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a b s t r a c t

A stochastic simulation model was developed to carry out the first quantitative risk exposure assessment
of the mycotoxin level in cow’s milk produced in Argentina. The prevalence and concentration of afla-
toxin M1 (AFM1), deoxynivalenol (DON) and zearalenone (ZEA) were modeled at various stages through
milk processes complying with Argentinean practices. Concentration of AFM1 (0.059 ppb), DON
(0.338 ppb) and ZEA (0.125 ppb) in dairy milk were estimated. The proportion of feed samples that
exceeded the maximum level accepted by European regulations for AFB1, DON and ZEA were estimated
at 25.07%, 0.0% and 8.9%, respectively. The percentage of milk samples that exceeded the maximum level
accepted for AFB1 by the MERCOSUR (0.5 ppb) and the European Union regulations (0.05 ppb) were 0.81
and 32.65, respectively. The probability distribution of AFM1 concentration in milk was affected by the
carry-over rate equations applied in the model. Mycotoxin levels in corn silage and concentrated feeds
were the factors most correlated with mycotoxin concentrations in milk. Therefore, agricultural practices,
crop management and feed production require prompt attention regarding mycotoxin issues.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Mycotoxins are secondary metabolites produced by specific
filamentous fungi that are common contaminants of agricultural
commodities (Binder, 2007; Boudra and Morgavi, 2005; Pereyra
et al., 2008). There are more than 300 different mycotoxins; how-
ever, the major classes of mycotoxins affecting feedstuffs include
aflatoxins (AF), deoxynivalenol (DON) and zearalenone (ZEA), ocur-
ring the highest prevalence in corn and in ingredients for concen-
trate feeds (Driehuis et al., 2008; Binder, 2007).

Mycotoxins are capable of altering immune-mediated activities
(Black et al., 1992), or producing acute toxic, carcinogenic, muta-
genic, teratogenic and estrogenic effects on animals depending
on the level of exposure (van Egmond, 1989). In cattle, mycotoxin
consumption is associated with a decrease in feed intake, weight
loss, reduced milk production, lack of response to diet change
and therapies (Driehuis et al., 2008).

Mycotoxins, such as aflatoxins, can be also transferred to milk
and its presence is considered to be undesirable (Yiannikouris

and Jouany, 2002; Seglar, 2003). The occurrence of mycotoxins
in dairy products and mainly in milk makes it a particular risk
for humans because of their negative effects in foodstuff for
adults and especially children (Prandini et al., 2009). The most
prominent toxicological effects of the major classes of mycotox-
ins are recognized, but little is known about possible synergistic
or antagonistic effects of mycotoxins and whether frequent expo-
sure to low doses leads to chronic health problems (Driehuis
et al., 2008).

Because mycotoxin contamination of foods and animal feeds
highly depends on environmental conditions leading to mould
growth and toxin production (van Egmond, 1989), as well as to
multiple possibilities to produce animal diets, the inter-annual
variability made the estimation of mycotoxin contamination a very
complex task (FAO-WHO, 2001).

Quantitative exposure assessment is a methodology used to
analyze scientific information to estimate the probability and
severity of an adverse event. Risk assessment is now widely
accepted as the preferred means to assess possible links between
hazards in the food chain and actual risks to human health
(FAO-WHO, 2006). The risk assessment results could be the scien-
tific basis of risk management options.

The objective of this study was to develop a quantitative
exposure assessment model for mycotoxins in cow’s milk produced
in Argentina, to improve the basis to decide on policy making and
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research objectives, and to reduce human and animal health haz-
ards due to mycotoxins.

2. Materials and methods

2.1. Model development

The prevalence and concentration of mycotoxins were modeled at various
stages along milk production processes. The conceptual model upon which the
mathematical model was based is depicted in Fig. 1. The model was created in
Microsoft Excel 2007 with the add-on package @Risk (version 4.0, Palisade Corpo-
ration, New York, USA).

The mycotoxins considered in this study were aflatoxin B1 (AFB1), deoxynivale-
nol (DON) and zearalenone (ZEA).

The model was developed using inputs from data collected at Argentinean dairy
systems, and expert information and opinion, whenever possible. However, when
Argentinean-specific data were not available, international data and scientific
literature were consulted to improve the basis of the model.

