contamination. Also, white-grain maize 
aware of the afiatoxin problem in has been found to have higher
1974, when a shipment of 20,000 tons contamination than yellow grain. The 
of maize was received that contained aflatoxin project described here is 
hundreds of tg/kg of aflatoxins. The based on these findings.
entire shipment was destroyed. As a 
result, the Grain and Seed Research The Aflatoxin Project
Center (CIGRAS) began exploratory The overall objective of the aflatoxin 
testing for aflatoxin, periodically project Is to evaluate levels of aflatoxin 
analyzing samples of imported maize contamination in white maizc in the 
in which the toxin was suspected, and various stages of the post-harvest 

Table 1. Grain production by region and crop, Costa Rica, 1985-86 

Crop (tons) 
Yellow White 

Region Rice Beans maize maize Sorghum 

Central 
First crop 
Second crop 
Total 

49,833 
1,141 

50,974 

414 
5,888 
6,302 

2,746 
764 

3,510 

11,588 
3,662 

15,250 

874 
2,377 
3,251 

Chorotega 
(north Pacific) 
First crop 
Second crop 
Total 

108,786 
16,235 

125,021 
7,533 
7,533 

2,349 
2,123 
4,472 

11,568 
7,258 

18,826 

39,769 
25,522 
65,291 

Brunca 
(south) 
First crop 
Second crop 
Total 

47,305 
1,059 

48,364 

2,789 
8,001 

10,790 

4,645 
2,869 
7,514 

22,195 
10,114 
32,309 

-
2,503 
2,503 

Huetar 
(Atlantic) 
First crop 
Second crop 
Total 

18,341 
10,770 
29,111 

239 
239 

832 
5,211 
6,043 

11,046 
23,173 
34,219 

608 
832 

1,440 

Total 253,470 24,864 21,539 105,604 72,485 
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system and to discover the factors that 
foster this contamination. The project 
is conducted by CIGRAS at the 
University of Costa Rica. It began in 
August 1985, and will continue for 30 
months. Nearly 3,000 samples will be 
tested for aflatoxin during that period, 
The overall cost of the project is 
estimated at US$ 69,500, of which 
$37,300 are being paid by the 
International Development Research 
Centre of Canada (IDRC). $29,200 by 
the University of Costa Rica. 
principally through the use of existing 
staff and equipment, and $3,000 by 
the National Production Board, a 
government marketing agency. 

The methodology employed includes: 

Sampling. The minimum sampling 
weight is 5 kg; samples are taken 
both within and ouside of farm 
boundaries and both before and 
after maize is dried. Samples are 

° 2. 

also obtained from the government
 
agency, from private farmers and
 
from commercial storage facilities.
 

Handling samples. The grain is 
taken to the laboratory as soon as 
possible after harvest (a maximum 
of 24 hours), and dried when 
necessary. The sample to be used 
for establishing moisture content is 
transported in an air-tight 
container, and the rest in 
ventilated containers. If the maize 
grain has been received on the ear, 
it is shelled and then dried. From 
each sample, portions are 
separated out for moisture testing 
and for analysis. The grtn is 
ground until it can pn.3s through a 
screen with 0.8 mm openings, and 
is blended mechanically for at least 
five minutes. Whenever a sample 
has to be storT, € at any stage of the 
process, It is Kept in air-tight 
chambers at a temperature of 50C. 

. . . . . .......................
~~.......... ... . . . . . .
 
2 41 . . ... .- ... 


J24 --------- --

600. ZoneCentral / 
.... Chaomtega 

500- -Brunea 


----- -Huetar"
 

300 . 
00 

200- , 

Harvest Jan Feb 'June Aug OctHMarch'ril July Sept Nov De 
date (A)R_ (A) (Ch.B.H)(Ch.H)( (H) (H) (B) (A) (A) (C.B.H) (B.H) 

Figure 2. Climatic conditions at maize harvest, Costa Rica 

4/ A = all locations, CH = Chorotega, B = Brunca, H = Huetar, C = Central 

Source: Costa Rican meteorological stations 
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0 Analysis. The method of analysis these sa ples have shown levels of 
used is shown in Figure 3. from 100 to 200 1 g/kg, and some have 

had levels as highas 800 ig/kg.Conclusions 
It is still too early in the project to be The amount of aflatoxin contamination 
able to report much progress. However, found in Costa Rica's 1985 maize 
nearly half of the 400 samples tested harvest was probably not typical, due 
to date have been found to be to a number of problems, particularly 
contaminated with aflatoxin. Most of the lack of drying capacity caused by 

the country's increased production. 

50-g sample I 

Extraction with 
acetone:water (85:15) 

t Filtration 

Purifying with 

ferric chloride 

Sediment Irt 

Recovery 

Drying 
Dilution with 
chloroform:methanol (96:4) 

SMinicolumn analysis of solution] 
{Velasco method) 

chromatography (TLC) 

Figure 3. Flow chart, analysis of maize for aflatoxin contamination, Grain 
and Seed Research Center, University of Costa Rica, San Jos6, Costa Rica 
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Aflatoxin in El Salvador 

G.R. Calderon, Laboratory for Toxic Residues, Agricultural
Technology Center, San Salvador, El Salvador 

El Salvador, a small country in. Central 
America. covers approximately 36,260 
square kilometers and has a population
of five million. At present, problems
and conflicts of a social nature have 
had serious consequences that 
influence the country's food supply 
and sources of food. 

Mycotoxin Research 
in El Salvador 
Exports 
Mycotoxin research, especially on 
aflatoxins, began in the country in 
1971, principally in the analysis of 
export materials (grated coconut, 
peanuts and sesame seed). These 
products were not found to have high
levels of contamination since they had 

been preselected. However, in 1982 
and 1983, some exports, such as the 
cashew nuts produced by the agrarian
reform sector, did present ,erious
problems; aflatoxin contamination in 
the range of 150 to 200 ppb was 
found. 

Government storage facilities
In view of the health hazards 
associated with mycotoxin
contaminated foods, testing was done 
at 98 govemment-owned storage
facilities throughout the country in 
1979. This represented 166,099 tons 
of foodstuffs with a value of 
US$ 1,910,133 (Table 1). The results 
showed that samples from 72 of the 98 
facilities (73.4%) were contaminated 

Table 1. Aflatoxin content in cereal samples from government storage
facilities, El Salvador, 1979 

Cereal 

Beans 
Red 

Black 


Maize 
White 
Yellow 

White sorghum 

Golden rice 

Total of contaminated 
samples 

No. of contaminated 
samples per
warehouse 

16/23 
33/36 

16/32 
2/2 

4/4 

1/1 

72/98 (73.4%) _ 

Aflatoxin 
(ppb)! 

<0.01 to 63 
<0.01 to 79 

<0.01 to 22 
<0.01 

<0.01 to 28 

<0.01 

Number of samples per warehouse exceeding the tolerance level of 30 ppb: 11 

a/ Maximum values found 
U/ Equivalent of 166.099 tons (US$ 1.910,133) 
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with aflatoxin BI, with values reaching 
79 ppb for black beans and 63 ppb for 
red beans. The highest quantities were 
in 11 warehouses storing imported 
materials; there the tolerance level of 
30 ppb was surpassed. 

The farm level 
In 1983 and 1984, sampling was done 
nationwide to obtain more information 
about the state of mycoto~dn 
contamination at the farm level, 
Sampling was conducted on 
agricultural products classified as 
celluloses, proteins and carbohydrates 

(154 samples from 25 different 
locations) (Table 2). Of the 98 samples 
found to be contaminated with 
aflatoxin, more than half contained 
both aflatoxins B and G; the highest 
percentage of contaminated samples 
was among the carbohydrates (Table
3). The amount of aflatoxin found 
varied from nondetectable (ND) to 
332.7 ppb for aflatoxin B and 90 ppb 
for G. Carbohydrate materials showed 
the greatest concentration with 
aflatoxins B and G (Table 4). Of the 
contaminated samples, 32 surpassed
the established tolerance limit of 30 

Table 2. On-farm testing of agricultural products for aflatoxin 
contamination, El Salvador, 1983 and 1984 

CelIulose No. of Protein No. of Carbohydrate No. of 
material samples material samples material samples 

Ground whole maize plant I Cottonseed meal 10 Whole white maize 17 
kernels a 

Ground bean stems leaves 2 Feed for dairy cows, 22 Cornmeal _a 6 
and pools 
Ground sugar cane whorl !V 2 laying hens, A/, rabbits. Ground maize ears I 
Sugar cane bagasse 6 beef cattle. _achickens, Sorghum grain _a 6 
Pangola haya calves and swine Sorghum flour ! 6
 
Pangola silage I Red. _' black and 15 Rice A/  

- 12
 
mung beans 

Pangola grass I Meat, _Vfish. soy, coconut 7 Rice dust ! 2 
Cotton seed husk!/ 6 and peanut meal A/ Fine broken rice 3 
Maize stalks/_ 2 Whole milk I Bran a/ 5 
Broken corncobs ti! I Brewers' yeast I Wheat flour a /  

4 
Dehydrated coffee pulp!' 1 Barley chaff 2 Fine broken wheat grain I 
Estrella hay 2 Pumpkin seed I 
Rice chaff!a /  

1 Chicken manure 1 
Peanut skin I Cow manure 1 

Total 30 Total 61 Total 63 

_aSamples that surpassed the permissible aflatoxin level (30 ppb} 

Table 3. Results of on-farm testing for aflatoxin in samples of 
agricultural products, El Salvador, 1983 and 1984 

No. of Aflatoxin-contaminated samples 
Product samples B G B + G Total 

Cellulose materials 30 3 5 10 18 

Protein materials 61 6 12 15 33 

Carbohydrate materials 63 8 13 26 47 

Total 154 17 30 51 98 
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ppb; the greatest number of these were
from the carbohydrate group. Of the 
samples exceeding the limit, aflatoxin 
B was most prevalent (Table 5). 

Some of the variables for the 
interpretation of these results were 
such factors as temperature and 
humidity. For example, temperatures 
of various stored products, according 
to storage method and location, were 
shown to be favorable for the 
development of toxin: average 
temperatures ranged from 290 to 
310 C for the products, 29.60 to 
29.70C for the storage areas and 250 
to 261C for different locations. The 
relative humidity of the locations 
where the crops were grown reached 
87%, which favors fungal growth and 
toxin formation (Tables 6 and 7). 

Food aid 
In recent years, especially 1985 and 
1986, social conflicts have displaced
approximately 650,000 rural people 
who now need to be fed. Many
international organizations have 
offered to help feed these people, but 
unfortunately, of the shipments of food 
aid, between 1000 and 1400 tons 
received over a few months had to be 
destroyed. This resulted in economic 
losses of US $215,600 per shipment,
according to local market prices. The 
principal problem was the high 
occurrence of the fungi Aspergillus, 
Penicillium and Fusarlum spp.
Aflatoxin in quantities greater than 
100 ppb was detected, especially in 
samples of maize and beans. 

Table 4. Results of on-farm testing for maximum and average aflatoxin
contamination in agricultural products, El Salvador, 1983 and 1984 

Product 
Aflatoxin B (ppb)

Maximum Average 
Aflatoxin G (ppb)

Maicum- Average 

Cellulose materials 100.6 19.75 61.0 9.14 

Protein materials 209.7 13.55 71.7 5.16 

Carbohydrate materials 332.7 24.56 89.9 12.45 

Table 5. Results of on-farm testing of agricultural products for levels of
aflatoxin exceeding the tolerance level of 30 ppb, El Salvador, 1983 and 
1984 

Product 
No. of 

samples 

Cellulose materials 18 

Protein materials 33 

Carbohydrate materials 47 

Total 98 

No. of aflatoxin samples 
with over 30 ppb

B G B + Total 

8 2 1 11 

7 1 0 8 

8 0 5 13 

23 3 6 32 
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Part of this loss was due to improper 
handling and storage between the 
ports of embarcation and the storage 
facilities in El Salvador, combined with 
inadequate distribution procedures that 
caused foodstuffs to be held too long in 
storage. This situation has had severe 
effects on human health. Although 
there are no official data on deaths 
from aflatoxin, hepatic and 
gastrointestinal diseases have occurred 
in those who have eaten these foods. 

The livestock industry 
Analyses of feed for cattle, turkeys and 
geese have shown high levels of fLngus 
and amounts of aflatoxin above 300 
ppb. This has caused the death of 
livestock, with great economic losses. 

Conclusions 
It may be concluded from the foregoing 
discussion that there Is a lack of 
knowledge about mycotoxins and 
storage of foodstuffs in El Salvador. 

Table 6. Average temperatures of on-farm stored agricultural products 
and storage areas compared to atmospheric temperatures, El Salvador, 
1983 and 1984 

Temperature (oC)!a/
Storage

Product Product area 

Cellulose materials 31.0 29.7 

Protein materials 29.4 29.6 

Carbohydrate materials 29.1 29.1 

R/ Determined at time of sampling 
1 Meteorological service information 

Temperature 
of locations (OC)bl 

Minimum Maximum Mean 

21.0 31.4 26.1 

17.0 32.1 25.0 

18.0 33.0 25.5 

Note: 250 to 32 0 C optimum for fungal development 

Table 7. Relative humidity (RH) of on-farm storage of agricultural 
products according to storage area and location, El Salvador, 
1983 and 1984 

aRH of product-! RH of areas RH of locatlonb_ 
(% (% %)


Product Minimum Maximum Minimum Maximum Mnmum Maximum 

Cellulose material 7.0 14.0 52.0 82.0 56.0 86.0 

Protein materials 5.9 19.5 48.5 81.0 58.0 87.0 

Carbohydrate materials 9.4 14.5 48.5 82.0 58.0 86.0 

a/ Determined at time of sampling 
b/ Meteorological service information 

Note: Relative humidity >85% optimum for aflatoxin formation 
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The problem is complicated by various laboratories in the country to 
temperature and humidity of the evaluate the precision and effectiveness 
product in the storage areas. of their analyses, as well as to correct 
Temperature and humidity are both mistakes that might occur. A 
critical factors for fungal growth and newsletter could be established to 
toxin formation, especially when include all reports related to mycotoxin 
products have been dried in the open research; the Agricultural Technology 
air under unfavorable climatic Center could contribute by publishing 
conditions. these articles in El Investigador 

Informa, its monthly publication. 
Training and technical assistance for 
aflatoxin control in El Salvador could References 
be conducted by establishing 1. Calderon, R. 1985. Evaluac16n 
agreements among interested countries preliminar de la presencia de 
and their respective government aflatoxinas en materiales 
agencies. Offers of aid could be used to celuloliticos, proteinicos y 
acquire the necessary reagents and energdticos almacenados para 
equipment for mycotoxin assay, or consumo humano y animal. 
perhaps for paying to have the analysis XXXI Annual Meeting of the 
done, since there are problems in PCCMCA, San Pedro Sula, 
finding the reagents in El Salvador. Honduras. 

It would be useful to form an 2. Centro de Tecnologia Agricola. 
international cooperative network Reportes de asistencia tdcnica, 
among mycotoxin workers to 1971 a 1986. Ministerio de 
standardize regulations and methods of Agricultura y Ganaderia, San 
analysis. Also, a quality control Salvador, El Salvador. 
program could be started among the 
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Aflatoxin and 
Tortilla Preparation in Guatemala 

M.C. de Arriola, E. de Porres, !3. de Cabrera, M. de Zepeda and
C. Rokz, Applied Research Division, Central American Industrial 
Research Institute, Guatemala, Guatemala 

Maize is the cereal that has both the 
highest production and the highest
consumption in Central America. 
Present production in the region is 
above two million tons, most of which 
is used for human consumption; from 
5 to 20% of the crop, depending on the 
area. is used for livestock feed,
especially for poultry. About one-third 
of the crop is harvested during the 
rainy months. In the field, major maize 
damage is caused by insects, birds and 
molds, the latter often aggravated by
bad weather before and during harvest, 
During storage, especially on small 
farms, the grain is subject to insect 
infestations and storage problems 
because grain is poorly dried. The 
storage problem is especially severe 
with early harvested maize (May to 
November) and in areas where rainfall 
is scattered throughout the year, as is 
the case in certain parts of the Atlantic 
coast. 

In Guatemala, where about half of the 
maize in Central America is produced, 
maize Is mostly consumed as tortillas 
(flat, unleavened maize cakes), which 
are made by the process called 
nixtamalization (Figur - ). With this 
procedure, maize grain is boiled in 
lime water (CaO) and then left to soak 
overnight. After draining and washing,
the grain is lightly pressed to remove 
the seed coats (pericarp) and excess 
lime. The resulting nixtamal Is then 
ground to prepare the masa (dough) 
and small amounts are shaped and 
baked on a comal (flat clay or metal 
plate) on top of the stove for a few 
minutes. Most of the processing of 
tortillas is done on a small scale, 
although there is an industrial 
operation that follows the same 
procedure for producing instant tortilla 

Fungal Contamination of
 
Guatemalan Maize
 
Studies have shown that maize 
harvested in Guatemala during the 
early harvest period (May to November) 
has considerable fungal contamination. 
Among the fungi are species of the 
genus Aspergillus (8,9,36). which 
produce some of the most harmful 
mycotoxins, the hepatoxic aflatoxins 
(7,20,30,37). Maximum contamination 
with aflatoxin occurs during the rainy 
season and in storage. Samples
analyzed 20 days after harvest had 
aflatoxin levels of 130 ppb, and levels 
up to 1680 ppb when analyzed 60 days 
later (8). 

White maize kernels Maize
 
$
 

FAddition of lime and water
 
+

IBoiling] 

Soaking Nixtamal 
g 
Straining 

IWashing] 

Grinding 1
 
DoughsJtasa
1

Dough shaping] 

TortUas 

T 

Figure 1. Flow chart, tortilla making, 
Guatemala 

flour. 
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Aflatoxin Deactivation 	 Inoculation 
Much research has been carried out on Spore preparation for inoculation was 
the deactivation of aflatoxin by various 	 carried out according to the procedures 
means, including insecticides (26,43), 	 of Hayne ct al. (26). Petri dishes 
chemicals (4,12.14.18,19,24,25.31,34, 	 containing potato dextrose agar (PDA)
41.45,46,49), radiation (19.49), 	 were inoculated with 0. 1 ml spore
biological inactivation by acid-	 suspension of Aspergillus parasiticus
producing fungi (10) and by physical 	 strain NRRL 2999 and incubated for 
methods (4,13,14,21,33,38,42,46. 	 10 to 30 days at 301C for spore
47.54). Chemical agents that have 	 production. The petri dishes were 
been tested include the bases calcium 	 isolated in metal containers and then 
hydroxide (12) and sodium hydroxide 	 in plastic bags to avoid contamination. 
(18,24,25,34). 	 To harvest the spores, the agar surface 

of e~ch petri dish was washed with 
In addition to reducing aflatoxin 	 5 ml of 0.1 M phosphate buffer 
contamination (35.5!.52). treatment 	 solution at pli 7.0 with 0.1% Tween 
with lime has been found to improve 	 80. 
the nutritional value of maize by
increasing calcium values and lysine To avoid germination, the maize grain
availability in the glutelin fraction of was treated to inactivate the germ and 
the protein (50). It also promotes some inoculated with the spore suspension.
favorable changes in amino acid The inoculum was distributed in petri
content (5,22,29). 	 dishes containing 25 g of grain and 

incubated at 21 ° . 28() and 35 0 C. The
The experiments described in this grain was sampled after 10. 17 and 24 
paper were designed to determine the days and analyzed to determine 
effect of the nixtamalization process allatoxin levels at different 
(alkaline treatment) on aflatoxin- temperatures. 
contaminated maize, quantify aflatoxin 
reduction, and determine whether 	 The germ-inactivated maize grain
treated material was safe for human 	 (240 g) was placed in wide-mouthed 
consumption. Two different assays glass jars and inoculated with a spore 
were made, differing in spore suspension of A. parasfticus.
concentration of the inoculum, Concentrations of 2.2 x 106 spores per
incubation time and temperature. grain of dry maize were used for the 

first assay, and 4.86 x 106 spores for
Materials and Methods 	 the second. Sterile water was added to 
Intact white maize grain of the obtain 25% grain moisture. The jars
inproved variety Nutricta was used in were shaken to distribute the spores
the two studies discussed here; itwas and incubated at 351C. Controls were 
not treated with fungicides. Nutricta prepared without spore suspension.
has a high nutritional Value, with Samples were taken at three, seven 
lysine and tryptopliane levels twice and ten days (first assay) and four,
that of normal maize. The grain was seven and ten days (second assay) to 
first dried In a pilot plant-tray dryer be submitted to the nixtamalization 
using warm air for one hour at 801 to process.
851C. This was followed by a period of 
live steam hunidification for two to Nixtamalization 
three hours, until the grain reached a In the first trial, the amount of lime 
final moisture level of 25%, suitable for commonly used in the nixtamalization 
fungal growth and ailatoxin process in home tortilla making in 
production. Guatemala (1.87% W/V. 3.00% W/W) 

was tested as well as several higher 

http:35.5!.52
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and lower lime concentrations (0.03 to 
10.0% W/W). The objective was to find 
a concentration luvel that would permit 
easy hand removal of the pericarp, 
without alteration of the organoleptic 
characteristics of the dough and the 
tortilla. Lime of industrial quality was 
pulverized and sifted through a no. 14 
mesh screen. Cooking times from 20 to 
40 minutes were studied with an openkettle (domestic) process and an 
autoclave(industrial) process. Data 

were recorded on pH changes, *he 
amount of water added to the cooked 
grain to soften the dough, and the time 
and temperature necessary to bake the 
tortillas. 

In the second study, four 250-g 
s3amples of contaminated grain were 
mixed with lime, two with 0.6% W/V 
(1.0% W/W). the optimum found in the 
first trial, and the other two with the
home level of 1.87% W/V 13.0% W/W).
One sample of each concentration was 
cooked by one of the two methods, in 
an open kettle at 941C for 40 minutes 
and In an autoclave at 121 C (15 psig)
for 30 minutes. All of the cooked 
samples were left at room temperature 
overnight and then washed several 
times with tap water and ground. 
Water was added to the dough to 
soften it, and the tortillas were made. 

Chemical analysis 
Moisture was determined for duplicate
samples of contaminated grain, dough 
and tortillas, by (rying at 100 0 C toconstant weight (11. Aflatoxln levels 
were determined for the samples for 
lime level andc-ooking method: 
aflatoxin contet was determined by 
the AOAC method (2). Grain amount ofcontanilnaterd withI a kIiowiiv 

cotaminati wia adn of' 
pure w(92%) and
analyzed. Quantitative thin-layer 
chromatography was carrL-d out Using 
a densitomter (Kantes, model 800),
and measurements made following the 
procedure cited by Stubblefield t al.(48). Filter excitation and emissions of 

Results and Discussion 
Aflatozin levels 
according to temperature
and incubation time 
Production of aflatoxins BI , B2. GI 
and G2 was determined for three 
temperatures sampled at 10. 17 and 24 
days (Figure 2). Diener and Davis have 
reported that the optimum temperature 
range for aflatoxin production of A. 
parasiticuson natural andsemisynthetic media is 250 to 30'C for7 to 21 days of incubation (16,17); 
maximum production of aflatoxin BI is 
obtained at 300 to 35 0 C, and G1, 250 
to 301C (15). The ratios between G1 
and BI and between G2 and B1 have 

been reported to vary with respect to 
temperature (17) and incubation time 
(44) (Figure 2). 

Results of the first ofthe studies 
demonstrated similar patterns. Mostaflatoxins increased with incubation 
tinc, although some leveled off after 
17 days. In only one case. G2 at 35°C, 
a sharp and unexplained decrease 
occurred. In general, more BI and B2 
were produced at higher temperatures, 
and more GI and G2 at lower 
temperatures. Routinely, a higher 
production of the four aflatoxins was 
observed at 35'C (Figure 3). For this 
reason, 351C was used in the second 

experiment. 

Lime levels in the 
nixtamalization process 
The pH of the original maize-water
Tep fteoiia az-aemixture was found to be 6.0 to 6.5,which Increased to 12.0 when lime was 
added. Due to the buffering capacity of 
maize grain, the pl did not change 
sgiiatya oeIiewsaddsignificantly as more lime was added. 
The p1l decreased to 11.2 after the 
maize was cooked and to 9.2 afterthree washings. 

Organoleptic cnaracteristics (color, 
t 
txttdug andtllar) of the nxtamal,dough and tornllaswere normally good

(48). Filrc 436and weremissonsewith lime levels up to 1.87% W/V (3.0
365 nm and 4136 nm were used. W/W). When higher amounts, 2 to 
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10%. were used, the nixtarnal, dough 
and tortillas were yellow, becoming 
darker as lime increased. The flavor of 
lime also become objectionable. With 
the optimum lime level (0.6% WA'. 

Aflatoxin 
(10 3fg /kg) 

9.0 A 

7.0 

5.0 


3.0.0
 

2.0 
1.0-

1.0 

0.5 ~--~1.0o.+-L 
I 

4 12 20 24 
Incubation days 

Aflatoxin 
(10 3 1g/kg) 
3.0 C 

2.5 

1.5-1
 
1.0-0 


.513 

0 .5.. . ..-.. .. . 

4 12 20 24 
Incubation days 

1.0% WIW), kernels were soft and easy 
to peel and had a normal color, the 
dough and tortillaswere fine textured, 
and the tortillas were elastic and did 
not break easily. 

