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Mycotoxins

• Naturally occurring 
toxins produced by 
molds (fungi)

• The molds grow on a 
variety of different crops 
and foodstuffs including 
cereals, nuts, spices, 
dried fruits, apples and 
coffee beans, often 
under warm and humid 
conditions

• Mycotoxins can cause a 
variety of adverse health 
effects and pose a 
serious health threat to 
both humans and 
livestock

• The adverse health effects of 
mycotoxins range from acute 
poisoning to long-term effects 
such as immune deficiency 
and cancer

• A scientific expert committee 
jointly convened by WHO and 
the Food and Agriculture 
Organization of the United 
Nations (FAO) – called JECFA –
is the international body 
responsible for evaluating the 
health risk from natural toxins 
including mycotoxins

• International standards and 
codes of practice to limit 
exposure to mycotoxins from 
certain foods are established 
by the Codex Alimentarius 
Commission based on JECFA 
assessments
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3

(Pestka and Casale 1989)
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Gangrenous ergotism in the 16th century
The Beggars by Pieter Bruegel the Elder (1525-

1569)

Historical Importance 

Examination of a Witch (1853) by T. 
H. Matteson, inspired by the Salem 
trials
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Historical 
importance 

Evidence that food poisoning 
from microfungi in rye bread 
may have caused widespread 
hallucinations, low fertility and 
witch-like behavior during the 
14th through the 18th 
centuries. 
Argues that epidemics, sporadic 
outbursts of bizarre behavior 
and low fertility and high death 
rates from the 14th to the 18th 
centuries may have been 
caused by food poisoning from 
microfungi in bread, the staple 
food in Europe and America 
during this period. 
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Human diseases suspected to be related to 
mycotoxins
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Ecology/Decomposition

7

Mold Cond. Color toxins

Aspergillus Storage 
/field

White/yellow/ 
green/blue

AF-OTA

Fusarium Field Red/white/pink ZEA, FB, Fusaric Acid, Trich
(DON, T-2)

Penicillium Storage 
/field

Blue/green OTA, Citrinin, Patulin

Alternaria Field Black tenuazonic acid, 
alternariol, alternariol 
altenuene, altertoxin etc.

Mucor Storage White/gray/Black 
spores

???????
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Mold Cond. Color toxins

Byssochlamys Storage Fluffy, powdery white Patulin ?

Cladosporium - White -

Claviceps Field Black Ergot alcaloids

Giberella Field Red-orange spore
Red mold

Trichotecenes DON

Ustulago
maydis

Field Black/Gray None
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Environmental Factors 
Affecting Mold Growth  

• Suitable Substrate - Feed
• pH 4 to 8, depending on mold
• Temperature 5 to 44 C  (40 to 110 F)
• Moisture > 13%, variable 

requirements
• Relative humidity > 70%
• Water activity above aw  of 0.75
• Oxygen (Moisture excludes air)

10



4/13/22

6

Mold Growth
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Consequences of mold 
growth

nutritional losses

losses in material specific weight
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Nutritional value after 60 days in 
storage

Treatments Fat 
(%/MS)

Protein
(%/MS)

Specific weight
(Kg/M3)

12%U* 4,6a 8,7b 689a

12%U + AF** 4,6a 8,6b 691a

15%U 4,0b 8,9b 622b

15%U + AF 4,5a 8,9b 670a

* Humidity

** Antifungicide
(Krabbe, 2000)
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Consequences of mold 
growth

nutritional losses

losses in material specific weight

presence of mycotoxins
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Biological significance

• Response to stress

• Competitive advantage  
(ecological)

• Mechanisms for propagation

Bai et. al Mycopathologia 2001
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Factors Associated with                    
Mycotoxin Formation 

• Field Stress - Plant stress - Infertility, Insect 
damage, Drought, Excess moisture, Temperature  
Extremes, Open husk, Lodging, Diseases (Stalk Rot, 
Ear Rot, Scab)

• Harvest stress - Late harvest, Harvest too wet 
(grain and hay), Harvest too dry (silage), Slow silo 
filling

• Storage stress - Grain or hay stored too wet, Silage 
stored too dry, without adequate cover, with excess 
surface exposure, inadequate fermentation

• Feeding conditions - Unclean bunks and 
equipment, Slow feeding of moist grains, Silage 
=>Slow feedout, Large feeding face 

16



4/13/22

9

Analytical Methods

Fully quantitative Semi-
quantitative

Rapid 
monitoring

Mycotoxin Analysis
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Mill

Sample Sample Analysis

Test Procedure
Lot

Test Result

Preparation

Whitaker et al. 2005

Mycotoxin Specific 
Sampling Protocols

18
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Variance Ratio %

Sample = 0.91 kg 268.1 75.5

Sub S2, 50g 56.3 15.9

Immunoassay, 1 aliquot 30.4 8.6

Total 354.8 100

The variability measured by the variance associated with a 0.91 kg sample, 50 g 
subsample, measuring aflatoxin in 1 aliquot by immunoassay in a lot of shelled 
corn at 20 ppb aflatoxin.

