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Summary
Molds are filamentous (fuzzy or dusty appear-
ing) fungi that occur in many feedstuffs, in-
cluding roughages and concentrates.
Molds can infect dairy cattle, especially dur-
ing stressful periods when they are immune
suppressed, causing a disease referred to as my-
cosis.
A wide range of different molds produce poi-
sons called mycotoxins that affect animals
when they consume contaminated feeds.
A mycotoxin poisoning is called mycotoxico-
sis.
Mycotoxins are of constant concern, but some
growing seasons produce increased problems.
The U.N.’s Food and Agriculture Organization
(FAO) estimated that worldwide, about 25%
of crops are affected annually with mycotox-
ins.
Molds are present throughout the environment
and therefore, mycotoxins can be formed on
crops in the field, during harvest, or during stor-
age, processing, or feeding.
Spores are in the soil and in plant debris and
lie ready to infect the growing plant in the field.
Fungal field diseases are characterized by yield
loss, quality loss, and mycotoxin contamina-
tion.
Mold growth and the production of mycotox-
ins are usually associated with extremes in
weather conditions leading to plant stress or
hydration of feedstuffs, insect damage, poor
storage practices, low feedstuff quality, and in-
adequate feeding conditions.

Aspergillus, Fusarium and Penicillium molds
are among the most important in producing my-
cotoxins detrimental to cattle.
The mycotoxins of greatest concern include:
aflatoxin, which is generally produced by As-
pergillus mold; deoxynivalenol, zearalenone,
T-2 toxin, and fumonisin, which are produced
by Fusarium molds; and ochratoxin and PR
toxin produced by Penicillium molds.
Several other mycotoxins, such as the ergots,
are known to affect cattle and may be preva-
lent at times in certain feedstuffs.
There are hundreds of different mycotoxins,
which are diverse in their chemistry and effects
on animals.
Mycotoxin-contaminated feeds often contain
multiple mycotoxins.
Management of crop production can reduce,
but not prevent, the occurrence and concentra-
tions of mycotoxins.
Feed and feeding management practices can re-
duce the production and impact of mycotox-
ins.
Experimentally, mycotoxin binders have been
effective at reducing mycotoxin effects.

Molds Can Cause Disease
A mold (fungal) infection resulting in disease is
referred to as a mycosis. Fungal pathogens in-
clude: Aspergillus fumigatus, Candida albicans,
Candida vaginitis, certain species of Fusarium
and others.  Aspergillus fumigatus is known to
cause mycotic pneumonia, mastitis and abortions
and has been recently proposed as the pathogenic
agent associated with mycotic hemorrhagic bow-
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el syndrome (HBS) in dairy cattle (Puntenney et
al., 2003). A. fumigatus is thought to be a fairly
common mold in both hay and silage. While
healthy cows with an active immune system are
more resistant to mycotic infections, dairy cows
in early lactation are immune suppressed and HBS
is more likely in fresh cows (Puntenney et al.,
2003).  It is theorized that with a mycosis, myc-
otoxins produced by the invading fungi can sup-
press immunity; therefore increasing the infectiv-
ity of the fungus.  A. fumigatus produces several
mycotoxins, including tremorgens that are toxic
to cattle and gliotoxin.  Gliotoxin, an immune
suppressant, has been present in animals infected
with A. fumigatus (Bauer et al., 1989).  Reeves et
al. (2004) using an insect model demonstrated the
significance of gliotoxin in increasing the viru-
lence of A. fumigatus.  Niyo et al. (1988a, b) have
demonstrated that in rabbits, T-2 toxin decreased
phagocytosis of A. fumigatus conidia by alveolar
macrophages and increased severity of experimen-
tal aspergillosis.  It is possible that gliotoxin, T-2
toxin, or other mycotoxins that suppress immuni-
ty may be a trigger to increased infectivity by the
fungus; ultimately resulting in HBS or other fun-
gal infections.  Perhaps reducing animal exposure
to mycotoxins and moldy feeds may be a key to
control of mycoses such as HBS.  A commercial
feed additive with antifungal and adsorbent prop-
erties appears to reduce HBS (Puntenney et al.,
2003).

Mycotoxin Effects
Mycotoxins can increase the incidence of disease
and reduce production efficiency in cattle.  Myc-
otoxins can be the primary agent causing acute
health or production problems in a dairy herd; but
more likely, mycotoxins are a factor contributing
to chronic problems including a higher incidence
of disease, poor reproductive performance, or sub-
optimal milk production.

Mycotoxins exert their effects through several
means:

1) reduced intake or feed refusal;

2) reduced nutrient absorption and impaired me-
tabolism;

3) altered endocrine and exocrine systems;
4) suppressed immune function;
5) altered microbial growth.

Recognition of the impact of mycotoxins on ani-
mal production has been limited by the difficulty
of diagnosis.  The difficulty of diagnosis is in-
creased due to limited research, occurrence of
multiple mycotoxins, nonuniform distribution,
interactions with other factors, and problems of
sampling and analysis. Because of the difficulty
of diagnosis, the determination of a mycotoxin
problem becomes a process of elimination and
association. Certain basics can be helpful (Schief-
er, 1990):

1) Mycotoxins should be considered as a possible
primary factor resulting in production losses
and increased incidence of disease.

2) Documented symptoms in ruminants or other
species can be used as a general guide to symp-
toms observed in the field.

3) Systemic effects as well as specific damage to
target tissues can be used as a guide to possi-
ble causes.

4) Post mortem examinations may indicate no
more than gut irritation, edema, or generalized
tissue inflammation.

5) Because of the immune suppressing effects of
mycotoxins, increased incidence of disease or
atypical diseases may be observed.