The Monte Carlo Model Simulation Technique (applying 5000 iterations) was
used to create the output distributions which reflect the inherent uncertainty and
variability in each input variable. The number of iterations provided adequate
convergence of the simulation statistics (<1%).

2.2. Model inputs

2.2.1. Animal diets
The amount of each ingredient in the diet (kg of dry matter per cow) for dairy

cows in Argentina depends on two factors: (a) the season (S) (autumn and spring),
and (b) the milk production level (low and high milk production) (MP).

The same probability was considered for each season, using a binomial
distribution with probability = 0.5.

Cows in the first 3 months of lactation were considered as high milk production,
and those from the fourth month to the end of the lactation were considered as low
milk production. To develop the model, lactation cows from any of the 10 months of
lactation (ML) were considered as having the same probability and using a discrete
uniform distribution. The ingredients in each diet are depicted in Table 1. These
diets (ingredients and quantities) were a reflection of the diets used in Argentina’s
central dairy region. Nevertheless, those feeding formulations can be changed
regularly depending on ingredient availability and pricing.

2.2.2. Mycotoxin contamination in feed ingredients
Occurrence and concentration of each kind of mycotoxins found in the different

ingredients were obtained from a data base generated by the Agricultural Experiment
Station in Rafaela; Santa Fe, of the National Institute of Agricultural Technology and
the Microbiology Laboratory of the School of Physics and Chemical Sciences,

Fig. 1. Flow diagram of the mathematical model of exposure assessment of mycotoxins in bovine milk in Argentina.
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Universidad Nacional del Litoral (Argentina). Eight hundred and forty-three feed
samples (fresh grass, silage, hay, concentrated feed, cotton seed and industrial by-
products), collected from 2000 to 2009 (Table 2) were tested. Feed samples were ob-
tained from milk farms located in the central dairy region of Argentina (Gaggiotti
et al., 2001, 2003). ELISA assays were used to obtain the mycotoxin concentration
(lg/kg of feed, ppb). The limit of quantification for total AF, DON, and ZEA were 1.7,
200 and 50 lg/kg (Ridascreen� Fast, R-Biopharm, AG Darmstadt, Germany), respec-
tively. The technique to quantify AF was not specific for AFB1, therefore, a correction
factor of 0.8 was introduced to estimate the AFB1 concentration, considering the re-
sults presented by Penno (1995).

From this set of information for each mycotoxin in the different types of feed the
results were adjusted using the appropriate probability distribution (Table 3). In
those samples where the mycotoxin level was below the limit of detection, a uniform
distribution was used, with a minimum value = 0 and a maximum value = technique
limit of detection.

The amount of mycotoxin ingested by the selected cows was calculated as the
sum of the mycotoxin level of each ingredient in the diet.

2.2.3. Carry-over rates of mycotoxins
Aflatoxin M1 (AFM1) is the principal oxidized metabolite of AFB1, and it can be

easily found in milk and urine of most mammalians after the consumption of AFB1
(Creppy, 2002). In dairy cows the amount of AFM1 excreted into milk is affected by
milk yield (Petterson et al., 1989; Veldman et al., 1992), and stage of lactation
(Munksgaard et al., 1987; Petterson et al., 1989; Veldman et al., 1992). Three linear
regression equations were used to model the carry-over rate, one of them as func-
tion of the milk yield (Masoero et al., 2007), and two equations related to AFB1 con-
sumption (Petterson et al., 1989; Veldman et al., 1992).

Milk production per cow was estimated from a study reported by Romero et al.
(2004), who adjusted the milk production curves from 79 cows in different seasons
(autumn and spring), under the Argentinean production system, fitting for each sea-
son a Woods’ equation (1969). Afterwards, the curves were incorporated into the
model.

Deoxynivalenol level carry-over to bovine milk is estimated to be small but
there is very little research done in the area (EFSA, 2004a). Transmission of DON
to milk was confirmed in lactating dairy cows, but only extremely low amounts nat-
urally occurring were detected (Côte et al., 1986; Yoshizawa et al., 1986). The total
carry-over rates of ingested DON as DON and de-epoxy DON in milk ranged from
0.0001 to 0.0002 and from 0.0004 to 0.0024, respectively (Seeling et al., 2006;
Fink-Gremmels, 2008). Two uniform distributions were developed for DON and
de-epoxy DON carry-over rates according to the limits reported by Seeling et al.
(2006), and the total DON carry-over was the addition of these distributions.

