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Objective To determine the concentrations of zearalenone and its metabolites in the leading brands of infant
formulamilks andmeat-based infant foods commonly marketed in Italy, and to assess their repercussion in the pro-
visional tolerable daily intakes of these estrogenic mycotoxins.
Study design A total of 185 cow’s milk-based infant formulas and 44 samples of meat-based infant foods
samples were analyzed. The analysis of mycotoxins was performed by immunoaffinity column clean-up and
high-pressure liquid chromatography with fluorescence detection.
Results Zearalenone was detected in 17 (9%) milk samples (maximum 0.76 mg/L). The a-zearalenol was
detected in 49 (26%) milk samples (maximum 12.91 mg/L). The b-zearalenol was detected in 53 (28%) milk sam-
ples (maximum 73.24 mg/L). The a-zearalanol and b-zearalanol were not detected in milk samples. Although
a-zearalenol was detected in 12 (27%) meat samples (maximum 30.50 mg/kg), only one meat-based sample
was contaminated by a-zearalanol (950 mg/kg). Zearalenone, b-zearalenol, and b-zearalanol were not detected
in meat samples.
Conclusions This study shows the presence of mycoestrogens in infant (milk-based and meat-based) food, and
this is likely to have great implications for subsequent generations, suggesting the need to perform occurrence
surveys in this type of food. (J Pediatr 2011;-:---).

Z
earalenone is a nonsteroidal mycotoxin produced by Fusarium sp on several grains.1 Despite its low acute toxicity
and carcinogenicity,2 zearalenone exhibits estrogenic and anabolic properties in several animal species, including hu-
man beings.2,3 Zearalenone contamination of food is caused either by direct contamination of grains, fruits, and

their products2 or by ‘‘carry-over’’ of mycotoxins and their metabolites in animal tissues, milk, and eggs after intake of
contaminated feedstuff.3,4 The harmful effects of zearalenone may be increased through its derivatives, a-zearalenol (a
-ZOL), b-zearalenol (b-ZOL), a-zearalanol (a-ZAL), and b-zearalanol (b-ZAL). Zearalenone and its derivatives have the
remarkable ability to mimic estrogen, acting as an estrogen receptor agonist.5-7 With in vitro assay (MCF-7 human breast
cancer cell proliferation assay), the most potent estrogens were a-ZAL and a-ZOL, which had about the same potency as 17
b-estradiol (E2), and zearalenone was about two orders of magnitude less potent than both of those metabolites.5,6 The b-
ZOL and b-ZAL were between one and five orders of magnitude less potent than zearalenone.5 The relative potency of
zearalenone compared with E2 in the uterotropic assay was about 0.001, whereas the potency relative to that of E2 in
the vaginal cornification assay was 0.001.8 The a-ZAL was several times more active in the uterotropic assay than zeara-
lenone.9

Infant formula milks constitute an important or often sole source of food for newborns and infants during their first months
of life. Recently we have reported the contamination by aflatoxin M1 and ochratoxin A in infant formula milk marketed in
Italy.10 The introduction of complementary food is recommended to begin between the ages of 4 and 6months for most infants.
Nonetheless, only limited information exists about the presence of contaminants in commercial infant food, and none exists
regarding zearalenone and their metabolites in meat-based infant foods.11,12

The aim of this study was to determine the concentrations of zearalenone and its metabolites in the leading brands
of infant formulas marketed in Italy and to assess their repercussion in the provisional tolerable daily intakes of these
mycotoxins. Furthermore, we determined levels of zearalenone and its metabolites contamination in meat-based infant
food.
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a-ZAL a-Zearalanol

a-ZOL a-Zearalenol

b-ZAL b-zearalanol

b-ZOL b-zearalenol

E2 17b-estradiol

HPLC High-pressure liquid chromatography

IAC Immunoaffinity columns

LOD Limit of determination

LOQ Limit of quantification

PMTDI Provisional maximum tolerable daily intake
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Methods

A total of 185 samples from 14 brands (5 different batch num-
bers for each product) of infant formula powders (n = 17)
and ready-to-use preparations (n = 20) commonly marketed
in Italy were collected from 2007 to 2008 and analyzed. Dif-
ferent types of cow’s milk-based formula were classified as
preterm formula (n = 11 [1 powder and 10 liquid]) and
starter formula for infants from the first day to 6 months of
age (n = 26 [16 powder and 10 liquid]). A total of 44 samples
from seven brands of meat-based infant foods commonly
marketed in Italy were collected in 2008 and analyzed. Differ-
ent types of meat-based infant food were classified as beef
(n = 7), chicken (n = 7), calf (n = 7), turkey (n = 5), rabbit
(n = 5), pig (ham) (n = 5), horse (n = 4), and lamb (n = 4).

