Regulatory Aspects of Mycotoxins in Soybean
and Soybean Products

Stanley Nesheim®* and Garnett E. Wood”

Division of Natural Products and "Division of Programs and Enforcement Policy, Office of Plant and Dairy Foods
and Beverages, U.S. Food and Drug Administration, Washington, DC 20204

ABSTRACT: More than 50 countries have enacted or pro-
posed regulations for the control of aflatoxins in foods and/or
feeds, and at least 15 of these countries also have regulations
for permitted levels of contamination by other mycotoxins.
Since 1965, the U.S. Food and Drug Administration has used
action levels to control aflatoxins in its compliance programs,
Cooperative programs with the U.S. Department of Agriculture,
state agencies, and industry also have been used to keep expo-
sure to affatoxins as low as practical. Soybeans support the
growth of many mold species, which can produce toxins such
as aflatoxins, trichothecenes (such as T-2), and cytochalasins.
The natural occurrence of these toxins in soybeans has not been
a problem. Limited surveys of soybeans and soy-based infant
formulas have not revealed significant contamination. The se-
quence of events that leads to consideration of a mycotoxin for
control programs and other regulatory activity includes deter-
mination of a toxic response, isolation and identification of the
toxin, development of a sampling plan and method of analysis,
and determination of incidence and levels of contamination of
the susceptible commodity. The quality of soybeans can vary
widely, depending on environmental, agronomic, and storage
conditions. Products susceptible to contamination from im-
proper storage are subject to regulatory action on a case-by-
case basis. The government—industry cooperative programs
have been successful in limiting human exposure to aflatoxins.
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The occurrence of mycotoxins in foods and feeds, produced
in various countries of the world, has been well documented.
Many genera of fungi are capable of producing mycotoxins
on suitable substrates under favorable conditions of humidity
and temperature. The mycotoxins are of great concern be-
cause of their reported toxicological effects in humans and in
animals. The toxins may be considered unavoidable contami-
nants in susceptible food and feed crops. It is not possible to
predict their presence nor to completely prevent their occur-
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rence during preharvest, storage, and processing when using
normal agronomic practices.

Aflatoxins have received more attention than other myco-
toxins because of their acute toxicity and potent carcinogenic
effects in susceptible animal species. Many countries have
enacted or proposed regulations (1) to limit the amounts of
these toxins in foods and feeds. The legal basis for regulating
poisonous or toxic substances in food in the United States is
the Federal Food, Drug, and Cosmetic Act. In Section
402(a)(1) of this Act, a food is considered to be adulterated
“if it bears or contains any poisonous or deleterious substance
which may render it injurious to health.” By enforcing this
statute, the U.S. Food and Drug Administration (FDA) can
prohibit the entry of, and remove from interstate commerce,
any food or feed so adulterated.

RESULTS AND DISCUSSION

A definitive program to control aflatoxins in foods was initi-
ated in 19635, The rationale for taking action at that time was
based on the observation that aflatoxins were potent hepato-
carcinogens in some animal species, notably duck, rat, and
trout. It was not certain that the aflatoxins caused primary
liver cancer in humans, but it was prudent to limit exposure
to these potential human carcinogens to the lowest level pos-
sible (2). An informal action level of 30 pg/kg total aflatoxins
(B, B,, G, and G,) was established for peanut products. The
selection of this limit was based on considerations relating to
the sampling procedures and analytical methodology to iden-
tify, measure, and confirm the presence of aflatoxins in conta-
minated food. The action level was reduced to 20 pg/kg in
1969 and applied to all foods and feeds susceptible to afla-
toxin contamination.

Different action levels have since been established for afia-
toxin M, in fluid milk products (3), for aflatoxins B,, B,, G,,
and G, in cottonseed meal as a feed ingredient (4), and for
corn and peanut products intended for specific food-produc-
ing animals (5,6) (Table 1). The rationale for these action lev-
els is described in the cited references {see Refs. 3-6).

The major commodities that are susceptible to aflatoxin
contamination include corn, peanuts, cottonseed, and tree
nuts. Soybeans and small grains, such as wheat, rye, oats, bar-
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TABLE 1
FDA Regulatory Levels for Total Aflatoxins?