6) Responses to added dietary adsorbents or dilu-
tion of the contaminated feed may help in di-
agnosis.

7) Feed analyses should be performed, but accu-
rate sampling is a major problem.

Symptoms are often nonspecific and may be wide-
ranging.  Symptoms result from a progression of
effects, or of opportunistic diseases, making a di-
agnosis difficult or impossible because of the com-
plex clinical results with a wide diversity of symp-
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toms.  Symptoms vary depending on the mycotox-
ins involved and their interactions with other stress
factors.  The more stressed cows, such as fresh
cows, are most affected; perhaps because their
immune systems are already suppressed.  Symp-
toms may include: reduced production; reduced
feed consumption; intermittent diarrhea (some-
times with bloody or dark manure); reduced feed
intake; unthriftiness; rough hair coat; and reduced
reproductive performance including irregular es-
trous cycles, embryonic mortalities, pregnant cows
showing estrus, and decreased conception rates.
There generally is an increase in incidence of dis-
ease; such as displaced abomasum, ketosis, re-
tained placenta, metritis, mastitis, and fatty liv-
ers. Cows do not respond well to veterinary ther-
apy.

The FDA regulatory control program for mycotox-
ins is discussed by Wood and Trucksess (1999).

Toxicity of Individual Mycotoxins
Aflatoxin
Aflatoxins are extremely toxic, mutagenic, and
carcinogenic compounds produced by Aspergil-
lus flavus and A. parasiticus.  Aflatoxin B1 is a
carcinogen and is excreted in milk in the form of
aflatoxin M1.  The FDA limits aflatoxin to no
more than 20 ppb in lactating dairy feeds and to
0.5 ppb in milk. A thumb rule is that milk aflatox-
in concentrations equal about 1.7% of the afla-
toxin concentration in the total ration dry matter.
Cows consuming diets containing 30 ppb aflatoxin
can produce milk containing aflatoxin residues
above the FDA action level of 0.5 ppb.  Aflatoxin
appears in the milk rapidly and clears within three
to four days (Diaz et al., 2004).

Symptoms of acute aflatoxicosis in mammals in-
clude: inappetence, lethargy, ataxia, rough hair
coat, and pale, enlarged fatty livers. Symptoms of
chronic aflatoxin exposure include reduced feed
efficiency and milk production, jaundice, and de-
creased appetite.  Aflatoxin lowers resistance to
diseases and interferes with vaccine-induced im-
munity (Diekman and Green, 1992). In beef cat-

tle, Garrett et al. (1968) showed an effect on weight
gain and intake with diets containing 700 ppb afla-
toxin, but if increases in liver weights are used as
the criteria for toxicity, 100 ppb would be consid-
ered toxic to beef cattle. Production and health of
dairy herds may be affected at dietary aflatoxin
levels above 100 ppb, which is considerably higher
than the amount that produces illegal milk resi-
dues (Patterson and Anderson 1982, and Masri et
al., 1969). Guthrie (1979) showed when lactating
dairy cattle in a field situation were consuming
120 ppb aflatoxin, reproductive efficiency de-
clined and when cows were changed to an afla-
toxin free diet, milk production increased over
25%. Applebaum et al. (1982) showed milk pro-
duction was reduced in cows consuming impure
aflatoxin produced by culture, but production was
not significantly affected by equal amounts of pure
aflatoxin.

Aflatoxin is more often found in corn, peanuts
and cottonseed grown in warm and humid cli-
mates. Aflatoxin can be found in more temperate
areas, as was seen in the drought year of 1988
when aflatoxin was seen in 5% of corn grain in
the Midwestern U.S. (Russell et al., 1991). The
General Accounting Office concluded that indus-
try, federal and state programs are effective in
detecting and controlling aflatoxin and that it is
doubtful that additional programs or limits would
reduce the risk of aflatoxin in the food supply.

Deoxynivalenol (DON) or Vomitoxin
Deoxynivalenol is a Fusarium produced mycotox-
in commonly detected in feed. It is sometimes
called vomitoxin because it was associated with
vomiting in swine.  Surveys have shown DON to
be associated with swine disorders including: feed
refusals, diarrhea, emesis, reproductive failure,
and deaths.  The impact of DON on dairy cattle is
not established, but clinical data show an associ-
ation between DON and poor performance in dairy
herds (Whitlow et al., 1994). Dairy cattle consum-
ing diets contaminated primarily with DON (2.5
ppm) have responded favorably (1.5 kg milk, P <
0.05) to the dietary inclusion of a mycotoxin bind-
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er, providing circumstantial evidence that DON
may reduce milk production (Diaz et al., 2001).
Field reports help substantiate this association
(Gotlieb, 1997 and Seglar, 1997).  Results from a
Canadian study using 6 first-lactation cows per
treatment during mid-lactation (average 19.5 kg
milk) showed that cows consuming DON contam-
inated diets (2.6 to 6.5 ppm) tended (P < 0.16) to
produce less milk (13% or 1.4 kg) than did cows
consuming clean feed (Charmley et al., 1993).
DON had no effect on milk production in 8 cows
fed over a 21-day period (Ingalls, 1994).  DON
has been associated with reduced flow of utiliz-
able protein to the duodenum (Danicke et al.,
2005), and appears to affect rumen fermentation
(Seeling et al., 2006).  Beef cattle and sheep have
tolerated up to 21 ppm of dietary DON without
obvious effects (DiCostanzo et al., 1995).