Zearalenone, a-ZOL, b-ZOL, a-ZAL, and b-ZAL reference
standards, acetic acid (analytical reagent grade), and b-glucu-
ronidase from Helix pomatia were purchased from Sigma
(Milan, Italy). High-pressure liquid chromatography
(HPLC)–grade water, methanol, chloroform, and acetoni-
trile were supplied by LABSCAN (Hasselt, Belgium). The im-
munoaffinity columns (IAC) ZearaStar were purchased from
Tecna Srl (Trieste, Italy).
Samples Preparation
Milk. Infant formula samples 5 mL were mixed with
sodium acetate solution (0.2 M pH 5.5) 4 mL and hydrolyzed
for 16 hours at 37 �C with glucuronidase solution 50 mL to
cleave the respective conjugates. The sample was then diluted
with phosphate-buffered saline solution (pH 7.4) 40 mL. The
diluted sample (pH value about 5.5 to 6.0) was filtered
through a Whatman filter paper (Millipore Corporation,
Maid Stone, United Kingdom). This solution was passed
through the IAC at a flow rate of one to two drops s–1. The
column was washed with phosphate-buffered saline solution
20 mL (1-2 drops s–1). Elution was performed with methanol
3 mL. The elute was evaporated to dryness under a stream of
nitrogen. The residue was redissolved in 250 mL of the HPLC
mobile phase. A 100-mL amount of this solution was injected
into the HPLC system. For samples of powdered milk, 5 g
were suspended in distilled water 30 mL, heated to 50 �C,
homogenized, and then processed as for liquid milk.

Meat. Five grams of meat-based infant food were mixed
with 2 mL solution 20% acetic acid adjusted to pH 5 by ad-
dition of NaOH 1mol/L and hydrolyzed for 16 hours at 37 �C
with glucuronidase solution 50 mL to cleave the respective
conjugates. The sample was then mixed with chloroform ex-
traction solution 7.5 mL. Extraction was done by shaking for
20 minutes on a horizontal shaker and spinning in a centri-
fuge at 3000 rpm for 15 minutes. The extraction step was re-
peated twice. The resulting organic phases were pooled,
mixed with TRIS solution 3 mL (0.04 M pH 7.5), shaken
for 10 minutes on a horizontal shaker, and spun in a centri-
fuge at 3000 rpm for 10 minutes. The organic phase was sep-
arated from TRIS solution by use of a Pasteur pipette. The
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resulting organic phase was evaporated to dryness under
a stream of nitrogen. The residue was redissolved in 250 mL
of the HPLCmobile phase. A 100-mL amount of this solution
was injected into the HPLC system.

Spiked Samples
Samples spiked before extraction were used to check the
performance of the extraction and clean-up procedure and
to obtain validation parameters. Spiking solutions of myco-
toxins were prepared daily by dilution with HPLC mobile
phase. For samples of liquid milk, after thoroughly mixing
for 30 minutes, the mycotoxins-fortified milks were left for
at least 2 hours at room temperature to enable equilibration
and used to assay the cleaning procedures before HPLC
analysis. For samples of powdered milk, spiked samples were
prepared by adding appropriate volume of the spiking solu-
tion of mycotoxins to the milk suspension (described above)
and then processed as for liquid milk. For samples of meat-
based infant foods, after being thoroughly mixed for 30 min-
utes, the mycotoxins-fortified samples were left for at least
2 hours at room temperature to enable equilibration and
used to assay the cleaning procedures before HPLC analysis.

HPLC
The chromatographic system consisted of a Jasco 880 pump
and a Jasco 821 fluorescence detector (Jasco, Tokyo, Japan).
Jasco Borwin software (Jasco UK, Essex, United Kingdom)
was used for data processing. The excitation wavelength
(lex) and emission wavelength (lem) were set at 274 and
440nm, respectively. The reversed-phase columnwas a Spher-
isorb Waters C18 column (3 mm, 150 � 4.60 mm) connected
to a Waters Guard-Pak C18 pre-column (4 mm) (Waters,
Milford, Massachusetts). The column was kept at room tem-
perature. TheHPLCwas operated with amobile phase system
consisting of acetonitrile-water (adjusted to pH 4 by addition
of H3PO4 85%) 55/45% v/v at a flow rate of 1 mL/min.
The HPLC method was validated according to interna-