Sampling, sample preparation and analysis errors account for about 75.5, 
15.9 and 8.6% of the total error, respectively.

Whitaker et al. 2005 19
Whitaker et al. 2005

Mycotoxin Specific 
Sampling Protocols

19

Protein
12 13 12 14

13 13 14 12

15 11 12 12

13 14 11 9

13 12 12 13

Mean Protein Concentration 13%
(USDA)

Mold and Toxin Distribution

Aflatoxin
0 0 0 0

0 0 200 0

0 0 0 0

0 0 0 0

0 0 0 0

Mean Aflatoxin Concentration 10ppb
(USDA)
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Sampling Recommendations

16   Sampling feeds for mycotoxin analysis

As an example, when sampling a lot of shelled
corn at 20 ppb using a 0.91 kg sample (ns),
grinding the test sample in a Romer mill, taking
a 50 g subsample (nss) from a comminuted
sample, and quantifying aflatoxin in one aliquot
(na) using an immunoassay method, Equation
13 shows that the total variance and standard
deviation are 354.8 and 18.8, respectively. The
range of aflatoxin test results should fall between
20±(1.96×18.8) or 20±37 or 0 and 57 ppb
(Table 5).

The calculated range of aflatoxin test results
is only valid for a normal distribution where
test results are symmetrical about the mean.
The distribution among aflatoxin test results is
usually skewed, but will approach a
symmetrical distribution as sample size
becomes large.

SAMPLE SIZE

The effect of increasing sample size on reducing
the total variability and the range of mycotoxin
test results when testing a contaminated lot of
shelled corn at 20 ppb aflatoxin is shown in
Table 6 when increasing sample size from 0.91
to 4.54 kg.

Table 6.  Effect of increasing sample size on
reducing the sampling variability1.

Sample size (kg)
0.91 kg 4.54 kg

Variance 266.5 53.3
Subsample2, 50 g 56.3 56.3
TLC, 1 aliquot 27.9 27.9
Total 350.7 137.5
Range 20±37 20±23

1Lot shelled corn at 20 ppb
2Romer mill used to grind

Increasing sample size by a factor of five from
0.91 to 4.54 kg will cut the sampling variance
in Equation 13 by a factor of five from 266.3 to
53.3. The total variance is reduced from 350.7
to 137.5 (Equation 14).

VT = 53.3 + 56.3 + 27.9 = 137.5 (14)

The range of aflatoxin test results is reduced
from 20±37 to 20±23 ppb as sample size is
increased from 0.91 to 4.54 kg.

SUBSAMPLE SIZE

The effect of increasing subsample size from
50 to 100 g on reducing the sample preparation
variance is shown in Table 7.

Table 7.  Effect of increasing subsample size on
reducing sample preparation variability1.

Subsample2 size (g)
50 g 100 g

Variance2 266.5 266.5
Subsample3 56.3 28.2
TLC, 1 aliquot 27.9 27.9
Total 350.7 322.6
Range 20±37 20±36

1Lot shelled corn at 20 ppb
2Sample size = 0.91 kg
3Romer mill used to grind

The sample preparation variance is cut in half
and is reduced from 56.3 to 28.2. The total
variance is reduced from 350.7 to 322.6. The
range of aflatoxin test results is reduced from
20±37 to 20±36.

NUMBER OF ALIQUOTS
QUANTIFIED

The effect of increasing number of aliquots
quantified in the analytical step from 1 to 2 on
reducing the analytical variance for immunoassay
type method is shown in Table 8.

The analytical variance is cut in half and is
reduced from 27.9 to 14.0. The total variance
is reduced from 350.7 to 336.8. The reduction
is so small that the range of aflatoxin test results
is not significantly affected.

There are different costs associated with
reducing the variability of each step of a

01-Whitaker.p65 04/01/2005, 09:1416

Increasing sample size 
by a factor of five from 
0.91 to 4.54 kg will cut 
the sampling variance 
in by a factor of five 
from 266.3 to 53.3 
(80%). The total 
variance is reduced 
from 350.7 to 137.5 
(60%).

