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The mycotoxins are molecules produced by filamentous fungus (the
mould) which can cause high and chronic toxic manifestations in su-
perior animals; it is the secondary metabolics, which don’t have a def-
inite biological connotation for the growth and development of the
mycete. There are different kinds of fungus that produce mycotoxins.
The mycotoxicosis, with different types of manifestations, are con-
nected to the intake of contaminated food and are known for not be-
ing contagious, transferable or infective, but for being referable in
case of the presence of mycete toxigens. There are more than  300
mycotoxins that have been isolated and chemically treated, although
just for some have toxic effects been clearly recognized.
More attention has been placed on those toxins that determine rel-
evant pathologies for humans and for animals in zoo technical pro-
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duction; those include: the aphlatoxine (AF),
the ochratoxin (O), the trichothecene, the zear-
alenone (ZEN), the fumonosine (F) and the
claviceps alkaloids.
At times the focus is also upon other kinds of
molecules that are produced by the secondary
metabolism of filamentous fungus: sterigmato-
cystin, cytrinin, patulin.
Even though  the mycotoxicosis are above all
connected with the intake of contaminated
food, in some cases also the touch or the in-
halation of  powders which contain various my-
cotoxins lead as well to mycotoxicosis (Miraglia
e Brera, 2000).
The WHO-IARC (World Health Organization –
International Agency for Research on Cancer)
examined the carcinogenic potential of AF, OA,
trichothecene, ZEN and F. in 1993.
The aphlatoxin B (AFB) has been classified as
carcinogenic for humans (Group 1), whereas the
aphlatoxin M1(AFM1, metabolic of AFB1), the
ochratoxin A (OA) and the fumonosine B1
(FB1),  have been classified as possibly car-
cinogenic for humans (Group 2B).
Trichothecene and ZEN haven’t been classified
as carcinogenic for humans (Group 3). Recently
a significant  revision of the risks for humans de-
rived from the mycotoxins  has been made
(Peraica et al, 1999) and it is not unlikely that
the classification done by the IARC will be re-
viewed. 
The synthesis of the mycotoxins is linked to the
growth of the fungus; without the growth of the
toxic fungus there is no production of toxins.
The presence of toxic fungus in a product
doesn’t automatically indicate the presence of
mycotoxins. The toxins can persist for a long
time after the vegetative growth and the death
of the fungus. Therefore mycotoxins  can be
present even with the absence of vital units of
mycete. Usually  they are molecules  that are

SCHEDULE 1 – MORE COMMON TOXIC FUNGUS ARE RESPONSIBLE

FOR THE PRODUCTION OF RELEVANT MYCOTOXINS IN ANIMALS

FUNGUS PRODUCED MYCOTOXINS

Sort Aspergillus

A.flavus Aphlatoxins B1, B2

ciclopiazonic acid

A. parasiticus Aphlatoxins B1,B2,G1,G2

A. versicolor sterigmatocystin

A. alutaceus (A.ochraceus) ochratoxin A, citrinin
penicillanic acid

A.clavatus patulin, other 
Neurotoxins

Sort Penicillum

P. verrucosum ochratoxinA, cytrinin

P. expansum Patulyn

Sort Fusarium

F. graminearum, F. culmorum, Trichothecene

F. poae, F. sporotrichioides (Deossinivanelon, 
Nivalenol, 
Diacetossiscirpenol, 
Toxin T-2), 
Zerealenon

F. moniliforme, F. proliferatum Fumonisin

Sort Claviceps

C. purpurea Alcaloids (ergoline)

SCHEDULE 2 –MAIN TOXIC EFFECTS RELATED TO SOME

MYCOTOXINS

MYCOTOXIN EFFECT

Aphlatoxins B1 Carcinogenic, epatotoxic,
genotoxic,Immunesoppressor

Ochratoxin A nefrotoxic, teratogenic, 
immunesoppressor, 
Carcinogenic (neurotoxic, 
genotoxic)