Concentration

Commodity (ng/g)
All products, except milk, designated for humans 20
Corn for immature animals and dairy cattle 20
Corn and peanut products for breeding beef cattle, 100
swine, and mature poultry
Corn and peanut products for finishing swine 200
Corn and peanut products for finishing beef cattle 300
Cottonseed meal {as a feed ingredient) 300
All other feedstuffs 20
Milk 0.5°

*Food and Drug Administration (FDA) Compliance Policy Guides 7120.26,
7106.10, 7126.33 (revised 1994).
baflatoxin M.

ley, sorghum and rice, historically have not been significant
sources of aflatoxin exposure, unless abused in storage or
after processing. Because soybeans are a good source of edi-
ble 0il and soybean meal is widely used as a protein source
for human consumption as well as an animal feed, the suscep-
tibility of soybeans to aflatoxin contamination has been in-
vestigated. In early surveys conducted by the U.S. Depart-
ment of Agriculture (USDA), 1,046 soybean samples col-
lected from different regions of the United States, including
all grades and different crop years, were examined for afla-
toxins (7,8). Aflatoxin was confirmed at low levels (7-14
pg/kg) in only two of the test samples analyzed. These find-
ings, along with other observations, suggested that soybeans
were not a good substrate for aflatoxin production. However,
many of the test samples showed evidence of contamination
with Aspergillus flavus, a main contributor to aflatoxin pro-
duction under certain conditions. Therefore, the potential for
aflatoxin formation during adverse storage conditions does
exist.

In a study designed to determine if some varieties of soy-
beans were more susceptible to aflatoxin contamination than
others, 16 commercial varieties of soybeans were inoculated
with five isolates of fungi from the A. flavus series and incu-
bated for 10 d (9). All varieties of soybeans supported the pro-
duction of aflatoxins under optimal conditions, but the extent
of toxin production was dependent on the variety of the soy-
beans and the toxigenic potential of the fungal isolate used.
The average yields of aflatoxin B, ranged from 0.7 to 34 ug/g.
Although soybeans grown in the United States over the years
have been relatively free of aflatoxins, they are still routinely
included each year for testing by the FDA in its compliance
programs. In the last two years, 64 samples of soybeans or
soybean meals were tested; none contained detectable afla-
toxins.

In an attempt to determine the potential of soybeans to sup-
port the growth of fungi that produced mycotoxins other than
aflatoxins, 385 unprocessed soybean samples were examined
to determine their mold flora (10). The predominant mold
flora were species of Aspergillus, Penicillium, Alternaria, and
Cladosporium. Although there are reports in the literature of
mycotoxins being produced by species of these genera, infor-
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mation on the susceptibility of soybeans to contamination by
mycotoxins other than aflatoxins is meager. Some other my-
cotoxins have been found to occur naturally on soybeans. In
1986, after a wet autumn delayed the harvest of soybeans in
northwestern Illinois, deoxynivalenol was identified in seven
of seven samples of damaged beans in amounts from 160 to
490 ng/g. Zearalenone contamination ranged from 80 to 750
ng/g in six of the test samples; diacetoxyscirpenol, from 0 to
40 ngfg in five of seven samples; T-2 toxin, from 0 to 130 ng/g
in six of seven samples; and HT-2 toxin, up to 1000 ng/g (11).

In 1985 and early 1986, when harvest was delayed in
North Carolina because of late-season rains, there were wide-
spread reports of moldy beans and sprouting in the pods.
There also were reports of reproductive and other health prob-
lerns in swine and poultry in both North and South Carolina.
Mold counts indicated invasion of the soybeans by Fusarium
spp. Twenty-four samples were analyzed for zearalenone and
deoxynivalenol. Seventeen of 24 test samples contained zear-
alenone at levels up to 1,800 ng/g, and 10 of 24 contained de-
oxynivalenol at levels up to 400 ng/g (12).

Exposure data, along with toxicological evaluations, are
essential to establish the need for regulatory control pro-
grams, Past concerns by the FDA about certain mycotoxins,
such as ochratoxin A, zearalenone, patulin, sterigmatocystin,
deoxynivalenol, citrinin, and fumonisins, have resulted in sur-
veys of susceptible commodities for these mycotoxins. From
the results of these surveys and the available toxicological
data, no formal regulatory programs have been warranted.
The FDA currently has an advisory level for deoxynivalenol
and is considering some type of regulatory guidance for the
fumenisins and patulin. Because of the random, unpredictable
contamination of food by known mycotoxins, as well as the
potential occurrence of new mycotoxins, the control of my-
cotoxins in foods is a difficult task., Continuous efforts are
being made by the FDA (through mounitoring or surveillance)
to minimize the extent to which consumers may be exposed
to mycotoxins. The monitoring efforts are directed at regions
and commodities that historically have had high levels of con-
tamination, or in response to new information on contamina-
tion problems that may develop in regions or commodities not
normally affected.