Whitaker et al. 2005
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DON – 0.0 ppm
ZONE – 0.0 ppm

DON – 2.1 ppm
ZONE – 4.4 ppm

DON – 263.2 ppm
ZONE – 82.8 ppm

DON – 1.8 ppm
ZONE – 0.3 ppm

DON – 7.0 ppm
ZONE – 0.0 ppm
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Visual Biases

Courtesy of Trilogy Labs
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Is there more mycotoxins now 
than before/ever

• Better analytical methods
• Understanding of their occurrence and 

effects
• Increased incidence in some years
• Environmental stresses
• Agronomic practices

• Higher production levels (animals)
• More general stress
• Genetic vulnerability
• Animal production changes/challenges

23

23

A Tale of 5 years 
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Impact of Agronomic Practices 
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creased, DON concentration did as well, 
moisture had a negative affect in that, as 
moisture decreased, DON increased. These 
relationships again reflect the idea that 
warm temperatures and decreased moisture 
availability may have resulted in plant 
stress, increased fungal colonization, and 
greater DON accumulation, rather than 
suggesting that warm temperatures and 
low moisture availability are directly re-
sponsible for increased DON production in 
planta. 

The timing of potential drought stress 
also may play an important role in final 
DON concentration, because weather con-
ditions during tassel (R1) to milk (R3) had 
the strongest correlation to DON levels. 
During these stages, the majority of plant 
nutrients are diverted to embryo and kernel 
development, somewhat to the detriment of 
vegetative tissue like the stalk. Therefore, 
stressful conditions during these develop-
mental periods may have an additive effect 
on stalk susceptibility to F. graminearum 
infection. 

Although weather conditions likely have 
the greatest influence on DON in maize 
silage, according to our findings and those 
of previous research (40–43,52), some 
affect also may be attributed to agronomic 
practices, including crop rotation and till-
age type. Studies with wheat found that 
less DON was present in the grain when it 
was grown after a broadleaf crop then 
when it was grown after wheat or maize 
(50). Ear rot severity in maize decreased 
when rotation with a broadleaf crop was 
incorporated in corn production (27), but 
the implications for DON accumulation 
under noninoculated and nonirrigated con-
ditions are not clear (34,43). The results of 
this investigation indicate that crop rota-
tion with a broadleaf crop did not signifi-

cantly impact DON contamination of 
maize silage. However, few sites included 
in this study practiced crop rotation, limit-
ing our ability to detect differences. Fur-
ther research is needed to clarify the in-
fluence of crop rotation on DON 
contamination. 

In this study, we observed that, although 
tillage type had no effect on DON inci-
dence, it did influence DON concentration. 
This is somewhat surprising because one 
might expect that burying crop debris 
would reduce disease and DON incidence 
rather than DON concentration. Flett et al. 
(13) found no relationship between tillage 
practices and severity of Gibberella ear rot; 
however, the impact on DON accumula-
tion was not considered. Synthesis of pre-
vious reports with the current study sug-
gests that deep tillage alone is unlikely to 
adequately reduce DON incidence and 
concentration. Although we observed that 
silage from moldboard-tilled sites had the 
lowest DON concentration, deep tillage is 
known to reduce soil moisture retention 
(4). As such, deep tillage may exacerbate 
the mycotoxin situation by intensifying 
drought stress and predisposing the crop to 
stalk rot. Until the impact of tillage on 
DON in maize is more fully understood, an 
approach to mycotoxin management that 
integrates disease control strategies, in-
cluding tillage, crop rotation, and host 
resistance, along with other critical factors 
such as soil conservation and farm finan-
cial considerations, is likely to be the most 
successful in the future. 

In contrast to previous reports that DON 
concentration does not change after ensil-
ing (25), we found that DON concentration 
was lower in ensiled samples compared 
with those collected at harvest. When we 
evaluated the relationship between physi-

cal and chemical characteristics of ensiled 
samples, we found that none of the factors 
considered had a significant affect on 
DON concentration. Therefore, we think 
that toxin reduction may be due to the 
activity of silage microflora. Several bacte-
ria have been found to degrade or bind 
DON to their cell membranes (12,17,51) 
when cultured in vitro. Interestingly, mi-
crobial degradation also appears to take 
place in the rumen of cattle and other ani-
mals (20,21), and it is possible that ani-
mals acquire these organisms by consum-
ing silage. Our findings lend credence to 
the idea that DON may be managed in a 
postharvest situation. Future work poten-
tially should focus on isolating organisms 
in silage that can degrade DON and deter-
mining how their activity can be enhanced 
in contaminated silages. 