Like other mycotoxins, pure DON added to diets,
does not have as much toxicity as does DON sup-
plied from naturally contaminated feeds, perhaps
due to the presence of multiple mycotoxins in
naturally contaminated feeds.  These mycotoxins
can interact to produce symptoms that are differ-
ent or more severe than expected.  For example,
it is now known that fusaric acid interacts with
DON to cause the vomiting effects, which earlier
was attributed to DON alone and resulted in use
of the trivial name of vomitoxin for DON (Smith
and MacDonald, 1991).  It is believed that DON
serves as a marker, indicating that feed was ex-
posed to a situation conducive for mold growth
and possible formation of several mycotoxins.

The U.S. Food and Drug Administration adviso-
ry level for deoxynivalenol in wheat and wheat
derived products destined for dairy cattle diets is
for no more than 5 ppm DON and to be used at
levels below 40%.

T-2 Toxin (T-2)
T-2 toxin is a very potent Fusarium produced
mycotoxin that occurs in a low proportion of feed
samples (< 10%). Russell et al. (1991) found 13%
of Midwestern corn grain contaminated with T-2

toxin in a survey of the 1988 drought-damaged
crop.  Effects of T-2 are less well established in
cattle than in laboratory animals.  In dairy cattle,
T-2 has been associated with gastroenteritis, in-
testinal hemorrhages (Petrie et al., 1977; Miro-
cha et al., 1976) and death (Hsu et al., 1972 and
Kosuri et al., 1970).  Dietary T-2 toxin at 640 ppb
for 20 days resulted in bloody feces, enteritis, abo-
masal and ruminal ulcers, and death (Pier et al.,
1980).  Weaver et al. (1980) showed that T-2 was
associated with feed refusal and gastrointestinal
lesions in a cow, but did not show a hemorrhagic
syndrome.  Kegl and Vanyi (1991) observed
bloody diarrhea, low feed consumption, decreased
milk production, and absence of estrous cycles in
cows exposed to T-2.  Serum immunoglobulins
and complement proteins were lowered in calves
receiving T-2 toxin (Mann et al., 1983).  Gentry
et al. (1984) demonstrated a reduction in white
blood cell and neutrophil counts in calves.
McLaughlin et al. (1977) demonstrated that the
primary basis of T-2 reduced immunity is reduced
protein synthesis.  Guidelines for T-2 toxin are
not established, but avoiding levels above 100 ppb
may be reasonable.

Zearalenone (ZEA)
Zearalenone is a Fusarium produced mycotoxin
that has a chemical structure similar to estrogen
and can produce an estrogenic response in ani-
mals.  Zearalenone is associated with ear and stalk
rots in corn and with scab in wheat.  Controlled
studies with ZEA at high levels have failed to re-
produce the degree of toxicity that has been asso-
ciated with ZEA contaminated feeds in field ob-
servations.  A controlled study with non-lactating
cows fed up to 500 mg of ZEA (calculated dietary
concentrations of about 25 ppm ZEA) showed no
obvious effects except that corpora lutea were
smaller in treated cows (Weaver et al., 1986b).  In
a similar study with heifers receiving 250 mg of
ZEA by gelatin capsule (calculated dietary con-
centrations of about 25 ppm ZEA), conception rate
was depressed about 25%; otherwise, no obvious
effects were noted (Weaver et al., 1986a).  Sever-
al case reports have related ZEA to estrogenic re-
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sponses in ruminants including abortions (Kelle-
la and Ettala, 1984; Khamis et al., 1986; Mirocha
et al., 1968; Mirocha et al., 1974; and Roine et
al., 1971).  Symptoms have included vaginitis,
vaginal secretions, poor reproductive perfor-
mance, and mammary gland enlargement of vir-
gin heifers.  In a field study (Coppock et al., 1990),
diets with about 660 ppb ZEA and 440 ppb DON
resulted in poor consumption, depressed milk pro-
duction, diarrhea, increased reproductive tract in-
fections, and total reproductive failure.  New
Zealand workers (Towers et al., 1995) have mea-
sured blood ZEA and metabolites (“zearalenone”)
to estimate ZEA intake. Dairy herds with low fer-
tility had higher levels of blood “zearalenone”.
Individual cows within herds examined by palpa-
tion and determined to be cycling had lower blood
“zearalenone” levels than did cows that were not
cycling.  In this study, reproductive problems in
dairy cattle were associated with dietary ZEA con-
centrations of about 400 ppb.

Fumonisin (FB)
Fumonisin B1 produced by F. verticillioides, was
first isolated in 1988. It causes leucoencephalo-
malacia in horses, pulmonary edema in swine, and
hepatotoxicity in rats. It is carcinogenic in rats and
mice and is thought to be a promoter of esoph-
ageal cancer in humans (Rheeder et al., 1992).
Fumonisins are structurally similar to sphingosine,
a component of sphingolipids, which are in high
concentrations in certain nerve tissues such as
myelin. Fumonisin toxicity results from blockage
of sphingolipid biosynthesis and thus degenera-
tion of tissues rich in sphingolipids.

While FB1 is much less potent in ruminants than
in hogs, it has now been shown toxic to sheep,
goats, beef cattle, and dairy cattle.  Osweiler et al.
(1993) fed 18 young steers either 15, 31, or 148
ppm of fumonisin in a short term study (31 days).
With the highest feeding level, there were mild
liver lesions found in two of six calves, and the
group had lymphocyte blastogenesis and elevat-
ed enzymes indicative of liver damage.  Dairy
cattle (Holsteins and Jerseys) fed diets contain-

ing 100 ppm fumonisin for approximately 7 days
prior to freshening and for 70 days thereafter dem-
onstrated lower milk production (6 kg/cow/day),
explained primarily by reduced feed consumption
(Figure 2, Diaz et al., 2000). Increases in serum
enzyme concentrations suggested mild liver dis-
ease.  Because of greater production stress, dairy
cattle may be more sensitive to fumonisin than
are beef cattle.