Several studies have been conducted to assess the ZEA carry-over into milk
(Mirocha et al., 1981; Prelusky et al., 1990; Usleber et al., 1992; Galtier, 1998;
Yiannikouris and Jouany, 2002; Seeling et al., 2005). These studies show that there
is a low transmission rate into milk. The carry-over rate was modeled using a uni-
form distribution according to the values reported by Fink-Gremmels (2008).

2.2.4. Consumption data
The ingested doses (D) of each mycotoxin is a function of their concentration in

raw milk and the quantities of milk consumed by Argentinean consumers. The
mean consumption of pasteurized fluid milk (WMc), ultra high temperature milk
(UHTc), powder milk (Pwc) and other processed milk (Prc) (evaporated and concen-
trated milks), for adults was 81.09 g/day (±8.39 g/day), 26.97 g/day (±12.45 g/day),
7.89 g/day (±1.81 g/day), and 0.78 g/day (±0.27 g/day), respectively. A normal distri-
bution was used with the mean and standard deviation for each product. Data on
the quantities of milk consumed in Argentina were obtained from the Argentinean
Ministry of Agriculture (MinAgri, 2010).

The human exposure assessment for each mycotoxin (g/kg body weight/day)
was calculated based on the total exposure from each mycotoxin, assuming a body
weight (BW) of 60 kg (Prandini et al., 2009).

2.2.5. Sensibility analysis
To determine the impact of each input variable on the outputs variable (for

example, AFM1 in milk), a sensitivity analysis was conducted, using Pearson’s cor-
relation coefficient to determine the degree of association. Sensibility analysis was
performed using the @Risk� version 4.5 software (Palisade, New York).

2.2.6. Model assumptions
The following assumptions were applied to the model. Because assumptions

can impact on the obtained results, they should be taken into account when consid-
ering the outputs of the risk assessments:

(i) The model considered that the proportion of milking cows was the same for
each season.

(ii) To develop the model, it was considered that the length of lactation was the
same for all the cows, and each cow could be in any of the 10 months of lac-
tation with the same probability.

(iii) Even considering that the diets (ingredients and quantities) were a reflec-
tion of the diets used in Argentina’s central dairy region, they could change
regularly depending on ingredient availability and pricing.

(iv) In those ingredients where the mycotoxin level was below the limit of
detection, a uniform distribution was used, with a minimum value = 0
and, a maximum value = technique limit of detection.

(v) The dilution effect between whole milk with different levels of mycotoxins
was not considered.

(vi) Considering that the mycotoxins are, in general, heat stable, it was assumed
that the milk production processes (e.g. pasteurization, sterilization, evap-
oration, concentration), do not cause an appreciable change in the amount
of mycotoxins in milk.

3. Results

3.1. Mycotoxins in different feedstuffs

In the database used to develop this model, AFB1 and ZEA were
more frequently detected than DON. Incidence of AFB1 was partic-
ularly high in concentrated feed and cotton seed, being the AFB1
general prevalence of 78.9%. ZEA was found in 78.8% of the ana-
lyzed feed samples, especially in corn silage, industrial by-products
and pasture. On the other hand, DON was particularly important in
concentrated feeds and industrial by-products.

Co-occurrence of AFB1, DON and ZEA was frequently observed.
Presence of AFB1 and ZEA was the most prevalent co-occurrence
and the simultaneous presence of AFB1, DON and ZEA in the same
feed was observed in 39.2% of the samples.

Table 1
Diet composition of low and high milk production cows in autumn and spring
seasons. Source: Romero et al., 2004.

Ingredient Quantity in the diet (kg/DM) (CD)

Autumn Spring

LP cows HP cows LP cows HP cows

Alfalfa 4.0 6.5–7.0 14.0 10.0
Corn silage 7.0 7.3 3.0
Concentrate 4.5 6.5 4.0 6.0
Cotton seed 2.0
Alfalfa hay 0.8 1.0
By-products 2.9 2.0

References: LP = low production; HP = high production.