To our knowledge, this is the first study 
to investigate the combination of weather 
conditions, agronomic practices, and ensil-
ing on natural DON contamination at a 
large number of locations. Although man-
aging preharvest DON contamination may 
be difficult due to the large and relatively 
uncontrollable affect of weather, utilizing a 
combination of pre- and postharvest con-
trol strategies may prove to be fruitful. 
Likewise, future studies should focus on 
improving our understanding of DON 
accumulation in the whole plant and de-
termine whether postharvest toxin degra-
dation can be enhanced in maize silage. 
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Why have mycotoxin concerns 
increased?

• Better analytical methods
• Understanding of their occurrence and 

effects
• Increased incidence in some years
• Higher production levels (animals)

More general stress
Genetic vulnerability

Animal production changes/challenges

26

26



4/13/22

14

Riley and Pestka, 2005 in The Mycotoxin Blue Book
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Aflatoxin Control in Milk
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Carryover of aflatoxin from feed to milk in dairy cows with low
or high somatic cell counts
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Aflatoxin M1 (AFM1) residues in milk are regulated in many parts of the world and can cost dairy farmers significantly due to
lost milk sales. Additionally, due to the carcinogenicity of this compound contaminated milk can be a major public health
concern. Thirty-four lactating dairy cows were utilised to investigate the relationship between somatic cell counts (SCC), milk
yield and conversion of dietary aflatoxin B1 (AFB1) into milk AFM1 (carryover (CO)). The AFM1 in milk increased as soon as
the first milking after animal ingestion with a pattern of increment up to the observed plateau (between 7th and 12th days of
AFB1 ingestion). There was a significant (P , 0.01) effect of the milk yield whereas no effect could be attributed to the SCC
levels or to the milk yield 3 SCC interaction. Similarly, the main effect of milk yield was also observed (P , 0.01) on the total
amount of AFM1 excreted during the ingestion period. Although the plasma concentration of gamma-glutamyl transferase was
significantly affected by aflatoxin administration, levels of this liver enzyme were within the normal range for lactating dairy
cows. The current data suggest that milk yield is the major factor affecting the total excretion of AFM1 and that SCC as an
indicator of mammary gland permeability was not related to an increase in AFM1 CO.

Keywords: aflatoxins, aflatoxin M1, dairy cows, milk, somatic cell count

Introduction

The aflatoxins are secondary metabolites produced primarily
by Aspergillus flavus and A. parasiticus. Aflatoxins are
common crop contaminants, with contamination occurring
in the field, during harvest or during storage. The most
frequently affected crops are maize (Zea mais), cotton and
peanuts and their by-products. The major aflatoxins are
aflatoxin B1 (AFB1), B2, G1 and G2. Because of their low
molecular weight, once ingested these compounds are
rapidly adsorbed in the gastro-intestinal tract through a
non-described passive mechanism (Yiannikouris and Jouany,
2002) and quickly appear as a metabolite in blood after just
15 min (Moschini et al., 2006) and in milk as soon as 12 h
post-feeding (Diaz et al., 2004).

Aflatoxin M1 (AFM1) is the principal oxidised metabolite
of AFB1 and can be readily found in the milk and urine of
most mammalians after consumption of AFB1. The afla-
toxins, as a group (AFB1, AFB2, AFG1, AFG2 and AFM1),
are classified as group 1 carcinogens (International Agency

for Research on Cancer, 2002). The European Union
allowable limits for AFB1 in animal feeds and concentrates
are 20 and 5 mg/kg, respectively (European Community,
2003). Furthermore, the European Community (EC) limits
AFM1 in milk to levels not greater than 0.05 mg/l (European
Community, 2006). In the US, AFM1 is regulated by the US
Food and Drug Administration (FDA) at 0.5 mg/l.

In dairy cows the amount of AFM1 excreted into milk can
be up to 3% of the AFB1 intake (Diaz et al., 2004) and is
affected by milk yield (Pettersson et al., 1989; Veldman
et al., 1992) and stage of lactation (Munksgaard et al.,
1987; Pettersson et al., 1989; Veldman et al., 1992). Other
factors that affect carryover (CO) into milk include species
differences (Battacone et al., 2003), animal variability
(Van Egmond, 1989; Steiner et al., 1990; Veldman et al.,
1992) and mammary alveolar cell membrane health (Lafont
et al., 1983).