An effective monitoring program includes the use of an ef-
fective sampling plan and reliable analytical methods. The
three basic steps involved in any monitoring program are: (i)
sampling a given lot of food to obtain a sample representative
of that lot, (ii) grinding and blending the primary sample to
produce a homogeneous test sample from which to take a test
portion, and (iii) performing the quantitative analysis. The
first step is difficult to achieve. Because the distribution of
mycotoxin contamination in agricuitural commodities is very
heterogeneous, large errors may occur due to concentration
levels of aflatoxin in individual seeds that are as high as
25,000, 80,000, 1,000,000, and 5,750,000 pg/kg in Brazil
nuts, corn, peanuts, and cottonseed, respectively (13). Indi-
vidual seeds so heavily contaminated can contribute to vari-
ability in analytical results for sequential test samples taken
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from a primary lot sample not thoroughly ground and
blended. There are errors associated with each of these steps,
but the largest error, that of sampling, can be reduced consid-
erably if adequate random sampling plans are used.

FDA and USDA inspectors use established sampling plans
for examining grains of various types so that each primary
sample represents the lot from which it is taken. Instructions
on how to sample a moving stream, or probe a carlot, a truck
load, a bulk pile, or a stack of bags have been given in detail
(13) in the Manual of the Federal Grain Inspection Service,
USDA (14), and by the World Health Organization/Food and
Agriculture Organization (WHO/FAO) of the United Nations
(15). The primary lot sample obtained by these procedures is
50100 kg. It is reduced by blending and splitting sequen-
tially to 5 kg. The 5 kg is coarsely ground (to pass a No. 14
sieve), blended and riffled to 1-2 kg, reground to pass a No.
20 sieve, and thoroughly blended to constitute the test sam-
ple. At least a 50-g test portion is taken for extraction and
analysis (16).

Most analytical methods employed for soybeans are spe-
cific for individual and groups of chemically related myco-
toxins. The measurable levels of toxins may vary greatly, de-
pending on how the toxins are detected, whether by visible,
ultraviolet, fluorescence, mass spectrometry, or gas chroma-
tography. The official method of analysis of the Association
of Official Analytical Chemists (AOAC) for aflatoxin in soy-
beans, AOAC sec. 972.27 (16), is also used for peanuts and
comn. More recent official methods for these commodities also
would be applicable to soybeans, as would methods devel-
oped for other mycotoxins, such as deoxynivalenol, ochra-
toxin A, T-2, HT-2, and zearalenone.

In 1991, 54 million metric tons of soybeans were produced
in the United States. Forty-two percent of this amount was
exported for use as food, feed, and oil (17). Therefore, the
soybean industry can be greatly affected by the regulatory ac-
tivities of other countries. At least 60 countries have proposed
or established regulations of some type to limit exposure to
aflatoxins and other selected mycotoxins in susceptible com-
modities in domestic and import channels. In some instances,
no rationale based on hazards to human or animal health has
been cited as the basis for the levels imposed. In view of the
regulatory limits in other countries, there is a need to contin-
uously monitor soybeans for aflatoxins, as well as for other
mycotoxins that may be produced under adverse weather and
storage conditions.

1423

In summary, mycotoxin contamination of soybeans has not
been a significant problem as compared to commodities such
as corn, cottonseed, peanuts, barley, and other grains. Prob-
lems arising from poor harvesting and storage procedures are
handled on a case-by-case basis. Increased numbers of sensi-
tive, specific, and reliable methods have become avaitable for
the aflatoxins and other mycotoxins that may be found on
soybeans. For the more newly recognized mycotoxins, such
as the fumonisins and cytochalasins, relatively few methods
are available. Methods development and toxicological evalu-
ations are necessary for these mycotoxins and for other
unidentified mycotoxins, particularly those associated with
human and livestock foxicoses.
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