Fumonosina B1 Neurotoxic, 
carcinogenic,cytotoxic

Trichothecene Immunesoppressor, 
dermatotoxic, hemorrhagic

Zearalenon Estrogenosimile

Ergolin Neurotoxic

Sterigmatocystin Carcinogenic, epatotoxic

Patulin Citotoxic, immunesopressor

Ciclopiazonic Acid Neurotoxic

Citrinin Nephrotoxic
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resistant to the normal technological treat-
ments for the conservation and preparation of
food, cooking processes included.
The sorts of fungus contained in food haven’t
got the same capacity of producing mycotox-
ins. In a fungus category the branches that pro-
duce a lot of toxins have a development which
is comparable to those who produce little or
none of it, without any significant morphologi-
cal difference. It derives that  the mycological
analysis based on the enumeration  of the vital
units and the identification of the sorts of fun-
gus doesn’t allow one to quantify the toxic risks
of a food item in the presence of mycete. The
risk has to be proven with a chemical – physi-
cal analysis for the identification and the quan-
tification of the identified  mycotoxins  or with
biological tests of toxicity. Moulds that are able
to produce mycotoxins  are quite extended in
food and agricultural products; growth and pro-
duction of toxins can happen in fields, store-
houses, in the larder or in the house fridge. The
presence of the fungus in the environment and
in the different phases of the productive
process of food is a certain fact that can be
possibly put under control, but can’t be com-
pletely eliminated (Piva e Galvano, 1999).
The climate situations in which the food-staffs
are produced, firstly influence the types of pos-
sible contamination. For example the risk of
aphlatoxin contamination is stronger in food
that was grown in hot and humid climates:
these are the most likely conditions for a de-
velopment of the aspergillos that produce
aphlatoxin. The ochratoxin A, which is produced
by aspergillos and penicilli sorts, is present in
agricultural consumables produced in different
kinds of climates.
The heterogeneity, due to its origin, productive
modalities, preparation technologies, conserva-
tion and distribution of food available in our

markets, makes it difficult to evaluate the vari-
ous population segments starting from the diet
control. Moreover, the mycotoxin pollution of
the food matrix is generally punctiform, con-
cerning many matrixes. Today’s procedures of
environmental monitoring doesn’t allow a suffi-
ciently real estimation of the exposed risk.
Much more efficient for surveying the food and
environmental exposure of the mycotoxins of
the population  is the biological supervision
(Apostoli e Minoia, 1996).
Two different kinds of studies exist that ob-
serve the presence of the mycotoxin in urine,
blood and human and animal milk.
The individual, human exposure to OA can
be better estimated through the analysis of a
blood sample instead of the analysis of the di-
et, exploiting the long term of half life (35 days,
Studer – Rohr, 1995) of OA in human blood. In
addition to these, the variable intake of OA on
different days and of different food items can
be mediated by a single sample.
The perinatal period is a sensitive development
phase which presents different metabolic con-
ditions in humans and a rapid development of
the vulnerable tissues, as the central nervous
system. The OA gets to the fetus through the
placenta, principally concerning the central
nervous system, the eye and the skeleton. It
has been largely documented that the aphla-
toxins are contained in cow milk (Van Egmond,
1989) and in latticing (Pietri, 1994; Pietri et al,
1997), in pig milk and also in the humans com-
ing from countries  with a hot climate, with con-
centration of AFB 1 of 50-372.000 ng/l and of
AFM1 of 200-99.000 ng/l (Jonsyn, 1995).
The OA is contained in the milk of mono-
gastrics, altough not in the milk of ruminants
because the protozoa that live as symbionts in
the rumen are able to degrade the mycotoxin.
There is still some signs of  OA presence in



cow milk in Sweden (Breitholtz Emanuelssson
et al, 1993) though in small amounts; various
are the hypotheses concerning the passage in
the milk. Surely interesting is the one that sug-
gests that the transfer in milk derives from the
inhalation of contaminated powders. Also the
woman’s milk can be a potential source of OA,
as it has been documented in the samples col-
lected from different European countries, Italy
included (Gareis et al, 1988; Micco et al, 1991,
1995; Breitholz Emanuelsson et al, 1993;
Zimmerli e Dick, 1995; Skaug et al, 1998).