There is limited information about the effect of udder
infection on AFM1 excretion into milk. It has been sugges-
ted that an increase in AFM1 CO occurs due to Staphy-
lococcus udder infection (Veldman et al., 1992) whereas a
previous study showed a relationship between AFM1 milk
CO and milk somatic cell counts (SCC) independent of the- E-mail: francesco.masoero@unicatt.it
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model attempts to better define the kinetics of CO of AFB1
in feed to AFM1 in milk. However, the application of the
model to our data did not fit: while daily intake of AFB1
was similar among different milk-yielding groups (LY, HY),
the calculated AFM1 concentrations were 1.3- and 0.9-fold
the corresponding observed mean levels, respectively, for
the LY and HY groups.

Mastitis as measured by high SCC could cause disruption
of the tight junction of alveolar cell membranes in the
mammary gland. Because of this reduction in the integrity
of the blood-udder barrier, an influx of pro-inflammatory
factors might further disrupt the tight junction and
increased blood-udder permeability (Davis et al., 1999).
Similar results were observed in sheep where distended
udders related to the pro-inflammatory factors have been
found in the milk of sheep under similar circumstances
(Colditz, 1988). Furthermore, anti-inflammatory factors from
hyper-immunised cows reduced the cell membrane tight
junction permeability (Stelwagen et al., 1997).

The animal arrangement for the SCC content in our trial
obtained groups (LY-LSCC, HY-LSCC) with average SCC
below or slightly over 100 000/ml, which is considered a
threshold value for a healthy udder (Walstra and Jenness,
1984; Steiner et al., 1990) and groups considerably higher
in SCC (LY-HSCC, HY-HSCC) in which the integrity of tight
junction was probably damaged allowing leaking of blood
and milk components (Bruckmaier et al., 2004).

Thus, factors affecting the permeability of the blood–
udder barrier, together with the low AFB1 molecular weight
(312.27 formula weight), could regulate the excretion of
AFM1 into milk, particularly in high-milk-producing dairy
cows. From our data the increased mammary gland per-
meability as a consequence of inflammatory processes
alone does not seem to explain the increase of the CO
(Table 2).

As previously reported (Frobish et al., 1986; Diaz et al.,
2004), the AFM1 clearance at the end of the AFB1 ingestion

period was fast, bringing the AFM1 below the legislative
limit (50 ng/l) within 24 h (all groups) and lower than 15 ng/l
(low somatic cells groups) within 48 h from the last day of
ingestion.

The AFB1 ingestion period did induce changes in some of
the evaluated plasma parameters (Table 3). Even though
the change in the gamma-glutamyl transferase might sug-
gest a damage of the liver at the cellular level, the values
for cows in this study were within the upper limit for cows
at their stage of lactation (Bertoni et al., 2000).

Conclusions
The current data suggest that milk yield is the major factor
affecting the total excretion of AFM1. In this study, the CO
calculated from a predictive equation was lower than pre-
viously reported for similar levels of AFB1 intake, although
not outside the range. Previously reported differences in CO
associated with membrane permeability due to inflamma-
tory factors were only detectable during the first days of
AFB1 ingestion and only occurred in the high-yielding cows
on experiment. It is possible that the low molecular weight
of aflatoxins could account for the absence of the SCC
effect at plateau conditions.
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a b s t r a c t

The objectives were to determine changes of aflatoxin M1 (AFM1)
concentration and proportional excretion in milk of lactating cows
when adding a commercial sequestering agent (SA) to a total mixed
ration (TMR) contaminated with aflatoxin B1 (AFB1) from differ-
ent feeds and how these changes were affected by different ways
of adding the SA to the TMR. Two experiments were completed
using eight cows each and the same TMR which had a common
forage base of corn silage, alfalfa and grass hays (300, 250 and
50 g/kg dry matter, respectively) to which AFB1-contaminated feeds
were added. The AFB1 ingestion period was 9 days followed by
a 5 day clearance period. In experiment 1, cows were randomly
assigned to one of the two diets in a completely randomized design
and fed a control diet made of forages plus AFB1-contaminated
corn meal plus a pelleted protein/mineral/vitamin premix (Pmx)
or the CC-SA diet of forages plus AFB1-contaminated corn meal
with SA plus the pellet Pmx. In experiment 2, cows were ran-
domly assigned to one of four diets in a replicated 4×4 Latin
square design. Diets were CC-SA (forages plus AFB1-contaminated
corn meal with SA plus a pellet Pmx), Pellet-SA (forages plus an
AFB1-contaminated complete concentrate with SA as a pellet),
Meal-SA (forages plus AFB1-contaminated complete concentrate