Table 2
Prevalence of mycotoxins in different diet ingredients expressed as number of samples with mycotoxin concentration greater than the limit of quantification/total number of
samples. Source: Gaggiotti et al., 2001, 2003

Ingredient AFB1 DON ZEA AFB1-DON AFB1-ZEA DON-ZEA AFB1-DON-ZEA

Concentrate 110/131 37/62 45/69 31/59 38/63 25/54 23/53
Cotton seed 57/69 2/9 6/21 2/9 13/18 1/9 1/9
Silage 202/277 67/191 99/121 49/165 79/108 27/58 26/57
Alfalfa hay 7/11 3/8 8/11 0/4 5/8 0/3 0/3
By-products 31/39 14/27 34/37 10/27 25/36 13/27 9/27
Alfalfa 64/70 19/55 25/31 15/45 23/27 3/9 3/9
Total 471/597 142/352 217/290 107/309 183/260 69/160 62/158

References: AFB1 = aflatoxin B1, DON = deoxynivaleno, ZEA = zearalenone.
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3.2. Prediction model

Concentration of AFB1, DON and ZEA in the dairy cattle diets
was estimated in 4.7, 230.5 and 194.9 ppb, respectively (Fig. 2).
The uncertainty about the true mean value (95% confidence
interval) was calculated for AFB1 (0.832–23.14 ppb), DON
(48.34–880.35 ppb), and ZEA (26.74–770.15 ppb).

The average concentration of AFM1 in bovine milk varied consid-
ering the carry-over rate equation applied. When the carry-over rate
equation that considered milk production was used, AFM1 concen-
tration in bovine milk was estimated in 0.059 ppb (95% CI 0.032–
0.323 ppb). However, when the other two equations that considered
the AFB1 consumption were used, the AFM1 concentration in bovine
milk was increased to 0.082 ppb (95% CI 0.023–0.354 ppb), and
0.111 (95% CI 0.02–0.526) (Fig. 3).

The average concentration of DON and ZEA in bovine milk was
estimated in 0.338 ppb (95% CI 0.049–1.396 ppb), and 0.125 ppb
(95% CI 0.016–0.469 ppb), respectively (Fig. 4).

The AFM1 concentration in bovine milk was sensitive to the AFB1
level on concentrate (r = 0.735), the carry-over rate (r = 0.351), the

AFB1 level on corn silage (r = 0.186), the season (r = �0.143), and
the AFB1 level on cotton seed (r = 0.119) (Fig. 4). The DON concentra-
tion in bovine milk was sensitive to the DON levels on concentrate
(r = 0.65), the carry-over rate (r = 0.373), corn silage (r = 0.155), pas-
ture (r = 0.096), and cotton seed (r = 0.078). Finally, the ZEA concen-
tration in bovine milk was sensitive to the ZEA level on corn silage
(r = 0.439), the ZEA level on concentrate (r = 0.398), the season
(r = �0.35), the ZEA level on pasture (r = 0.182), and the carry-over
rate (r = 0.072), (Fig. 5).

The total daily intake (TDI) estimated for AFM1, DON, and ZEA in
milk were 1.22 � 10�4 lg/kg bw (95% IC 7 � 10�6–6.33 � 10�4 lg/
kg bw), 4.44 � 10�4 lg/kg bw (95% IC 3 � 10�5–1.96 � 10�3 lg/kg
bw), and 1.68 � 10�3 lg/kg bw (95% IC 9 � 10�9–1.27 � 10�2 lg/
kg bw), respectively.

4. Discussion

This is the first quantitative risk assessment for mycotoxins in
dairy milk done in Argentinean practice farming conditions.

Table 3
Description of the input variables used in the model.

