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This study focused on determining the effect of silymarin and its complexed form with phospholipids from soy, named
sitymarin Pryrosome (trademark of Indena SpA) on reducing aflatoxin M1 (AFM1) excretion in cows' milk. In an organic
dairy herd, known to be positive for AFM+ levels in bulk milk, 20 animals, fed the farm diet naturally contaminated with
AFB1, were chosen on the basis of their milk production, days in lactation and parity. Each animal was previously tested
for AFM1 levels in milk. The study lasted 3 months with two testing windows. The first treatmentlasted 9 d with oral admin-
istration via gauge of silymarin extract (10 g/d). The second phase lasted 17 d with oral administration via gauge of sily-
marin Pxyrosome (30 g/d). In treated animals in the first phase, we observed a lower emission of AFM1 in milk. Treated an-
imals evidenced a significantly lower AFM1 levels (p<0.01) on day 3 (-21% compared to control). The second phase con-
firmed the effect on AFM1 emission. Treated animals evidenced a lower emission on day 11 (p<0.05). These results sug-
gest that silymarin and silymarin Pryrosome can contribute to reduce AFM1 excretion in milk.

Wirkung von Silymarin und seinem Phospholipidkomplex auf die AFM1-Ausscheidung in einer organischen
Miichtierherde

Es sollte die Wirkung von Silymarin und seiner komplexierten Form mit Phospholipiden aus Sojamit der Bezeichnung
Silymarin Prvrosome (Handelsmarke von Indena SpA) zur Reduktion der Aflatoxin M1 (AFM1)-Ausscheidung in Kuhmilch
bestimmt werden. Aus einer Biokuhherde, deren AFM1-Level in der Tankmilch bekannt war, wurden 20 Tiere, die mit der
natdrlich mit AFB1 kontaminiert waren, wurden auf Grund ihrer Milchproduktion, ihrer Laktationstage und ihrer Lakta-
tionszahl ausgewdhit. Jedes Tier war vorher auf die AFMi-Levelin der Milch getestet worden. Die Studie dauerte 3 Mona-
te mit 2 Testphasen. Die 1. Behandlung dauerte 8 Tage mit einer oralen Gabe mit Sonde von Silymarinextrakt (10g/Tag).
Die 2. Phase dauerte 17 Tage mit oraler Gabe mit Sonde von Silymarin Prvtosowme (30 g/Tag). Bei den behandelten Tieren
wurde in der 1. Phase eine niedrigere Ausscheidung von AFM+1 in Milch beobachtet. Die behandelten Tiere zeigten signifi-
kant niedrigere AFM1-Werte (p< 0,01) am 3. Tag (-21% im Vergleich zu den Kontrollen). Die 2. Phase bestétigte die
Wirkung auf die AFMi-Ausscheidung. Die behandelten Tiere zeigten eine niedrigere Ausscheidung am Tage 11
(p<0,05). Diese Ergebnisse lassen vermuten, dass Silymarin und Silymarin Pryrosome zur Reduktion der AFMi-Aus-

scheidung in Milch beitragen kénnen.
88 Aflatoxin M1 (reduction of excretion)

88 Aflatoxin M1 (Reduktion der Ausscheidung)

1. Introduction

Aflatoxins are hepatotoxic secondary fungal meta-
bolites produced by some strains of Aspergillus flavus
and A. parasiticus. A high level of water activity
(aw=0.78) is the primary condition for their proliferation.
Contamination may be caused by inadequate storage
conditions or, in the field, by fungal growth during bad
climatic conditions. In food products, aflatoxinsBs
(AFB1), B2, G1, G2 are found. AFB1 is considered to be
the most potent carcinogen among all aflatoxins and is
classified as a group | carcinogen in humans (1). AFB1
is a common contaminant in certain animal feedstuffs
(2). When AFB1 contaminated diets are fed to lactating
animals, AFM1, a major AF metabolite, is secreted into
milk (3). AFB1 biochemical transformation is mediated
by the microsomal cytochrome P450 system in liver (4).
Cows with the same dietary intake of aflatoxin vary indi-
vidually in their secretion rates of AFM1 in milk. In fact
Harvey et al. (5) reported that in some cows AFM1 con-
centrations in milk ranged from 0.54% to 1.90% the
AFB1 concentrations in feed, in agreement with the se-
cretion rates reported for dairy cows (6). The susceptib-
ility of individual animals to aflatoxin varies considerably
depending on age, sex and milking period.

AFM:+ has been shown to be carcinogenic and muta-
genic (7) although it is considerably less toxic than its
parent compounds (8). The unpredictable nature of the
incidence and levels of contamination may pose hazards
to humans through the consumption of edible animal
products.

AFM1 contaminated milk is a major concern to the
dairy industry where it is detectable in yoghurt, raw,
skimmed and powdered milk (9). Moreover, AFM is not
completely degraded during cheese-making and sub-
sequent ripening (10).

Both, European Community (EC)and Food and Drug
Administration (FDA) have tolerance levels for AFM1
and AFB1 respectively: 0.05 pg/L of AFM; in milk (EC
reg. no. 466/2001) and 5 pg/kg of AFB: in feed (EC dir-
ective no. 29/99), and 0.5 pg/L of AFM+ in milk (FDA
Compliance Policy Guide 7106.10) and 20 pug/kg of
AFB1 in dairy feeds (FDA Compliance Policy Guide
7126.33).