Abbreviations: AFB1, aflatoxin B1; AFM1, aflatoxin M1; AF, Aflatoxin; BW, live body weight; DM, dry matter; PBS, phosphate-
buffered saline; SA, sequestering agent; TMR, total mixed ration.
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The objectives were to determine changes of aflatoxin M1 (AFM1)
concentration and proportional excretion in milk of lactating cows
when adding a commercial sequestering agent (SA) to a total mixed
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of adding the SA to the TMR. Two experiments were completed
using eight cows each and the same TMR which had a common
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50 g/kg dry matter, respectively) to which AFB1-contaminated feeds
were added. The AFB1 ingestion period was 9 days followed by
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Aflatoxin Binders I: In vitro binding assay for aflatoxin B1 by several
potential sequestering agents
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Abstract

Nine potential proprietary sequestering agents consisting of 4 activated charcoals, 3 sodium bentonites, a calcium
bentonite, and an esterified glucomannan were compared in a novel in vitro assay for aflatoxin B1 (AFB1) binding.
Agents were evaluated in 10% methanol prepared as 1% stirred suspensions at pH 3, 7, 10 and pH-unadjusted, with
or without AFB1 at 5 µg/ml. All nine agents bound more than 95% of the 5 µg of AFB1 in solution, regardless
of pH. The sodium bentonites bound 98, 95, and 98% of the AFB1. The four activated charcoals bound over 99%,
the calcium bentonite bound 98%, and the esterified glucomannan bound 97% of the AFB1 in solution. The results
suggested that the sequestering agents tested here had sufficient potential to bind AFB1 at pH values commonly
found in the gastrointestinal tracts of ruminants and other animals.

Key words: activated charcoal, aflatoxin B1, calcium bentonite, esterified glucomannan, sodium bentonite

Disclaimer: The use of trade names in this publication does not imply endorsement by the North Carolina
Agricultural Research Service, nor criticism of similar ones not mentioned.

Introduction

Aflatoxin is produced by the fungi Aspergillus flavus
and Aspergillus parasiticus in many food and feed
crops. For example, maize, peanut, and cottonseed
crops stressed by drought and insect damage are more
susceptible to the growth of these fungi with con-
comitant aflatoxin contamination. The toxic effects
and carcinogenicity of aflatoxin B1 (AFB1) have been
described in a wide range of animal species [1–3].
Aflatoxin B1, the most common of the four primary
aflatoxins (B1, B2, G1, and G2), is among the most
potent naturally occurring carcinogens [4].

Several approaches have been investigated to re-
duce exposure of animals to aflatoxin in contaminated
feeds. Roasting, ammoniation and other chemical
treatments, solvent extraction, physical removal of
contaminated kernels by various means, and dilu-
tion all have some potential to reduce exposure to

* Published in 2003.

AFB1. One approach, currently used worldwide, is the
addition of sequestering or binding agents to aflatoxin-
contaminated feedstuffs [5, 6]. Activated carbon, vari-
ous mineral clays, and other agents have been ad-
ded to contaminated feeds in attempts to reduce or
prevent AFB1 exposure to animals. An “effective”
sequestering agent is one that tightly binds the my-
cotoxin in contaminated feed without disassociating in
the gastrointestinal tract of the animal. Therefore the
toxin-binder complex passes through the animal and
is eliminated via the feces. This prevents or minimizes
exposure of animals to mycotoxins.

Many mycotoxin-sequestering agents are currently
commercially available throughout the world. These
are widely used as anti-aflatoxin feed additives and
for other potential beneficial effects; however, only a
few of them have published reports to support their
claims as effective in vivo mycotoxin sequestering
agents. Activated carbons, certain clays, and a yeast
cell wall-derived esterified glucomannan have efficacy
in in vitro AFB1 binding assays and some have shown

Mycopathologia 157: 233–241, 2004.
© 2004 Kluwer Academic Publishers. Printed in the Netherlands.
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Aflatoxin Binders II: Reduction of aflatoxin M1 in milk by sequestering
agents of cows consuming aflatoxin in feed
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Abstract