Aflatoxin 

(10 3 
1 4gkg) 

9.0 B 

7.0 

5.0 
3.0 

3.0

2.0 

z-..... .. : 
I---- -I-

4 12 20 24 
Incubation days 

--- -0 GI 

.---------3 G2
 

Figure 2. Aflatoxin production in maize grain at three different 
temperatures, study no. 1, Central American Industrial Research 
Institute, Guatemala a / 

Aflatoxin production at 21 0 (A), 280 (B) and 35 0 C (C) 
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Cooking and baking (Figure 3) shows striking differences. In 
Optimum autoclave cooking time and the second study, aflatoxin B1 was 
temperature were found to be 30 predominant, while G I was highest in 
minutes at 1210C (15 psig); a longer the first. Practically all aflatoxins were 
time was necessary when the maize produced in much greater amounts In 
was cooked under atmospheric the second study, undoubtedly because 
conditions, the optimum being 40 of better fungal growth caused by the 
minutes at 950C. The baking time for higher spore concentration. Aflatoxin 
tortillasranged from 1.5 to 3 minutes BI had a seven-fold increase, B2 had a 
on a comal at temperatures of 1800 to three-fold increase, G1 increased about 
250*C. During baking, the internal 1.4 times, and G2 remained almost the 
temperature of the tortillas reached same. Hesseltine et a]. (29) have940C. pointed out that G 1 is always 

biosynthesized along with B1; if 
Aflatoxin Levels neither is present, B2 and G2 are not 
in the Two Studies found. 
Aflatoxin levels were determined at 
350C for three, seven and ten days Aflatoxin Destruction 
(Figure 4). The levels of toxin produced During Nixtamalization 
were higher in the second experiment, Aflatoxin destruction in contaminated 
when a higher spore concentration was maize treated with the two lime levels 
used in the inoculum. Comparison of was determined (Figure 5). A decrease 
these data wlth those of the first study in aflatoxin levels in dough and 

Aflatoxin 
(10 3 /ig/kg) 

2.0

1.5

1.0

.. ..... • .. .. 
.. o...., ...o.., 

0.5-

B1 B2 G., G2 Bi 82 G1 G2 B, B2 G, G2 

210. 2800 350 
Figure 3. Aflatoxln production in maize grain by Aspergillua parasiticus
at three different temperatures, study no. 1, Central American Industrial 
Research Institute, Guatemala 
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tortillaswas found for all levels of 
contamination, the decrease being 
greater from maize to dough than from 
dough to tortillas.The reduction was 
more pronounced with the higher level 
of lime. The effect of alkalinity was 
more important than that of 
temperature, although temperature has 
also been reported as important 
(22,3,. 48,54). 

Results of the current study confirm 
reports by Ulloa and Herrera (52), 
Ulloa-Sosa and Schroeder (53) and 
Price et al. (41) regarding aflatoxin 
reduction with alkalinity. This is 
mainly caused by the opening of the 
lactone ring and its irreversible binding 
with the protein (3.33). 

Data analysis 
The data were submitted to least 
square analysis employing a trifactorial 
design (11,39). The parameters and 
levels used included incubation times 
of three, seven and ten days for the 
first assay and four, seven and ten 

Aflatoxin 
(1o3 gfkg) 
10 IB -AI A 

Go B2 
8 o-- oG 

6-

4-

2-

3 7 10 
Incubation days 

days for the second, two lime (CaO) 
concentrations, 0.6% W/V (1.0% W/W) 
and 1.87 W/V (3.0 W/W), and two 
cooking methods, open kettle and 
autoclave. 

At significance levels of 0.05 and 0.01, 
no significant difference in amount of 
aflatoxin reduction was found between 
the two cooking methods or the two 
lime levels; however, the difference 
was highly significant for the three 
incubation periods. There were no 
significant differences among the 
various interactions of incubation time 
and lime level, incubation time and 
cooking method, lime level and 
cooking method, and time, lime level 
and cooking method. Although there 
was a decrease in aflatoxin content 
during the nixtamalization process, 
none of the treatments lowered it 
sufficiently to meet the 20 ug/kg 
standard suggested as safe by 
FAO/WHO/PAG/UNICEF (22) and the 
US Food and Drug Administration (23). 

Aflatoxin 
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10-BI 
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8 0 01 
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0 r--------------------
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Incubation days 
Figure 4. Aflatoxin production in maize grain at 35 0 C, Central American 
Industrial Research Institute, Guatemala/ 

_aA = study no. 1, B = study no. 2 
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Aflatoxins G 1 and G2 were lowered 
more by alkaline hydrolysis than were 
BI and B2; in most cases, they were 
reduced by as much as 100%. These 
results confirm those of Codifer et a]. 
(12). Through the nixtamalization 
process, aflatoxin reduction from 
contaminated grain to dough stage was 
82.5% on a wet-weight basis (three 
days of incubation), 89.2% (sei n 
days) and 89.6% (ten days of 
incubaton). On a dry-weight basis, it 
was 86.1% (three days of incubation), 
95.6% (seven days) and 97.3% (ten 
days). The equivalent values for the 
reduction from contaminated grain to 
tortillas were 89.6% (three of days 

Aflatoxin 
(10 3 1tg/kg) 

14 M.7-. 
14j Contaminated maize 

121 
2 -0.6% lime 

10- 1.87% lime 

8 

6 

4 

2 

Maize 	 Dough Tortilla Maize 

3 days 

Incubation), 89.2% (seven days) and 
93.5% (ten days) on a wet basis, and 
91.8% (three days), 95.6% (seven days) 
and 97. 1% (ten days) on a dry-weight 
basis. These results are an average of 
the two assays at the two lime levels, 
two cooking methods and different 
numbers of days of incubation. 

Conclusions 
The levels of lime normally used to 
preparm nixtamal in rural and urban 
areas of Guatemala do not reduce 
aflatoxin levels in contaminated grain 
sufficiently to make it safe for human 
consumption. When lime levels above 
2% are used, high aflatoxin reduction 

Dough 	 Tortlla Corn Dough Tortilla 

7 days 	 10 days 

Figure 5. Aflatoxin content of dough and tortillasmade with 
contaminated maize after nixtamalization with two different lime levels, 
studies no. 1 and 2, Central American Industrial Research Institute, 
Guatemala#/ 

LL/Determined at 35 0 C 
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is achieved; however, the resulting 
tortillasare undesirable. During 
alkaline cooking, aflatoxins G1 and G2 
are reduced more than Bi and B2: B 1 
is reduced the least. In all cases, even 
at the lowest lime levels, a decrease is 
shown for total aflatoxins during the 
nixtamalization process. 
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Aflatoxin in Haiti 

F. Justafort, Research in Mycotoxins and Foodstuff Toxins, Flour 
Milling of Haiti, S.A., Port-au-Prince, Haiti 

Haiti depends heavily on agriculture, 
and it is Important that special 
attention be given to promoting 
production of domestic crops. The 
country is tropical, with the main 
crops being rice, peas, millet and 
maize. Among the cereals, maize is the 
least expensive. However, samples of 
maize from across the country have 
demonstrated a significant percentage 
of aflatoxin contamination. The cauaes 
of the contamination and appropriate 
solutions have been considered. In 
order to protect the health of the 
Haitian people and livestock, the 
consumption of contam!nated maize 
must be stopped. The impact of 
aflatoxin contamination of maize on 
the national economy must also be 
assessed. 

Maize is produced throughout Haiti. 
Although farmers do not use improved 
agronomic practices to raise the crop, 
they nevertheless manage to meet the 
daily maize needs of almost half of the 
population. The methods they use are 
not very different from those used 100 
years ago, and the systems for drying 
and storing maize are very simple. 

The problem of aflatoxin 
contamination in maize is not new In 
Haiti. Investigations between 1982 and 
1984 showed that the high levels of 
aflatoxin in maize are principally due 
to poor storage conditions. For 
example, for drying, farmers hang 
maize ears under trees, inside their 
homes, or place them on their roofs. In 
hot, humid weather, maize usually 
molds during drying. 

The maize is taken to the market for 
sale and is left in the open, exposed to 
the sun. If not sold, it is taken back 
and left on the floors of the houses 
until the next day. Under these 
conditions, mold growth and aflatoxin 
formation are quite likely to occur. The 
climate of Haiti, with high 
temperatures and high humidity, 
favors the growth and proliferation of 
Aspergllus flavus and A. parasftlcus. 

Plans are being made to build proper 
storage facilities throughout the 
country for locally grown maize. 
Methods of decontaminating maize that 
contains aflatoxin, so that the maize 
can be used for human consumption, 
are also under consideration. Merely 
destroying contaminated maize would 
impose unacceptable economic 
hardships. In addition, a factory to 
produce precooked foods made of 
maize and peas is being built in the 
southern part of the country, and it 
should help meet the needs of the 
population for a safe and balanced diet. 

Currently, the effects of aflatoxin on 
human and animal health in Haiti are 
being determined with the help of 
medical doctors, but the task is not 
easy. According to the Catlolic 
Church, 85% of the populalion is 
illiterate, which prevents a !.ajor 
barrier to any prograna wn scientific 
education and information. The people 
believe that if laitian maize were 
really contaminated, many people 
would already have died. Therefore, 
regardless of the amount of 
contamination in their maize, farmers 
always find buyers. Another problem is 
superstition and the belief in magic. 
Sickness and disease are attributed to 
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evil spirits, and often scientific The problems associated with aflatoxin
 
medicine is not called upon. contamination in Haiti are numerous,
 
Sometimes, when a disease is not and the Haitians invite suggestions,

cured by scientific medicine, the witch advice and collaboration to help solve
 
doctors with their African gods (loas) them.
 
do have success because of the
 
strength of the people's belief.
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Aflatoxin in Maize and Tortillas in Mexico 

A. Torreblanca R.. Department of Nutrition and Food Science,
Ibero-American University, and H. Bourges R., Department of
Experimental Nutrition, and J. Morales, Department of Food 
Technology, both of the National Institute of Nutrition, Mexico, 
D.F., Mexico 

Maize accounts for nearly half of the 
total volume of food consumed 
annually In Mexico (2), which ranks 
high among the countries with the 
largest per capita maize consumption, 
There is an inverse relationship 
between consumption of maize and 
income in the country; as a result of 
the low cost and the many dishes that 
can be made from it, maize is the 
principal source of food among the 
lower socioeconomic groups (11). 
Although maize is used in many ways,
the most important Is as tortillas, flat, 
unleavened maize cakes. It is 
estimated that 700 million tortillas are 
produced each day, with an average
daily per capita consumption of ten 
tortillas (4). 

Survey of Mexico City 
Tortillerias 
In a country such as Mexico. it is of 
utmost importance that maize quality 
be ensured, especially in maize used 
for making tortillas. However, polls of 
merchants and consumers (7,8) have 
shown that the quality of tortillas 
available in Mexico City leaves much 
to be desired. In 1983, the National 
Institute of Nutrition and the Ibero-
American University collaborated in a 
preliminary survey to evaluate the 
maize storage conditions at molinos, 
mills where nixtamal (maize kernels 
boiled with lime) is ground to make 
masa (maize dough), and tortilleras, 
the small neighborhood factories where 
torlillasare made and sold (12). 

Accordi~ig to the 1980 census, there 
were 2,,628 mollnos and 23,216 
tortlllerlasthroughout the Republic of 

Mexico. Of these, 1100 were located in 
Mexico City. The study included 50 
establishments in two sections of the 
city (Coyoacan and Ixtapalapa); it was 
felt that these would be representative 
of the city as a whole. A questionnaire 
was developed consisting of two parts,
the first to be filled in by the 
investigators as to conditions found in 
the establishments (Figure la). and the 
second consisting of questions to be 
answered by the managers (Figure lb). 

Results of the Survey
Only one person of the 50 interviewed 
reported having received training in 
grain handling, preparing dough or 
making tortillas.Although the 
employees stated that they seldom 
found insects in the grain, the
interviewers saw both live or dead 
insects in the grain at most of the 
sites. Forty percent. of those 
interviewed reported that they 
frequently encountered rodents. 

Thirty-six percent of the molinos and 
tortlllerlaslacked a special area for 
storing grain; among the others, 
storage conditions were inadequate. In 
43 (86% of the total), bags of maize 
grain were piled against a wall on the 
floor: only 14% had wooden platforms 
for storing the bags above the floor. 
Ceilings, walls and floors were cracked 
in 86% of the sites, permitting the 
entrance of rodents and insects. Also, 
the presence of cobwebs and garbage, 
as well as high humidity, were factors 
that contributed to poor grain quality. 
The personal hygiene of the employees
(hands, hair and clothing) was found to 
be satisfactory in only 24% of the 
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businesses. Since this preliminary 
survey showed many inadequate grain 
storage and handling practices, further 
collaborative studies were planned for 
the evaluation of the maize used for 
making tortillas, 

Maize Evaluation Studies 
The objectives of the studies on maize 
used for making tortillas in Mexico 

1. 	 The maize is stored in: 

a) milling area 

b) special area 


2. 	 Maize is stored: 

a) in bulk
 
b) in bags-

2.1 	 In bulk: 

a) In silos 

b) in the milling area 


2.2 	 In bags: 

a) on raised platforms 

b) on the floor 

c) against a wall 

3. 	 Storage area construction: 

3.1 	 Roof: 
a) sheet asbestos 
b) cement 
c) wood
 
d) plaster 


3.2 	 Walls: 
a) cement and tile-
b) brick 
c) cement 
d) tile 

e) plaster_ 


3.3 	 Floor: 
a) cement 
b) tile_ 

4. 	 Condition of the milling and 
storage areas: 

City were to evaluate the physical
condition of the maize grain, quantify 
the amount of aflatoxin contamination 
present in grain and the tortillas, and 
identify which of the mycotoxins found 
in maize carried over to tortillas.Since 
wheat 	is used for tortillasinstead of
maize in some parts of Mexico, a study 
was also conducted on tortillasde 
harina(wheat flour). 

4.1 	 Ceilings and walls:
 
a) cracks
 
b) cobwebs
 
c) mildew_
 
d) dampness 

4.2 	 Floor:
 
a) swept

b) spilled kernels_ 
c) spilled water 
d) cracks 

4.3 	 Housekeeping:
 
a) litter
 
b) garbage containers
 
c) pesticides in storage areasd) pesticides in milling areas.... 

5. 	 Restrooms: 
a) toilet and lavatory 
b) toilet only 
c) none 

5.1 	 Condition of restrooms: 
a) good
 
b) fair
 
c) poor
 
d) very poor
 

6. 	 Personal hygiene of employees: 
a) good 

b) fair_ 
c) poor 

6.1 	 Cundition of: 
a) clothing
b) hands 
c) hair 

Figure la. Form used for the survvy of molinos and tortillerias, National
 
Institute of Nutrition and Ibero-American University, Mexico, D.F., 1983
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The physical and microbiological Almacenes Nacionales de Deposito 
quality of maize used in the tortillerias (ANDSA) (9). Grain temperature was 
located in Mexico City was evaluated measured with the minitherm, and 
(Figure 2) using a procedure developed humidity with the ceratester. Internal 
by the national storage agency. fungal contamination was evaluated 

1. 	 Are you in charge?
 

a) yes -b) no__
 

2. 	 Where do you buy maize? 

3. 	 How often is maize delivered?
 
a) once a week b) every two weeks
 
c) every three weeks ___ d) once a month_
 

4. 	 When was your last delivery? 

5. 	 What is the longest time that a bag of maize lasts? 

6. 	 Have you or your employees received training in:
 
a) handling grain-___ b) preparing dough c) making tortillas
 

7a. 	 What did this training include? 

7b. 	 Who gave the training? 

8. 	 How often are insects found in the maize?
 
a) often ____- b) sometimes c) never_
 

9. 	 How are insects controlled?
 
a) pesticides -. b) other
 

10. 	 How often are rodents found in the maize storage area? 
a) often b) sometimes c) never_ 

11. 	 How are rodents controlled? 
a) traps--- b) poison c) other_ 

12. 	 Is the maize treated in any way before the nixtamalization process? 

13. 	 How often is cleaning done? 
a) storage area _ b) milling area_ 

14. How often is maintenance work done?
 
a) ceiling b) walls._ c) floor__
 

Figure lb. Questionnaire for managers of molinos and tortllerfas, 
National Institute of Nutrition and Ibero-American University, Mexico, 
D.F., 1983 
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using the techniques of Christensen tests for aflatoxin with the procedure 
and Lopez (3). The homogenization outlined by Shotwell (10). For the 
and separation of the sample was done detection of aflatoxins in the grain and 
with a Boerner-type mixer-separator the resulting tortillas, the mycotoxins 
(12). Tests for impurities, specific were extracted by the Heyde technique
weight, infestation, etc., were carried (6) and quantified in duplicate by thin
out using ANDSA techniques, and the layer chromatography (TLC). 

[Visit to survey site] 

SOn-site determination c' temperature and humidity 

Sample selection (3 kg) 

Bacterial analysis 
Hand mixing Testing for internal 

+ fungal infection 
Homogenization and 
separationofsml 

Microbiological I Physical _ 

analysis 

[ukaayl(Ikg) analysis Kernel analysis(ee nlss[100gr) 

Impurities] Heat damnage ] 

Specific weight Insect damage
l I 

Infestation Rodent damageI
 
Contamination with Germinationother grains 

Wrinkled and broken FColor deviation 

Figure 2. Flow chart, testing for physical and microbiological quality of 
maize in tortillerlas, National Institute of Nutrition and Ibero-American 
University, Mexico, D.F. 
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Results 
Physical condition 
of 	the maize grain 
The study of the physical condition of 
maize grain used by the Mexico City

tortlllerlasprovided the following 

observations: 


" 	 Average grain moisture content 
was 12.3%, within the limits of the 
Mexican quality standard which 
acctpts levels up to 13.5% for 
maize grain; 

" 	 Temperatures fluctuated greatly, 

with the average temperature of 

the grain being 22.50C (the

variation in air temperature 
around the grain was not greater 
than 51C); 

q2
 

Grain storage and handling practices were 
Mexico City 

Fifty-five percent of the samples 
exceeded the permissible limit of 
1.5% of total weight for impurities 
and foreign matter: 

* 	 Eighty percent of the samples were 
infested with dead insects, and 
20% contained live insects as well; 

* 	 The specific weight of the grain 
was found to be within accepted 
limits; and 

m The number of kernels of other 
grains found in the samples was 
negligible (0.046%). 

Grain damage was found in the 
following amounts (median ± standard 
deviation): 

evaluated at molinos and tortillerias in 



315 

Heat damage 11.8% ± 4.10% excrement or any any other foreign
Insect damage 10.0% ± 2.69% matter. Is considered as substandard" 
Rodent damage 2.2% ± 1.03% (5). 
Germinated 
kernels 0.5% ± 0.50% Aflatoxin presence
Total kernel in the maize grain 
damage 24.5% ± 5.2% To test for aflatoxin presence, whole 

grains were observed under long-waveThe amount of grain damaged by heat ultraviolet radiation; 77% of the 
and insects and total damaged grain samples had levels -f from one to six 
surpass the maximum limits permitted fluorescent particles per 100 grams of 
by Mexican standards, which are 5.5%. sample. Shotwell et a]. (10) have 
4.0% and 10.0%. respectively. The reporled that when over 20 fluorescent 
ruling on grain quality states: "Maize particles are found in 4.54 kg of grain,
grain which exceeds any of the limits 65% of the samples will have more 
established for the standard of Mexican than 20 mg of aflatoxin per ton of 
quality 3, that smells of mold, maize. The amounts found in the 
fermentation, putrefaction or any other present study were much higher than 
commercially objectionable odor, or this; the number of fluorescent 
that contains stones, glass, rodent particles per 4.54-kg sample ranged 

A o 

The seqvicnce of tortilla preparation Is shown above 
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from 45.4 to 272.4. Aflatoxin B1 was 
found in 72% of the maize or tortilla 
samples tested; aflatoxins B2, G1 and 
G2 were not found in any of the 
samples. The amount of aflatoxin B 1 
(Ag/kg) by sample groups are shown in 
Table 1. 

The samples were also analyzed for 
zearalenone. Twenty-four percent had 
a positive reaction, and 14% had other 
unidentifed metabolites with a higher 
mobility on TLC plates. 

Testing is currently in progress to 
obtain more information on aflatoxin 
contamination in maize and tortillas 
(see Carvajal et al., this proceedings). 
However, a permanent detection 
program is needed in Mexico to fully
understand the scope of the aflatoxin-
contamination problem in foodstuffs, 
especially maize. 

Table 1. Aflatomin BI content in 
samples of maize and tortillasfrom 
50 molinos and tortillerias,Mexico, 
D.F. 

NumberAflatoxin B 1 

content of 
(,4g/kg) locations 

0 	 14 
5 1 

10 3 
20 5 
40 	 12 
80 	 9 

100 	 1 
160 	 4 
500 	 I 
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Mycotoxin Carryover from 
Grain to Tortillas in Mexico 

M. Carvajal, Institute of Biology, anI R. Rosiles M., Department of
Veterinary Medicine and Animal Science, both of the National 
Autonomous University of Mexico, Mexico, D.F., Mexico, and H.K. 
Abbas and C.J. Mirocha, Department of Plant Pathology,
University of Minnesota, St. Paul, Minnesota, USA 

Maize Is probably used for human 
consumption in Mexico more than in 
any other country. Therefore, the 
study of ,,nycotoxins in maize is of 
great importance to the health of 80 
million Mexicans. as well as a large 
number of Mexican-Americans in the 
USA. Maize is principally uonsumed as 
tortillas, flat, unleavened maize cakes. 
They are rolled and eaten as tacos or 
enchiladas,cut in pieces and eaten in 
soups and casseroles, or eaten plain as 
bread with meals. Maize is also eaten 
in tamales, maize dough wrapped 
around a filling and steamed in husks 
or banana leaves. Many other regional
dishes are made with maize, as well as 
the beverage atole and fermented 
beverages used by several indigenous 
groups. 

The most important mycotoxins in 
maize are the aflatoxins produced by
Aspergillus flavus and A. parasiticus. 
The aflatoxin BI is a potent mutagen 
and carcinogen in humans and 
animals (4). The mycotoxins produced 
in maize by Fusariumspp. include 
zearalenone, as well as the 
trichothecenes, deoxynivalenol (DON),
T-2 toxin, diacetoxyscirpenol (DAS)
and nivalenol (NVL). 

Tortilla Study 
A study of mycotoxin carryover from 
maize and wheat grain to tortillaswas 
conducted by the National 
Autonomous University of Mexico as 
part of a larger study of mycotoxins in 
tortillasand their relation to human 
cancer; this was a project of the 
National Commission of Science and 

Technology (CONACYT) (see 
Torreblanca, this proceedings). This 
part of the study involved cooperation
with the University of Minnesota. St. 
Paul, Minnesota, USA. and was carried 
out in their laboratories. 

The objective of the current study was 
to determine whether the aflatoxins 
B1 , B2 , G1 and G2, zearalenone and 
DON carry over from contaminated 
maize and wheat grain to tortillas,or 
whether the lime and heat treatments 
used In their preparation detoxify the 
mycotoxins. 

Maize and wheat grain naturally
contaminated with mycotoxins from 
the USA were utilized in the study. For 
aflatoxins BI and B2 , the maize variety 
Oeorgia 807 was analyzed by the De
Vries and Chang method (3). For 
zearalenone and zearalenol, the maize 
varieties tested were Indiana 362 and 
808 and Georgia 807, by the method of 
Bennett et al. (1). For DON, the wheat 
varieties Nebraska (N1 and N2) and 
Missouri (MSI and MS2) were used 
following the procedure of Chang ct al. 
(2). 

To make the maize dough (nixtamal), 
100 g of maize grain was boiled and
soaked In 2% lime water for 12 hours, 
with a resulting pH of 13 to 13.5. 
Grain from each variety was ground
separately, and the grinder disinfected 
after each grain sample. Tortillaswere 
made from the dough and baked at 
1 100 C for seven to nine minutes. They 
were then dried and ground for 
analysis for mycotoxins. The wheat 
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3. DeVries, J.W., and H.L. Chang.In analysis for zearalenone, the lime 1982. Comparison of rapid high

water used to boil maize for the 
 pressure liquid chromatographic
nixtamalization process was found to and CB methods for 
contain transzearalenone. The tortillas determination of aflatoxins in
made from maize heavily contaminated corn and peanuts. Journal of the
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both cis- and transzearalenone; 
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Mycotoxins. In Storage of Cereal

Tortillas made with DON-contaminated 
 Grains and their Products. Pp.
wheat also contained the mycotoxin. In 241-280. 
the wheat varieties NI and N2, 40% of 
the tortillascontained DON; 20% of the 
tortillas made with the varieties MI, 
M2 and KI were DON contaminated. 

Conclusions 
It was concluded that since the 
mycotoxins aflatoxin, zearalenone and 
deoxynivalenol (DON) are not 
destroyed by t-eatment with lime or by 
temperatures if I 10C, the 
temperature at which t6rtillasare 
baked, these mycotoxins represent a 
potential threat to human health. 
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Aflatoxin in Argentina 

E. Planes de Banchero, Microbiology Department, National 
Institute of Agricultural Technology, Castelar, Argentina 

The purpose of this paper is a 
discussion of the legislation, control 
and research on mycotoxins in general, 
and aflatoxins in particular, in the 
Republic of Argentina. 