Fumonisin carryover from feed to milk is thought
to be negligible (Scott et al., 1994). A USDA,
APHIS survey of 1995 corn from Missouri, Iowa,
and Illinois found that 6.9% contained more than
5 ppm fumonisin B1. Fumonisin was prevalent in
Midwestern corn from the wet 1993 season as
well. Corn screenings contain about 10 times the
fumonisin content of the original corn.

U.S. Food and Drug Administration guidance for
industry on fumonisin levels in human foods and
animal feeds recommends that corn used for dairy
purposes should contain no more than 30 ppm of
total fumonisins and be limited to 50% of the diet.

PR toxin
PR toxin is one of the several mycotoxins pro-
duced by Penicillium molds.  Penicillium grows
at a low pH and in cool damp conditions and has
been found to be a major contaminant of silage.
PR toxin has been suggested as the causative agent
with moldy corn silage problems (Seglar 1997 and
Sumarah et al., 2005).  PR toxin caused acute tox-
icity in mice, rats and cats by increasing capillary
permeability resulting in direct damage to the
lungs, heart, liver and kidneys (Chen et al., 1982)
and was the suspected vector in a case study with
symptoms of abortion and retained placenta (Still
et al., 1972).

Other mycotoxins
Many other mycotoxins may affect ruminants but
they are thought to occur less frequently or be less
potent. Diacetoxyscirpenol, HT-2 and neosolani-
ol may occur along with T-2 toxin and cause sim-
ilar symptoms. Ochratoxin has been reported to
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affect cattle, but it is rapidly degraded in the ru-
men and thus thought to be of little consequence
except for pre-ruminants. Tremorgens, such as
fumigaclavine A and B, produced by Aspergillus
fumigatus are thought to be common in silages of
the southeastern US and were toxic to beef cattle
in a field case producing anorexia, diarrhea, un-
thriftiness, and irritability. Mycotoxins such as
rubratoxin, citrinin, patulin, cyclopiazonic acid,
sterigmatocystin, and ergot alkaloids may also be
of importance. Mycotoxins in forages have been
reviewed by Lacey (1991).

Mycotoxin Testing
Analytical techniques for mycotoxins are improv-
ing. Several commercial laboratories are available
and provide screens for an array of mycotoxins.
Cost of analyses has been a constraint but can be
insignificant compared with the economic conse-
quences of production and health losses related
to mycotoxin contamination. Newer immunoas-
says have reduced the cost of analyses.

Tests for PR toxin and other Penicillium produced
mycotoxins are not generally available.  Because
these mycotoxins may be of importance in silag-
es, it is currently recommended to analyze silages
for mold spore count and mold identification.
These tests are not definitive for the presence of
mycotoxins, but can provide insight to possible
problems.

Collection of representative feed samples is a
problem, because molds can produce large
amounts of mycotoxins in small areas, making the
mycotoxin concentrations highly variable within
the lot of feed (Whittaker et al., 1991). Variability
of mycotoxins from core samples of horizontal
silos confirms that mycotoxins can be highly vari-
able throughout the silo.  Because mycotoxins can
form in the collected sample, samples should be
preserved and delivered to the lab quickly. Sam-
ples can be dried, frozen or treated with a mold
inhibitor before shipping.

Concentrations of mycotoxins that are considered

as acceptable and of no consequence should be
conservatively low due to nonuniform distribu-
tion, uncertainties in sampling and analysis, the
potential for multiple sources of mycotoxins in
the diet, and interacting factors affecting toxicity
(Hamilton, 1984).

Prevention and Treatment
Prevention of mycotoxin formation is essential
since there are few ways to completely overcome
problems once mycotoxins are present. Drought
and insect damage are most important in instigat-
ing molding and mycotoxin formation in the field.
Choosing varieties that have some resistance to
fungal disease, and resistance to insect damage
(Bt hybrids) can reduce field-produced mycotox-
ins. Varieties should be adapted to the growing
area.  Irrigation can reduce mycotoxin formation
in the field. When harvesting, avoid lodged or fall-
en material, because contact with soil can increase
mycotoxins. Mycotoxins increase with delayed
harvest, and with late season rain and cool peri-
ods. Damaged grains have increased mycotoxin
levels, thus for dry grain storage, harvesting equip-
ment should be maintained to avoid kernel dam-
age. Mycotoxin concentrations are greatest in the
fines, and in broken and damaged kernels, thus
cleaning can greatly reduce mycotoxin concen-
trations in the feedstuff.

After harvest, grains should not be allowed to re-
main at moisture levels greater than 15 to 18%.
While there is little mold growth in grain below
15% moisture, drying to levels below 14% and
preferably to < 13% help to compensate for non-
uniform moisture concentrations throughout the
grain mass. High temperatures increase the
amount of free moisture (water activity) in the
grain which is the primary cause of mold growth
in storage.  Storage should be sufficient to elimi-
nate moisture migration, moisture condensation
or leaks. Grain stored for more than two weeks
should be kept aerated and cool. Aeration is criti-
cal because as molds start to grow in isolated spots,
the moisture produced by metabolism is sufficient
to stimulate spread of the mold growth. Aeration
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reduces moisture migration and nonuniform mois-
ture concentrations. Commodity sheds should pro-
tect feedstuffs from rain or other water sources.
They should be constructed with a vapor barrier
in the floor to reduce moisture. If wet feeds are
stored in commodity sheds near dry feeds, a meth-
od must be devised to prevent moisture contami-
nation of the dry feed. Bins, silos and other stor-
age facilities should be cleaned to eliminate source
of inoculation. Check stored feed at intervals to
determine if heating and molding are occurring.
Organic acids can be used as preservatives for
feeds too high in moisture for proper storage.