tional rules13: selectivity, linearity, limits of determination
(LOD) and quantification (LOQ), repeatability, and repro-
ducibility were determined. For the linearity test calibration
curves with zearalenone and a-ZOL working standard
solutions at 1 to 1000 mg/L and with b-ZOL, a-ZAL and
b-ZOL working standard solutions at 10 to 1000 mg/L (for
each mycotoxin in acetonitrile) were obtained. Milk samples
spiked with zearalenone and a-ZOL at 0.05, 0.1, 0.2, 0.5 and
1 mg/L and with b-ZOL, a-ZAL, and b-ZOL at 0.5, 1, 2, 5, and
10 mg/L were analyzed with the IAC clean-up and HPLC
method. Taking into account dilution and concentration
steps, these spiked samples corresponded to zearalenone
and a-ZOL standard concentrations of 1, 2, 4, 10 and
20 mg/L and b-ZOL, a-ZAL and b-ZOL standard concentra-
tions of 10, 20, 40, 100 and 200 mg/L. Meat samples spiked
with zearalenone and a-ZOL at 0.1, 0.5, 1, 10 and 50 mg/kg
and with b-ZOL, a-ZAL and b-ZOL at 1, 5, 20, 100 and
200 mg/kg were analyzed with the clean-up and HPLC
method. Taking into account dilution and concentration
steps, these spiked samples corresponded to zearalenone
Meucci et al
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and a-ZOL standard concentrations of 2, 10, 20, 200, and 100
mg/L and b-ZOL, a-ZAL, and b-ZOL standard concentra-
tions of 20, 100, 400, 2000, and 4000 mg/L. The experiment
was repeated three times for both milk and meat samples.
To test the selectivity of the procedure, samples of milk and
meat spiked with the five studied mycotoxins were analyzed
according to the procedure. The repeatability was tested by
analyzing samples of milk and meat spiked with mycotoxins.
Samples were spiked at the levels of 0.5 mg/L or mg/kg (corre-
sponding to 10 mg/L), 2.5 mg/L or mg/kg (corresponding to 50
mg/L), and 5 mg/L or mg/kg (corresponding to 100 mg/L). All
samples were measured in triplicates on the same day. For the
within-laboratory reproducibility test, each of the contami-
nation level was tested in triplicates in seven days. The results
of these experiments were used also for the determination of
the recovery. The LOD and LOQ were calculated as threefold
and tenfold the standard deviation of the intercepts of cali-
bration curves divided by the slope of calibration curves.13
Statistical Analysis
Values are expressed as mean � standard error of the mean,
unless otherwise stated. Statistical analysis was performed
with theMannWhitney test, Tukey test, and one-way ANOVA
where they were appropriated. Correlations between two pa-
rameters were determined by Pearson correlation (r) coeffi-
cient analysis. Findings of P < .05 were considered significant.
Results

In Table I (available at www.jpeds.com) the results regarding
the method validation parameters were reported. A total of
185 cow’s milk-based infant formula samples were analyzed.
Zearalenone was detected in 17 (9%) samples (maximum
0.76 mg/L). The a-ZOL was detected in 49 (26%) samples
(maximum 12.91 mg/L) (Table II). The b-ZOL was detected
in 53 (28%) samples (maximum 73.24 mg/L). The a-ZAL
and b-ZAL were not detected in milk samples.

Zearalenone, a-ZOL, and b-ZOL were detected together in
two starter powdered preparations (zearalenone 0.42-0.76
mg/L, a-ZOL 0.33-0.43 mg/L and b-ZOL 23.92-46.14 mg/L)
and in a preterm ready-to-use preparation (zearalenone
0.47 mg/L, a-ZOL 0.60 mg/L and b-ZOL 1.40 mg/L). Non-
parametric statistical analyses (MannWhitney test) were per-
formed with zearalenone, a-ZOL, and b-ZOL content for
comparison of the different types of formula (starter vs pre-
Table II. Zearalenone, a ZOL, and b-ZOL concentrations in

Infant
formula

Number of
samples

Zearalenone

Number of positives (%) Mean ± SEM Number of p

Preterm 55 6 (11%) 0.014 � 0.010 mg/L 7 (
Liquid 50 6 (12%) 0.020 � 0.010 mg/L 7 (
Powder 5 0 (0%) — 0 (

Starter 130 11 (8%) 0.026 � 0.014 mg/L 42 (
Liquid 50 0 (0%) — 12 (
Powder 80 11 (13%) 0.042 � 0.022 mg/L 30 (

SEM, standard error of the mean.
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term, ready-to-use starter vs ready-to-use pre-term, powder
starter vs powder pre-term), not establishing significant dif-
ferences (P > .05) between different groups.
Nonparametric statistical analyses (Mann Whitney test)

were performed with zearalenone, a-ZOL, and b-ZOL con-
tent for comparison of the different types of formula from
the same commercial brand (preterm vs starter formula,
powdered vs ready-to-use formula), not establishing signifi-
cant differences (P > .05) between different groups. Bar dia-
grams of zearalenone, a-ZOL, and b-ZOL concentration
distribution for all formula commercialized by each brand
analyzed (n = 14) are shown in Figure 1.
A statistical comparison (ANOVA) for ZEA levels between