Symbol Name Units Assumption/distribution

S Season Binomial(1,0.5)
ML Month of lactation Discrete uniform({1;2;3;4;5;6;7;8;9;10})
AFB1aa Level of AFB1 in alfalfa lg/kg Triangular(0, 1.7, Cumulative(0, 22, {1.7;2.5;3.5;5.5;7;9;13.2},

{0.114;0.286;0.457;0.614;0.743;0.9;0.986}))
AFB1MS Level of AFB1 in corn silage lg/kg Cumulative(0,69.6,{1.7;3.4;5.5;8;11;18.7;66.4}, {0.27;0.50;0.69;0.83;0.92;0.97;0.99})
AFB1AH Level of AFB1 in alfalfa hay lg/kg Cumulative(0, 26, {1.7;2;2.6;3.2;5}, {0.36;0.54;0.72;0.81;0.91})
AFB1BC Level of AFB1 in concentrate lg/kg Cumulative(0, 139, {1.7;3;4.5;7;22}, {0.16;0.35;0.55;0.76;0.91})
AFB1CS Level of AFB1 in cotton seed lg/kg Cumulative(0116,{1.7;3.5;9},{0.17;0.42;0.71})
AFB1BP Level of AFB1 in by-products lg/kg Cumulative(0, 76.8, {1.7;3;4.5;13.8}, {0.23;0.46;0.66;0.97})
DONaa Level of DON in alfalfa lg/kg Triangular(0, 200, IF(E98 < 200,200, Cumulative(0, 400, {200;300}, {0.85;0.94})))
DONMS Level of DON in corn silage lg/kg Cumulative(0, 2500, {200;300;400;600;1200}, {0.78;0.86;0.91;0.95;0.99})
DONAH Level of DON in alfalfa hay lg/kg Uniform(0, 200)
DONBC Level of DON in concentrate lg/kg Cumulative(0,3800,{200;400;900},{0.48;0.75;0.88})
DONCS Level of DON in cotton seed lg/kg Cumulative(0, 800, {200;800}, {0.88;1})
DONSI Level of DON in by-products lg/kg Cumulative(0,1900,{200;500;800;1300;1500;1600}, {0.59;0.70;0.81;0.88;0.92;0.96})
ZEAaa Level of ZEA in alfalfa lg/kg Triangular(0, 50, IF(ZEAaa < 50,50, Cumulative(0, 623, {53;131.2;236;386;588.5},

{0.22;0.45;0.67;0.90;0.96}))
ZEAMS Level of ZEA in corn silage lg/kg Cumulative(0,4005,{50;100;180;293;400;801;1500;2500},

{0.18;0.33;0.48;0.67;0.82;0.94;0.96;0.99})
ZEAAH Level of ZEA in alfalfa hay lg/kg Cumulative(0350,{50;73.6;95.5;100;228;300}, {0.27;0.36;0.54;0.72;0.81;0.90})
ZEABC Level of ZEA in concentrate lg/kg Cumulative(0, 1500, {50;116;175}, {0.36;0.66;0.85})
ZEACS Level of ZEA in cotton seed lg/kg Cumulative(0,6000,{50;120;572.3;6000},{0.23;0.5;0.69;1})
ZEASI Level of ZEA in by-products lg/kg Cumulative(0, 5782.3, {50;132.7;200;344;502;723.2}, {0.08;0.29;0.56;0.86;0.91;0.97})
ConAFB1 Total consumption of AFB1 lg (R(CD � AFB1(in each ingredient))) � 0.8
ConDON Total consumption of DON lg R(CD � DON(in each ingredient))
ConZEA Total consumption of ZEA lg R(CD � DON(in each ingredient))
MPautumn Milk production (autumn) Lts 22.82 ⁄ LM0.141 ⁄ 2.718(-0.051⁄LM)

MPspring Milk production (spring) Lts 29.12 ⁄ LM0.483 ⁄ 2.718(-0.204⁄LM)

AFM1CO1 AFM1 carry-over rate (yield
production)

% �0.3255 + 0.0769⁄(MPautumn or MPspring)