Argentina is a grain-exporting country, 
and so the commodities under scrutiny
for aflatoxin contamination are those 
destined for export, including maize, 
wheat, peanuts, soybeans and sorghum
and their by-products. Aflatoxin 
control measures were introduced in 
the 1970s and have become more 
stringent in the 1980s. They are 
administered by the laboratories of the 
Ministry of Agriculture and Fisheries 
and in other authorized labs, which 
use the AOAC method of analysis. 
Argentina mainly exports grain to the 
USSR, but also to the Netherlands, 
Egypt, South Africa, Czechoslovakia, 
Cuba, Colombia, Chile, Paraguay and 
Iran. The export agreement with each 
country specifies toxins for which 
commodities must be tested and also 
indicates their permissible levels. In 
some cases, countries provide their 
own inspectors. Tests are conducted 
principally for aflatoxins, although 
tests are also made for zearalenone, 
ochratoxin and T-2 toxin, 

Institutionalized control still does not 
exist for grains sold on the domestic 
market, and the only standards 
included in the food code are for 
aflatoxins in soybean flour (30 /g/kg) 
and aflatoxin MI in milk (0.5 /zg/liter).
Plans are underway to include 
standards for other foods, such as 
maize flour and peanuts (which are 
used in the candy industry). The 
Department of Agriculture also 
regulates aflatoxin levels in feed for 
livestock when requested by 

manufacturers and/or consumers. 
Some companies have their own 
laboratories that test products destined 
either for export trade or for livestock 
feed. 

Mycotoxicoses in Livestock 
Aflatoxin effects have been detected in 
tissues of domestic animals. 
Photosensitization of cattle, caused by 
esporidesmina (Phytomiceschartarum)
in pasture grasses is one effect that has 
been observed. Sheep can develop
disease symptoms after eating grass 
contaminated with a fungus that 
produces tremorgens. Cattle become 
poisoned by consuming fescue forage 
(Festucaarundlnacea)infected with 
isolates of Fusariurntricinctum and 
Acremonlum ceonophyalum 
(endophyte). The presence of Claviceps
pasplaUt, linked to a nervous syndrome 
in cattle, has alto been detected. In 
some cases it has been possible to 
isolate the fungi and the toxins they 
produce and to reproduce e resulting
diseases in the laboratory. 

Aflatoxin Research 
Research on aflatoxin began in 1972 
under the auspices of the Department
of Public Health with a study of 
aflatoxin contamination in peanuts.
However, before that time, various 
groups in government agencies and in 
the universities conducted research on 
mycotoxins. Among these groups were 
the National Institute of Agricultural 
Technology, the National 
Pharmaceutical Institute and the Food 
Technology Research Institute. 
Research was also conducted in the 
departments of the National University
located in Buenos Aires, La Plata, 
Rosario, Santa Fe, Rio Cuarto, 
Tucuman and Misiones. 
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Research is presently being conducted an important part in the research
 
on mycotoxins in the following areas: system. In 1983, INTA set up a
 

meeting of specialists from both the 
* Incidence and determination of public and private sectors, which was 

toxigenic levels for aflatoxins and sponsored by the Ministry of Science 
zearalenone in grains (maize and and Technology through its National 
sorghum), oil seeds (peanuts and Program for Food Technology
sunflower) and their by-products, Research. The result of the meeting 
as well as in livestock feed; the was that priorities were established, 
studies have also included some the duplication of research efforts was 
other foods, such as corn flour prevented, subsidies were arranged 
(polenta), milk and apple juices and research results were 
and concentrates (for patulina); disseminated. A summary of aflatoxin 

research in Argentina was published in 
" Analytical methods for 1985. 

determining levels of aflatoxin, 
zearalenone, ochratoxin, T-2 toxin In all of the conferences on 
and deoxynivalenol; the objective microbiology, mycology, veterinary
is to develop methods that are science and toxicology, research on 
relatively simple and Inexpensive mycotoxins has been covered in 
(thin-layer chromatography and papers, round table discussions,
enzyme-linked immunosorbent training sessions, specialized courses 
assay) and that will, when 'nd working groups. 
possible, detect more than one
 
toxin at a time; 
 At the 1985 Latin American 

Microbiology Congress, a document 
* 	 Designs for sampling methods in dealing with all aspects of mycotoxin
 

the field and in storage for each research was drafted by the
 
grain; mycotoxins working group. The
 

National Institute of Agricultural
* 	 Toxicosis studies in livestock, Technology has always played an
 

especially aflatoxin In chickens 
 active role in these activities because 
and zearalenone in swine; and they are so important to Argentina's 

largely agricultural economy. This 
* 	 Methods for preventing year, under the auspices of FAO, INTA
 

contamination through improved will begin work on aflatoxins in maize
 
procedures (treating grain with flour (polenta)intended for human
 
insecticides, proper drying and consumption. The Department of
 
appropriate storage) and varietal Public Health will also participate in 
resistance to Aspergllus flavus the project. 
contamination and the formation 
of aflatoxins (in peanuts and Research procedures
sunflower). The methodology for detecting 

aflatoxins and zearalenone In maize 
The research organization and wheat grain is quite advanced in 
The studies on incidence, methodology A gentina. but that for determining T-2 
and toxicology have been conducted toxin and deoxynivalenol (mainly
mainly by multidisciplinary research produced by fungi of the Fusarlum 
teams from various government group) needs to be developed. 
institutions, so as to make optimum 
use of available human and physical Studies were conducted in the 
resources. The National Institute of provinces of Buenos Aires and Santa 
Agricultural Technology (INTA) plays Fe to determine levels of aflatoxin 
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contamination in maize. In 1976 and 
1977, out of 50 and 267 maize samples 
tested in Santa Fe, aflatoxins were 
detected in 5 and 10%, respectively. In 
1980 in Buenos Aires, zearalenone was 
detected in 33% of 85 samples tested, 
at levels of 200 to 1600 /g/kg. 

In 1982, from 41 samples obtained 
from grain storage facilities. aflatoxins 
were detected in 34% at levels of 3 to 
64 pig/kg. Zearalenone (912 ig/kg) was 
found in only one sample. In 1983, 
maize was tested at harvest, and 
aflatoxins were detected in 33% of 87 
samples (2 to 50 Ag/kg) and 
zearalenone in 7% with a maximum of 
300 1g/kg). 

In 1981, 25% of 53 samples of maize 
grain intended for export were found to 
contain aflatoxin B1 at 2 to 15 tg/kg. 
Nine percent had between 30 and 305 
ag/kg of zearalenone. In 1984,
aflatoxins were detected in 24% of 110 
samples of maize flour (polenta),but 
only 4% contained -,ver 20 /tg/kg. 
Tests for zearalenone vere negative in 
50 of the samples. 

Future Research 
At the meeting of the Ministry of 
Science and Technology (SECYT) in 
Buenos Aires in April 1986, the 
mycotoxins group of the National Food 

Program reported on the results of 
research in 1984 and 1985 on the 
incidence of aflatoxins and zearalenone 
in stored maize and maize grain. Plans 
were made to set up programs in two 
regions of Santa Fe Province and in 
one region in Cordoba Province to 
evaluate the incidence of these toxins 
in the field (in 1986) and in stored 
maize flour (in 1987). The same 
methods will be used in sampling and 
analysis as were used in previous 
testing. 

Maize hybrids have been found to 
possess different levels of sensitivity to 
fungi. Therefore, a breeding program 
for the development of more resistant 
varieties will also be initiated. This 
program will involve collaborative 
research gro, ps working under the 
auspices of the Ministry of Science and 
Technology. 

The study of the incidence of aflatoxins 
in peanuts is one of only a few 
research projects that may be 
considered to be complete; there is 
now sufficient information available. 
Studies must be undertaken on the 
incidence of aflatoxin in wheat, 
soybeans and other foods. The 
sampling program for aflatoxins needs 
to be expanded, as well as research on 
contamination by other toxins. 
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Aflatoxin in Colombia 

R.G. Cuero, I. Hernandez, H. Cardenas, E. Osorio and L.C. Onylah,
Biology Department, Universidad del Valle, Call, Colombia 

Colombia is the northernmost country 1982 (Table 2). Both yellow and white
of South America, lying between 121N maize are produced and consumed in 
and 20 S latitudes. Although it is the country. 
generally tropical, temperate conditions 
are also found in some areas, but Although the varied tropical conditions 
without a marked seasonal weather of Colombia favor both fangal
pattern. Altitude influences the populations and mycotoxin production
climatic conditions and associated in maize, only limited information is 
agricultural systems (Table 1). The available on toxigenic fungi and toxin 
highlands are cooler and more humid production in grain. However, limited 
than the lowlands, but maize is grown exploratory surveys on aflatoxin in 
in both areas. Maize is a dietary staple, stored maize (33,35) and in harvested 
and is the second major cereal grain sorghum (14) have been carried out in 
(after rice) in Colombia. There was an particular areas. 
average annual maize production of 
850,000 tons/year between 1974 and 

Table 1. Environmental conditions of the maize-growing highlands and
a/ lowlands, ColombiaL

Region and Mean annual Mean daily Relative 
altitude rainfall temperature humidity

(m) (mm) (0 C) (%) 

Highlands 
(1500 -2000) 3100 21.2 22
 

Lowlands
 
(900- 1200) 2000 26.2 25
 

a/ Climatic data supplied by the regional weather bureaus 

Table 2. Mean area planted to cereals, production and yield, Colombia,
1974-1982 

Area Production Yield
Cereal (000 ha) (000 tons) (kg/ha) 

Maize 600 850 1390 
Wheat 
Sorghum 200 500 2300 
Rice 420 1800 4300 

1350 3500 2450
 

Source: FAO (9) 
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Several cases of aflatoxicosis in fowl 
have been reported in Colombia, 14 in 
1975 and 41 In 1976. Diagnoses were 
based on necropsies of the birds. 
Poultry feeds are prepared primarily 
from maize, sorghum, soybean meal 
and cottonseed meal (8,9). Cucro (7) 
reported the death of four pigs that 
were fed moldy maize. 

Previous studies in other countries 
have provided evidence of the 
occurrence of both toxigenic fungi and 
mycotoxin contamination in freshly 
harvested maize (6,22,24.28,39). 
Factors influencing the growth of the 
toxigenic fungal species and/or 
mycotoxin production have been 
investigated (20,21,29,30). Previous 
investigations have also demonstrated 
a wide distribution of toxigenic fungi in 
tropical and temperate climates 
(10,24). 

Aflatoxin produced by Aspergfllus 
flavus and A. parasltlcusstrains has 
been the most carefully studied 
mycotoxin (2,20). However, other 
mycotoxins have recently received 
attention, e.g.. ochratoxin-A from 
A. ochraceus and some Penlcllium 
spp. (17). citrinln and penicillic acid 
from Penlcillium spp. (19) and other 
toxic metabolites produced by 
Fusarium spp. (5,12,27). It has also 
been shown that numerous fungal 
metabolites cause diseases in animals 
(8,11,12,16,17,19,20). 

Environmental :onditions in Colombia 
and other subtropical areas of Latin 
America are favorable for the 
occurrence of toxigenic molds and 
mycotoxin production. Therefore, the 
present investigation was carried out to 
determine the presence of common 
toxigenic fungi and their ability to 
produce toxins. Emphasis was placed 
on interactions of climatic conditions, 
insect and/or bird attack, mechanical 
damage and soil with toxigenic fungi 
and toxin production. 

Materials and Methods 
A total of 72 samples of harvested 
maize were collected from five different 
sites in two areas of different altitudes 
and geographic features. The two areas 
were representative of the variation in 
climatic conditions in Colombia, 
ranging from warm and dry to semidry 
in the lowlands (900 to 1200 meters 
altitude) to cool and humid in the 
highlands (1500 to 2200 meters 
altitude). Environmental temperature 
and relative humidity were recorded at 
the time of sampling. The moisture 
content of the maize samples was 
determined by using a Motomco 
moisture meter; grain temperature was 
also recorded. Random samples 
(approximately 10 kg) from each of the 
five test sites in the two areas were 
collected after the maize had been kept 
three to five days in stacked jute bags. 
The samples from different sites in 
each area were mixed, and a 
representative portion (about 200 g) 
was exposed to ultraviolet light 
(X = 365 nm) to detect the 
characteristic bright greenish-yellow 
fluorescence (BGYF) associated with 
activity of A. flavus group fungi. 
Kernels were subsampled for 
mycological studies. Samples positive 
for BGY fluorescene were ground and 
blended for 15 to 30 minutes and 
assessed for aflatoxin B1 by the 
Association of Official Analytical 
Chemists method (1). 

Isolation and culture of fungi
Mixed samples of maize kernels from 
the same area (120 kernels per 
sampling area: 120 x 72 samples = 
8640 kernels total for each sampled 
area) were separated into four portions 
of 30 kernels each. The four portions 
were selected according to kernel 
appearance: apparently sound kernels; 
kernels that had been attacked by 
molds; kernels that had been attacked 
by insects; and mechanically damaged 
kernels. 
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Each portion of 30 kernels was surface Soil Sampling and Analysis

sterilized in a 2% aqueous solution of All soil samples (3x25 g/site. 225
 
sodium hypochlorite and transferred to g/area, 450 g/two areas) were collected 
3% malt extract agar. Six replicates of from the 0 to 20 cm layer within an 
three agar plates per portion (30 area of 930 square meters, and 
kernels x 4 portions = 120 composited according to the area of 
kernels/areal sampling time) were origin (highlands or lowlands). The
 
incubated for seven days at 251C. subsamples were sieved through a
 
Sometimes maize samples were kept 1/4-inch screen to remove debris and
 
for one to three days at 400 C before stored in polyethylene bags. Soil pH 
mycological analysis. All colonies of was determined on a 1:1 soil:water
 
the generas Aspcrglllus, Peniclillum suspension using a Beckman pH

and Fusarlum were identified meter. The soil mineral analysis was
 
according to the criteria of Raper and carried out following Jackson (13).
 
Fennell (34), Onions (32) and Booth (4).
 
Colonies of Asperglllus and Penfcillluin Mycotoxin Analysis
 
were counted after isolation on fresh Isolates of A. flavus, A. ochraceus,
 
malt extract agar, and Fusarium spp. P. vlriducatum and F. graminearum 
on potato dc trose agar (PDA). Pure grown on rice were assayed for 
cultures were used to inoculate aflatoxin B 1 . ochratoxin-A, citrinin and 
(103 spore dilution) autoclaved rice. zearalenone, respectively, by the AOAC 
The rice culture was incubated with (1), the Neishelm (31), the Marti et a]. 
continuous shaking for seven days at (26) and the Ware Thorpe (38)
25 0 C and then used for mycotoxin methods. Mycotoxin estimates were 
analysis. made by thin-layer chromatography 

(TLC) on silica gel G plates (MerckCulture of toxigenic molds Silica Gel 6OF-254). Absorption 
on soil-extract agar spectra were recorded with a 
Soil extract was prepared from soil spectrophotometer (Spekol-10- Carl 
samples from the five different sites in Zeiss Jena). 
the two geographic areas. Soil-extract 
agar plates were inoculated with spores Statistical Analysis 
of a toxigenic fungus. Triplicate plates The normal approximation to the 
were used for each toxigenic fungus binomial was applied for comparison of 
selected, and the experiment was proportions of toxigenic mold colonies 
repeated. Inoculation of the soil-extract isolated from maize kernels from 
agar was carried out according to the highland and lowland climates at 
ability of the fungus to produce toxin, different periods of the year. 
For example, positive toxigenic isolates 
were inoculated on soil-extract agar Results 
made with soil from which negative Occurrence and geographical
toxigenic mold was isolated, and vice distribution of fungal species 
versa. Cultures were incubated at 25 0 C isolrted from maize kernelsfor six to seven days and thentrnsferreto man and ddag inc Mycological analysis showed that 54 oftransferred to malt agar and Incubated the 72 samples (75%) wereat 25 0 C and for another six to seven contaminated by fungal strains of 
days. Spore dilution (103) was A. flavus, A. ochraccus, P. citrlnum 
prepared and used to inoculate and F. gramlnearum: 27% of the 
autoclaved rice in order to assess toxin isolates were unidentified species
production by each mold. (Table 3). Incidence varied between the 
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highlands and lowlands and from 
different sampling periods. The highest 
incidence of toxigenic species was 
found in lowland maize. However, 
Fusarlumspecies were routinely 
isolated in both areas (Table 3). In 
general, frequency of isolation of 
toxigenic mold colonies was higher in 
samples from the lowlands at any 
period of the year, except for Fusarfurn 
spp., which were more prevalent in the 
highlands from September to 
December. Mold genera also showed 

different frequencies between the two 
areas and periods of the year (Tables 3 
and 4). 

There appeared to be a higher 
Incidence of putative toxigenic molds 
in maize kernels with insect infestation 
and/or mechanical damage, especially 
among samples from the lowlands, 
which showed more insect than 
mechanical damage. All identified 
species isolated from maize samples 
showed clear differences in their 

Table 3. Mold count of 72 maize samples of different geographic areas at 
a / different periods of the year 

No. of 
No. of mold 
samples colonies 

Jan. to March 
Highlands 
11 601 
Lowlands 
11 565 

March to Sept. 
Highlands 
17 707 
Lowlands 
11 589 

Sept. to Dec. 
Highlands 
7 402 
Lowlands 
15 1100 

Total 
72 3964 

No. of colonies toxigenic b/ 
Aspergillus 

1(0%) 

29(5%) 

93(13%) 

298(51%) 

5(1%) 

127(12%) 

553(14%) 

Penicllum 

143(24%) 

38(7%) 

125(18%) 

210(36%) 

100(25%) 

240(22%) 

856(22%) 

Fusarium Otherc! 

190(32%) 

335(60%) 

267(44%) 

165(29%) 

450(64%) 

42(36%) 

40(6%) 

36(6%) 

150(37%) 

336(31%) 

1502(39%) 

147(37%) 

397(36%) 

1052(27%) 

A/ 120 kernels were sampled from 3 different sites of each geographic area (highland
and lowland) each tine in 3 replicates (5 kernels/agar plate)

bl A. flavus, A. ochraceus,P. cltrinui and F. 1framinvanrmn were the most common 
toxigenic species isolated 

R/ 	 Molds other than A. flavus, A. ochraccus, P. cltrinum and F. gramlnearum were 
not identified in this investigation; the most prevalent were: highlands: 
Penicilliurnspp. and Fusai-um spp., lowlands: Cladosporiumspp., Trichoderma 
spp,, Phycomyce spp., Aspergillns spp., Pcnicillium spp., Fusarlunm spp. and 
yeasts 
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occurrence in both areas. The 
combined results from the two areas 
showed that F. graminearumwas the 
most prevalent species (51%), followed 
by P. citrlnum (26%), A. ochraceus 
(17%' and A. flavus (4%). Most of the 
isolates originated from lowland 
samples. Although the lowlands were 
warmer than the highlands, humidity, 
moisture content of the grain and grain 
temperature did not show striking
differences between the two areas 
(Table 4). 

Mineral composition and pH 
of highland and lowland soils 
The comparison of the mineral 
composition and pH of highland and 
lowland soils is shown in Table 5. 

Although there were some variations in 
mineral composition of soils at any 
location, there was a general difference 
in the composition of soil minerals 
between the highlands and lowlands. 
The content of Ca, Mg and Fe was 
greater in the highlands, and Zn was 
noticeably greater in the lowlands. The 
average pH (about 6) was similar in 
both areas. 

Colony growth (diameter) an 
pigmentation of molds changtd 
markedly when isolates were grown on 
agar with soil extracts. Most of the 
molds showed faster colony growth, 
larger mycelial formation and brighter 
pigmentation after growth on soil
extract agar. The amount of colony 

Table 4. Comparison of proportions of mold colonies isolated from maize
kernels from hihland and lowland locations at different periods of the 
year, Colombia-

Period 

Jan. - March 

March - Sept. 

Sept. - Dec. 

a/ 	 Data based on 

Aspergillus 

PL >Pfi b / 


PL > PH 


PL>PH 


72 maize samples 

Penicillium 


PL>PH 


PL>PH 


PL > PH 


Fusarlum Other 

PL>PH PL< PH 

=PL>PH PL PH 

PL < PH PL<PH 

b~/ 	 The proportions PL (lowland) and PH (highland) were assumed to follow 
binomial distribution; the normal approximation of the binomial was applied 

Note: Results significant at P = 0.01 

Table 5. Comparison of pH and mineral composition of highland and 
lowland soils, Colombia!!/ 

Mineral compositionCa Mg 
Region pH (meq/lOOg) (meq/100 g) Zn(ppm) Fe(ppm) 

Highlands 6.6 22 11.2 2.9 7.7 

Lowlands 6.5 12.4 5.6 3.6 6.8 

a/ 	 Data from oean of samples obtained from 3 different sites per area: 
3 samples per site for each area were collected (3 x 3 = 9 per area) 
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growth. mycelia formation and degree 
of pigmentation was the same on agar 
with highland or lowland soil. 

Mycotoxin determination 
Half of the 90 A. lavus. A. ochratcus. 
P. citrinurn and F. graminearuin 
isolates examined showed ability to 
produce toxin (Table 6). P. citrinum 
showed the highest percentage (65%) 
of citrinin-positive isolates. followed by 
F. granhinvarlln(60%) and 
A. oclhraccus (4,5%). Toxin production 
also varied betwein isolates fromn time 
highlands and lowlands, lowland toxin 
production being higher except for 
zearalenonc (Table 7). 

Toxin production also varied when the 
isolates were grown on agar with 
extracts of ,;oil from a different area 
than its place of origin. For instance, 
some isolates lromn the highlands 
produced IHore toxin Ol! agar with soit 

from the lowlands and some decreased 
toxin production; others showed no 
change (Table 8). 

Production of aflatoxin BI + B2 in 
maize was also greater in samples from 
the lowlands than from the highlands 
(Table 9). However, there was no 
correlation between BGY fluorescence 
in the maize kernels and aflatoxin in 
the seed. The few samples that showed 
positive _IGY fluorescence were 
collected from lowland maize, which 
also showed a high A. flavus count. 

Discussion 
The results of the current investigation 
showed the incidence of toxigenic 
nmolds in freshly harvested maize that 
had been stored for three to five days 
in jute sacks before sampling. Samples 
were obtained from tvo 
environment ally unique areas of 
Colombia, thlie lowlands and the 

Table 6. Isolates positive for toxin production isolated from maize 
samples from the highlands and lowlands, Colombia #/ 

Toxigenic 
fungi 

A. flavus 
A. ochraucus 
11.ciritum 
F. gr;amimtineu 

Colonies Isolated 
.... igh-la-d L-o f 

6/553f1 %) 98/553(18%) 
61/553(11 %J 35,1/553(64%) 

237/85Q6[28%) 278/856(32.5%) 
678/15020,5%) 350/1502(23%) 

Molds analyzed
 
TaIs-oTai-es-----Toxiilates
 

30(6 IIl,. 24 LL) b/  15(50%) 
20(10 1IL, 10 L!,) 9(45%) 
20(10 IlL. 10 LL 13(65%) 
20(10 IlL, 10 LI) 12(60%) 

L/ Isolates sch'ctd from 72 sdmip)s ;m;llyzcd tor loXill )routlCtioll 
/ IlL = highlands, 1.1. - hov)thds 

Table 7. Mean toxin production of positive Asolates from maize samples 
of the highlands and lowlands, Colombiaa/ 

Regoa 

II.hland, 


L~owland, 


A..... .. Alln i nl 

Fnavus (ppm) 

2/151:31.) I1 

J1/15[H7%1 11 

... . 

Ochriceus 

) 0) 

w;11 IlO'I 

Fungi and toxin productionhb0... hd ratoin-iA -- P-... 

ppm) 

0t 

t 

i/] S-( -('('I[ d Iminll 72 amptI l-~', i-

12) Meanl | of~ t' h'-Nd lo h 

. IlIghb,' S, giIJIhIarI at P' 0) 

nLSD(ailcl( atlt('( 1h% 1 m)lil l ln 

1011 1 112 , 2. V' (Olitrod fh 

l}. 1 0) HI xlntt~ t t'Jlrl I''' 

r 1i-le"i , Illm~ld' -¢ Oklo'li 

M ' l llmit .11 (0)[ 1. *1g" fllfl 

1111,ltl(d flr'i c IIII w(, 11lhiohdlnld 

1I-0olcd 4rH~r 

Citrinumi (ppm] 

1113(771) 56 

:01:1l1231.1I 75 

It~lh id .It' ,l~ l 

,Ligni mlll ilat 11 0 05 

_ -j-hl'. " i"a- * • *n 
Grarninearun, (put)m 

57
 

2112{17%L) 


10/12(831) 

19 

anii lowlallli iica iI~u trill prolnlll (if 
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highlands. The high prevalence of the fungi. The results suggest that 
genera Fusarturm, Peniclliumand aflatoxins and other mycotoxins may 
Aspergillus isolated from maize in be important in maize directly used for 
these areas suggests favorable food and feed in Colombia. The 
conditions for potentially toxigenic occurrence of the toxigenic molds in 

Table 8. Toxin production by some isolates of A. flavus, P. cltrinum and 
F. grarnnearum isolated from highland and lowland maize, before and 
after growing on soil extract agar, Colombia 

Toxin production (ppb)b/ 
Isolate and location a /  Before c/  Afterg 

A. !avus(HL)+ 840 850(HL) 

(aflatoxin) 

A. lRavus(LL)" 0 320(HL) 

A. ochraceus(LL)+ 3910 1638(HL) 
(ochratoxin-A) 

A. ochraceus(LL) 0 230(LL) 

P. cftrinum(LL)+ 5880 6320(HL) 
(citrinin) 

P. cftrInum(HL)" 0 450(HL) 

F. gram inearum(LL) + 5770 5085(LL) 
(zearalenone) 

F.graininearum(HL)" 0 520(LL) 

a! HL = highlands, LL = lowlands 
12 Mean of 3 replicates per fungus 
cl Isolates grown on PDA and rice 
d_ Isolates grown on soil extract agar and rice. sequentially: soil extracts made 

from soils of different areas of the highlands and lowlands 

Table 9. Production of aflatoxin BI and B2 in maize samples from the 
highlands and lowlands, Colombia 

No. of samples BGYF-positive Mean 
Region analyzed samples (%) aflatoxin(ppb) 

Highlands 35 1(3%) 20 

Lowlands 37 10(27%) 400-a 

Total 72 11(15%) 

a/ Only BGYF-positive maize samples for each area were analyzed for aflatoxin 
B1 and B2 
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harvested maize suggests a potential 
for mycotoxin formation in the field 
and at the time of harvest, as found in 
the USA (21,22,23). 