It can be difficult to make hay at moisture levels
low enough to prevent mold growth. Mold will
grow in hay at moisture levels above 12 to 15%.
As molds and other microorganisms grow, they
produce heat and cause deterioration. Heating can
great enough to cause spontaneous combustion
and hay fires. Moldy hay can reduce intake and
performance and the deterioration results in loss
of nutrients. Hay harvested at high moistures will
tend to equilibrate to moisture contents of 12 to
14%, but rate of moisture loss is dependent on
moisture at harvest, air movement, humidity, air
temperature, bale density and the storage facility.
Rate of dry down is enhanced by ventilation, cre-
ation of air spaces between bales, reduced size of
stacks, alternation in the direction of stacking and
avoidance of other wet products in the same area.

Prevention of mycotoxins in silage includes fol-
lowing accepted silage making practices aimed
at preventing deterioration primarily by quickly
reducing pH and elimination of oxygen. Accept-
ed silage making practices emphasize harvest-
ing at the proper moisture content; chopping
uniformly at the proper length, filling the silo
rapidly; packing the silage sufficiently; using
an effective fermentation aid; and covering com-
pletely and well. Infiltration of air after ensiling
can allow growth of acid tolerant microorganisms,
an increase in the pH and then mold growth. Pen-
icillium molds are acid tolerant and may grow if
any air is present. Microbial or other additives that

reduce pH rapidly can reduce mold growth and
mycotoxin formation. Ammonia, propionic acid,
sorbic acid and microbial or enzymatic silage ad-
ditives are shown to be at least partially effective
at inhibiting mold growth. Ammonia may prevent
silage from reaching a low pH, but it can reduce
mold growth through direct inhibition. Organic
acids provide some of the acidity needed for pres-
ervation without sole reliance on microbially pro-
duced acids. Organic acids may be used to treat
the entire silage mass, or to selectively treat the
outer layers of the silo. Organic acids are some-
times used during feedout to treat the silo feeding
face and/or the TMR in an effort to reduce deteri-
oration of the feeding face and to reduce heating
in the feed bunk. Silo size should be matched to
herd size to insure daily removal of silage at a
rate faster than deterioration. In warm weather, it
is best to remove a foot of silage daily from the
feeding face.  The feeding face of silos should be
cleanly cut and disturbed as little as possible to
prevent aeration into the silage mass. Silage (or
other wet feeds) should be fed immediately after
removal from storage.  Spoilage should not be fed
and feed bunks should be cleaned regularly.

As with silage, high moisture grains or byproduct
feeds must be stored at proper moisture contents
in a well maintained structure and managed well
to prevent mold.  Wet feeds must be handled in
quantities which allow them to be fed out within
7 to 10 days.  Organic acids are very helpful in
preventing mold in wet commodity feeds and can
extend storage life.  Discard any spoilage.

Obviously moldy feed should be avoided. Spoil-
age or deteriorated silage can reduce feed con-
sumption, fiber digestibility and production. If
unacceptably high levels of mycotoxins occur,
dilution or removal of the contaminated feed is
preferable; however, it is often impossible to com-
pletely replace some feeds in the ration, particu-
larly the forage ingredients. Cleaning and ammo-
niation of grains can reduce mycotoxin concen-
trations, but there is no practical method to detox-
ify affected forages. Chemical, physical, and bio-
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logical methods are reviewed along with other
methods for management and detoxification of
mycotoxins (Lopez-Garcia and Park, 1998; Sin-
ha, 1998).

Dietary strategies to counteract the effects of my-
cotoxins have been reviewed (Galvano et al.,
2001). Increasing dietary levels of nutrients such
as protein, energy and antioxidants may be advis-
able. Animals exposed to aflatoxin show margin-
al responses to increased protein. In some situa-
tions, poultry respond to water soluble vitamins
or to specific minerals, but data is lacking for cat-
tle. Acidic diets seem to exacerbate effects of
mycotoxins, and therefore adequate dietary fiber
and buffers are recommended. Because mycotox-
ins reduce feed consumption, feeding management
to encourage intake can be helpful.  Dry cows,
springing heifers and calves should receive the
cleanest feed possible.  Transition rations can re-
duce stress in fresh cows and reduce effects of
mycotoxins. Strategic use of mold inhibitors can
be beneficial.

When animals are exposed to mycotoxins, favor-
able results have been seen when absorbent ma-
terials such as clays (bentonites and others), com-
plex indigestible carbohydrates such as glucoman-
nans or mannanoligosaccharides, are added to
mycotoxin contaminated diets of rats, poultry,
swine and cattle.  These products theoretically bind
mycotoxins reducing intestinal absorption. An
enzyme from a pure bacterial strain has been iso-
lated that can de-epoxidize some trichothecenes
(Binder et al., 2000). Some of these products have
been reviewed (Avantaggiato et al., 2005, Doll
and Danike, 2004, Huwig, et al., 2001, Whitlow
2006). Responses in dairy cattle to some of these
products have been very encouraging.  Overall
results are variable by type and amount of binder,
specific mycotoxins and their amounts, animal
species, and interactions of other dietary ingredi-
ents.  No adsorbent product is approved by the
FDA for the prevention or treatment of mycotox-
icoses.  Several of these adsorbent materials are
recognized as safe feed additives (GRAS) and are

used in diets for other purposes such as flow
agents, pellet binders, etc.

Literature Cited
Applebaum, R.S., R.E. Brackett, D.W. Wiseman, and E.L.

Marth. 1982. Responses of dairy cows to dietary afla-
toxin: feed intake and yield, toxin content, and quality of
milk of cows treated with pure and impure aflatoxin. J.
Dairy Sci. 65:1503-1508.