AFM1milk1 AFM1 in milk lg/lt ConAFB1⁄(AFM1CO1/100))/(MPautumn or MPspring)
AFM1milk2 AFM1 in milk (AFB1 consumption) lg/lt 10.95+(0.787⁄ConAFB1))/1000
AFM1CO2 AFM1 carry-over rate (AFB1

consumption)
% AFM1milk2 ⁄ (MPautumn or MPspring)⁄100)/ConAFB1

AFM1milk3 AFM1 in milk (AFB1 consumption) lg/lt 1.9+(1.2⁄ConAFB1)/1000
AFM1CO3 AFM1 carry-over rate (AFB1

consumption)
% AFM1milk3 ⁄ (MPautumn or MPspring)⁄100)/ConAFB1

DONCO DON carry-over rate Uniform(0.0001, 0.0002) + Uniform(0.0004, 0.0024)
DONmilk DON in milk lg/lt ConDON ⁄ DONCO / (MPautumn or MPspring)
ZEACO ZEA carry-over rate % Uniform(0.06.0.08)
ZEAmilk ZEA in milk lg/lt ConZEA ⁄ (ZEACO / 100) / (MPautumn or MPspring)
WMc Pasteurized milk consumption g/day Normal(81.09,8.39)
UHTc UHT milk consumption g/day Normal(26.97,12.45)
Pwc Powder milk consumption g/day Normal(7.89,1.81)
Prc Processed milk consumption g/day Normal(0.78,0.27)
TE Total milk exposure g/day WMc + UHTc + Pwc + Prc

BW Body weight kg 60 (fixed value)
D Total exposure g/kg bw/

day
((Concentration of each mycotoxin/1000) x TE) / IW
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The European Union (EU) (Directive 2002/32/EC), and
MERCOSUR (MERCOSUR GMC/RES. N� 25/02), regulations deter-
mine a maximum level of 5 and 20 ppb AFB1 in feed for dairy cat-
tle, respectively. According to the estimates generated by this risk
model, approximately 25.07% and 3.76% of the diets offered to
dairy cattle in Argentina’s central dairy region would present high-
er levels than those established by the international regulations.

The maximum level of 5000 and 500 ppb for DON and ZEA in
feed, respectively, were established by the European Union
(EC N� 876/2006a). It was estimated that none of the diets offered
to dairy cattle exceeded the maximum level for DON, but 8.9% of
the diets showed higher levels of ZEA than those established by
the international regulation. There is overwhelming evidence of
global contamination of cereals and animal feeds with Fusarium
mycotoxins particularly trichothecenes, zearalenone and fumoni-
sins. Developing countries, such as India, South Africa, Philippines,
and Thailand present high incidence of DON and ZEA, but also
there have been documented high concentrations in developed
countries (e.g. New Zealand, USA, Canada, Germany, Norway and
the Netherlands) (Placinta et al., 1999).

Of particular concern is the co-occurrence of several mycotox-
ins in the same sample of grain or animal feed. The toxicity of
mycotoxin mixtures cannot be accurately predicted only on the
basis of the effect of the individual toxins. Some authors (Heussner
et al., 2006), hypothesized the existence of a super additive or syn-
ergistic mode of action of different mycotoxins (ochratoxin A,
ochratoxin B, citrinin and patulin) in renal cells. These types of syn-
ergistic or additive effects were observed in other studies, thus
these aspects should be considered in future risk assessment stud-
ies on animal health (Speijers and Speijers, 2006).

Fig. 2. Cumulative probability distribution for aflatoxin B1 (A), deoxynivalenol (B) and zearalenone (C) concentration in feedstuff.

Fig. 3. Concentration of aflatoxin M1 in dairy milk according to the equation to
estimate the carry-over rate.

254 M.L. Signorini et al. / Food and Chemical Toxicology 50 (2012) 250–257
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The estimated average level of AFM1 in bovine milk was within
the maximum level accepted by the MERCOSUR regulation
(0.5 ppb), (MERCOSUR GMC/RES. N� 25/02), but it was higher than
the one established by the European regulations (0.05 ppb), (EC N�
1881/2006). Taking into account the different carry-over rates
(considering the AFB1 consumption or the milk production), be-
tween 0.66% and 5.06% of the milk produced in Argentina’s central
dairy region exceeds the maximum level accepted by MERCOSUR.
Considering the European regulations, the percentages of samples
that exceed the maximum level were estimated between 32.65%
and 66.84%. About this discrepancy in the international legislation,
the Expert Committee on Food Additives’s intervention was re-
quested by the Codex Committee on Food Additives and Contami-
nants (FAO-WHO, 2001), and it was estimated that the projected
risks for liver cancer at the maximum levels of AFM1 of 0.05 and
0.5 lg/kg are very small. For example, in a population with a prev-
alence of hepatitis B virus infection of 1%, the additional numbers
of liver cancer cases associated with contamination of all milk with
AFM1 at 0.5 versus 0.05 lg/kg would be 29 cancers/1000 million
persons per year. Agreement and setting of international
regulatory standards are very difficult, as not only does potential
health benefit but also political and economical issues have to be
considered (Binder, 2007).