Although the lowlands showed larger
variations tharn the highlands in the 
type of fungal species, the total fungus 
population was not strikingly different 
between the two areas. Fusarlumand 
Asperglllus spp. always varied between 
the areas. However, Penclum 
citrinum appeared almost equally in 
the two areas. The proportion of 
toxigenic genera Aspcrgillus, 
Penicillium and Fusarlurn isolated 
from maize kernels was generally 
higher in samples from the lowlands 
than from the highlands in all periods 
of the year, except for September to 
December, when proportions of 
Fusarlum spp. were greater in the 
highlands. This may be due to the 
higher rainfall and cooler temperature
in the area during the latter part of the 
year. The varied incidence of other 
organisms seemed also to be affected 
by fluctuations in climatic conditions, 

It appears that Fusarlumand 
Penicflum strains are better adapted 
to the ecological conditions of the 
highlands, while Asperglhlus strains are 
adapted to lowland conditions, 
Although Fusariumgraminearum 
strains were prevalent in both areas, 
their incidence decreased in the 
lowlands, probably due to the higher 
temperature most of the year. The 
results show that Penlcllfum strains 
were best adapted to the continuous 
environmental changes of the two 
areas. Among the factors that might 
account for the occurrence of the 
toxigenic fungal species in maize 
harvested from these two areas are 
temperature and moisture content of 
the grain at harvest and during 
subsequent storage (30). Although 
there was slightly more rainfall in the 
highlands than in the lowlands, the 
high relative humidity was almost the 
same in both areas. Rainfall patterns 
may also account for variation of maize 
invasion and colonization by fungi. 

Test results also show the role of insect 
and mechanical damage in the 
prevalance of toxigenic fungi in 
damaged as compared with intact 
grain, and are in accord with previous 
findings in the USA (3,18,21). The 
observations demonstrated a larger 
incidence of both insect and 
mechanical damage in lowland maize 
than in highland maize; this suggests 
more favorable conditions for insects 
and more frequent use of machines In 
the lowlands. AspergIllus flavus was 
more frequently isolated from whole 
damaged kernels. It appears that 
damage contributed to kernel invasion 
and colonization by A. flavus, and to 
subsequent aflatoxin production (21). 
The high prevalence of Fusarum and 
Penicilhium spp. in whole undamaged 
kernels, especially in the highlands, 
suggests preharvest infection in maize 
by the two species. 

White maize varieties showed higher
 
mold counts than yellow. PenlcIlllum
 
cftrinum isolates were most frequently
 
isolated from white maize, followed by
 
A. flavus, A. ochraceus and 
F. graminearurn. It is possible that this 
variation between the two maize 
varieties is due to their different 
genetic makeup (7,40). Toxin 
production in the laboratory was 
significantly higher (P = 0.01) with 
molds isolated from the lowlands, 
except for zearalenone by 
F. graminearum,which was greater in 
the highland isolates (P = 0.05). The 
observation suggests that the trait for 
toxin production may be a 
characteristic of adaptation to 
ecological conditions in specific 
geographic areas (24). 

The production of aflatoxin B1 and B2 
(400 ppb) from lowland maize samples 
is perhaps due to the higher A. flavus 
population in damaged grain and more 
suitable conditions for toxin formation. 
The absence of a positive correlation 
between BGY fluorescence In 
undamaged kernels, A. flavus infection 
and aflatoxin content is in agreement 
with results from other workers (21). 



Lee et al. (18) explained these 
variations as the ability of the fungns 
to produce the metabolite(s) in the 
kernel associated with BGY 
fluorescence, independently of 
aflatoxin synthesis. Lee el al. (18) and 
Lillehoj (21) found many examples of 
BGY fluorescence in maize samples 
that did not contain aflatoxin. The 
presence of BGY fluorescence in 
damaged kernels clearly shows the 
existence of some interaction between 
A. flavus metabolites and enzymes 
inside the maize kernel, as suggested 

by Marsh (25). 


Although results on the effect of 
different soil extracts on the 
morphological characteristics and toxin 
production by toxigenic fungi were not 
consistent, they suggest some 
interrelationships between mineral 
composition of the soil, toxigenic fungi 
and soil microflora. Although soil may 
not be a major inoculum source of the 
toxigenic fungi, it perhaps provides 
some necessary elements that 
influence either the host crop and/or 
the fungus (36,37). Since toxigenic 
fungi spend a portion of their life cycle 
in the soil, it is probable that mineral 
composition influences metabolism and 
geographic distribution of fungi. 
Inconsistency of results may be due to 
the variation in mineral composition of 
soils, even between samples from the 
same site. Similar variations have been 
found by other workers (36,37). 

Conclusions 
In Colombia, no generalizations can be 
made about toxigenic fungi and 
aflatoxin contamination in harvested 
maize without considering both 
regional factors and tLe of year.
Aflatoxigenic fungi and aflatoxin 
contamination are more common in 
the lowlands. Although aflatoxicosis in 
humans has not been reported in 
Colombia, it frequently occurs in 
livestock, mostly associated with the 
feeding of damp, moldy grain of poor 
quality. 
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Aflatoxin in Ecuador 

S. Espin de Rivera, Nutrition Department, National Agricultural
Research Institute, Quito, Ecuador 

The consumption of foods containing 
mycotoxins (toxic substances produced 
by microscopic fungi) can have serious 
effects on human health, 
Environmental factors, such as 
moisture and temperature, as well as 
the presence of specific fungal -pecies, 
can result in the presence of 
mycotoxins in food. The amount of 
mycotoxin contamination in food 
products depends on geographical 
conditions, production and storage
methods and types of food. The 
aflatoxins are produced by the fungi 
Aspergillus flavus and A. parasiticus.
which are widely found and can cause 
high levels of contamination in 
agricultural commodities. Aflatoxin 
contamination is more prevalent in the 
tropics and subtropics than in 
temperate regions. 

Nearly all plant materials can serve as 
hosts for fungal growth and the 
subsequent formation of mycotoxins; 
this can lead to the direct 
contamination of food products and 
also to indirect contamination of 
animal products when livestock eat 
contaminated feed. The animals not 
only suffer ill effects due to the toxin, 
but can also pass the contamination on 
to humans through milk and meat (1). 

The Cultivation of Hard-
Endosperm Maize In Ecuador 
Over the past decade, the cultivation of 
hard-endosperm maize has assumed 
great importance in the Ecuadorian 
economy because of its demand in 
livestock feed. Annual production of 
hard-endosperm maize has increased 
from 120 tons in 1971 to 269 tons in 
1984 (3) (Table 1). 

Table 1. Area, production and yield of hard-endosperm maize, Ecuador,
1971-1984 

Year 
Area 
(ha) 

Production 
(tons) 

Yield 
(t/ha) 

1971 
1972 

110,740 
101,840 

120.528 
100,748 

1.09 
0.99 

1973 
1974 

140,580 
161,640 

153,346 
185,628 

1.09 
1.15 

1975 
1976 
1977 
1978 
1979 
1980 
1981 

166,038 
171,210 
163,000 
132,537 
170.371 
166,708 
184,729 

203,392 
209,108 
164,100 
136,513 
182,329 
196,414 
232,620 

1.22 
1.22 
0.99 
1.03 
1.07 
1.18 
1.26 

1982 
1983 
1984 

155,418 
153,020 
182,830 

269,287 
257,350 
269,020 

1.73 
1.68 
1.47 

Source: Ministerio de Agricultura y Ganaderia. Estimaci6n de la superficie
cosechada y de la producci6n agricola del Ecuador (1971-1984). Direcci6n 
General de PlanificaciT6n, Departamento de Estadisticas Agropecuarias. Quito, 
Ecuador
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There has been a 20% increase in the which 157,987 tons consisted of maize 
amount of land planted to hard- grain. That year only 37,380 tons of 
eniosperm maize in the lowlands of local maize was available to the 
Ecuador. This increase results from industry in Manabi, or only 24% of 
banana, cacao and coffee growers demand (3). Despite the increase in 
changing to maize production because maize production area in Ecuador, the 
it offers a higher return, due to the high domestic demand still requires 
great amount of grain needed by the importing maize grain to satisfy 
poultry fanns and the flourishing domestic requirements. 
livestock industry. 

Production areas 
Principal production areas for hard
endosperm maize in Ecuador are er.d 

shown in Figure 1. In 1984, there was 
a production of 98,846, 63,605 and anabi 

36,600 tons, respectively, in the Los 
Rios, Manabi and Guayas coastal areas. 
In the highlands, Loja was the main 
producer, with 27.500 tons (Table 2). Guaya> 

Growth of o 

domestic requirements 
The growing poultry industry, 

especially in the Manabi region, has led 
to an increased demand for hard
endosperm maize, the principal 
ingredient (55%) in poultry feed. In 
1981, 9,575,000 chickens were Figure 1. Principal regions for the 
produced in Manabi. Their feed production of hard-endosperm 
requirements were 287,250 tons, of maize, Ecuador 

Table 2. Estimates of area, production and yieJO of agricultural products, 
Ecuador, 1984 

Areu Production Yield 
Province (ha) (tons) (t/ha) 

Highlands 
Loja 33,950 27,500 8.10 
Pichincha 4,922 8,929 1.81 

Total 47,662 47,619 9.91 

Coast 
Esmeraldas 7,000 9,025 1.31 
Manabi 46,734 63,605 1.36 
Guayas 19,691 36,600 1.85 
Los Rios 50,380 98,846 1.96 
El Oro 2,500 3,462 1.38 

Total 126,305 211,718 1.67 

Country total 182,830 269,020 1.47 
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The domestic marketing system 
Domestic marketing is regulated by the 
National Markethig and Storage 
Agency (ENAC), which has storage 
facilities located in various parts of the 
country. The organization is able to 
store 65,659 tons in silos and 34,000 
tons in warehouses; the total equals 
only 32% of national production. 

Aflatoxin Contamination 

in Stored Maize 

This study was made using samples of 
1985 winter-crop maize in ENAC silos 
and warehouses. Total production had 
been approximately 363,000 tons that 
season (2). The samples tested were 
found to have between 1 and 2% 
fungal contamination and 13% 
moisture. The average storage 
temperature was 270 ± 20 C. Samples 
were taken from the upper and lower 
sections in those silos that had shown 
a high percentage of fungi and 
impurities. The combined sample 
weighed approximately three kilos, 
from which a 40-g sample was utilized
for analysis. 

Method ,of analysis 
For analysis, the sample was 
homogenized and treated with acidified 
acetone. The extract was then purified 
with 10% (NH2) 2 S0 4 and Celite 545, 
followed by a liquid separation of the 
purified extract, using toluene. The 
toluene fraction was concentrated to 
dryness and taken to volume with a 
benzene-acetonitrile mixture. Two-
dimensional, thin-layer 
chromatography was used to identify 
and quantify aflatoxin. 

Results 
Of the 52 maize grain samples studied, 
39 were found to be contaminated with 
aflatoxin Bl at levels ranging from 5 to 
50 Ag/kg. The amount of aflatoxin 

detected in grain from each of the 
maize-producing provinces is shown in 
Table 3. Contamination values ranged 
from 40 to 50 /g/kg for 3.8% of the 
samples tested, 30 to 40 l.g/kg for 
7.6%, 20 to 30 pg/kg for 1.9%, 10 to 
20 tglkg tor 28.8%. 5 to 10 uglkg for 
32.7% and less than 5eg/kf for 
13.5%; the remaining 1.6% of the 
samples showed no contamination. 
Aflatoxins 12, GI and G2 were not 
detected. The highest level of 
contamination detected (50 1g/kg) was 
found in samples from the province of 
Esmeraldas. Samples showing 
contamination levels between 5 and 20 
gg/kg of aflatoxin B1 represented a 
majority; 61.5% of the samples tested 
were within this range. 

Table 3. Presence of aflatoxins in 
hard-endosperm winter maize, 
Ecuador, 1985 

Aflatoxin 

Province 
No. of 

samples 
B1(,Lg/kg) 

Coast 
Guayas 2 0 

9 5-25 
1 3040 

Los Rios 2 5 
8 5-20 
2 30-40 

Manabi 2 0 
1 5 
4 5.20 

Esmeraldas 2 5 
4 5-20 
1 50 

Highlands 
Pichilingue 1 5 

7 10-30 
B 40 

1 40 
LoJa 2 0 

1 5 

Note: No aflatoxins B2 , GI or G2 were 
found 
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There are regions in Ecuador where 
stored maize grain is less prone to 
contamination (Table 3). The provinces 
of Manabi and Loja appear to offer 
better storage conditions, thus 
reducing the risk of aflatoxin 
contamination, 

Aflatoxins in Foodstuffs 
No quality standards for mycotoxin 
contamination in foods have been 
established in Ecuador. Although the 
National Agricultural Research 
Institute is not a regulatory agency, 
producers of livestock and 
manufacturers and distributors of feed 

[40-g sample 

often bring samples to the Nutrition 
Departmenit laboratories for aflatoxin 
testing (Figure 2). 

Among these samvples, poultry and 
swine feed, which is composed 
principally of maize grain, have levels 
of aflatoxin B1 contamination ranging
from 20 to 25 gg/kg. In samples of 
corn meal used in feed. aflatoxin B1 
ranges from 5 to 20 ig/kg. No 
aflatoxin contamination has been 
found in ; number of other food 
products, including soybeans, soybean 
cakes, castor bean cakes, rice flour, 
imported rice, fish meal and dried 
cassava (Table 4). 

Add 200 ml acetone + HCI 0.1 N (80%:20%)Shake overnight 
Filter 

i Reside] 120 ml filtrate 

Resiue 

F-
Aqueous phase 

Add 180 ml 10% S0 4 (NH4 )2 solution
Add 10 g Celite 545 
Filter 

I250 ml filtrate 

Extract with 50 ml Toluene
7 

Organic phase 

Dry th SO4 a2 
Concentrate to dryness 
Add 1 ml benzene: 
acetonitrile solution 
(98%:2%) 

Benzene acetonitrile solution 

Run bidimensional chromatography
oi 10 Ll on a lOxlO cm plate of 
sl'ica gel (60)
Observe fluorescence at 366 mm 

Figure 2. Flow chart, method used for aflatoxin testing of foods,
 
Nutrition Department, National Agricultural Research Institute,
 
Ecuador
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Conclusions 
Environmental conditions in Ecuador 
support the formation of aflatoxin BI 
in maize grain; 88.5% of test samples 
were contaminated. Research must be 
continued on the presence of aflatoxin 
and other mycotoxins to establish 
permissible levels. Further systematic 
research is needed on levels of 
contamination of mycotoxins in food 
and feed in the various regions of 
Ecuador, and on their effects on 
human and animal health. Studies 
must also be initiated on the factors 
that foster fungal growth and the 
formation of mycotoxins in grains 
under both pre- and post-harvest 
conditions, as well as in storage. 
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Table 4. Presence of aflatoxins In maize tested at the Nutrition
Department laboratories, National Agricultural Research Institute, Ecuador 

Product 

Feed 

Concentrated pig feed 

Corn meal for feed 

Castor bean cakes 

Soybeans 

Soybean cakes 

Sorghum 

Rice 	flour 

Bran 

Rice 

Fish meal 

Dried cassava 

Hard-endosperm maize 

No. of Aflatoxin 
samples B1 (p4g/kg) Comments 

1 25 Mortality in chickens 

1 20 Mortality in swine, 
miscarriages, still births 

15 5-25 

I 

2 

2 

2 -

1 

1 

32 Imported from Thailand 

I 

6 

3 5-40 
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Aflatoxin in the Southeastern USA 

T.E. Nichols, Jr., Department of Economics and Business, North

Carolina State University, Raleigh, North Carolina, USA
 

Abstract 
Relatively high moisture and tempcratureconditions in the southeastern USA 
favor the growth of molds and subsequent production of aflatoxin in foodstuffs. 
Occurrenceof aflatoxin in grain varics from year to yearand state to state. The 
level of field contaminationappears to have stabilizedor improved from earlier 
years, except for 1977. 1980 and 1983 when the maize crop was severely
damaged by drought. The naturaloccurrence of allatoxin in preharvestmaize, 
and the cumulative efflcts of aflatoxin, which may increaseprogressively from 
field to animal rations,enhance the risks southeasterngrain producersand 
livestock feeders normally face. Contaminatedmaize and feed cause economic 
losses to these producersand pose increasingconcerns Tor animaland human 
health. Control of aflatoxin in foods and feeds is difficult. The most effective 
approachis to prevent mold growth at all levels of production, storage.
processingand utilization. Greaterefforts should be made to find resistance to 
aflatoxin in plant or animal species, and to find methods to detoxify 
contaminatedgrain and other fecdstuffs. These researchobjectives should be 
given very high priority. 

Resumen 
Los niveles de humedad y temperaturarelativamentealtos que imperan en el sureste
de Estados Unidos favorceen el crecimlentode moho y la subsecuenteproduccl6n de
aflatoxinas en los productos alimentictos.La presenciade aflatoxinasen los granos
varia de un aiio a otro y de un estado a otro. En comparac16n con aflos anterlores,el
nivel de contaminacl6nen el campo parece haberseestabillzadoo mejorado. con 
excepcl6n de 1977, 1980 y 1983. ahos en que ]a sequia daf16 gravemente la cosecha 
de malz. La presencianaturalde aflatoxinasen el maiz durantela fase de precosecha
y los efectos acumulativos de las aflatoxlnas, que suelen inerementaren forma 
progresivade las plantas a los animales,aunientanlos riesgos que tienen que encarar 
nornialmentelos productoresde granosy los ganaderosdel sureste de Estados 
Unidos. El maiz y el alimento contaminado ocasionanp6rdidasecon6micas a estos 
productores y constltuyen una amenaza cada vez intyor parala salud de los animales 
y los seres humanos. Resulta dificil controlar]a presencia de aflatoxinas en los 
alitnentos humano y animal. El mitodo iniis cftcaz consiste en evitar el desarrollo de
moho en todos los niveles de produccl6n, almaeenamiento,procesamlentoy
utilizaci6n.Es precisorealzargrandes esfuerzos para encontrarresistencia a la 
aflatoxinas, tanto en espectes vgetalcs como animales,asi como descubrirmatodos 
para eliminar las toxinas de granosy otros allinentoscontaminados.Hay que daruna 
gran prioridada estos objetivos de investigaci6n. 

Numerous studies report the types and members of the genera Aspergillus, 
incidence of toxic molds that Penicillium. Fusarium,Alternaria. 
contaminate food and agricultural Trichothecium. Cladospoilum,
commodities worldwide (1.6,16,19,26). Iyssochlamvs and Sclerotinla. These 
indicating their ubiquitous distribution microorganisms are capable of growth
and the health risks associated with on a wide variety of substrates and 
the mycotoxins that may subsequently under diverse moisture levels, pH and 
be produced. Toxin-producing molds in temperature conditions. Foods and 
foods and animal feeds include feeds are susceptible to fungal invasion 
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and growth during any stage of 
production, processing, transport and 
storage. Studies have shown that in 
the poultry industry, aflatoxin 
contamination can occur during the 
manufacture of feed and in the feed 
distribution system, with mold growth 
in such places as storage bins, troughs, 
pans and feeder bins (10). The types 
and level of molds present in a 
commodity are directly affected by the 
substrate composition, genetic 
properties of the mold strains, 
moisture, temperature and handling 
conditions. A more detailed account of 
these factors in the production of 
mycotoxins in cereals has been given 
by Hesseltine (8). 

During the past several years, over 
200 mycotoxins have been isolated 
from mold cultures. However, not all of 
the toxins have been shown to have a 
role in human or animal disease. 
Among those that are considered to 
pose the greatest potential hazard to 
animal and human health are ergot, 
aflatoxins, ochratoxins, 
sterigmatocystin. patulin. citrinin, 
fungal tremorgens and fusarium 
toxins, such as zearalenone, T-2 toxin, 
vomitoxin and other trichothecenes. 
Although all of these mycotoxins are 
important In animal agriculture and 
human health, this paper will address 
only aflatoxins. 

Aflatoxins 
Aflatoxins are produced by some 
strains of the fungus Aspergillus 
lavus, and by most strains of 

Aspcrglllus paraslticus(4). Asperglllus 
flavus occurs in most of the soils of the 
southern USA, where growth of the 
fungus is favored by high temperatures 
and moisture levels. It occurs on many 
types of organic materials in various 
stages of decomposition, including 
forages, cereal grains, and food and 
feed products. However, not all isolates 
of the organism produce aflatoxins. 
The presence of A. flavus on crop 
plants, grain or foodstuffs does not 
mean that aflatoxin will be present. 

Aflatoxins have been shown to be a 
primary cause of liver cancer in certain 
animals. Aflatoxin B I is the most 
potent, naturally occurring, cancer
producing substance known (25). It has 
adverse biological effects, including 
liver damage, impaired feed efficiency, 
reduced growth rate and 
immunosuppresslon at levels 
approximating 1 ppm in the diets of 
most domesticated and experimental 
animals. There are also reports In the 
literature that associate aflatoxins with 
acute poisoning in humans (2). Reye's 
syndrome, an encephalitis-like disease 
that occurs mostly In children, is 
characterized by vomiting, 
hypoglycemia, convulsions, coma and 
usually death (18). Since the Initial 
reports of the disease, A. flavus has 
been linked to several outbreaks of 
Reyc's syndrome in New Zealand, 
Czechoslovakia, the USA and Thailand. 
The incidence of primary liver cancer 
varies throughout the world, with the 
highest incidences occurring in tropical 
regions and in those countries where 
large quantities of cereal grains, rice 
and nuts that may contain molds are 
consumed directly (12,20). In countries 
where meat Is eaten, animals 
frequently serve as a means of 
screening for feed contaminated by 
aflatoxin. Because humans are on the 
higher end of the food chain, they can 
avoid some exposure to these 

mycotoxins. 

In the USA, there Is no evidence that 
aflatoxins are a significant cause of 
liver cancer or other diseases in 
humans. On a per capita basis, 
aflatoxin intake in the southeast is 
about nine times greater than for the 
country as a whole, but the proportion 
of deaths attributable to liver cancer is 
lower than that for the country as a 
whole. 

Aflatoxin contamination of foods 
originating from animals is a major 
concern for animal and human health. 
Aflatoxin M I, which is a hydroxylated 
metabolite of aflatoxin B 1 , has been 
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found in milk from animals fed grain apply to all produicts known to be 
or other feedstuffs containing susceptible to aflatoxin contamination. 
aflatoxins. Aflatoxins have been found The guideline for total allowable 
in commercial fluid milk in the USA, aflatoxin in cornmeal, grits and peanut 
Germany and South Africa, and in butter is 20 ppb (gig/kg), and in whole 
samples of domestic and imported milk, skim milk and low fat milk, 
cheeses in the USA (21.23). Aflatoxins 0.5 ppb. 
B 1 and M1 have also been found In 
livers, kidneys and other tissues of Exceptions to the guidelines have been 
pigs, and in tile tissues of broiler made from time to time by the FDA 
chickens and eggs of laying hens fed when petitioned by individual states 
aflatoxin-contaminated diets (10,22). where agriculture has been affected by
Although aflatoxin levels in foods are a severe aflatoxin problem (7). For 
generally low, studies indicate that example, in 1977 in tie southeastern 
indirect exposure to aflatoxins could USA, aflatoxin occurred widely in 
occur from consumption of milk, meat maize at levels above 20 ppb and 
and eggs if the animals arc fed orderly marketing of tle commodity
afilatoxin-contaminated feed, was effectively halted in some states. 