Avantaggiato, G., M. Solfrizzo, and A. Visconti. 2005. Re-
cent advances on the use of adsorbent materials for detox-
ification of Fusarium mycotoxins. Food Additives and
Contaminants 22:379–388.

Bauer, J., A. Gareis, A. Gott, and B. Gedek. 1989. Isola-
tion of a mycotoxin (gliotoxin) from a bovine udder in-
fected with Aspergillus fumigatus. J Med Vet Mycol
27:45–50.

Binder, E.M., D. Heidler, G. Schatzmayr, N. Thimm, E.
Fuchs, M. Schuh, R. Krska, and J. Binder. 2000. Micro-
bial detoxification of mycotoxins in animal feed. Myc-
otoxins and Phycotoxins in Perspective at the Turn of
the Millennium. Proceedings of the 10th International
IUPAC Symposium on Mycotoxins and Phycotoxins,”
Guaruja, Brazil.

CAST, Council for Agricultural Science and Technology.
2003. “Mycotoxins: Risks in Plant Animal and Human
Systems”. Task Force Report No. 139. Ames, Iowa.

Charmley, E., H.L. Trenholm, B.K. Thompson, D. Vudath-
ala, J.W.G. Nicholson, D.B. Prelusky, and L.L. Charm-
ley. 1993. Influence of level of deoxynivalenol in the diet
of dairy cows on feed intake, milk production and its
composition. J. Dairy Sci. 6:3580-3587.

Chen, F.C., C.F. Chen and R.D. Wei. 1982. Acute toxicity
of PR toxin, a mycotoxin from Penicillium roqueforti.
Toxicon. 20:433-441.

Coppock, R.W., M.S. Mostrom, C.G. Sparling, B. Jacobs-
en, and S.C. Ross. 1990. Apparent zearalenone intoxica-
tion in a dairy herd from feeding spoiled acid-treated corn.
Vet. Hum. Toxicol. 32:246-248.

Danicke, S., K. Matthaus, P. Lebzien, H. Valenta, K.
Stemme, K. –H. Ueberschar, E. Razzazi-Fazeli, J Bohm
and G. Flachowsky. 2005. Effects of Fusarium toxin-con-
taminated wheat grain on nutrient turnover, microbial
protein synthesis and metabolism of deoxynivalenol and
zearalenone in the rumen of dairy cows. J. An. Physiol.
and An. Nutr. 89:303-315.

Diaz, D.E., W.M. Hagler, Jr., J.T. Blackwelder, J.A. Eve,
B.A. Hopkins, K.L. Anderson, F.T. Jones, and L.W.
Whitlow. 2004. Aflatoxin binders II: reduction of afla-



2006 Penn State Dairy Cattle Nutrition Workshop 69

toxin M1 in milk by sequestering agents of cows con-
suming aflatoxin in feed. Mycopathologia 157: 233-241.

Diaz, D.E., W. M. Hagler, Jr., B.A. Hopkins, R.A. Patton,
C. Brownie, and L.W. Whitlow. 2001. The effect of in-
clusion of a clay type sequestering agent on milk pro-
duction of dairy cattle consuming mycotoxins contami-
nated feeds. J. Dairy Sci. 84(abstr.):1554.

Diaz, D.E., B.A. Hopkins, L.M. Leonard, W.M. Hagler,
Jr., and L.W. Whitlow. 2000. Effect of fumonisin on lac-
tating dairy cattle. J. Dairy Sci. 83(abstr.):1171.

DiCostanzo, A., L. Johnston, H. Windels, and M. Murphy.
1995. A review of the effects of molds and mycotoxins
in ruminants. Prof. Anim. Scientist 12:138-150.

Diekman, D.A., and M.L. Green. 1992. Mycotoxins and
reproduction in domestic livestock. J. Anim. Sci. 70:1615-
1627.

Döll, S., and S Dänicke. 2004. In vivo detoxification of
fusarium toxins. Arch. Anim. Nutr. 58:419-441.

Galvano, F., A. Piva, A. Ritieni, and G. Galvano. 2001.
Dietary strategies to counteract the effects of mycotox-
ins: A review. J Food Prot. 64:120–131.

Garrett, W.N., H. Heitman, Jr.,, and A.N. Booth. 1968. Afla-
toxin toxicity in beef cattle. Proc. Soc. Exp. Biol. Med.
127:188-190.

Gentry, P.A., M.L. Ross, and P.K-C. Chan. 1984. Effect of
T-2 toxin on bovine hematological and serum enzyme
parameters. Vet. Hum. Toxicol. 26:24-24.

Gotlieb, A. 1997. Causes of mycotoxins in silages. pp. 213-
221. In: Silage: Field to Feedbunk, NRAES-99, North-
east Regional Agricultural Engineering Service, Ithaca,
NY.

Guthrie, L.D. 1979. Effects of Aflatoxin in corn on pro-
duction and reproduction in dairy cattle. J Dairy Sci. 62
(abstr.):134.

Hamilton, P.B. 1984. Determining safe levels of mycotox-
ins. J. Food Prot. 47:570-575.

Hsu, I.C., C.B. Smalley, F.M. Strong, and W.E. Ribelin.
1972. Identification of T-2 toxin in moldy corn associat-
ed with a lethal toxicosis in dairy cattle. Appl. Microbi-
ol. 24:684-690.

Huwig, A., S. Freimund, O. Kappeli, and H. Dutler. 2001.
Mycotoxin detoxication of animal feed by different ad-
sorbents. Toxicol. Lett. 122:179–188.