Studies in Argentina are controversial. Some authors reported
that 33% of the samples had AFM1 levels from 0.05 to 0.5 ppb in
raw milk (FAO-WHO, 2001), while other authors reported an aver-
age level of 0.016 ppb (SD = 0.007 ppb) (López et al., 2003). Both
studies were conducted in different dairy regions in Argentina, so

those differences could be considered a consequence of different
ingredients (especially concentrated feeds and pasture), and/or
quantities in the diets. A study conducted in the Argentina’s central
dairy region (Basílico and Zapata de Basílico, 2005), identified that
out of 33 samples of raw milk, two of them had AFM1 levels above
1 ppb (6.06%), a percentage that is similar to the one estimated by
this simulation model. In Argentina, the National Plan for Residue
Management and Food Safety (CREHA) monitors various raw mate-
rials of animal origin for residues of veterinary drugs, pesticides
and mycotoxins. From 2003 through 2009, 1777 samples of raw
milk in dairy industry were analyzed, of which 550 (30.95%), had
AFM1 values higher than 0.025 ppb, but lower than 0.5 ppb
(CREHA, 2010). These values, although lower, are not very different
from those predicted by this model. CREHA Plan’s samples were ta-
ken directly from the dairy industry, situation which could gener-
ate a dilution effect of mycotoxins in milk and, as a consequence
present lower concentrations. By contrast, this model estimated
the mycotoxins concentration in dairy farm level, so it is more
likely to find higher concentrations individually.

The AFB1 carry-over rate was an important source of uncer-
tainty in the model identified by the sensibility analysis. The equa-
tion developed by Veldman et al. (1992) predicted AFM1 levels in
milk (approximately two times) higher than the levels estimated
by the equation that considered the dairy milk production
(Masoero et al., 2007). The probability distribution of AFM1
concentration in milk derived from the different carry-over rate
equations could be considered as extreme values and include the
uncertainty value in the result.

Concentrated feeds and corn silage were two ingredients highly
correlated with the level of mycotoxins in dairy milk. The AFB1
proportion from these two ingredients was, on average, 57.13% of
the total diet. In the case of DON and ZEA, the proportion provided
by corn silage and concentrated feeds was estimated at 55.5% and
50.64% of the total diet, respectively. For those reasons, the
conditions of harvest, storage and feed production derived from
corn, should be carefully controlled in order to reduce the exposure
of dairy cattle to mycotoxins and subsequently reduce their
concentration in milk. During harvest time, it is important to
prevent excess damage to kernels, which may predispose them
to be infected during storage. Post-harvest mycotoxin control pre-
vention of conditions favoring fungal growth and subsequent toxin
production such as water activity of stored products, temperature,
rodent and insect damage, and microbial interactions need to be
considered (Binder, 2007). Dilution of contaminated grain with
other feed components is another option, providing that monitor-

Fig. 4. Concentration of deoxynivalenol (A) and zearalenone (B) in dairy milk.

Fig. 5. Sensitivity analysis for mycotoxins concentration in bovine milk.
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ing is performed before grains are incorporated into compound
feeds (Placinta et al., 1999).

The season was another factor associated with the presence of
mycotoxins in milk which showed that micotoxin’s concentration
during autumn was higher than in spring. This may be due to the diet
composition in each season, with a greater involvement of concen-
trated feeds and corn silage (ingredients very susceptible to myco-
toxigenic fungi), during the autumn. According to the milk
production levels of the dairy cattle, in autumn, these ingredients
mean 57.26% and 65.71% of the total diet, whereas during spring,
both components accounted for 22.22–40.9% of the diet. Given this
differential composition of the diet according to the season, it was
estimated that the consumption of AFB1 from corn silage and con-
centrated feeds represented 66% of AFB1 in the diet during autumn,
while during the spring this proportion was reduced to 48.18%. In
the case of DON and ZEA, the contribution of these mycotoxins from
corn silage and concentrated feeds were, for autumn and spring,
69.6% and 41.4%; and 62.9% and 39.13%, respectively.