Upop application by several states, the 
Controlling aflatoxin in foods is a FDA raised thc guidelines to 100 ppb
complex and difficult task. The most in animal feed for intrastate use, as 
effective approach to eliminating food long as the contaminated maize or its 
contamination is preventing mold products (lid not enter into human food 
growth at all levels of production. and ( ld not advcr;ely affect animal 
harvest, transport and storage. health. This action, which applied only
However, this is not as simple and in 1977, was not extended to interstate 
straightforward as It may seem. commerce eceause the end use of 
Aflatoxin is cumulative, and once in contaminatWd maize could not te 
food, it ap)ears to persist and remain controlled effectivelv. 
biologically active longer than other 
mycotoxins. Pecatise of the potential A second exceplion was issued in 
dangers of human and animal 1980, another crisis year for aflatoxin 
exposure to mycotoxins. foodstuffs are in maize in the southeastern US. 
closely monitored by the Food and Because of the severity of tie problem,
Drug Administration (FDA) in the USA. the guideline was raised froni 20 to 
The FI)A treats aflatoxins as poisonous 200 ppb for intrastatc use: for the first 
and deleterious substances and time, maize containing tIp to 100 ppb
regulates them accordingly. At present, could cross state lines. lowever, 
there is no established tolerance level movement of tlhe commodity was 
for aflatoxin in any food, btCeause closely monitored by USDA grain 
toxicological data upon whlic such a Inspectors and policed by F)A field
level might be based are lacking. workers. Maize containing up io 
Instead, the FDA has set what it 400 ppb could be blended with 
considers to be practical limits for aflatoxin-free grain, provided that such 
levels of aflatoxin in foods and feeds; material vould not enter human foods 
these are based primarily on the and that It was fed to nonlactating and 
limitations of the detection and mature animals that normally would 
measurement technit,.es of present be unharmed by such concentrations 
analytical methods, and to soine extent of aflatoxin. ReelcIitly, tile FDA 
on the ability of current agronomic and responded to a crisis situation In 
technological practices to Prevent Arizona by permitting cottonseed meal 
contamination (24). These limits have containing uI ) to 300 pph aflatoxin to 
been set forth by the FDA as working be marketed, with the restriction that 
guidelines for regulatory action, and it be fed only to mature, nonlactating 

http:technit,.es
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animals. Although the efforts of 
regulatory agencies such as the FDA 
are very important in preventing 
human and animal exposure to . 
mycotoxins, the responsibility for 
actual control and prevention of this 
hazard lies with everyone in the 
agricultural and food indu st ries. 

Incidence of 
Aflatoxin in the Southeast 
Preharvest 

Aspergillus flavis growth and 
subsequent tOxill production Was once 
classified as primarily a storage-related 
problem, but stubsequllt studies ha-1ve 
shown that the fungus can infect 
developing inaize kernels in the 
field (3). Aspcrgillus l7a us can colonize 
on maize silks and invade developing 
kernels in all maize-piroducing regions 
of the USA, tlt 'oni(llt ions it) Ilie 
southern part of tlie coilltit'y are iore 
favorable for its girowlh (I15). 

In a survey of 20 hybrids grown at 
diverse locations in 1980 and 1981. 
aflatoxiri was roltinely ohbserved at 
levels of 20 pph or higher in mature 
kernels from the souther USA and 
sporadically at lower concentrations in 
samples from the Corn Belt ret!on. 
Aflatoxin-positive rates suggcsted that 
locations couldI be grouip, 11inlo 

categories of high, medium and low 
occurrence. Incidence of the toxin in 
samples from the high-occurrence 
southeastern stales (Florida, Georgia, 
North Carolina. South Carolina and 
Mississippi) varied from 90 to 100%. 
whereas in medium-occurrence 
localions (Tennessee and Kansas). 
incidence levels ranged from 30 to 
45%. The low-oecurrence locations 
(Indiana and Ohio) had detectable 
allatoxin in 2 to 25% of the samples. 
No definite year -to-year variations in 
allatoxin were noted illsamnples from 

locations with high and medium 
occurrenc-, but the incidence level was 
higher in 1981 than in 1980 in 
samples fromn the two low-occurrence 
localions illtle Corn ielt. 

An unusual pattern of aflatoxin 
concentration wit,; observed in this 
study (Table 1). Samples from three 
locations (Georgia, SoulIh Carolina and 
Mississippi) ii1formly produced mean 
toxin levels exceeding 100 pph. 
Although a high incidence ofaflatoxin 
was observed illsamplcs from Florida 
aid North Caroiiiia, toxin levels were 
variable; Florida maize contained 
relatively low toxin concentrations in 
Will years. whereas North Carolina 
smil)ls varied frorn a low of 19 ppb of 
alittoxin in 1980 to 301 pph in 1981. 

Table 1. Occurrence and mean aflatoxin levels in kernels of 20 maize 
hybrids grown at diverse locations in the USA, 1980 and 1981 

Occurrence of aflatoxin Aflatoxin B1 and 02 
Location (%) . 

1980 198i Meai- 1980 

Florida 98 90 94 :W, 
Georgia 100 100 100 182 
North Carolina 96 95 96 19 
South Carolia 100 1X) 100 118 
Mississippi - (X) 100 --
Indiana 2 25 ll 33 
Ohio 5 23 14 1 
Tennessee 45 30 38 6 
Kansas - 33 33 

Sonl-ce: Lilihoj el "la.(16) 

ng/g__ 
1981 Mean 

33 34 
355 254 
301 76 
141 129 
362 362 

3 10 
4 2 
3 4 

11 11
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In addition, the varied aflatoxin 
incidence noted in Corn Belt samples 
was not consistently linked to 
equivalent differences in toxin levels. 
The results of this survey 
substantiated earlier studies indicating
that A. flavus infection was widespread
in the south and sporadic in the Corn 
Belt. 

Many environmental factors and 
cultural practices affect aflatoxin 
contamination In preharvest maize 
(12). Water stress or drought has been 
identified as a major factor. Drought
conditions that prevailed over the 
southeastern USA during the summers 
of 1977, 1980 and 1983 were 
conducive to the growth of A. flavus on 

Bu/acre 

Legendediacre
 

90 %contamination 
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77 

50- "--,:.X: 
60 X 

40 

40- X 
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76 77 78 79 80 
Year 

developing maize and subsequent
production of aflatoxin. Average yields 
per acre were sharply reduced and 
aflatoxin concentration significantly 
increased (Figure 1). 

A survey of commercial maize samples
taken at North Carolina grain elevators 
from 1976 through 1980 indicates the 
level of field contamination (Table 2).
In 1976, nearly two-thirds (64.2%) of 
the samples had less than 20 ppb of 
afiatoxin. Only 8% contained 100 ppb 
or more. In 1978, nearly 90% of the 
crop was aflatoxin-free, with only 1% 
containing 100 ppb or more. In sharp 
contrast, the 1980 survey showed that 
over 17%, twice the number of 
samples reported in 1976, had levels 

1 bu/acre = 62.78 kg/ha 

-


'.''
 

X 

.. 244 

81 82 83 84 85 

Figure 1. Relationship between average maize yield per acre andaflatoxin contamination, North Carolina, 1976 to 1985 

Note: Figures represent percent of samples with aflatoxin concentrations 
above 10 ppb 
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exceeding 100 ppb: only one-third 
(34.3%) of the samples had less than 
20 ppb aflatoxin. 

Annual surveys have not been taken in 
the last five years, so the incidence of 
aflatoxin .'n North Carolina maize is 
not precisily known. However, 
estimates have been made using data 
submitted by farmers to field 
laboratories operated by the Food and 
Drug Protection Division of the North 
Carolina Department of Agriculture 
(Table 3). These data indicate that the 
level of field contamination has 
stabilized or Improved from earlier 
years, except in 1983 when the maize 
crop was severely damaged by 
drought. 

Postharvest 
Economic losses caused by the 
outbreak of aflatoxin in 1977 and 
again in 1980 have made southeastern 
US grain and livestock producers more 
cautious. A greater effoit is being 
made, at least by the major poultry 
and livestock feeders, to obtain feed or 
ingredients free of aflatoxin. This is 
much easier when a quality assurance 
laboratory exists, and now many of the 
large poultry and swine producing 
firms in the USA, particularly in the 
southeast, have such laboratories. 

Table 2. Incidence of aflatoxin in 
North Carolira maize, 1976 to 
1980a/ 


Crop Aflatoxin level (ppb) 
year 0-19 20-100 100 

(%) (%) (%) 

1976 64.2 27.7 8.0 
1977 58.1 30.2 11.6 
1978 87.0 12.0 1.0 
1979 67.3 28.3 4.4 
1980 34.3 48.1 17.6 

!I/ 	 Based on nonrandom samples of 
maize taken from grain elevators 
across the state 

Nearly all grain elevators now apply 
some type of quality control test 
procedure to incoming maize and other 
cereal grains. Two tests routinely used 
are the blacklight test and the 
minicolumn test. The blacklight test 
involves a long-wave ultraviolet 
illumination of damaged maize kernels 
and visual identification of bright 
greenish-yellow fluorescence (BGYF). If 
one or more BGY-fluorescing particles 
is found in a 2- to 4.5-kg sample, a 
minicolumn test is performed to 
determine if the sample contains more 
than 20 ppb aflatoxin. 

Some processors, particularly maize 
millers, require results from a thin
layer chromatography (TLC) test before 
purchase. Since TLC provides 
quantitative (precise level) readings, 
most buyers prefer this method over 
minicolumn or blacklight tests. The 
lack of commercial facilities equipped 
to service the grain and feed industries 
and the cost of conducting the TLC 
test have been limiting factors. 
However, a new assay technology will 
be marketed by at least one firm by 
May 1986 and may help solve this 
problem (D. Jackson, personal 
communication). 

Table 3. Incidence of aflatoxin in 
North Carolina maize, 1981 to 
1984!!/ 

Crop Aflatoxin level (ppb) 
year 0-19 

(%) 
20-100 

(%) 
100 
(%) 

1981 
1982 
1983 
1984 
1985 

76.4 
91.8 
49.9 
79.6 
85.4 

14.9 
5.8 

28.6 
11.6 
10.4 

8.7 
2.4 

21.5 
8.8 
4.2 

a/ 	 Based on samples submitted by 
farmers to the N.C. Department of 
Agriculture field laboratories 
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The new system uses monoclonal fatty livers, hepatic lesions and 
antibodies having a high affinity for hemorrhaging. A complicating factor in 
aflatoxin, and can be run in less than evaluating aflatoxin effects in animals 
10 minutes after a 50-g sample has is that other mycotoxins can be found 
been prepared. Furthermore, the assay, in the feed ingredients, and synergistic 
which can be conducted by less highly interactions between these mycotoxins 
skilled personnel than the TLC are well documented (14). 
method, will cost about US$ 6 per 
sample compared to $45 to $47 for the Losses associated with aflatoxin in 
TLC test run in a commercial maize and other feed ingredients are 
laboratory. If this new test is approved not restricted to private individuals or 
by the Association of Official Analytical firms; public costs are associated with 
Chemists (AOAC) and adopted by grain the monitoring, sampling and analysis 
handlers and feed processors, it will of feed ingredients, and the 
revolutionize the surveillance epidemiology, education and training 
techniques and quality control that underlie and support risk 
procedures necessary to protect human assessment and regulatory control 
and animal health. programs. Additional funds are used 

for research and extension efforts to 
The Economic Impact minimize the aflatoxin problem and to 
of Aflatoxin help decision makers reduce losses 
The natural occurrence of aflatoxin In until a solution is found. No recent 
maize and other feed ingredients in the studies have been made to assess the 
southeastern USA increases the risks private and public costs of aflatoxins in 
that grain producers and livestock the southeast, but in 1977 and 1980, 
feeders normally face. Contaminated years in which there were serious 
maize causes economic losses to aflatoxin outbreaks, the costs were 
producers, handlers and feeders, estimated at nearly USS 200 and $138 
Losses vary from year to year, million, respectively (11). 
depending on the occurrence and 
potency of the aflatoxin. Direct costs Future Research Needs 
associated with lower yields, reduced During the past decade, research has 
market price, extra drying, handling centered on understanding the 
and testing expenses and storage epidemiology of aflatoxin formation by 
problems are faitly easy to document A. flavus and the biological effects of 
and measure. aflatoxin on animal health. These 

efforts should continue, but perhaps 
Losses that result from using should focus more precisely on 
contaminated grain as feed are more methods of preventing aflatoxin in the 
difficult to measure. The effects of field. Laboratory and field studies have 
chronic or acute ingestion of aflatoxin shown varied differences in maize 
on poultry, livestock and other animals resistance to A. flavus and production 
are varied. Death from aflatoxicosis of aflatoxin. However, most scientists 
can often be readily diagnosed and agree that it is more difficult to breed 
measured, but the more subtle effects for plant resistance to A. flavus 
associated with contaminated feed that infection and to aflatoxin production 
does not produce clinical symptoms of than for plant resistance to other 
toxicity are difficult to document. diseases. Another approach might be 
These symptoms include reduced to find animal species that have 
growth rate and feed efficiency, the natural immunities or resistance to 
infertility syndrome in swine and aflatoxin-contaminated feed. Some 
cattle, and loss of quality in animals strains of poultry have shown limited 
and animal products because of resistance, and there may be other 
abnormal bone and leg development, animals that could be bred for this 

trait. 
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Equal emphasis should be placed on 
finding methods for detoxification and 
use of contaminated grains and other 
feed ingredients. The treatment of 
whole-kernel maize with sodium 
bisulfite has been found to effectively 
destroy aflatoxin B 1 and other 
mycotoxins in laboratory tests (7). 
Density segregation using a 
combination of brine arid st-crose 
solutions also promises to be an 
effective method for redvcing
concentrations of thesc myco':oxins in 
grain (10). Further research is needed 
to adapt successful laboratory tests to 
practical on-farm or commercial 
applications. 

Finally, additional research efforts 
should be made to study Involvement 
of aflatoxins In human disease. Ways 
must be found not only to protect 
animals from contaminated feed but 
also to prevent the occurrence of 
mycotoxin residues in human foods of 
animal origins, 
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Aflatoxin in Kenya 

A. Manwiller, USAID, Nairobi, Kenya 

Outbreaks of mycotoxicosis in Kenya 
received wide publicity in 1978 and 
again in 1984-85 when large numbers 
of dogs and poultry died. In 1978, the 
Government Chemists Department 
collected 336 samples of food and feed 
(2). Of these, aflatoxin levels in 52 
exceeded 150 ng/g-l, the highest being 
3000 ng/g-1 , which was found in dog
meal. None of the human food samples 
were contaminated. One of the reasons 
for the high levels may have been that 
a bumper crop was produced in the 
1977-78 season, far in excess of proper 
storage facilities; 1984-85 was a famine 
period and maize was imported from 
several countries, including the USA. 
At least one shipload of incoming 
maize was ordered dumped in the 
ocean as aflatoxin made it unfit for 
use. 

In western Kenya, 300 maize samples 
were collected and analyzed for 
aflatoxin during 1984-85 as part of an 
on-farm storage project (1). Only three 
samples tested positive with the bright 
greenish-yellow fluorescence (BGYF) 
color test. one tested positive with the 
Holaday-Velasco minicolumn method. 

In general, the Kenya commercial 
maize crop seems to be monitored 
rather carefully. Maize produced on 
subsistence farms is always suspect 
during a drought period, but it Is 
difficult to control the situation on 
these thousands of small units. 
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Aflatoxin in India: I 

K.S. Bilgrami and K.K. Sinha, Post-Graduate 
Department of Botany, Bhagalpur University, Bhagalpur, India 

It is well established that ailatoxins are 
a potential threat to human and 
animal health. Practically all tropical 
countries encounter the problem of 
aflatoxin contamination in one way or 
another. Climatic conditions, coupled 
with inadequate socioagronomic 
systems, are mainly responsible for the 
problem in India. A variety of 
agricultural and industrial commodities 
are affected by aflatoxins and the 
seriousness of the problem is reported 
from several parts of the country. 

Fortunately, some active centers of 
research have arisen during the last 
ten years. Interest in the aflatoxin 
problem is also demonstrated by the 
fact that a number of institutions have 
recently submitted research proposals 
to various funding agencies. Indian 
work on mycotoxins was first 
summarized by Hesseltine in 1976 
(22). Subsequently, the Indian Council 
of Medical Research, New Delhi. 
published a monograph entitled, 
Health Hazardsof Mycotoxlns in India 
(8). Aflatoxin problems in India were 
discussed in detail at a national 
symposium at Bhagalpur University 
(17), and the mycotoxin problem in 
India was the focus of the International 
Conference on Mycotoxins held in 
Cairo, Egypt, in 1983 (51). 

The progress made by Indian workers 
on the mycotoxin problem in food has 
been reviewed by the authors and 
published in the Indian Review of Life 
Sciences (10). This paper is a status 
report on work being done on 
mycotoxins at the various research 
centers in India; emphasis is, however, 
on aflatoxin contamination in maize. 
Areas that need attention, as well as 
the approach and scope for 
collaborative research, are outlined, 

Aflatoxin Incidence 
The natural incidence of aflatoxins in 
food and feed is influenced by climate, 
the quantity of Aspergillus flavus 
conidia in the air and soil, and the 
nature of the substrate. 

The potential of A. flavus isolates to 
produce aflatoxin varies widely. Initial 
reports from India show that less than 
10% of A. flavus isolates produce toxin 
(38,46). However, Maggon and 
colleagues (31) recorded aflatoxin
 
elaboration by all seven isolates of
 
A. flavus obtained from soil of the 
Delhi region. These strains elaborated 
only aflatoxin BI and B2. Aflatoxin B I 
production by all the isolates of 
A. flavus obtained from peanuts was 
reported from Punjab (25). More than 
90% of A. flavus isolates were found to 
be toxigenic in an extensive study 
undertaken by Indulkar et a]. (23), who 
screened 1800 isolates of cottonseed. 
Only one isolate produced all four
 
aflatoxins (B1 , 2, GI and G2): the
 
majority produced only BI and B2.
 
From the taraf (foothill) areas of 
Nainital, 162 isolates of A. flavus (from 
a total of 276 isolates) obtained from 
various agricultural commodites were 
found to be aflatoxin producers (34). 
Nearly 80% ef the A. flavus isolates 
obtained from standing maize crops 
and from stored maize grain produced
aflatoxins in studies made by a 
research team at Bhagalpur University 
(12,45). Other reports from the country 
also reflect a high frequency of 
naturally occurring toxigenic strains of 
A. flavus with varying qualitative and 
quantitative potentials. 

No edible commodity is absolutely safe 
from toxigenic strains or aflatoxin 
contamination. Reports from different 
areas of India suggest that a wide 
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range of food and feed materials are 
good substrates for aflatoxin 
contamination. The list includes 
cereals (maize, wheat, paddy rice and 
sorghum), pulses (mung and urad), oil 
seeds and their products (peanuts, 
cottonseed and mustard), dried fruits 
and nuts (coconut, almonds, cashew 
nuts, walnuts, raisins and makhana), 
spices (chile, coriander, cumin, black 
cumin, black pepper, cardamom, 
fennel, ginger, turmeric and red 
pepper), fruits (guava, banana, 
Artocarpuslakoocha and apples), 
vegetables (Momordicacharantla),milk 
and poultry and cattle feed (10). This 
report considers only aflatoxin in 
maize. 

Maize is grown throughout India, 
predominantly in Uttar Pradesh, Bihar 
and Rajasthan. In Bihar and Uttar 
Pradesh, the crop is grown throughout 
the year and is harvested in all of the 
three major seasons, monsoon, winter 
and summer. Surveys of aflatoxin 
contamination of maize in India are 
inadequate: fragmented reports, 
however, indicate that a serious 
problem exists. In 1974, a large 
number of human mortalities were 
recorded in the tribal belts of western 
India, due to an outbreak of acute 
hepatitis. A team of scientists from the 
National Institute of Nutrition, 
Hyderabad, surveyed the staple food 
(maize grain) of the affected tribal 
population in the Banswara district of 
Rajasthan and the Panchmahal district 
of Gujarat. The amount of aflatoxins in 
the contaminated maize grain was 
found to be very high, i.e., up to 15.6 
ppm (26); in a 1975 survey, the 
amount was lower, not exceeding 0. 1 
ppm (27). Maize in the area was also 
analyzed by a team of workers of the 
All-India Institute of Medical Sciences, 
New Delhi (49). They detected 
aflatoxins in 13 out of 14 samples 
collected from the affected families, 
While mostly aflatoxins B I and G1 
were found, a few samples had traces 
of M1 also. The concentration of 
aflatoxin B 1 in most of the samples 

was in the range of 100 to 600 ppb, 
but two samples had 900 and 1100 
ppb. Scientists from the Indian 
Agricultural Research Institute, New 
Delhi. recorded aflatoxin in 15 of 22 
maize samples from the affected areas 
(24) Seven of these samples were 
colieced from families with no 
recor,led deaths of humans or dogs. 
Cozxentration of aflatoxin Bi in the 
con.aminated samples was appreciably 
high, up to 8.5 ppm. 

From the taral areas of Nainital, Misra 
(34) reported aflatoxin contamination 
in 35.55% of 135 maize samples 
collected during 1976-77. The quantity 
of aflatoxin B in the contaminated 
samples ranged from 8 to 1850 ppb. 
Few samples showed the presence of 
all four aflatoxins (BI, B2, GI and G2). 
Other regional reports of aflatoxin 
contamination in stored maize are 
from Lucknow (53). Madras (4) and 
Coimbatore (5). High incidence of 
aflatoxins was also recorded in stored 
maize, which was collected from 1978 
to 1980 in the tribal belts of Santhal 
Pargana, Bihar (18). Aflatoxin BI levels 
in sme of the positive samples 
reached 3.14 ppm. Maize samples from 
Bhagalpur district also exhibited 35% 
aflatoxin incidence during the survey 
year 1978-79 (45). The amount of 
aflatoxin B I was in the range of 80 to 
2288 ppb. A research group of Ujjain 
University surveyed stored maize grain 
for three years (1979 to 1981) and 
found 26 of 125 samples to be 
aflatoxin positive with a concentration 
of 20 to 750 ppb (32). 

In addition to stored materials, 
aflatoxin is quite frequently associated 
with kernels of the standing maize 
crop in some parts of the country. In 
an extensive survey conducted for 
three consecutive years (1977 to 1980) 
615 maize samples from different areas 
of Bihar were collected (12,13); of 
these, 170 samples (27.6%) had 
aflatoxln contamination. In most of the 
samples, aflatoxlns Bl or a 
combination of B1 and B2 (81 and 70, 
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respectively) were present. Only three 
samples contained all four aflatoxins, A 
B1 , B2, G1 and G2. The amount of 
aflatoxin B1 in the contaminated 
samples ranged from 8 to 1640 ppb. A 
majority of the samples contained 
aflatoxin B1 at levels above 20 ppb. 

Factors Affecting 
Aflatoxin Contamination 
High incidence of aflatoxins in maize 
may be attributed to the prevailing 
climate, as well as to nonscientific 
agricultural and storage methods 
practiced in India. It has been 
established that aflatoxin-producing 
fungi require a warm, humid climate 
for growth and metabolism. Most of the 
Indian subcontinent provides such 
conditions. Moreover, unseasonal rains 
and flash floods, which are very 
frequent, result in increased kernel 
moisture. Sometimes the standing 
maize ci'op is totally submerged in 
floodwater and harvesting is done Storage of maize ears within an Indian 
under very humid conditions. The crop farm home 

Typical maize storage bins of mud over bamboo strips with paddy straw roofs 
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is heaped on roadsides while ear 
moisture is very high. When it is 
cloudy, drying can be prolonged, and 
the ears are ideal targets for fungal 
invasion. In some cases, many fungal 
colon es are distinctly visible after 
removal of husks. Due to the high 
frequency of toxigenic conidia of 
A. tlavus in the air, the kernels are 
infected by the fungus before they 
attain a safe moisture level, 

Conditions for storage in the 
countryside are unsatisfactory. Storage 
structures are usually made of mud, 
bamboo strips. Cajanus cajan reeds, 
palm leaves or paddy straw. 
Earthenware containers of different 
shapes and sizes are also used for 
storage. In parts of northern and 
western India, unshelled maize ears 
are stored on rooftops. These cars 
serve as seed stock for the next crop. 
Besides these traditional methods, food 
grain is also stored in metal pots, 
polyethylene bags and jute bags. 

Effect of Aflatoxins 
on Animal Systems 
Aflatoxin-induced abnormalities in 
animals have received considerable 
attention in India. Different laboratory 
animals, poultry and dairy cattle have 
been reported to be severely affected 
by aflatoxin poisoning. 

One of the earliest reports on 
aflatoxicosis in dairy cattle was by 
Sastry ct a]. (42) from Andhar Pradesh, 
who recorded loss of appetite, diarrhea. 
dullness, ascites, emaciation and 
icterus In 24 Murrah buffalo, 
Histopathological studies revealed 
centrilobular hepatic cell necrosis, tile 
duct proliferation and central vein 
occlusion. An outbreak of aflatoxicosis 
in dairy cattle was also reported from 
Karnataka in which mortality of more 
than 58 crossbred cattle was recorded 
(19). Mohinddin and Ali (35) also 
recorded suspected cases of aflatoxin 
poisoning in female buffalo, leading to 
abortions in most of the animals. 

The research group of Kerala 
Veterinary College and Research 
Institute recorded identical features of 
aflatoxicosis among ducklings of the 
government duck farm at Niranam, 
Kerala. where large-scale mortality was 
reported (8). Madhavan and Rao (28) 
also observed hepatic infarction and 
bile duct proliferation in ducklings due 
to aflatoxin poisoning. More Wan 2219 
chicks died in an outbreak of 
aflatoxicosis in fowls in Karnataka (20). 
The symptoms were severe anorexia, 
loss of weight, staggering gait and 
convulsive movements. 

Mehrotra and Khanna (33) made a 
detailed survey in the Kulu Valley, 
where more than 4000 rabbits died 
due to consumption of aflatoxin
contaminated pellets. They observed 
characteristic changes in the liver of 
affected animals, for example. 
proliferation of connective tissue and 
hyperplasia of the bile duct. 
Aflatoxicosis was also recorded in 
swine from a breeding farm at 
Mannuthy, Kerala (8). Large-scale 
mortality of dogs that fed on food 
remnants containing high levels of 
aflatoxin was reported in western India 
in 1974 (26,27). 