Our survey in Lombardia
In order to evaluate the exposed facts and its
consequent somatic load, a survey has been
led on mothers’ milk (with the financing of the
Ministero della Salute), finalized to enlarge to-
day’s insufficient database. The mothers milk is
both a reflection of the level of food exposure
of the puerperal, and of the potential intake of
the baby and the consequent risk levels for his
health. With these considerations, and with the
partnership of some pediatrics working in
Hospitals in Lombardia, in the year 2000, sam-
ples of puerperal milk have been collected in
order to verify:
• the possible contamination with mycotoxins;
• the existence of a link between positive sam-

ples and potential risk factors: area of resi-
dence, job activity, nutritional habits, personal
habits;

• the potential mycotoxins ingestions of the
baby through the mothers milk.

To this survey, 244 puerperal have participated.
The numerousness  of the samples has been
defined in relation to the yearly number of
childbirths in all the Hospitals in Lombardia.
According to the numerousness of the sam-
ples and the geographical locations, seven
Hospitals have been selected for the survey:
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Istituti Ospitalieri di Cremona, Ospedale di
Lecco, Ospedale Maggiore di Lodi, Ospedale di
Merate, Clinica Mangiagalli di Milano, Poli-
clinico San Matteo di Pavia, Ospedale di
Sondrio. The sampled population has been se-
lected according to those puerperal that had
given birth both with a spontaneous birth and a
Cesarean birth, and those who were in the third
or fourth day after labor.
Each subject has been asked to fill out a
questionnaire in which, apart from the private
data, asked some information about the work
activity, and nutritional and personal habits.
With regard to the food anamnesis, the focus
was on those food items that chiefly con-
tribute to the intake of aphlatoxin and OE
(Report EU 17523 EN, 1997). The purpose
was to primarily collect information on the
quality of the diet led by pregnant women.

Results
Of the 231 analyzed samples (13 have been
lost during the pre-analytic phase of prepara-
tion), only two of them had a presence of
aphlatoxin: the first one 11,4 ng/l of AFB1 and
194 ng/l of AFM1 (Hospital of Milan), the sec-
ond one only a trace (2ng/l) of AFM1 (Hospital
of Cremona).
From the analysis of the questionnaire no facts
have emerged that could possibly indicate a
significant link with this value. 
The percent  of the positive sample of the OA
resulted very high: 98 samples (85,7%) showed
values that were superior to the limit of the ana-
lytic noticeability (0,5 ng/l o ppt) for the OA.
The facts resulted quite missing with a stan-
dard divergence value of  7,02 ng/l and a
range between 1 and 57 ng/l; these are facts
comparable with those coming from similar
studies which have been conducted during the
last years in different European countries. 
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The majority of the positive facts (72,3%) is in-
tegrated in the value range between the limit of
noticeability (0,5 ng/l) and 5 ng/l, while the
16% is integrated in the range between 6 and
10 ng/l and the rest 11,7% between 11 and
57 ng/l (figure 1). 
Figure 1 – Per - centual distribution of  milk
samples and range of concentration of OA (ppt
of OA)

From the territorial distribution of the medium
values of OA in milk samples emerged a sit-
uation of substantial homogeneity for the en-
tire area of Lombardia.
The highest standard value (8,25 ng/l) has
been verified in  the Hospital of Sondrio, the
minor (3,91 ng/l) in the Hospital of Merate.
However, no concentration differences which
were statistically significant  have emerged
between the two Hospitals.
A comparison between medium values of OA
contained in milk was made while collecting
all the subjects age (< 30 years, > 30 years),
the number of births (primiparal, pluripara),

the residence (countryside or city), the close-
ness to agricultural or industrial areas, the
kind of job (housekeeper, handworker, em-
ployee), the smoking habits cigarette (smok-
er, non-smoker, ex-smoker), the habit of a
possible risky hobby (gardening, bricolage).
However, these comparisions have not al-
lowed researchers to underline significant
differences between the groups. 
The analysis of the OA facts in relation to the
consumption of food and drinks, evaluated in
terms of weekly frequencies, has only under-
lined links for bread that were statistically
significant.
With the rise in bread consumption there ex-
ists a substantial increase of the OA concen-
tration in milk.
One of the reasons could be the fact that the
consume of this food item is generally high:
the majority of the surveyed population de-
clared they eat bread twice daily. However,
the absence of other significant food items
could be connected to its irregular consump-
tion frequency of the interviewed puerperal
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and also to the punctiform distribution of the
mycotoxin in more than one food item.