Although the concentrated feeds and corn silage were identified
as sources of ZEA, pastures seem to exert a significant impact in the
total intake of this mycotoxin. In autumn, pastures represent 22–
25% of the dry matter offered to cows and provide approximately
13% of ZEA consumed. During spring the pastures are abundant
in the Argentina’s central dairy region contribute with 45–77% of
the diet and provide 56% of the daily intake of ZEA. Zearalenone
is common in pastures in New Zealand and it is causing fertility
problems in sheep (EFSA, 2004b). Engels and Kramer (1996) re-
ported the occurrence of ZEA in ryegrass at a level from 40 to
2780 ppb. Data on ZEA occurrence in pastures are less well docu-
mented, but there are indications that this exposure route needs
to be considered (Binder et al., 2007; EFSA, 2004b).

Due to their very low carry-over rate from feed to milk, DON
and ZEA are not of significant concern with respect to the safety
of dairy products for consumers (Coffey et al., 2009); DON and
ZEA are of concern to the dairy sector primarily because of their
potential adverse effects on cattle health (Galtier, 1998).

Levels of DON estimated in this study were within ranges re-
ported by studies conducted in the Netherlands (Driehuis et al.,
2008). However, ZEA levels estimated for Argentina’s central dairy
region were higher than those found in studies conducted in the
Netherlands (Driehuis et al., 2008).

For genotoxic carcinogen, a tolerable daily intake (TDI) is gener-
ally not determined. However, Kuiper-Goodman (1990) have esti-
mated a TDI for AFM1 of 0.2 ng/kg bw, a value equivalent to a risk
level of 1:100,000. The estimated ingested dose for AFM1 by this
exposure assessment were, in average, 1.64 times lower than this
tolerable estimated daily intake. Considering data from milk con-
sumption in Latin American, JECFA (2001) estimated that the
AFM1 dietary intake of AFM1 concentrations in milk was
0.058 lg/kg bw. The TDI estimated by JECFA (which used a similar
milk product daily consumption compared with our model), was
475 times higher than the TDI observed in this risk assessment.
Even considering the maximum TDI estimated in this risk assess-
ment, it was 32 times lower than the TDI reported by JECFA.

Based on recent data in the most sensitive animal species (pig),
and taking into account comparisons between pigs and humans,
the Panel on Contaminants in the Food Chain of the European Food
Safety Agency (EFSA, 2011), established a TDI for ZEA of 0.25 lg/kg
bw The Joint FAO/WHO Expert Committee on Food Additives
(JECFA, 2010) established a TDI for DON of 1 lg/kg bw. The esti-
mated ingested doses for DON and ZEA by this exposure assess-
ment were below the international regulatory limits. The ratio
regulatory limit: TDI was 2252.25 and 148.81 for DON and ZEA,
respectively.

Results from the exposure assessment model suggest that the
presence of mycotoxins in bovine feed in Argentina should not give

rise to significant mycotoxin levels in milk and, thus the risk to hu-
man beings could be considered as negligible.

5. Conclusions

This study showed that in the diet of Argentinean dairy cattle,
corn silage and concentrated feeds are the major source of myco-
toxins and, therefore, it is recommended to include these ingredi-
ents in monitoring and control programs. More certain knowledge
regarding the mycotoxin contamination indicates the need to inhi-
bit fungal growth (to improve the conditions of harvest and post
harvest, storage and feed production), to reject contaminated food
(or blending non-contaminated grain), or to add additives in the
diets that block the action of mycotoxins. Although animal diets
contain significant levels of mycotoxins, milk produced was not
significantly outside the maximum allowable international limits.
However, since the quality requirements are increasingly stringent,
any reduction in established international regulatory limits would
be a serious impact on domestic production. For that reason,
Argentina should improve its monitoring program on mycotoxins
in animal feed and milk.
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