The effect of aflatoxins on primates 
was demonstrated for the first time at 
the National Institute of Nutrition, 
Hyderabad (52). Monkeys receiving as 
little as 0.5 mg of aflatoxins for three 
to four weeks developed fatty livers. 
Research by Madhavan and Gopalan 
(30) revealed that low levels of dietary 
protein had an inhibitory effect on 
aflatoxin-induced carcinogenesis in 
rats. Hepatocellular carcinoma of the 
giant cell type was induced In a male 
monkey by feeding it aflatoxin for 5.5 
years (21). Aggravation of the toxic 
effects of aflatoxins due to vitamin A 
deficiency was also established in rats 
(40). 

In guinea pigs, renal changes, such as 
tubular epithelial reflux, were observed 
due to aflatoxin poisoning (29). 
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Aflatoxin 81 was shown to inhibit the Skin of guinea pigs was also affected 
increment in liver weight and to by aflatoxin poisoning, with loss of 
suppress hepatocellular replication in hair. The sebaceous and sweat glands 
rats (50). The quantity of aflatoxin MI also revealed atrophic changes. 
excreted in the urine of albino rats, Aflatoxins caused significant changes 
guinea pigs and monkeys in relation to in the hematological features of the 
administered radioactive aflatoxin was experimental guinea pigs. Mutagenic 
determined at the Central Food and effects of aflatoxins are also being 
Technological Research Institute, investigated in Drosophila and Swiss 
Mysore (43). Nearly 80% of the mice. Aflatoxins have been found to 
aflatoxin M I was excreted within six act as mitotic inhibitors, with increases 
hours after toxin administration. The in the proportion of prophase cells. 
effect on the reproductive behavior of 
albino rats fed aflatoxin B 1 was also Effect of Aflatoxins 
studied (36). Daradhiyar (18) recorded on Human Beings 
liver discoloration, change in texture, There is no direct correlation of 
enlargement of the lobes and aflatoxin ingestion with a defined 
development of necrotic lesions on the ailatoxicosis in humans, but 
liver surface in rats fed with aflatoxin- circumstantial evidence suggests the 
contaminated maize grain. The involvement of the toxin in human 
synergistic effects of aflatoxin BI and disease and deaths. Indian childhood 
ochratoxin A were also observed in cirrhosis (ICC), a serious disorder of the 
rats (39). Singh and Chauhan (44) liver in children, is confined mostly to 
studied the biochemical alterations in the Indian subcontinent. Although the 
albino rats fed Aspergillus-infested etiology of this disease is not clear, 
maize diets. Changes in body weight, Robinson (41) suggested the role of 
hemoglobin percentage, total tissue aflatoxins in the development of the 
proteins, level and activity of Glutamic- disease. According to Amla et a]. (1,3). 
Oxaloacetic Transaminase (GOT) and there is sufficient circumstantial 
Glutamic Pyruvic Transaminase (GPT) evidence to show that children exposed 
were recorded in the liver, brain, to aflatoxins through mothers' milk 
kidney and heart tissues of the and foods such as parboiled rice and 
animals. unrefined peanut oil may acquire ICC. 

They also reported that malnourished 
At Bhagalpur University, research has children who had consumed aflatoxin
also identified several consequences of contaminated protein flour developed 
ailatoxin poisoning in laboratory hepatic lesions similar to that of ICC 
animals, such as Swiss mice and (2). Yadgiri t al. (54) analyzed the 
guinea pigs. In one set of experimental presence of aflaioxin-like compounds 
animals, a small tumor was observed in urine and liver extracts of children 
in a mouse after 30 weeks of aflatoxin suffering with ICC. Subsequently, 
feeding; this was a secondary presence of aflatoxins was confirmed In 
carcinoma (9). Some of the central 7% of the urine samples of 332 
veins of the affected liver were found to children examined (37). However, later 
be dilated and were surrounded by a phases of research by the scientists of 
large number of polymorphs and RNT Medical College, Udaipur, strongly 
mononuclei. Remarkable microscopic contradicted such claims (6,7). They 
changes in the hepatocytes of liver established that ICC was not due to 
were also recorded. Mononuclear afilatoxin but to accumulation of excess 
Infiltrations were quite frequent in copper in the liver. 
focal areas of interstitia of the affected 
kidney. The first report of aflatoxicosis in 

humans was made by the scientists 
from the National Institute of Nutrition, 
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Hyderabad (26). They undertook 
detailed investigations on the outbreak 
of acute hepatitis in the tribal belts of 
western India in 1974. The illness had 
a subacute onset and was 
characterized by high fever, rapidly 
progressing Jaundice, ascites and portal 
hypertension. More than 990 
individuals (2:1 male, ages 5 to 14 and 
over 30 years) were affected and about 
100 died. In an autopsized human 
liver, bile duct proliferation and 
multinucleate giant cells were 
observed. Based on a combination of 
epidemiological, mycological,
mycotoxic and histopathological 
studies, it was concluded that the 
disease was caused by the 
consumption of maize grains heavily 
contaminated with aflatoxins, i.e., up 
to 15.6 ppm (27). The same affected 
areas were investigated by the 
scientists of the All-India Institute of 
Medical Sciences, New Delhi. Initially 
they were doubtful about the role of 
aflatoxin as the sole factor responsible 
for the outbreak (48,49); subsequent 
studies, however, confi;-med its role in 
the etiology of the disease (47). 

Areas Needing 
Further Research 
Despite frequent reports about the 
health lazards caused by aflatoxins, it 
has not been possible to make a proper 
assessment of the magnitude of this 
problem, especially in rural India, the 
tribal belts and the slums. Therefore, 
there is an urgent need for regular 
monitoring of human and livestock 
populations, especially in the areas of 
high temperature and high humidity 
where chances of aflatoxin 
contamination are high. Since 
aflatoxins can also be present in 
standing crops, there is need to assess 
crops before and after harvest for 
aflatoxin contamination. Factors 
affecting the natural formation of 
aflatoxins in field crops also require 
attention, because of the varying 
geographical and environmental 
conditions on the Indian subcontinent. 

To correctly evaluate the toxic and 
mutagenic effects of aflatoxins on 
humans, it Is essential that test 
systems be suitably selected, and that 
the parameters and doses are similar 
to those the populations encounter 
under natural conditions. Aflatoxins 
have already been found to be 
mutagenic for prokaryotes and cells in 
culture: therefore, such effects on 
human populations cannot be ruled 
out. especially when persons have been 
exposed to aflatoxin contamination 
over long periods of time. 

In view of the carcinogenic properties 
of aflatoxin. emphasis should be given 
to developing effective and economic 
control measures against aflatoxin 
elaboration. Cooperative research on 
this issue can be developed among 
scientists of different countries. Of the 
three basic strategies, i.e., prevention, 
inactivation and detoxification, 
prever~tion provides the best solution. 
Identification of the genotypes of 
resistant crop varieties, as well as the 
use of effective chemical compounds 
against A. ilavus and aflatoxin 
development, should be beneficial. 
Several years ago, 15 common maize 
varieties were screened against 
aflatoxin formation under laboratory 
conditions, and Him-123, Ganga-2 and 
Ganga-5 exhibited resistance (15). 
Prevention of aflatoxin formation in 
some cereals, including maize, has also 
been achieved through the use of 
certain plant extracts and phenolic 
compounds ( 1. 14,16). Mycotoxin 
workers at Bhagalpur University are 
prepared to cooperate in collaborative 
research programs to develop 
inactivation and detoxification 
processes to minimize the extent of 
aflatoxin hazards. 
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Aflatoxin in India: II 

M.M. Payak, R.C. Sharma and S.R. Rao, Division of Mycology
and Plant Pathology, Indian Agricultural Research Institute, New 
Delhi, India 

Maize in India is grown in 17 states 
and six union territories under diverse 
conditions, from temperate to 
subtropical to exclusively tropical, in 
latitudes from 120 to 341N and 
between elevations of 49 and 2600 
meters. During 1983-84, maize was 
grown on 5,888,300 hectares, with a 
grain production of 7,923,600 tons 
(11). The major maize-producing 
states, in order of production, are Uttar 
Pradesh, Bihar, Rajasthan, Madhya 
Pradesh, Punjab, Andhra Pradesh, 
Gujarat, Himachal Pradesh, Jammu 
and Kashmir, Orissa. Karnataka, 
Maharashtra and Haryana. More than 
95% of Indian maize production takes 
place in these states. 

In northern India, there are two well-
defined growing seasons, the 
summer/monsoon (kharit)and the 
winter (rab). In peninsular India, the 
seasons are not so well defined, and 
maize can be grown practically 
throughout the year. In the north, 
maize is mainly a kharif season crop. 
Maize cultivation has started in the 
rabi season in the state of Bihar. 

Maize is a staple food of the large 
population of the Himalayan region,
which includes Arunachal Pradesh, 
Assam, Manipur, Meghalaya. Mizoram, 
Nagaland, the Sikkim and the sub-
Himalayan regions, West Bengal in the 
northeast and Himachal Pradesh, 
Jammu and Kashmir In the northwest 
( 1). Farmers, mostly of the Bhil/Meena 
tribe in the districts of Udaipur, 
Chittorgarh. Banswara and Durgapur
in Rajasthan, Jhabua and Dhar in 
Madhya Pradesh and Panchmahals in 
Gujarat, depend almost exclusively on 
maize for food. This is true to the 
extent that the tribal members suffer 
from the nutritional disorder, pellagra 

(11). In the districts of Banswara and 
Panchmahals, aflatoxicosis among 
humans was first reported in 1975. In 
the two major maize-growing states of 
Uttar Pradesh and Bihar, maize is a 
major food cereal of the rural poor. 

Almost 90% of the maize grain 
produced in India is for home 
consumption. Indeed, not more than 
5% of the total maize crop reaches the 
market. It is in direct use of the grain 
that the problem of aflatoxin 
contamination becomes of greatest 
concern. 

The presence of as many as 69 fungal
species has been found on or in maize 
seed (Table 1). Some cause preharvest 
diseases in the crop (seed or kernel rot, 
seedling blight, stalk rot), whereas 
others develop after harvest and cause 
storage rots and/or seed deterioration. 
Asperglllus flavus Link ex Fries, the 
fungus mainly responsible for aflatoxin 
contamination, occurs both in pre- and 
postharvest stages. Another mold, 
A. parasfticusSpeare. also known to 
produce aflatoxins, has so far not been 
recorded on maize in India. 

The problem of aflatoxicosis in 
humans in India was first reported by
Krishnamachari et al. (5); about 100 
Bhil tribal members residing in the 
adjacent districts of Banswara in 
Rajasthan and Panchmahals in Gujarat 
died of hepatitis, which affected 
humans and dogs and was 
characterised by jaundice, rapidly 
developing ascites and portal 
hypertension. It was recorded that the 
people in question had consumed 
maize heavily contaminated with 
A. flavas. Approximately 400 persons 
were affected by the epidemic. 



360 

In its Delhi edition of March 25, 1975, 
the national daily Indian Express 
featured a major news item about this 
event. The Director General of Health 
Sciences, In a circular of May 15, 1975 
addressed to all food and health 
authorities of states and union 
territories, issued a warning regarding 
outbreaks of hepatitis and measures to 
prevent its recurrence. A copy of that 
letter follows this paper. 

The epidemic of hepatitis started in 
September, 1974, reached its peak in 
December, abruptly declined and 
finally ceased altogether in January, 
1975. The late unseasonal rains during 
and after harvest undoubtedly 
contributed to a higher incidence of 
maize grain mold. 

In response to the attention attracted 
by the epidemic, the All-India Institute 

Table 1. Fungi associated with maize seed in India__/ 

Acremonium killense 
A. stricturn 
Actinom ucorrepens 
Alternara tenuis 
(=A. alternata) 
A. tenulsslma 
Aspergillus amstelodarnll 
A. candidus 
A. carbonarlus 
A. chevallerl 
A. flavus 
A. niger 
A. ochraceous 
A. ruber 
A. sejunctus 
A. sydowli 
A. tarnarli 
A. terreus 
A. terricola 
A. ustus 
A. versicolor 
Botryodiplodlatheobromae 
Chaetomium globosum 
C. indicum 
Chrysosporiumprulnosum 
Cladosporum herbarum 
Cochliobolusspicifer 
Curvularla clavata 
C. lunata 
Cystophaeramangifera 
Drechsleraaustraliensis 
D. carbonum 
D. maydis 
Epicoccum purpurescens 
Exserohlium halodes 
E. rostratum 
E. turcicum 

_aFungi are listed in alphabetical order 

Fusarumacuminatum 
F. equiseti 
F. grarnlnearum 
F. monillforme 
F. monillforme var. subglutlnans 
F. oxysporum 
F. semitectum 
Macrophominaphaseolina 
Macrophomina spp. 
Melanospora spp. 
Memnoniella echinata 
Mucor spp. 
Nigrosporaoryzae 
N. sphaerlca 
Penicilliumcitrinum 
P. chrysogenum 
P. frequentans 
P. funiculosum 
P. gunicolosum 
P. implicatumn 
P. islandicum 
P. oxalicum 
P. purpurogenum 
P. rugulosum 
P. virldicaturn 
Penicillium spp. 
Phoma glomerata 
Phoma sorghlna 
Pythium aphanidermatum 
Rhizopus nigricans 
Rhizoctonla zeae 
Rhizoctonia spp. 
Sclerotium rolfsli 
Stachybotrys atra 
Stenocarpella(=Diplodla) macrospora 
S. maydis 
Syncephalastrumracemosurn 
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of Medical Sciences formed a team of known as ogawa. Almost all of the 
epidemiologists led by B.N. Tandon, a maize plant, including the ear, is 
specialist in gastroenterology. The chopped. The chopped pieces are piled 
team collected samples of foods and in bundles and left outside the houses. 
grains from affected households (those The ears are not husked or shelled, but 
that reported human mortalitiy) and are brought inside and shelled as they 
nonaffected households. Most samples are needed. The grain is ground by dry 
were of maize, while the remainder milling and used to make thick 
were wheat grain, wheat flour and chapatis (round, flat pancakes). This 
sorghum grain. These samples were practice, even in normal seasons, 
analyzed by Kandhari et a]. (4). favors the growth of grain molds. 
Aspergillusflavus was found in 90.3% Proper education could in this instance 
of the samples and aflatoxins ranging eliminate one major source of 
from trace (less than one ppm) to 8.5 mycotoxin contamination. 
ppm were detected in 15 of 22 samples 
analyzed. In spite of strong circumstantial 

evidence that aflatoxicosis was 
The incidence of aflatoxin-producing responsible for the deaths of the 
fungi in maize has been recorded to Adivasis in a three-month period of 
date from Gujarat, Tamil Nadu, 1974-75, categorical cause and effect 
Rajasthan, Uttar Pradesh, Bihar and associations were not identified. There 
Delhi. Undoubtedly, it also exists in have been few follow-up studies. The 
other areas, but authentic reports are team from the All-India Institute noted 
lacking. Bilgrami and associates (1,16) that there were some deaths due to 
have also studied the incidence of cardiac arrest. In direct analysis. 16 of 
A. flavus in preharvest maize. In the 40 samples showed the presence of 
rabi season. 17% of the samples hydrocyanic acid (HCN) in 
showed A. flavus contamination, concentrations of 0.5 to 1.0 ppm (4). 
whereas in the kharlf season the Stoloff studied the survivors of the 
incidence was as high as 72%. In hepatitis epidemic in Rajasthan and 
stored maize samples the incidence has not yet observed any long-term 
was 35%. adverse effects (8). 

Siradhana ct al. (17) collected 39 maize Kandhari et al. (4) had tested the 
samples from the Banswara district in ability of propionic acid to prevent 
Rajasthan and listed the fungi detected mold in maize. In two trials, spray 
in them (including A. flavus), but data application of cv. Basi on husked ears 
on frequency or proportion were not reduced A. flavus infestation to 6.7% 
given. Om Prakash and Sirdhana (13, and 0%, as compared to 30.7% and 
14) studied the factors affecting 76% in controls. Dhanraj et al. (3) had 
aflatoxin B1 formation in grains of determined the effectiveness of 
hybrid Ganga-5. They also reported Luprosil (a BASF product containing 
that four Aspergillus spp. can cause 99% propionic acid) in stored maize. 
kernel rot in hybrid Ganga-5 (12). The use of this acid in concentrations 
Asperglllus flavus induced a greenish up to 340 ppm in grain destined for 
type of kernel rot, and A. tamarli human consumption is internationally 
caused a dark brown rot; kernels accepted. However, more work is 
infected by A. niger were black, needed on feasibility and cost 
whereas A. terrcus-infectedgrains were effectiveness before recommending it 
stunted. for general use. Lai and Kapoor (7) 

have determined that, apart from 
As reported by Kandhari et al. (4), the propionic acid, boric acid and sorbic 
Bhil tribesmen follow a postharvest acid also can effectively reduce 
practice which in the local language is 



362 

incidence of such storage fungi as 
A. amstelodamll, A. chevalierl, 
A. lavus, A. niger.A. ruberand 
A. sydowil. 

Nagarajan and Bhat (10) tested maize 
cultivars (including an opaque 
composite, Shakti) with a rice strain of 
A. flavus and found that aflatoxin 
produced in the opaque composite
sample was the lowest when compared
to the hybrids Deccan and Ganga
Safed-2. This study has shown that 
genetic differences do occur and must
be investigated more vigorously. 

Certain physical measures, such as 
reducing seed moisture to safer levels. 
are feasible. Singh (15) has devised a 
solar dryer in which the grain is 
exposed to a temperature of 1001C for 
two minutes; it has a capacity of 30 to 
35 kg of grain per hour. This short 
exposure does not change the 
nutritional status of the treated grain,
Similarly, storage bins of iron and 
stone have been made. Their cost, for a 
capacity of 260 kg, is 50 to 200 rupees
(US$ 5-18). The work was carried out 
under the sponsorship of IDRC/ICAR as 
an Operation Research Project. The 
adoption of such small-scale 
technology should be encouraged 
among the Bhil tribal people. 

The areas of research that need to be 
pursued vigorously can be divided into 
two categories, preharvest and 
postharvest. In the former, a study of 
genetic differences in maize germplasm
for low or zero levels of fungal or ear 
infections, resistance to insect attack,
tight and extended husks and drooping
shanks should be rewarding. Tests on 
the application of fungitoxicant 
chemicals within the first 30 days of 
grain formation also need to be done. 

In tropical countries, solar drying of 
ears and the use of low-cost solar 
dryers for shelled grain can prevent
insect infection as well as mold after 

harvest. The effectiveness of storage in 
bins made from local materials also 
needs study. Chemicals that prevent
aflatoxin contamination may not 
provide an economical approach, but
research in this area is required. One 
example is the work of Codifer et al. 
(2), who found that HCHO 
(formaldehye) and Ca(OH) 2 (calcium
hydroxide) applied to peanut meal 
reduced aflatoxin levels. Other 
approaches for postharvest 
detoxification also need to be followed. 

Since 1975. a number of laboratories
 
have become active and facilities for

aflatoxin analysis built. A Mycotoxin
Research Group Newsletter has been 
published by R.V. Bhat of the National 
Institute of Nutrition, Hyderabad, since 
1979. In the same year, a monograph 
on health hazards of mycotoxins in 
India was published by the same 
institute. In March, 1980. the
 
newsletter announced that a food
 
contamination monitoring project,

sponsored by FAO, had been initiated
 
in India, Nepal, Pakistan and Sri 
Lanka. The objective of the project was 
the collection of data on the occurrence 
of aflatoxin, heavy metals and pesticide
residue in staple food items. The 
Indian institutions collaborating in the 
project are the Central Food 
Laboratory, Calcutta. the Central Food
Technological Research Institute, 
Hapur. the Industrial Toxicology
Research Centre, Lucknow, the 
National Institute of Nutrition, 
Hyderabad. the Public Health 
Laboratory, Pune. and the Vallabhai 
Patel Chest Institute. New Delhi. The 
coordinating agency is the Directorate 
General of Health Services in New 
Delhi. 
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Copy of letter 17-13/75-PH(F&N) 
dated May 15, .975, from the 
Director General of Health 
Services, New Delhi, to all food and 
health authorities of states and 
union territories 

Subject: Outbreak of hepatitis in 
Rajasthan-regarding 

A news report appeared in the Indian 
Express of 16th March, 1975 that more 
than a hundred Adivasis have died 
after eating rotten maize in scarcity-
ridden districts of Banswara in 
Rajasthan and Panchmahals in 
Gujarat. 

The clinical features of the condition 
are low-grade fever and general 
uneasiness as the earliest 
manifestations, jaundice ascites and 
oedema in feet follows in quick 
succession within a few days, in some 
cases death was sudden and the 
precise cause of death could not be 
established.... 

According to preliminary survey 
reports conducted by the National 
Institute of Nutrition and others it has 

been suggested that the condition is 
likely to be due to consumption of 
maize heavily infected with A. flavus 
leading to aflatoxicity. 

It has been suggested that a 
combination of several factors may 
contribute to the outreak: 

1. 	 Unseasonal and heavy rains affect 
the maize crop; 

2. 	 Storage of maize under conditions 
which promoted contamination 
with Aspergillus flavus; and 

3. 	 Selective consumption of the 
contaminated maize by members 
of the affected households. 

To prevent a recurrence, it is 
recommended that people growing 
maize shold be adequately educated 
about the proper methods of storing it 
and advised not to consume visibly 
contaminated maize. The consumers 
may also be informed to clean the 
grain by hand-picking before the 
consumption as an extra measure of 
safety as it is not possible to hand-pick 
contaminated maize on commercial 
basis. These grains, if possible, may be 
further diluted with equal quantity of 
uncontaminated grains so as to lower 
the level of contamination. The Public 
Health Authorities should also be 
advised to be on their guard and bring 
to the notice of the State Government 
concerned, any intoxication symptoms 
as a result of consumption of food 
grains. 
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Aflatoxin. in the Philippines 

R.P. Garcia, National Crop Protection Center, and L.L. Ilag, 
Department of Plant Pathology, both of the University of the 
Philippinei at Los Bafios, Laguna, Philippines 

In the Philippines, aflatoxin 
contamination is a particular problem 
in maize, peanuts, copra and animal 
feeds. The risk potential from aflatoxin 
in tropical countries is especially 
alarming because the prevailing high 
temperatures and humidity favor 
fungal growth. Furthermore, in the 
Philippines heavy rain normally 
coincides with the peak harvest 
months of staple cereals, particularly 
maize; this results in high grain 
moisture and handling problems, and 
leads LO to accelerated fungal growth 
and subsequent mycotoxin formation. 

Of the mycotoxins, aflatoxins have 
received the most attention in the 
Philippines. Aflatoxin is an extremely 
potent carcinogen, affecting several 
animal species, and is a common 
contaminant of many agricultural 
commodites. 

Studies on aflatoxin in the Philippines 
began in 1967, when the Food and 
Nutrition Research Institute (FNRI) in 
Manila conducted a survey of the 

aflatoxin content of various food items. 
Unpublished data taken from 1967 to 
1982 show that maize and peanuts, 
under natural conditions, are the two 
commodities that contain highly toxic 
levels of aflatoxin (Table 1). 