Ingalls, J.R. 1996. Influence of deoxynivalenol on feed
consumption by dairy cows. Anim. Feed Sci. Tech.
60:297-300.

Kallela, K., and E. Ettala. 1984. The oestrogenic Fusari-
um toxin (zearalenone) in hay as a cause of early abor-
tions in the cow. Nord. Vet. Med. 36:305-309.

Kegl, T., and A. Vanyi. 1991. T-2 fusariotoxicosis in a cat-
tle stock. Magyar Allatorvosok Lapja 46:467-471.

Khamis, Y., H.A. Hammad, and N.A. Hemeida. 1986. My-
cotoxicosis with oestrogenic effect in cattle. Zuchthyg.
21:233-236.

Kosuri, N.R., M.D. Grave, S.G. Yates, W.H. Tallent, J.J.
Ellis, I.A. Wolff, and R.E. Nichols. 1970. Response of
cattle to mycotoxins of Fusarium tricinctum isolated from
corn and fescue. J. Am. Vet. Med. Assoc. 157:938-940.

Lacey, J. 1991. Natural occurrence of mycotoxins in grow-
ing and conserved forage crops. pp. 363-397. In: J. E.
Smith and R. E. Henderson (eds.), Mycotoxins and Ani-
mal Foods. CRC Press, Boca Raton.

Lopez-Garcia, R., and D.L. Park. 1998. Effectiveness of
postharvest procedures in management of mycotoxin
hazards. Pages 407-433. In: Mycotoxins in Agriculture
and Food Safety (Sinha, K.K., and D. Bhatnagar, eds.),
Marcel Dekker, Inc., New York, NY.

Mann, D.D., G.M. Buening, B. Hook, and G.D. Osweiler.
1983. Effects of T-2 mycotoxin on bovine serum pro-
teins. J. Am. Vet. Med. Assoc. 44:1757-1759.

Masri, M.S., V.C. Garcia, and J.R. Page. 1969. The afla-
toxin M1 content of milk from cows fed known amounts
of aflatoxin. Vet. Rec. 84:146-147.

McLaughlin, C.S. M.H. Vaughan, I.M. Campbell, C.M. Wei,
M.E. Stafford, and B.S. Hansen. 1977. Inhibition of pro-
tein synthesis by trichothecenes. p. 261–284. In J. V.
Rodricks, C.W. Hesseltine, and M.A. Mehlman (ed.),
Mycotoxins in human and animal health. Pathotox Pub-
lications, Park Forest South, Ill.

Mirocha, C.J., J. Harrison, A.A. Nichols, and M. McClin-
tock. 1968. Detection of fungal estrogen (F-2) in hay
associated with infertility in dairy cattle. Appl. Microbi-
ol. 16:797-798.

Mirocha, C.J., S.V. Pathre, and C.M. Christensen. 1976.
Zearalenone. pp. 345-364. In: J.V. Rodricks, C.W. Hes-
seltine, and M.A. Mehlman. (Eds.) Mycotoxins in Hu-
man and Animal Health. Pathotox. Publ., Park Forest,
IL.

Mirocha, C.J., B. Schauerhamer, and S.V. Pathre. 1974.
Isolation, detection and quantitation of zearalenone in
maize and barley. J. Assoc. Off. Anal. Chem. 57:1104-
1110.

Niyo, K. A., J. L. Richard, Y. Niyo, and L. H. Tiffany. 1988a.
Effects of T-2 mycotoxin ingestion on phagocytosis of



70 October 31 and November 1      Grantville, PA

Aspergillus fumigatus conidia by rabbit alveolar mac-
rophages and on hematologic, serum biochemical, and
pathologic changes in rabbits. Am. J. Vet. Res. 49:1766–
1773.

Niyo, K.A., J.L. Richard, Y. Niyo, and L.H. Tiffany. 1988b.
Pathologic, hematologic, serologic, and mycologic chang-
es in rabbits given T-2 mycotoxin orally and exposed to
aerosols of Aspergillus fumigatus conidia. Am. J. Vet.
Res. 49:2151–2160.

Osweiler, G.D., M.E. Kehrli, J.R. Stabel, J.R. Thurston, P.F.
Ross, and T.M. Wilson. 1993. Effects of fumonisin-con-
taminated corn screenings on growth and health of feed-
er calves. J. Anim. Sci. 71:459-466.

Patterson, D.S.P., and P.H. Anderson. 1982. Recent afla-
toxin feeding experiments in cattle. Vet. Rec. 110:60-61.

Petrie, L., J. Robb, and A.F. Stewart. 1977. The identifica-
tion of T-2 toxin and its association with a hemorrhagic
syndrome in cattle. Vet. Rec. 101:326-326.

Puntenney, S.B., Y. Wang, and N.E. Forsberg. 2003. My-
cotic infections in livestock: Recent insights and studies
on etiology, diagnostics and prevention of Hemorrhagic
Bowel Syndrome, In: Southwest Nutrition & Manage-
ment Conference, Pheonix, University of Arizona, De-
partment of Animal Science, Tuscon, pp. 49-63.

Reeves, E.P., C.G.M. Messina, S. Doyle, and K. Kavanagh.
2004. Correlation between gliotoxin production and vir-
ulence of Aspergillus fumigatus in Galleria mellonella.
Mycopathologia 158:73-79.

Rheeder, J.P., S.F.O. Marassas, P.G. Thiel, E.W. Sydenham,
G.S. Spephard, and D.J. VanSchalkwyk. 1992. Fusari-
um moniliforme and fumonisins in corn in relation to
human esophageal cancer in Transkei. Phytopathologh
82:353-357.

Roine, K., E.L. Korpinen, and K. Kallela. 1971. Mycotox-
icosis as a probable cause of infertility in dairy cows.
Nord. Vet. Med. 23:628- 633.