Sequestering agents bind dietary aflatoxin B1 (AFB1) and reduce absorption from an animal’s gastrointestinal
tract. As a result, they protect an animal from the toxic effects of AFB1 and reduce transfer of the metabolite,
aflatoxin M1 (AFM1), into milk. Three experiments, using late-lactation Holstein cows fed AFB1-contaminated
feed, were conducted to evaluate several potential sequestering agents for their abilities to prevent or reduce the
transmission of AFM1 into milk. Six agents previously tested in our laboratory for AFB1 binding in vitro were
evaluated in these experiments. These were: SA-20!, an activated carbon (AC-A); Astra-Ben-20!, a sodium
bentonite (AB-20); MTB-100!, an esterified glucomannan (MTB-100); Red Crown!, a calcium bentonite (RC);
Flow Guard!, a sodium bentonite (FG); and Mycrosorb!, a sodium bentonite (MS). Five of the six sequestering
agents significantly (P < 0.01) reduced AFM1 contamination of milk (AB-20, 61%; FG, 65%; MS, 50%; MTB-
100, 59%; and RC, 31%); whereas, AC-A, activated carbon, had no effect on AFM1 transmission at 0.25%
of feed. By the first milking (1 day after cows consumed contaminated feed), AFM1 appeared in milk, then
reached maximum levels after three days, and was absent from milk within four days after AFB1 was removed
from the feed. Sodium bentonites at 1.2% of feed showed good potential as AFB1 binders; MTB-100, a yeast
cell wall product, was equally effective at 0.05% in feed. Potential AFB1 binding agents should be evaluated
experimentally to demonstrate efficacy. Our data show that sequestering agents can reduce AFM1 in milk of cows
fed AFB1-contaminated feed.

Key words: aflatoxin B1; aflatoxin M1; bentonite; activated carbon; esterified glucomannan; sequestering agents.

Disclaimer: The use of trade names in this publication does not imply endorsement by the North Carolina
Agricultural Research Service, nor criticism of similar ones not mentioned.

Introduction

When diets contaminated with aflatoxin B1 (AFB1)
are fed to lactating animals, aflatoxin M1 (AFM1), a
metabolite of AFB1, is secreted into milk [1]. Like
AFB1, AFM1 is toxic and carcinogenic, although tox-
icity of AFM1 is somewhat lower than that of AFB1
[2]. However, AFM1 is of great concern because of
the high consumption of milk and milk products by
humans, especially children; it is regulated by the U.S.

Food and Drug Administration (FDA) at 0.5 ppb. Al-
though the use of binding agents to remove or reduce
aflatoxin is not approved by the FDA for this purpose,
some montmorillonite clay products, some of which
are known as hydrated sodium calcium aluminosilic-
ates (HSCAS), bind AFB1 in vitro and, apparently, in
vivo. These products have been shown to bind AFM1
in liquid milk [3], reduce AFM1 in milk from cows
consuming AFB1 contaminated feed [4, 5], and pro-
tect many species from the toxic effects of AFB1 [6].
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a  b  s  t  r  a c  t

Zearalenone is  a  potent mycotoxin that has estrogenic  properties. In vitro results  indicate
that  zearalenone metabolites down-regulate proteins associated  with protein synthesis
(protein  kinase  B,  Akt)  and cellular proliferation (extracellular signal-regulated kinase, ERK).
The  objectives of  this  study were  to determine  the effect of zearalenone on (1) growth
performance  and signaling for protein synthesis,  and (2) reproductive tract development.
At  28 d  of age, gilts were randomly  assigned  to consume a  commercial basal diet (C)  or
C+1.5  mg/kg zearalenone (n =  10)  for 4  wk,  at  which time gilts were euthanized,  urine  col-
lected,  and tissue collected. No differences were  observed in  average daily gain,  average
daily  feed  intake, or  gain:feed (P>0.28).  Reproductive  tract weight  (2.4-fold)  and uterine
endometrial  gland development (50%) were increased in  zearalenone  fed  gilts (P<0.01). In
uterus,  estrogen receptor  (ER)-!  expression  was  unchanged (P>0.28), but  gilts consuming
zearalenone  had 2.0-  and 3.5-fold higher  abundance  of  ER-"  mRNA and protein, respec-
tively  (P<0.01). No differences  were  observed in  Akt, mammalian target  of rapamycin,  or
ERK  abundance or  phosphorylation  in muscle  (P>0.36).  Zearalenone had no effect on growth
performance  or skeletal  muscle  signaling in prepubertal gilts,  but  zearalenone increased
reproductive  tract  size and glandular development,  possibly due, in  part, to altering  the
expression  of ER-".

Published by Elsevier B.V.