Another survey (Tables 2, 3 and 4) 
showed that maize and several 
agricultural commodities and their by
products were highly contaminated 
with the toxin (13). Again, maize and 
peanut samples commonly contained 
toxin. Although some samples showed 
no visible signs of the fungus 
Aspergillus flavus, they contained high 
levels of aflatoxin. Conversely, other 
samples yielded the fungus in agar 
plates, but yielded little or no toxin. 
The survey further reported that maize 
grown in Visayas and Mindanao had 
more of the toxin than maize grown in 
northern Luzon. Palay (unpolished 
rice), soybean and millet were noted to 
be poor substrates for aflatoxin 
production. The 1985 annual report of 
the National Crop Protection Center 
(NCPC) (11) showed that species of 

Table 1. Incidence and range of aflatoxin in maize and peanuts, Food and 
Nutrition Research Institute, lbuila, Philippines, 1967-1982 

Sample 

Maize: 
Raw, whole and dried 
Raw, ground (grits) 
Other products 

Peanuts: 
Raw, fresh and dried 
Peanut butter 
Other products 

Incidence 
(%) 

a/  88(360/407)_
95(305/322) 
59(166/279) 

64(119/187) 
94(640/682) 
64(477/742) 

A Number of aflatoxin-positive samples/total samples analyzed 

Aflatoxin 
range (ppb) 

< 3 - 1491 
<3 - 510 
<3 - 735 

<3 - 3321 
<3 - 8600 
<3 - 2153 
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Table 2. Aspergillus fnvas infection and aflatoxin content of maize and 
its by-products, Visayas and Mindanao, Philippines 

Units 
Number yielding
of units A. flavys Aflatoxin 

Location-l Sample platedb /  (% B1 (ppb) 

B-2 Whole maize, shelled, in 20 55 107
 
drying yard
 

C-12 Whole maize on cobs, 20 70 1074
 
drying on cement, rural
 
areas
 

C-3 Maize gluten meal 25 20 333 

C-11 Whole maize on cob, 21 70 929
 
standing in field
 

C-14 Whole maize for animal 21 90 817 
feed, Cebu market 

C-16 Trash from maize prior to 25 36 268 
milling (seedcoats. cob 
fragments, broken 
kernels, dust) 

D-1 Whole maize for human 20 30 503 
consumption, shelled,
 
ready for milling
 

D-2 Maize grits, taken from 20 25 86 
mill at bagging spout 

D-3 Maize germ, for oil milling 21 47 233 

D-4 Maize tiki-tiki for animal 20 90 343 
feed (dust and fine 
debris) 

D-11 Whole maize on cob, wet, 3520 948 
in sacks 

1-6 Maize germ and bran 18 100 367 
from milling 

a B = Bacolod, C = Cebu, D = Davao City, I = )ollo 
bl For pulverized materials, clumps of 0.25-1.0 cc were used 
Source: Santamaria et al. (13) 
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Aspergillus were the most frequently The study at FNRI (Table 5)isolated organisms in various varieties established the possible relationship
of rice and maize, followed by between the consumption of aflatoxin-
Penicillumspp. Of 102 Aspergillus contaminated maize in the Philippines
isolates analyzed for aflatoxin, 17 and the development of primary liver
isolates were positive for aflatoxin B1 ; cancer (10). The incidence of liver
only six isolates produced both cancer in the country has been found
aflatoxins B I and G I . to be higher in maize-consuming 

Table 3. Aspergitlus flavus Infection and aflatoxin content of peanut
samples, Manila, northern Luzon, Visayas and Cotabato, Philippines 

Units yielding 
A. flavus AflatoxinSample (%) B 1 (ppb) 

Freshly dug peanuts 5 14 

Farmer stock peanuts for commerce, in bulk 1 257 
storage, dry 

Shelled peanuts from farmer stock 45 964 

Whole peanuts in shell 25 0 

Large segregated peanuts separated from smaller 11490 
discards, used for peanut products 

At Samples consisted of 20 peanuts each, plated
Source: Santamaria eta]. (13) 

Table 4. Aspergflus fiavus infection and aflatoxin content of various 
agricultural commodities, Philippines 

Units 

Sample 

Number 
of units 
plated -/ 

yielding 
A. fBavus 

(%) 
Aflatoxin 
B 1 (ppb) 

Crude copra, moldy, in pile 
Sorghum, in pile 
Sorghum, in storage, dry 
Rice, unmilled, moldy, from 

20 
44 
30 
30 

100 
25 

0 
0 

314 
208 

0 
0 

storage 
Rice, 2 years old, in storage 
Soybean, drying on mat 
Gabi, moldy, from public market 
Coffee beans, in sacks 

40 
25 
20 
27 

2 
16 
15 
41 

5 
21 

0 
150 

!1 For pulverized materials, clumps of 0.25 - 1.0 cc were used 
Source: Santamaria et al. (13) 
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regions than in rice-consuming regions. 
The effect of aflatoxin-contaminated 
maize when ingested was 
synergistically aggravated by alcohol 
consumption. 

Physiological studies conducted at 
UPLB showed that isolates of A. flavus 
obtained from various substrates 
differed in their temperature 
requirements (4). The most favorable 
temperature for aflatoxin formation by 
isolates inoculated in their respective 
substrates was 30 0 C for rice and 
maize; 25 0 C for peanut and copra 
isolates; and 20 0 C for soybean isolates. 

In copra, the highest aflatoxin content 
(247 ppb BI) was recorded in samples 
with 12.3% moisture (15). Copra with 
7.8% and 6.8% moisture content had 
much less aflatoxin (15 ppb). No 
aflatoxin was obtained in samples 
incubated at 20 0 C, even though 100% 
mold infection was attained. 

Aflatoxin-forming fungi (A. flavus and 
A. parasltlcus)were found to infect 
maize in the field, espe2cially when the 
ears were damaged prior to inoculation 
(7). Postharvest infection was higher in 
maize samples that were dried and/or 
stored as shelled grain and lower in 
maize grain on the husked cob: it was 
minimal in maize grain with intact 

husks. The degree of infection was 
directly related to the amount of 
A. flavus inoculum in the air, which 
was least in maize fields. higher in 
drying areas and highest in storage 
areas. 

Although aflatoxin contamination may 
be an essentially postharvest problem, 
it may also occur in the fielc. 
particularly in insect-infested grains 
(13). Insects cause damage, which 
permits mold to penetrate the grain. 
Moreover, the insects serve as vehicles 
for the dissemination of molds to other 
commoditie, or to other parts of the 
storage areas. Also, the metabolic 
activities of insects produce enough 
heat and moisture (especially during 
long-term storage) to allow Aspergllus 
growth. Unfortunately, conditions in 
the Philippines are ideal for insects, 
thus making efforts to control mold 
growth more difficult. 

Studies on rice indicate that under 
current handling practices, palay 
contains low levels of aflatoxin or none 
at all. However, milled or brown rice, 
when inoculated with toxigenic strains 
of A. flavus and A. parasitlcus,support 
very high levels of aflatoxin. It was 
found that in brown rice aflatoxin BI 
was concentrated in the bran layers; 
the polished rice contained no toxin or 
only traces of aflatoxin (8). 

Table 5. Primary liver cancer index (PLCI) and maize consumption by 
region, Philippines 

Region 

Eastern Visayas 
Southi estem Mindanao 
Northeastern Mindanao 
Western Visayps 
Southern Tagalog 
Bicol 
Ilocos 
Cagayan Valley 
Metropolitan Manila 

Source: Jayme et a]. (10) 

PLCI 

8.5 
7.1 
6.4 
5.6 
4.1 
3.7 
3.3 
2.9 
6.6 

Daily per capita maize 
consumption (g) 

147.2 
102.0 
84.6 
77.7 

2.1 
33.5 

5.5 
71.8 

1.6 
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Preventive measures are the ideal treated coconut meat was allowed to 
solution for controlling fungal invasion air dry in a copra warehouse, the 
and subsequent aflatoxin formation chemicals AgriCaptafol, Diflatan and 
during commodity handling and Dyrene allowed only mild infection, 
storage. Fungal growth can be whereas the other chemicals tested 
prevented by drying the commodity allowed heavy mold infection (5). 
immediately after harvest to a 
moisture level that will not allow A 10% calcium hydroxide coating on 
molds to grow. After drying, it is coconut meat gave protection against 
important to maintain the low insects and rodents, and with proper 
moisture level; otherwise, a flush of ventilation it was found to be quite 
mold will appear as soon as the effective against molds (15). Treatment 
moisture content becomes favorable for with a mixture of 5% sulfuric acid and 
growth. 7% acetic acid on fresh coconut meat 

resulted in clean copra when dried 
Various means have been tested to within four to five days (14). 
prevent aflatoxin contamination in 
different commodities or to destroy the Chemical detoxification procedures 
toxin when preventive measures fail. with sodium hydroxide, ammonia, 
Maize grain treated with 0.1% ammonium hydroxide, methylamine 
thiabendazole at the time of and propionic acid were tested on 
Inoculation with A. favus, and grain aflatoxin-contamtnated whole and 
treated one or two days prior to cracked maize, peanuts and sorghum. 
inoculation, was free of infection and Propionic acid was found to be the best 
aflatoxin contamination two weeks detoxifying agent; ammonia gave the 
post-incubation. Appreciable levels of least reduction in aflatoxin content. 
aflatoxin were produced when the Although the chemically treated 
fungicide vas applied one or two days sarples were less toxic than the 
after inoculation (9). Sevin and untreated one, they were still lethal to 
Thiodan afforded some protection to chicken embryos (2). The washing of 
maize in the field, but treated maize maize in lime for binatogpreparation 
grain stored up to two months was found to cause a 68% reduction in 
appeared to be a better substrate for aflatoxin BI and Gi. Boiling the 
fungal growth than untreated grain (3). blnatog for ten minutes caused a 20% 
The NCPC annual report (11) showed reduction in aflatoxin BI and a 22% 
that all Asperglhlus and Penicillum reduction in G 1 (1). 
isolates from rice and maize grain 
exhibited no apparent growth in agar Heat treatments were found to reduce 
infused with 10 ppm Benlate (6). The aflatoxin levels. Autoclaving at 121°C 
growth of both Aspergillus and was found to be more effective than 
Pcnlcllum isolates was progressively boiling at 100 0 C for reducing the 
inhibited by increasing concentrations aflatoxin content in raw and sterilized 
of Benlate. Captan also inhibited inoculated mungbean seeds. More 
Aspergfilus and Pencllfum spp. aflatoxin was removed as the heat 
growth but required a much higher treatment was prolonged (12). Popping 
concentration, corn at 1300 ± 5 0 C for 3.5 minutes 

caused up to 97% less toxin (1). 
To protect fresh coconut meat to be 
used for copra production from fungal The researchers at the Institute of 
Invasion, 47 chemical preservatives Plant Breeding of the University of the 
and fungicides were tested. Of these, Philippines at Los Baflos (UPLB) have 
13 showed some promise against found some differences in the 
various fungi affecting copra under resistance of peanut cultivars to 
laboratory .'ondltions. When fresh Invasion by A. flavus. The resistance 
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was found to be related to the tannin 
content of the seed coat. The ultimate 
goal of this work was to develop a 
peanut variety that was resistant to 
invasion by the toxic fungus and/or a 
variety that does not support toxin 
formation. 

Current Research 
and Facilities 
Currently, only a few studies on 
aflatoxin contamination and related 
problems are being pursued in the 
Philippines. This situation is probably
caused by the lack of funds to procure 
expensive equipment and chemicals for 
aflatoxin analysis, the dearth of trained 
personnel in this research area and the 
absence of facilities to conduct safe 
research on aflatoxin. 

Only the Institute of Chemistry at 
UPLB has an aflatoxin analytical
laboratory that is fully equipped with 
thin-layer chromatography (TLC) 
facilities. This laboratory began
operation in 1973 to handle the great 
bulk of samples from aflatoxin 
research conducted at the university, 
but It is mainly used as a service 
laboratory. At present, each scientist 
Interested in pursuing aflatoxin 
research is trying to develop his own 
laboratory. 

The National Postharvest Institute of 
Research and Extension (NAPHIRE) is 
doing some aflatoxin-related work. 
These studies include maize 
deterioration at both on- and off-farm 
levels of operation and long-term 
storage of grain under plastic cover. 

At the Institute of Plant Breeding (IPB). 
UPLB, research on selection for field 
and postharvest resistance of peanut 
cultivars to infection by A. flavus and 
aflatoxin contamination Is being 
conducted. At the NCPC, two projects, 
storage fungi associated with rice and 
maize In the Philippines and chemical 

control of storage fungi associated with 
maize, arc being conducted, and at the 
Food Science Institute studies on 
modified atmosphere storage of 
peanuts in plastic bags are being 
carried out to determine the levels of 
C0 2 that either deter or prevent 
aflatoxin formation. 

As this review shows, aflatoxin surveys 
have been conducted in the 
Philippines, and the commodities that 
need attention have been identified. 
However, little research on control 
measures has been done. To solve the 
potential hazards of aflatoxin 
contamination in maize and other 
agricultural commodities, a systems 
approach for developing an integrated 
program aimed at prevention and 
control of toxigenic fungi should be a 
prime objective. 

Preventive measures at the farmers' 
level constitute the best approach to 
controlling contamination of 
commodities by toxigenic fungi. 
Research should be conducted at three 
levels and should be Interdisciplinary. 
At the macrolevel, researchers should 
view the physical, social and economic 
environments in which the problem 
exists and where potential control 
strategies might be adopted. At the 
farmers' level, researchers must study
the specific situation and context of the 
problem, and at the biological level, 
the implications of nutritional 
toxicology for humans and animals 
should be investigate(l. 

In coopcralve research, ihilippine
researchcrs will be able to screen 
germplasin of agricultural crops for 
resistance to mold Infection and 
ailatoxin contamination, to study 
chemical preventive measures as well 
as decontamination and/or 
detoxification, and Investigate 
biological control of fungal growth and 
aflatoxin formation. 
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Aflatoxin in Thailand 

D. Buangsuwon, Division of Plant Pathology and Microbiology, 
Department of Agriculture, Bangkhen, Bangkok, Thailand 

Aflatoxin research in Thailand 	is now 
concentrated on toxin control in maize. 
Maize is second only to rice as a Thai 
cash crop; in 1985, 2.77 million tons 
were exported, with a value of 
US$ 307.47 million. Aflatoxin content 
has become a major factor affecting the 
export of maize and most importers 
have set an aflatoxin limit, usually in 
the range of 20 to 100 ppb. Aflatoxin 
restrictions and the world surplus of 
maize have made markets increasingly 
difficult to find, and prices are tending 
to fall. Thailand, therefore, has 
assigned top priority to research on 
aflatoxin control in maize. This work, 
coordinated by a national committee, 
has made rapid progress and many of 
the aflatoxin control measures that 
have been devised are being 
implemented and/or evaluated on a 
commercial scale, 

Incidence of Aflatoxin 
Contamination in Thailand 
Maize 
iased on the testiig of 90 samples (3), 
preharvest allatoxin contamination of 
maize was fouind to he negligible in 
live Thai lrovles 1"1"rom1980 I 1983, 
A revenl johni D]efpartmenlt of 
Agrlidli ure-iK shidy (2), hased nil,li 

saml)les ('f)lleethI fromt IW)alllizi. 

lpovilwes du1ring fllullllor l ilVel 
Ipedld l ill,Ih9 5 railhy ticli50ll, 

' l thitlls11 low hlletifilleit of 
I)J.Chlrw:csl clllllll lillio)ll, Ilolilig| it 

ulilla| w u it1 11 ill Ii iIolal ialilillo)xill t 

Storage of undried ears, especially 
temporary farm storage for one to six 
weeks before the crop is sold, has been 
identified as the significant source of 
initial contamination. A mean aflatoxin 
content of 45 ppb with a range of 10 to 
95 ppb was found in ten samiJes of 
freshly shelled maize in 1984, and an 
aflatoxin level of 74 ppb, with a range 
of 3 to 299 ppb, was found in 19 
samples from two provinces in 1985. 
Effective aflatoxin control measures are 
needed soon after harvest, preferably 
within 48 hours. Although the critical 
initial contamination occurs during ear 
storage, high levels of aflatoxin 
contamination are usually associated 
with delays in drying shelled maize. 
Such delays can be due to rain during 
sun drying, and to transportation or 
storage of either undried or partially 
dried grain. 

Peanuts
 
Incidence of preharvest aflatoxin 
contamination in peanuts has been 
found to be very low, with only 3 out 
of 80 samples being positive, and these 
at relatively low levels of 20 and 30 
ph (1). Low aflaloxin conte t was also 
fotiiuti i 2(0 sainp)le) ifishelled 
iil ls (olleTIUhd fiotl ('OuJcn)ercltl 
Wi111 15 s allr lt' Wt.eek of tol'age 
(t I1)1), 4l)'xl, WlOthhldeie) ad oit monllth 
of 5hulon (i I)l1)., hnlil ;ue). Alterl., 15% 

'ilrill htilt 1tu1eh lluuue ofo lilge, thlll 

otlillollh -pltllvi,1-riillili|h frl ll| (i"| 

aw lOh -i'ji~ lilallili-t Wai' .10% lilutl 
ihhul 'IIl))h illil a e-ulu l 1) If) 1auiuh1.tu, ;i'Th'uIuit 2" ppl' . J Ipply) 1lt01w 
1lji 11"stlu gly, !Illuilo : le-Ili hitlluetitiu Suu't'leuue it1ith uitllutu!u),lauhiuutt 
wPml!lw ldill hiut!vr.JI had Ibri-l i111h11 lit we, illh lhljurallitil 

1ll J111*1Il l ll 'IItrlt" 111 V ,11111 illlyi11li!lu"th11,11ltiti 4111t 
1I110 11111 iu-i ll 1tt ally sh i luii l li'll lt:!,'w'hu1:i t ) toolI of h iil1lllul :5witI ' 	 Iii
ilfl~lll~ ll l~llllllllllilllll1	111illflixlll lrolill i111,1li111 1-1111411111 l1nlll 1) 

I!:tFII) il "' of litlttftlrilplill, O, :..ut111u 
lilulhhr; whit ll .111 : 1.tt1Ir ' Itllill 


http:hiut!vr.JI
http:1auiuh1.tu
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readings of 75 to 1350 ppb. Large, 
intact kernels had a low mean total 
aflatoxin content of 4 ppb, with only 3 
out of 25 samples being positive, 

Aflatoxin Research 
All new aflatoxin research is 
coordinated by the National Committee 
on Mycotoxin Control in Agricultural
Commodities and its three 
subcommittees, which cover the areas 
of research and development, 
extension and marketing. The 
committee is composed of 
representatives drawn from both the 
private sector and the government,
including the Cooperatives Promotion 
Department, Office of Agricultural
Economics, Department of Agriculture, 
Department of Agricultural Extension, 
Department of Foreign Trade, Board of 
Trade of Thailand, Bank of Agriculture
and Agricultural Cooperatives and the 
National Economic and Social 
Development Board. 

The duties and responsibflities of the 
committee are to: 

9 	Publicize the nature and importance 
of aflatoxin, especially with regard 
to export commodities: 

* 	Devise and evaluate effective 
aflatoxin control measures 
applicable to each stage In the 
marketing chain, and then 
vigorously promote these techniqes
through radio, television, newspaper
advertliemenits, Icaflela and posters; 

SCoordinpais uflullxll rescarclh and 

miaXI1Ie rollel )Iirallyv slildivo io

Iiieropie 0il1:viicy imld ruv'ibw 

ilf rollew uities (jve rill ! j)'oivs; 
I vPIIwolvilIcrl111 11iJIIliY119 1 

11104l icll' ly Ili 11111)1141"ttl!l 1!00 

ilti!!}141- l I ti!llli~11 1 itI :w1111111 
11114111!tP 111!01i~ !! lilivl IP111t1:P 
hi I1'IllN Jif, 1 I n i #!%JhII1* fj!! J~'l~tj!i !l!!!l 

l!!lt 

Regularly monitor the aflatoxin 
content of maize and peanuts
intended for export, so that any
problems can be recognized early 
and remedial action can be taken 
promptly. 

Chemical treatment 
The Division of Plant Pathology and 
Microbiology of the Department of 
Agriculture has recently completed
screening seven reagents in the 
laboratory for effectiveness in 
preventing or reducing allatoxin 
contamination of maize. Only three of 
the reagents were found to be effective 
sodium bisulphite. ammonia, and 
propionic acid:ammonium bis 
propionate at a ratio of 9:1. Sodium 
bisulphite and ammonia treatments 
both result in grain with a strong
residual odor; the ammonia treatment 
also produces darker grain. The most 
promising reagent is the propionic
ua:d-based fungicide formuiatlon, 
which has been shown to effectively
control both mold growth (A. flavus)
and aflatoxin formation, while not 
adversely affecting the physical quality
of the grain. The cost of the fungicide 
treatment should be offset by higher
prices for better quality grain, Future 
work aims to reduce costs by
minimizing the inclusion rate and 
Improving the application method, 

Mechanical drying
The U-Tha,Aflatoxin IliMaize Projecl
(l)has ldcollfit!( itsIl of crilerla, caller 
tIhe UL(-Thl'i Proicci (LITi) 6yslem,
whIch 1111hccl) tiWlli It rcliolbly
prollnd!w low afluil11i|-1cule; iac 
1111'h11 I rIlly fCillOll, Wi11 ilt 1.1,1P
fysiOlVI, llij e Ni IWO 101l dried for
oii I1)twwoolWe h tlorel lrvelllam 11 
11Ijll l l tlill.1vl : !! 11rll 2.1 IliI111 111111 
fItbltrVw! ihllol ll1t.tIW.!t I1lt!irwoll 1 

ill Ilill b !P ! I 11 t . 
f I!, lW1 !!!-I$hi111111il'i ,1 , 110t:11 fIl 

in t!s't!!JhIl1n' Willi~ )m#~i~polltt* 'I: w lhno!!!Ii 
t'!::'!ltlt !i I, A!! iolImt unil!;!l is' 
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monitored by a special adaptation of 
the bright greenish-yellow fluorescence 
(BGYF) test. 

Maize dried to 14% moisture content
by the UTP system can be safely
stored for a minimum of two months 
with no increase in aflatoxin content. 
With this system, 25 three-ton batches 
of maize were successfully produced
with a mean total aflatoxin content of
2.5 ppb and a range of 0 to 16 ppb at 
drying sites in two provinces. The 
system is now being used
commercially for about 50,000 tons of
low-aflatoxin content maize. 

Improved farm storage 

A USAID-funded 
project, conducted by
the Department of Agriculture, was 
begun in 1985. The project aims to

develop and evaluate improved farm 

storage and drying methods. li 1985,

crib stores of three sizes (0.5, 1.0 and 

2.5 meters) were tested, as was a solar 
drier developed by the Asian Institute
of Technology (AI'). 

Mycological studies 
A collaborative sltudy, involving thl

Divison of Plant Patlology and 

Microbiology, 
Ohe i)parinent of 

Agriculture and 
tile Tropical
Agriculttral l~cseareli Centre i'l'ARC) ofJapan, Is being olidlteted on (lie
incidence and o0Cuirrciee of 
Aslpore hsM , IsaltlII.A very lilgl
Itleldettcte of A. 1flins hlas bet:I ftd 
lit toil sllipIcs, ctpeclilly oll'edtitcrllrotilit
illliid dryillng lIi*liliti aiil 
witlih ises. No A. lIiw'js sl)in's W .r 
1c'lc l hlIcllw illttllili1 I 1!!lilci; l~lit t:, m!ti i r 'tsis!,,*il"t tAri!!ilIll.hId, bitt hi!gh i 

f 
11141 jVrlni s werleol-iW.l.c. ci i 101illun itlit lit h ilt lit wlliiv ittils 'i1l1ifief, zll~l-ilp4v. 

I ei 'iiiiintieet l llll!tt ti Aili 

A t' tu~ :~oasllliaw illi ttIlu i 
!!!!l~111110l!l!I! ~ 1111"I! I ' 

Ill.! !v,,t, :!', !, Ill l , ,!, 11l ! 

t 

j 
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fields during the dry season, as well as 
the high concentration of spores in 
warehouses. Aspergillus flavus 
contamination in stored maize wasfound to be closely associated with
weevil infestation (Sitophiluszeamas);
the insects calried extremely high

concentrations of A. flavus spores.

Virtually no A. flavus was found before
harvest in the second, dry-season crop
of maize, but concentrations increased 
slowly during temporary storage of
 
ears and grain.
 

Quality control
 
methods for aflatoxin
 
The UK-Thai project has amassed datawhich strongly indicate that an 
adaptation of the bright greenish
yellow fluorescence (BGYF) test (2) can 
be used in Thailand to identify the
level of aflatoxin presence in maize.
 
Batches were classified according to

the number of observed BGYF particles

(e.g., 0, 3. 5, 10 counts). Correlation
 
between these BGYF counts and the
 
mean total aflatoxin of all batches
 
within each classification 
was found tobe excellent (correlation coefficient, 
r = 0,92). Sampling was found to be a
critical factor when working toward a 
'0 or 30 ppl) aflatoxin limit. The good
corrvIhlions were only oiiiid when a
I0-kg represcelillv sallplle was
coarsely groindi willh a halttier miill 
filled willh a PI-!111116t,11r11 and 11
swi e sdivided I1 in- 125-g
ssitniiplei. AllioxIh Iiitllix-ionlrnj 

liil ri lit, 'i' lestil 
hiim h r-'re d lol tioi11oi lli Ilh 
pIItlli'llit Illill h iwlltllv 

l
lort i iigli h;iliic z,. M 'tii6ttltitMilllIIOI l; 1ll 
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Inspection companies offer an aflatoxin 
analysis service that is predominantly 
semiquantitative, based on minicolumn 
determination which is sometimes 
linked to a fluorotoxin meter. Fully 
quantitative aflatoxin determination is 
mainly performed in government 
laboratories, using quantitation by 
thin-layer chromatography (TLC). 
Sophisticated techniques. such as high
performance liquid chromatography 
(HPLC) and high-performance thin-
layer chtomatography (HPTLC), are 
gradually being introduced, and should 
soon enable a faster and more accurate 
analysis of samples. 

Future Research 

Future res.rch has been approved by 
the national committee in the areas of: 

* 	Continued work on inhibition of 
aflatoxin-producing fungi by 

chemical treatment;
 

9 	Aflatoxin detoxification; 

* 	 Evaluation of the UTP system for 
producing low-aflatoxin maize on a 
commerc!al scale; 

0 	Determination of the feasibility of 
increasing the proportion of second-
crop, dry-seation nitalze, which is 
known to have a low atlatoxtn 
cotllell, and to delerlllle whe',e 
icllhl challges n11h h!e1otf 
appropr ate; 

ll1;441ip llsiltlly olJiljilloxh b1i o 
Ilow-alllillotxll cllierlJill tr~ :"Ili 


IlltIh 'V amidIll t l 

lilltit l illj l Jl 

Ifll:jtl ilfIt ipii 

11110l 111yl llll1 li, 
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iJlillllrillJ bllt II111Y 
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11:111111111ir"l 
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0 	 Reduction of the risk of aflatoxin
 
contamination in unshelled maize,
 
e.g., in crib storage and extended
 
field drying; and
 

Study of the risk of aflatoxin 
contamination associated with maize 
shipping, and the development of 
suitable control measures. 

Cooperative Research 
Much of the aflatoxin research in
 
Thailand can now be considered to be
 
coordinated and cooperative, due to the
 
influence of the national committee.
 
Assistance from other countries to
 
provide funding, training and staff is
 
still needed; such support has played a
 
significant role in aflatoxin research in
 
the past. Various foreign agencies have
 
given support o the IDepartment of
 
Agriculture through bilateral or
 
multilateral assistan:e.
 