Russell, L., D.F. Cox, G. Larsen, K. Bodwell, and C.E Nel-
son. 1991. Incidence of molds and mycotoxins in com-
mercial animal feed mills in seven Midwestern states,
1988-89. J. Anim. Sci. 69:5-12.

Schiefer, H.B. 1990. Mycotoxicosis of domestic animals
and their diagnosis. Can. J. Physiol. Pharmacol. 68:987-
990.

Scott, P.M., T. Delgado, D.B. Prelusky, H.L. Trenholm, and
J.D. Miller. 1994. Determination of fumonisin in milk. J.
Environ. Sci. Health. B29:989-998.

Seglar, B. 1997. Case studies that implicate silage myc-
otoxins as the cause of dairy herd problems. pp. 242-

254. In: Silage: Field to Feedbunk. NRAES-99, North-
east Regional Agricultural Engineering Service, Ithaca,
NY.

Seeling, K., P. Lebzien, S. Danicke, J Spilke, K.-H. Sude-
kum and G. Flachowsky. 2006. Effects of level of feed
intake and Fusarium toxin-contaminated wheat on ru-
men fermentation as well as on blood and milk parame-
ters in cows. J. An. Physiol. and An. Nutr. 90:103-115.

Sinha, K.K. 1998. Detoxification of mycotoxins and food
safety. Pages 381-405. In: Mycotoxins in Agriculture and
Food Safety (Sinha, K.K., and D. Bhatnagar, eds.), Mar-
cel Dekker, Inc., New York.

Smith, T.K., and E.J. MacDonald. 1991. Effect of fusaric
acid on brain regional neurochemistry and vomiting be-
havior in swine. J. Anim. Sci. 69:2044-2049.

Still, P., R.-D. Wei, E.B. Smalley and F.M. Strong. 1972. A
mycotoxin from Penicillium roqueforti isolated from tox-
ic cattle feed. Fed. Proc. 31(Abstr.):733.

Sumarah, M.W., J.D. Miller and B.A. Blackwell. 2005. Iso-
lation and metabolite production by Penicillium roque-
forti, P. paneum and P. crustosum isolated in Canada.
Mycopathologia 159:571-577.

Towers, N.R., J.M. Sprosen, and W. Webber. 1995. Zearale-
none metabolites in cycling and non-cycling cows. pp.46-
47. In: Toxinology and Food Safety. Toxinology and Food
Safety Research Group, Ruakura Research Centre, Hamil-
ton, New Zealand.

Trenholm, H.L., D.B. Prelusky, J.C. Young, and J.D. Mill-
er. 1988. Reducing Mycotoxins in Animal Feeds. Publi-
cation 1827E, Cat. No. A63-1827/1988E, Agriculture
Canada, Ottawa.

Van Egmond, H.P. 1989. Aflatoxin M1: occurrence, toxic-
ity, regulation. pp 11-55. In: Van Egmond, (ed.) Myc-
otoxins in Dairy Products. Elsevier Sci. Pub. Co., Ltd.
New York.

Weaver, G.A., H.J. Kurtz, J.C. Behrens, T.S. Robison, B.E.
Seguin, F.Y. Bates, and C.J. Mirocha 1986a. Effect of
zearalenone on the fertility of virgin dairy heifers. Am. J.
Vet. Res. 47:1395-1397.

Weaver, G.A., H.J. Kurtz, J.C. Behrens, T.S. Robison, B.E.
Seguin, F.Y. Bates, and C.J. Mirocha. 1986b. Effect of
zearalenone on dairy cows. Am. J. Vet. Res. 47:1826-
1828.

Weaver, G.A., H. J. Kurtz, C.J. Mirocha, F.Y. Bates, J.C.
Behrens, T. S. Robison, and S. P. Swanson. 1980. The
failure of T-2 mycotoxin to produce hemorrhaging in
dairy cattle. Can. Vet. J. 21:210-213.



2006 Penn State Dairy Cattle Nutrition Workshop 71

Whitlow, L.W. 2006. Evaluation of mycotoxin binders. pp.
132-143 In: Zimmerman, N.G. (ed.) Proc. 4th Mid-Atlan-
tic Nutrition Conference, University of Maryland, Col-
lege Park.

Whitlow, L.W., and W.M. Hagler, Jr. 2004. Mycotoxins in
feeds. Feedstuffs 76 (38):66-76. Whitlow, L.W., W.M.
Hagler, Jr., and B.A. Hopkins. 1998. Mycotoxin occur-
rence in farmer submitted samples of North Carolina feed-
stuffs: 1989-1997. J. Dairy Sci. 81(Abstr.):1189.

Whitlow, L.W., R.L. Nebel, and W.M. Hagler, Jr. 1994.
The association of deoxynivalenol in grain with milk pro-
duction loss in dairy cows. pp. 131-139. In: G.C. Llewel-
lyn, W. V. Dashek and C. E. O’Rear, (eds.), Biodeterio-
ration Research 4. Plenum Press, New York.

Whittaker, T.B., J.W. Dickens, and F.G. Giesbrecht. 1991.
Testing animal feedstuffs for mycotoxins: sampling, sub-
sampling, and analysis. pp. 153-164. In: J.E. Smith and
R.S. Henderson (eds.), Mycotoxins and Animal Foods.
CRC Press, Boca Raton.

Wood, G.E., and M.W. Trucksess. 1998. Regulatory con-
trol programs for mycotoxin-contaminated food. pp. 459-
451. In: K.K. Sinha and D. Bhatnagar (eds.), Mycotox-
ins in Agriculture and Food Safety. Markel Dekker, Inc.,
New York.