1. Introduction

The mycotoxin zearalenone is a potent estrogenic secondary metabolite produced by several Fusarium species (Riley and
Petska,  2005). Zearalenone is a resorcylic acid lactone that is most commonly found in many cereal crops and swine are
one  of the most sensitive species with tolerance limits in feed as low as 50 #g/kg proposed (BML, 2000). Zearalenone and
its  metabolites !-zearalenol and "-zearalenol have been shown, in vitro, to down-regulate signaling for protein synthesis
and  cellular proliferation (Wollenhaupt et al., 2004). In addition, zearalenone, as well as !-zearalenol and its metabolite

Abbreviations: ADFI, average daily feed intake; ADG, average daily gain; Akt, protein kinase B; BW,  body weight; C, commercial basal diet; COX2,
prostaglandin-endoperoxide synthase 2;  DON, deoxynivalenol; ER, estrogen receptor; ERK, extracellular signal-regulated kinase; ESI, electrospray ioniza-
tion;  G:F, gain to feed ratio; GLM, general linear model; HPLC/MS, high-performance liquid chromatography/mass spectrometry; mTOR, mammalian target
of  rapamycin; tcRNA, total cellular ribonucleic acid.

! Mention of  trade names, proprietary products, or  specified equipment does not constitute a  guarantee or warranty by  the USDA and does not imply
approval  to the exclusion of other products that may  be suitable. USDA is  an equal opportunity provider and employer.

∗ Corresponding author at: USDA, ARS, P.O.  Box 166, U.S. Meat Animal Research Center, Clay Center, NE, United States. Tel.: +1 402 762 4206;
fax:  +1 402 762 4209.
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Pesq. Vet. Bras. 31(5):407-412, maio 2011

Federico Giannitti et al.410

Fig.1. Cerebral cortex, horse # 2. Areas of malacia and
hemorrhage affecting the white matter (WM) and sparing
the gray matter (GM). HE, 20x.

Fig.3. Cerebral cortex, horse # 2. Abundant, eosinophilic
homogeneous material (edema) and hemorrhage within
the white matter. HE, 400x.

Fig.5. Cerebral cortex, horse # 2. Vascular thrombosis and pe-
rivascular hemorrhage within the white matter. H&E, 600x.

Fig.2. Brainstem, horse # 2. Multifocal, severe hemorrhage.
HE, 20x.

Fig.4. Cerebral cortex, horse # 2. White matter malacia with
edema and extracytoplasmic eosinophilic globules (thick
arrow), reactive glial cells with abundant eosinophilic cyto-
plasm, distinct cell borders, intracytoplasmic deeply eosi-
nophilic globules and eccentric hyperchromatic nucleus (thin
arrows), and hypertrophied vascular endothelium (*). HE,
600x.

Fig.6. Cerebral cortex, horse # 2. Perivascular inflammatory
infiltrate. HE, 600x.
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therefore, we cannot discriminate between transcellu-
lar and paracellular impedance contributions. Al-
though, there is a considerable overlap between the
real-time impedance and TEER measurements (23),
real-time impedance measurements clearly show the
time dependency of the events.

Since TEER and impedance measurements sug-
gested alterations of TJ permeability and in order to
describe the effect of DON on TJ proteins in more

detail, the mRNA expression and protein levels, as well
as cellular distribution of different TJ proteins (CLDN1,
CLDN3, CLDN4, OCLN, and ZO-1), were measured in
Caco-2 cells following DON exposure. PCR analyses
pointed out that the mRNA expression of Caco-2 cells
exposed to DON for 3 h showed a concentration-depen-
dent up-regulation of the expression levels of CLDN3,
CLDN4, and ZO-1, while the mRNA expression levels of
all TJ proteins were increased on 6 h of DON exposure,
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Figure 8. DON selectively affected TJ mRNA expression levels and their localization in mouse intestine. A–E) Mice received
DON by oral gavage (25 mg DON/kg BW). After 6 h, samples from the proximal small intestine (A), middle small intestine (B),
distal small intestine (C), caecum (D), and colon (E) were collected, and mRNA levels of TJ proteins (CLDN1, CLDN2, CLDN3,
CLDN4, OCLN, and ZO-1) were measured by RT-PCR. Results are expressed as mean ! sem relative mRNA expression; n " 5–6
animals/group. *P ! 0.05, **P # 0.01, ***P # 0.001 vs. control group. F) For immunofluorescence staining, Swiss-rolled
paraffin sections obtained from distal small intestines were detected by antibodies for CLDN1, CLDN2, CLDN3, CLDN4, OCLN,
and ZO-1, as described in Materials and Methods. n " 4–5 mice/group (2–3 sections/animal). View: $200.

12 Vol. 28 June 2014 AKBARI ET AL.The FASEB Journal ! www.fasebj.org
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