Considerations
The obtained facts have been examined in re-
lation to the maximum tolerable intake values
in order to estimate the risk level of exposure
of the baby.

Aphlatoxins

For the carcinogenic genotoxics, the  aphla-
toxins, there doesn’t exist a threshold under
which the risk level for human health is zero.
The JEFCA (Joint FAO/WHO Expert
Committee on Food Additives) doesn’t estab-
lish a value of TDI (Tolerable Daily Intake),
but recommends that the level of aphlatoxins
in food is held as low as possible (the level
ALARA, As Low As Reasonable Achievable),
that is the minimum concentration of toxins
which can’t be eliminated without compro-
mising the availability of the food resources)
(FAO 23, 1999). Despite the presence of
these mycotoxins in mothers milk has a toxic

relevance, it is not possible to make a judg-
ment on the risk level for the neonatal popu-
lation in Lombardia since on verified just one
case of positiveness caused by aphlatoxins.

Ochratoxin A

The values of TDI differ according to the ochra-
toxin. A presently indicated in literature: Kuiper-
Goodman and Scott (1989) proposed a very low
value of TDI (0,2 ng/kg pc), considering the rel-
evance of this carcinogenic mycotoxin; the
Nordik Group suggests a maximum value of TDI
of 5 ng/kg pc (The Nordik Working Group on
Food Toxicology and Risk Evaluation, 1991),
whereas the JEFCA proposes a PTWI
(Provisional Tolerable Weekly Intake) of 112
ng/kg pc, round off to 100 (14 ng/kg pc/die)
(Joint FAO/WHO, 1991). The Scientific
Committee for Food (SCF) of European
Commission expressed that it would be as care-
ful as possible to reduce the exposure to OA.
They intend to reach the lowest values for the
break of the daily tolerable intake of 1,2-14
ng/kg of corporeal/day weight, estimated by the
above quoted organism, or 5 ng/kg of corpore-
al/day weight .
Considering that the standard weight of ba-
bies results in a figure of 3,325 Kg, some
exposure evaluations can therefore be esti-
mated:
• with a consumption of 40 g of milk on the

first day, approximately 7% of milk sam-
ples analyzed  showed ochratoxin A values
superior to the limit indicated by Kuiper-
Goodman and Scott;

• with a consumption of 300 g of milk on the
fifth day, 71,4% of samples showed ochra-
toxin A values superior to the limit sug-
gested by Kuiper-Goodman and Scott and
the 0,4 % to the limit suggested by Nordic
Group and by the SCF.
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According to the facts of consumption, referring
to the first living days of the baby’s life, any sam-
ple showed ochratoxin A values superior to the
highest possible limit estimated by JEFCA.
However, it seems more important to focus up-
on the comparison of the two lowest values of
maximum tolerable intake, due to the toxic char-
acteristics of the mycotoxin and due to the phys-
iological  characteristics of the baby, who is sub-
jected to an immature immunitary system.
Therefore, compared to an adult, more weak at
the toxic action of this substance. From such a
comparison it derives that, on the fifth day, with
a possible consume of 399 g of milk, another
per cent of subjects has to be considered of OA
values which are superior to the limit suggested
by Kuiper-Goodman and Scott.
The fact that the OA persists at an hematic lev-
el for a lenght of time, it makes a generic food
prophylaxis quite difficult. Also the daily intake of
food items that are contaminated at a low level
and possibly in a non-homogeneous way could
be the cause of elevated values in human blood
leading to a progressive accumulation. In gener-

al it is possible to say that the level of OA in hu-
man milk is approximately inferior to 1/10 of the
one contained in the blood.

Conclusion
It is clearly important to continue surveying the
mothers’ milk for the presence of aphlatoxins.
However, when the presence of OA is certain, a
real problem is presented, creating the necessity
to set up programs of organic and systematic
prevention.
A particular focus should be placed upon on the
nutrition of the women while pregnant, beginning
in the first month. An haematic monitoring could
give some information on the exposure level of
the puerpera and of the baby. Also, if necessary
it could determine adequate interventions of a
conventional nutritional or a specific protective
type (on study treatments of a specific depura-
tive sort for this mycotoxin).
The obtained results can possibly represent a be-
ginning for future surveys, in order to understand
better the food exposure of a general population,
with a particular focus placed upon the baby. 
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