Organic products are regulated in Europe by EC
reg.no.2092/91. Organic feeds are not treated with anti-
fungal agents to the same extent than conventional
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feeds, and they may be more prone to contamination by
toxins produced by moulds.

The most effective way of controlling AFM1 in milk is
to reduce AFB1contamination of raw materials and sup-
plementary feedstuffs for dairy cattle. Nutritional actions
focus on blocking the absorption of AFB1 by ligands with
substances such as sodium bentonite and hydrated so-
dium calcium aluminosilicate, which produce large
sized molecules that cannot be carried across the in-
testinal wall (11, 12). Another approach is based on in-
hibition of AFB1 metabolism by inhibiting the activity of
several cytochrome P450 enzymes with oltipraz (13) or
natural compounds (14).

The bioactive extract from Silybum marianum (milk
thistle), silymarin, a mixture of flavanolignans composed
of silycristin, silydianin, silybin and isosilybin, displays
clinical applications in the treatment of liver diseases in
human medicine. In presence of silymarin, protein bio-
synthesis and cell regeneration are accelerated in the
damaged liver leading to the restoration of its functions
(15). Some authors reported that silymarin has hepato-
protective properties in experimental intoxication with
Amanita Phalloides, through a competitive inibition of a-
amanitin uptake (16). Other authors studied the ability
of silymarin to inhibit the hepatic cytochrome P450 de-
toxification system (17). Rastoa et al. (18) reported that
silymarin reversed AFB+ induced changes in liver and
serum in rats, indicating that its hepatoprotective action
can prevent AFB1 induced injury.

The aim of this study was to test silymarin, a docu-
mented natural hepatoprotector, and silymarin
Puvyrosome (trademark of Indena SpA), a silymarin de-
rivative, in their ability to reduce AFM1 excretion in milk.

2. Materials and methods
2.1 Animals and diet

An organic dairy fam with a high level of AFM1
(87 ng/l) in bulk milk yield, was used. Twenty lactating
ltalian Friesian dairy cows were selected according to
their milk production, days in lactation and parity. The
animals were housed in a tie-stall barn.

Cows were fed a total mixed ration naturally contam-
inated with AFB:+. Total mixed ration consisted of corn
silage, alfalfa hay, grass hay, corn grain and concen-
trate composed by soybean meal, dry-rolled soybean,
sunflowers meal, coiton seed meal, barley meal,
molasses.

2.2 Treatments
Experiment 1

Selected animals were previously tested for AFM1
excretion levels, and paired according to values into 2
groups of 10 animals each.

The first treatment lasted 9 d in which 10 cows were
treated with 10g/d of silymarin (76% pure extract)
provided by Indena SpA, ltaly. The extract was mixed
with water and the solution was immediately admin-
istered by oral drench.

Experiment 2

The second phase lasted 17 d during which the same
10 cows were treated with 30 g/d of silymarin Pryrosome
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administered as oral drench. This substance differed
from the one used in the first trial in its presentation
form: silymarin PuyTosome is a complex of sily-marin and
soy phospholipids in a molar ratio of 1:2; lipophilic com-
plexes have shown, in vitro with biological membranes
and in vivo in monogastric animals, a higher bioavailable
rate for the active compound (19, 20).

2.3 Feed sampling and analysis

Three feed samples for each trial were taken for AFB1
determination. The samples were analysed with HPLC
and |2 post-column derivatization (21). AFB1 analysis
was performed on all samples and resuits expressed as
mean values #* variation of the mean.

2.4 Milk sampling and analysis

In the first trial, milk samples were taken 5 and 1 d
prior to treatment to evaluate AFM: excretion from each
cow in order to determine individual response. Suc-
cessively milk samples were taken at 2, 3, 6 and 9 d
during treatment and stored at—-20°C.

In the second trial, milk was sampled the day before
initiation of treatment and successively, at 7, 11 and 17
d of treatment and stored at —20°C. During the 2 trials,
respectively on day 6 and on day 11, daily fresh milk
samples were collected to test fat, protein and somatic
cells content.

Quantitative detection of AFM1 in milk samples was
tested in triplicate using ELISA. Direct competitive ELISA
was carried out following kit instructions, reading ab-
sorbance at 450 nm (Riedel-de Haén, Sigma.Aldrich,
Laborchemikalien GmbH, Seelze, Germany).

Statistical analysis of AFM1 data was performed by
repeated measures of the GLM procedure of SAS (22).
The corresponding covariable vaiues before treatment
effect evaluations were included in the model. Signific-
ance was declared at p<0.05 and values are presented
as least square means (£ SE).

3. Resuits and discussion

The mean AFB1 concentration, in the total mixed ra-
tion sampled on different days evidenced a variable level
of contamination: it was 0.80+0.2 yg/kg (n=3) in the
first trial and 0.44 + 0.3 pg/kg (n=3)in the second trial.

The silymarin mixture used in this trial, previously
analysed by HPLC (23) was composed of: silybin 49.8%,
isosilybin 14.7%, silydianin 20.1%, silycristin 6.1% and
taxifolin 4.5%.

Experiment 1

Values of AFM1 concentrations in milk are presented
in Fig. 1. In order to account for individual variability,
AFM:; values of the first two samples (day -5 and day 0)
were used as covariates. For the whole period of treat-
ment a lower emission of AFM1 in treated animals was
observed. On day 3 AFM1 value was significantly lower
in the treated group (567.5 vs. 72.7; p<0,01) and there
was a tendency for treatment effect on day 9 (66.4 vs.
75.1; p=0.10).

Experiment 2
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