The United Kingdom has provided
 
training, equipment, staff and
 
volunteers to join In collaborative
 
projects with Thai researchers, at a
 
value of approximately 15 million baht
 
(US8 600,000). The United States
 
Agency for International Development
 
in phas- I of its contracl, has approved
 
a soft lotan of approximately JS6
 
200,00() anld a grant for research staff
 
and oveltise 11s nlcly
Iinn111g iind 1 toilr"1:
 
blr Thail Stiil-lit Io r lH5 alld IO,
 
''ti1; Hnille Nations Dvvwlopt llt
 
Prograimme PJN[)P3 hasi appolovil
 
11111th IISti 3ih I)() 101t IOHu ond
 
,ItlI tti lttti 1itTI ift
ll l. '!'rhtl 
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5 
Aflatoxin Workshop Recommendations 

The main objective of the aflatoxin workshop was the examination of areas ofpotential cooperative research among scientists of the USA, developing countries
and CIMMYT. The following areas covered at the workshop are recommended for 
consideration. 

General 

1. Alert regulatory and administrative 

personnel in all countries, 
especially those located in the 
tropics and subtropics, about the 
potential hazards of aflatoxin-
contaminated maize. 

I. 	 Develop ways of reducing the 
maize aflatoxin contamination 
problem by cooperative research,
information dissemination and 
education of farmers, processors 
and consumers, 

Potential Areas of Research 
1. 	 Post harvest 

e 	 Survey maize storage and 
handling procedures, both on 
the farm and in cummercial 
facilities, to identify storage 
practices that contribute to 
aflatoxin contamination; 

* 	 Identify uniqre regional factors 
that contribute to aflatoxin 
contamination; 

0 	Stdy the potential of new, 
regionally available 
preservatives tOha would reduce 
Aspergillhis tlu vius dvelopment
a4nd insect dainaigc Ininifliv 
stored aWove safe no!iqt rc 
liuvrl' and1 

3 dJIIfilhy 1 11iilly hlf l edi 

2. 	 Preharvest environment 
* 	 Study the different components 

of environmental stress to 
determine the relative 
importance of maximum and 
minimum temperatures, rainfall 
amounts and patterns, and time 
and amount of dew 
accumulation as related to 
aflatoxin contamination; 

Develop early warning systems 
based on weather and Ins,'ct 
activity for use in forecacting 
potential aflatoxin 
contamination outbreaks and 
assess the value of remote 
sensing in defining high-risk 
areas; and 

Examine the interaction of 
various kernel rot fungi, such as 
A, 	flavus, A. parasllicus, 
A. 	niger and Fusarlurn 
monlliforme, during ear 
development at different 
latitudes and environments and 
under different cultural 
practices to determlne the 
effects V11 ailallin 
collnat ion 

X#|)W4
I JIh',n!ify Ifhe smurcvt of 4. hvlei' 

f itlA. i l ooll4 1t1lw 

4, Q QllrnPI 

4 
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" Measure A. flavus and 	 Identify the role of physical
A. 	parasiticusspore levels and damage of kernels by insects,
distribution during maize birds and mammals, as well as 
development at environmentally weather factors, in increased 
diverse locations; susceptibility to A. flavus 

infection. 
" 	 Determine the effect of cultural 

practices (rotation, irrigation 5. Genetic control 
and minimum tillage) on * Determine differences among
A. 	fiavus conidia, sclerotia levels genotypes in susceptibility to
and their survival; 	 A. fiavus infection and 

mechanisms of kernel inhibition 
* 	Determine sources of A. flavus to aflatoxin contamination; 

and A. parasiticusinocula in 
grain storage, handling facilities Establish the influence of 
and processing plants; and variations in kernel substrate 

among genotypes and" Examine seasonal relationships endosperm mutants on A. flavus 
between soil insects and infection; 
inoculum distribution. 

Elucidate the association of4. Infection process 	 inherited resistance to insects
* 	Study the A. ilavus infection with variations inA.Aavus 

process in developing kernels, infection; 
with particular attention to the 
role of pcricarp, aleurone, Initiate studies to determine the 
embryo glumes, hilar layer and contribution of husk cover and
silk scars; tightness, chemical content, 

drying and silk differences In* 	Elucidate the sequential resistance to A.,favus;
 
Infection process In the kernel,

Ie,, whiuh sectiones of the kernel 9 Identify the role of kernel 
exhibit Infection during specific hardness, ratio of vitreous 4nd 
developmental tage4; nonvltrena endosperm, and 

clwmlpAl PompntllosN of tilet 	 Improve meohods for A,fl1avi endooperm in .,flaywv
Inoculatlnn of developing 	 resllsanpoe andk~ernels; 

*Jvluaiot sl4lelpld acpesPlnsOl 
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accessions in areas where 
natural aflatoxin contamination 
is high. saving only kernels with 
no visible infection at harvest, 
planting selected kernels and 
repeating the process. and 
saving a remnant sample from 
each cycle for evaluation of 
resistance to A. flavus infection. 

Identify the nutritional aspects 
of aflatoxicosis in areas where 
high mortality occurs among 
infants and older people; 

Establish safety guidelines in 
respect to dust inhalation, 
handling and processing of 
aflatoxin-contaminated maize; 

6. Sampling methods 
* Standardize sampling 

procedures at the international 
level, among research and 
regulatory agencies; 

* Develop methods for field plot 
techniques. sample size and 
number of replications, sample 
preparation (grinding and 
subsampling), extraction 
methods, separation and toxin 
quantification; 

* Train pertinent technical 
personnel In mycotoxin 
detection, with emphasis on 
rapid methods and updated 
Information on new detection 
techniques and safely
proerdtires; and aifylses 

Survey the extent of exposure of 
domestic animals to aflatoxin by 
milk/urine testing for toxin and 
residues; correlate exposure 
data with animal carcass quality 
(abattoir) or production 
information: 

Develop an information service 
among veterinarians on the 
diagnosis of mycotoxicoses 
associated with the 
consumption of specific toxin
contaminated feed by animals; 
and 

E stablish guidelines for the 
consumption of allatoxin. 
contaminated feed by domestic 
animals to avoid econolmle 

and low performance. 

7 

t itilIdy the 1 flhlIryi ofl 
05sou'iishi11 an inlerool ion"l 
"11 l u ldclli it" 
l I'roryi dv lvlo)i1$)nlill~,s 

olnllllfirti III (IMMYu, 
!#! lion01fsloWll 190PIIROPO!I 

4, Pasifi!ation 
P04411slahlisli u vicqidly whet lici 
or nl dvIoxfllod illilloIll

imll lilto :d t v Ill ll. 
iiil forl010111hhwlill-, 
PXItIiIIIII d:r nl Illcd Illill iorplIIl) :b III o1lllll:1114 fill 14114 

V1111) lllll rlld illci Jirl!l 

"lPlhJIIeII- lo illullW Imilrool~ms ; 
illillu J il l ofi If ilti mrl$JiWIIIP4I11"lqll 

I 0111111 1-l,il ifw lnilt i11c IIw4i 
mItrt i i n l:ll)i t11 I III lliII IIA11I1111111;~ ilF I'llllli 

P: 11111111 11t0,I 111111W 
ll, ollltJoIIIlt,: il~tir 

t1Itrl t 
fil ll 

1 , l t111 wl :t0It 

A ; i t)! I ft!Ir! iollmllo I 



381 

Identify the practicality of 
mechanically separating A. 
fiavus-infected kernels as a 
means of lowering aflatoxin 
levels in maize products. 

Encourage the education and 
training of scientists, 
technicians and food processors 
who deal with aflatoxin 
contamination problems 

P,. Management strategies 
* Encourage and recommend 

(CIMMYT should be considered 
as a potential training site); and 

periodic regional meetings at 
strategic locations to focus on 
aflatoxin contamination 
problems; suggested locations 
might be in Asia, Africa, Central 
and South America; 

Introduce surveillance 
procedures for aflatoxin in 
maize products in high-risk 
areas and develop a mechanism 
for rpid. international 
dissemination of results to 

Establish an umbrella 
committee consisting of 

pertinent scientists and 
regulatory agencies on a regular 
basis. 

scientists from Asia, Africa, 
Central and South America, 
plus technical p2. ple from 
CIMMYT and the USA, to 
encourage cooperative research, 
receive and evaluate proposals,
and distribute research findings; 
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Closing Remarks 

R.L. Paliwal, Associate Director, Maize Program, CIMMYT, Mexico 

It is a pleasure for me to address this 
closing session of the US Universities-
CIMMYT Aflatoxin Workshop. The 
workshop is the result of a cooperative 
project that was started four years ago 
between the University of Missouri. 
CIMMYT and the national programs 
participating in the international 
testing of maize germplasm for its 
response to aflatoxin in various 
environments of the tropical world. 

The project has clearly indicated that 
aflatoxtn in maize is a widespread and 
serious problem. Itwas decided to 
bring together scientists from US 
universities and developing-country 
insitlutions workling on aflatoxill will)
CIMMYT malize progran sclenltits to 
discuss the problem. This worlkshop 
has been very sli.'eeissfill inbringing 
alboill lthi irlletl-10olll, 

I w l tllIlliIIlti (IMMY'" 
i~hii)U(laflti ! iI Ii A l) i IJN I i i 
11)41011i9 Ohw.u it ill wrlotilllo Illt .Iiilotm


ll11 IIMMiY'I"ti iII l illw lili 110111: siililll1 

il: logill 't.1cIIfill:ewille il lt ?. M ill i 1l, 

Renfro, and to thank all of the 
scientists who have attended the 
workshop and participated in its 
deliberations. The discus,, ions have 
been held in an exemplary spirit of 
coope;-ation and constructive criticism. 
The harmony in which the discussions 
have taken place is demonstrated by 
the unanimity of the recommendations 
drawn up by the participants. 

Most of our sessions have gone beyond 
normal working hours. This has shown 
the real interest of the participants in 
tile problem of aflatoxin in maize. 
These long hours have been very well 
rewarded by the important conclusions 
and recommendations that have come 
(jlli of the workshop, The real success 
of lihe worlkshop, however, will be 
iiiNilured by ihe iollow-iilp and lhe 
cooperalive prolecti between 
illttath itiIII u is a resiilt ofihl11 llleerg' 
Ihcthe delhleillhtus mill 
rei Ioutlllllnlihiiilti,. 

I!llilillh YII 11 ! i~,';lililll- lYIIll!"
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J.C. Sentz, Coordinator, US Universities-CIMMYT Collaborative 
Maize Research Program, University of Minnesota, St. Paul, 
Minnesota 

This Aflatoxin Workshop has been a 
major step in expanding collaborative 
research among scientists from 
CIMMYT, cooperating countries and 
the USA, with the aim of insuring the 
production and availability of maize 
that is safe for both human and animal 
consumption. The need for 
collaborative effort to reduce aflatoxin 
contamination of maize supplies, 
primarily in tropical and subtropical 
areas, was identified as a priority by
maize scientists from CIMMYT, US 
universities and developing countries 
meeting at CIMMYT in August 1984 
for the U.S. Universities-CIMMYT 
Maize Conference on Collaboration 
Toward Mutual LDC Maize Production 
Objec!ives. Research on aflatoxin was 
one of six cooperative activities 
Identified at that conference which 
subsequently received partial support
from the UB Agency for International 
Development, The present conference 
was Initiated na a fArst Mtep i attacking
Ole 1l1I0n prohlln, 

The Informailli provtIId atOw,
wor~lihop, the0 (qlwolono raisedl 411111ii 
'lJiseoslions partllllmill
wxtrlJ)MinInformolllon rolliltIII)
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In developing a strategy and program 
that will be effective and efficient,
there is a clear need to differentiate 
bt tween those activities which are 
co intry specific and those which are 
relional or perhaps global. 

It is not enough to meet again in three 
or in five years to assess the prugress
which has been made. There should be 
a plan, a program of activities, 
identifying work areas that can be 
pursued both individually and 
cooperatively, not only to guide and 
pace research, but also to facilitate 
obtaining fiscal support for the work 
regionally and locally. 

I sincerely hope that the Information 
aasemhled and the Ideas and 
suggestions generated will Initiate a 
collaborative effort to resolve the 
problems that cannot he pursued
effectively In Individual unito and 
,ocatlons 'Tieplanning of such work
shouild he delegaled to a working
:Otll|Ittec anld p1111sued immllediately, 
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Appendix 
Participants, US Universities-CIMMYT Maize 
Aflatoxin Workshop, CIMMYT, Mexico, April
6-11, 1986 

Argentina
Dra. Emilia E. Planes de Banchero 
Investigadora, Departamento de 

Mlcroblologla
Instituto Naclonal de Tecnologla
Agropecuaria (INTA) Castellas 1712 

Casilla do Correos 25 
Buenos Aires, Argentina 

Prof Carlos Marcelo Loffler 

Profesor, Focultod do Clonel* 
Agricola

UnIverldoad de Mar del Pl0i 
Coalli de Corrroo 7ti-7O 
Palncar-r, Arigentlna 

Pr. 1*41 Qnern
P P~rOOmP"1o d I1PO 
l-jPjvw~l40q siJ 
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P-111@ 09r 1 VYPOI14 F 

Ecuador 
Dra, Susana Esptn de Rivera 
Investigador, Residuos T6xicos en 

Alimento, 
Departamento de Nutrlcl6n 
Inatttuto Naclonal de Investlgociones

Agropecuarlas (INIAP) 
Apurtado Postal 340
Quito, Itudor 

Ing, Mario Q4iar A hilv 
Coordlnador Niolonol de MilI 
ll11§1410o Nswlonll do IvoolgolvIWNIN

Agroppowrlaa (INIAP
ApgrtnAn Poolol WIO 
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Mexico MSc. Alfredo GonzAlez Pdrez 
Ing. Gloria Laura Angulano Ruvalcaba Investigador. Laboratorio de Control de 
Asistente de Investigaci6n Calidad 
CINVESTAV CONASUPO 
Instituto Politecnico Nacional, Unidad Insurgentes Sur 3696-B 
Irapuato Tlalpan, 14000 Mexico. D.F., Mexico 

Popocatepetl 52 
Apartado Postal 629 MSc. Doralinda Guzman de Pefta 
36620 Irapuato, Guanajuato, Mexico CINVESTAV 

Instituto Politecnico Nacional, Unidad 
MSc. Jose Luis Arellano V. Irapuato 
Investigador, Programa de Maiz Popocatepetl 52 
INIFAP-SARH-CAEVAMEX-CIAMEC Apartado Postal 629 
Apartado Postal 10 36620 Irapuato, Guanajuato. M6xico 
56230 Chapingo, Estado de Mexico, 

Mexico Ing. Francisco Javier Herrera 
Rodriguez 

Dr. Hector Bourges Investigador, Programa Granos 
Jefe, Division de Nutrici6n Almacenados 

Experimental y Ciencia de los INIFAP.SARH-CIAPY 
Alimentos Campo Agrtola Experimental Uxmal 

Instituto Nacional de la Nutrici6n Apartado Postal 50, Sucursal D 
Vasco de Quiroga 15 97000 Merida, YucatAn. Mexico 
TlaIpan:. 14000 Mexico, D.F., Mexico 

Dr. Luis Cesar L6pez Frias 
MSc. A. Magda Carvajal Moreno Coordinador, Fitopatologia Z. Centro 
Instituto de Biologla INIFAP-SARH-CAEPAB-CIANOC 
Universidad Nacional Aut6noma de Apartado Postal 20 

Mexico 20660 Pabell6n de Arteaga, 
Apartado Postal 70-233 Aguascalientes, Mexico 
04510 Mexico, D.F., Mexico 

MSc. Josefina Morales de Le6n 
MSc. Oscar Cota Jefe, Departamento de Ciencia y 
INIFAP-SARH-CAEVY-CIANO Tecnologia de Alimentos 
Apartado Postal 515 Instituto Nacional de la Nutrici6n 
85000 Cd. Obreg6n, Sonora, Mexico Vascu de Quiroga 15 

Tlalpan, 14000 Mexico, D.F., Mexico 
MSc. Genoveva Garcia Aguirre 
Departamento de BotAntca Dr. Ernesto Moreno Martinez 
Instituto de Biologia Instituto de Biologia 
Universidad Nacional Aut6noma de Universidad Nacional Aut6noma de 

Mexico Mexico 
Apartado Postal 70.233 Apartado Postal 70-233 
045 10 Mexico, D.F., Mexico 04510 Mexico, D.F., Mexico 

MSc. Noel Gomez Montiel MSc. Dora Alicia Ortega Zaleta. 
Investigador de Malz Investigador, CIAGOC-INIA-SARH 
INIFAP-SARH-CAEIGUA-CTAPAC Campo Agricola Experimental Cotaxtla 
Apartado Postal 29 Carretera Veracruz-C6rdoba Km 34 
Iguala, Guerrero, Mexico Apartado Postal 429 

91700 Veracruz, Veracruz, Mexico 
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Dr. Jos6 Ron Parra 

Mejorador de Maiz 

INIFAP-SARH-CAEZAP-CIAB 

Apartado Postal 77, Sucursal A 

Zapopan, Jalisco, Mexico 


MSc. Manuel Rosas Romero 
Investigador AdJunto 

Departamento de Fitopatologia 

Colegio de Post-Graduados 

56230 Chapingo, Estado de Mexico. 


Mexico 

Dr. Rene Rosiles M. 

Laboratorio de Toxicologia
 
Facultad de Medicina Veterinaria y 


Zootecnia 

Universidad Nacional Aut6noma de 


Mexico 

04510 Mi.xico, D.F., Mexico 


MSc. Mauro Sierra Maclas 
Investigador de Maiz 
INIFAP-SARH-CIAGOC 
Campo Agricola Experimental Cotaxtla 
Apartado Postal 453 
91700 Veracruz, Veracruz, Mexico 

MSc. Angel Torreblanca Rolddn 
Director. Departamento de Ciencias de 
la Nutrici6n y de los Alimentos 

Universidad Iberoamericana 
Avenida Cerro de las Tcrres 395 
04200 Mexico, D.F., Mexico 

Ing. Gustavo A. Veldzquez C. 
Investigador del Programa de Maiz 
Campo Agricola Experimental 'Jel Valle 

de Mexico 
Centro de Investigaciones de la Mesa 
Central 
Campo El Horno 
Apartado Postal 10 
56230 Chapingo, Estado de Mexico, 
Mexico 

Hector Vilches Landin 
Universidad Iberoamericana 
Avenida Cerro de las Torres 395 
04200 Mexico, D.F., Mexico 

MSc. Miguel Villalobos Mancilla 
MeJorador del Matz
 
INIFAP-SARH-CAESICH-CIAN
 
Apartado Postal 554
 
31500 Cd. Cuauhtemoc, Chihuahua,
 

Mexico
 

Philippines
 
Dr. Rosalinda P. Garcia
 
Researcher and Assistant Professor
 
National Crop Protection Center
 
University of the Philippines at Los
 
Balos
 

Laguna 3720, Philippines
 

Thaland 
Dara Buangsuwan 
Head, Seed and Post-Harvest Pathology 

Branch
 
Division of Plant Pathology and
 

Microbiology
Department of Agriculture 
Bangkhen 9, Bangkok 10900, Thailand 

USA 
Dr. J. Scott Angle
 
Assistant Professor
 
Department of Agronomy

University of Maryland
 
College Park, Maryland 20742. USA
 

Dr. J. Lawrence Apple 
Director, International Agricultural 
Programs 

North Carolina State University 
P.O. Box 7112 
Raleigh, 	North Carolina 27695-7112, 

USA 

Dr. Dean Barry 
Agricultural Reserach Service 
US Department of Agriculture 
1-67 Agriculture Building 
University of Missouri 
Columbia, Missouri 65211, USA 

Dr. George A. Bean 
Professor 
Department of Botany 
University of Maryland 
College Park, Maryland 26742, USA 
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Dr. Larry L. Darrah 	 Dr. Roger K. Jones 
Research Geneticist Extension Plant Pathologst

Agricultural Research Service Agricultural Extension Service
 
US Department of Agriculture Texas A&M University

11OA Curtis Hall College Station, Texas 77843, USA
 
Univereity of Missouri
 
Columbia, Missouri 65211. USA 	 Dr. Eivind B. LillehoJ
 

Microbiologist

James W. Dickens Southern Regional Research Center
 
Agricultural Engineer Agricultural Research Service
 
Agricultural Research Service US Department of Agriculture

US Department of Agriculture 1100 Robert E. Lee Boulevard
 
North Carolina State University P.O. Box 29687
 
P.O. Box 7610 	 New Orleans, Louisiana 70197, USA 
Raleigh, 	North Carolina 27695-7610,
 

USA 
 Dr. William W. McMillian 
Research Entomologist


Dr. Urban L. Diener Insect Biology Laboratory

Professor Agricultural Research Service
 
Department of Plant Pathology and 	 US Department of Agriculture

Microbiology Georgia Coastal Plain Experiment

Auburn University Station
 
Auburn, Alabama 36849, USA Tifton, Georgia 31793, USA
 

Dr. Bruce A. Fortnum Dr. T. Everett Nichols, Jr. 
Associate Professor Department of Economics and 
Department of Plant Pathology and Business 

Physiology North Carolina State University
Pee Dee Experiment Station P.O. Box 8109 
Clemson University Raleigh, North Carolina 27650, USA 
P.O. Box 271 
Florence, South Carolina 29503, USA Dr. Gary A. Payne 

Associate Professor 
Dr. Pat B. Hamilton Department of Plant Pathology
Professor North Carolina State University
Department of Poultry Science P.O. Box 7616 
North Carolina State University Raleigh, North Carolina 27650, USA 
Raleigh, North Carolina 27609, USA 

Dr. Allan C. Pier 
Dr. Stanley D. Jensen Professor, Department of Veterinary
Research Coordinator, Western Region Science 
Pioneer Hi-Bred International, Inc. University of Wyoming
Route 2, Box IA Laramie, Wyoming 82017, USA 
York, Nebraska 68467, USA 

Dr. David Sauer 
Dr. Chris J. Johannsen US Grain Marketing Research 
Director, Agricultural Data Network Laboratory 

and Agricultural Research Center 
Laboratory for Applications of Remote US Department of Agriculture

Sensing 1515 College Avenue 
105 Smith Hall Manhattan, Kansas 66506, USA 
Purdue University 
West Lafayette, Indiana 47907, USA 
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Dr. Gene E. Scott 
Supervisory Research Agronomist 
Agricultural Research Service 
US Department of Agriculture 
P.O. Box 5248 
MissJssippi State University 
Mississippi State, Mississippi 39762, 

USA 

Dr. James Sentz 
International Agricultural Programs 
320 Vocational and Technical Building 
University of Minnesota 
1954 Buford Avenue 
St. Paul, Minnesota 55108, USA 

Dr. Phillip F. Sisson 
Director, Agricultural Economics 
Quaker Oats Company 
345 Merchandise Mart 
Chicago, Illinois 60654, USA 

Dr. Jack R. Wallin 
Research Plant Pathologist 
University of Missouri, retired 
Route 5 
Fulton, Missouri 65251, USA 

Dr. Neil W. Wldstrom 
Research Geneticist 
Agricultural Research Service 
US Department of Agriculture 
Georgia Coastal Plain Experiment 
Station 

P.O. Box 748 
Tifton, Georgia 31793, USA 

Dr. David M. Wilson 
Professor, Department of Plant 
Pathology 

Georgia Coastal Plain Experiment 
Station 

University of Georgia 
Tifton, Georgia 31793, USA 

Dr. Marcus S. Zuber 
Professor Emeritus 
Department of Agronomy 
109 Curtis Hall 
University of Missouri 
Columbia, Missouri 65211, USA 

CIMMYT 
Dr. D.L. Winkelmann 
Director General 

Dr. Ronald P. Cantrell 
Director, Maize Program 

Dr. R.L. Paliwal 
Associate Director, Maize Program 

Dr. Bobby L. Renfro 
Pathologist, Maize Program 

Dr. John A. Mihm 
Entomologist, Maize Program 

Dr. Magni S. Bjarnason 
Breeder, Quality Protein Maize 

Dr. James A. Deutsch 
Breeder, Advanced Unit 
Maize Program 

Dr. Margaret Smith 
Breeder, Back-up Unit 
Maize Program 

Dr. Gregory Edmeades 
Physiologist, Maize Program 

Dr. David C. Jewell 
Wide Crosses, Maize Program 

Dr. James E. Lothrop 
Breeder, Highland Maize 

Dr. Hiep Ngoc Pham 
International Testing 
Maize Program 

Dr. Suketoshi Taba 
Germplasm Bank 
Maize Program 

Dr. Surinder K. Vasal 
Breeder, Hybrid Program 

Dr. H. Garrison Wilkes 
Visiting Research Fellow 
Maize Program 



389 

Dr. Dana L. Eaton Dr. Alejandro Ortega C. 
Associate Scientist Regional Maize Program, 
Maize Program Mexico, Central America 

and Caribbean 
Dr. Narceo B. BaJet 
Postdoctoral Fellow Dr. Evangelina Villegas M. 
Maize Program Head, General Laboratories 

Dr. Carlos de Le6n Dr. J. Michael Prescott 
Asian Regional Maize Program Head, Seed Health 
Department of Agriculture Wheat Program 
Bangkhen, Bangkok 10900, Thailand 

Elizabeth S. Cu6llar 
Editor 