the commercial brands and starter and preterm preparations
from the different commercial brands showed no significant
differences (P > .05) between the groups. By ANOVA
test (P = .0016) the a-ZOL levels in samples by brand 6
(n = 15, 2.54 � 4.91 mg/L, max. 12.91 mg/L) and brand 13
(n = 5, 4.00 � 0.07 mg/L, range 3.95-4.05 mg/L) were signifi-
cantly higher (Tukey test, P < .05) than those from most of
the other brands. Brands 10, 12, and 14 had no detectable
levels of a-ZOL, and the other brands had the lowest
a-ZOL concentrations. A significant difference (ANOVA,
P< .0001) between the starter preparations from the different
commercial brands was detected. Among the starter prepara-
tions the a-ZOL levels in samples by brand 13 (n = 5, 4.00 �
0.07 mg/L, range 3.95-4.05 mg/L) was significantly higher (Tu-
key test, P < .001) than those from most of the other brands.
An ANOVA comparison of the preterm formula from the
different commercial brands showed no significant differ-
ences (P > .05) between different groups.
For b-ZOL no significant difference was established by AN-

OVA (P > .05) between the commercial brands. A compari-
son of statistical differences (ANOVA, P = .035) between
the starter preparations from the different commercial brands
was performed. Among the starter preparations the b-ZOL
levels in samples by brands 2 (n = 15, 24.44� 6.36 mg/L, range
13.41-35.46 mg/L) and 3 (n = 10, 28.00 � 12.85 mg/L, range
3.29-69.41 mg/L) were higher than those from most of the
other brands but not significantly (Tukey test, P > .05). No
significant difference (P > .05) was detected between the pre-
term formulas from the different commercial brands.
The mycotoxin values determined in the different types of

formula were used to calculate mean daily dietarymycotoxins
intakes by infants on the basis of feeding tables provided by
brands, under the assumption that they receive only formula.
different types of infant formula investigated

a -ZOL b-ZOL

ositives (%) Mean ± SEM Number of positives (%) Mean ± SEM

12%) 0.69 � 0.47 mg/L 16 (29%) 7.80 � 2.90 mg/L
14%) 0.76 � 0.52 mg/L 16 (32%) 8.60 � 3.13 mg/L
0%) — 0 (0%) —
32%) 0.20 � 0.07 mg/L 37 (28%) 6.13 � 1.49 mg/L
24%) 0.15 � 0.07 mg/L 16 (32%) 10.85 � 3.10 mg/L
37%) 0.23 � 0.11 mg/L 21 (26%) 3.48 � 1.31 mg/L
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Figure 1. Zearalenone, a-ZOL, and b-ZOL levels (mg/L) in the
infant milk-based formulas provided by different manufac-
turers (n = 14). Bars marked with asterisks had mean con-
centrations below LOD; brands 10, 12, and 14 were found
negative for a-ZOL; brands 5, 11, 13, and 14 were found
negative for b-ZOL.

Table III. The a-ZOL amounts in different types of
meat-based infant foods

Type of
meat

Number of
samples

Number of
positives (%) Mean ± SEM Maximum

Calf 7 4 8.51 � 4.48 mg/kg 30.50 mg/kg
Beef 7 2 1.10 � 0.74 mg/kg 4.80 mg/kg
Rabbit 5 2 1.32 � 0.85 mg/kg 4.10 mg/kg
Ham 5 2 1.64 � 1.04 mg/kg 5.00 mg/kg
Horse 4 1 1.37 � 1.37 mg/kg 5.50 mg/kg
Lamb 4 1 1.80 � 1.80 mg/kg 7.20 mg/kg
Turkey 5 0 — —
Chicken 7 0 — —

SEM, standard error of the mean.
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The mean daily intakes of zearalenone, a-ZOL, and b-ZOL
for ready-to-use pre-term formula were 0.078 � 0.01, 0.098
� 0.07 and 2.90 � 0.43 mg/kg body weight, respectively.
The mean daily intakes of a-ZOL and b-ZOL for ready-to-
use starter formula were 0.17 � 0.03 and 2.89 � 0.19 mg/kg
body weight, respectively. The mean daily intakes of zearale-
4

none, a-ZOL, and b-ZOL for powdered starter formula were
0.021 � 0.02, 0.087 � 0.04, and 0.76 � 0.20 mg/kg body
weight, respectively. Correlations analysis between the con-
tamination levels of different types of infant formula and their
main characteristics (lipid, protein and carbohydrates con-
tents) showed no significant (P > .05) correlation between
measures for all the mycotoxins analyzed.
A total of 44 samples of meat-based infant foods were

analyzed. The a-ZOL was detected in 12 (27%) samples
(max. 30.50 mg/kg) (Table III). The a-ZAL was detected in
one sample (950 mg/kg). Zearalenone, b-ZOL, and b-ZAL
were not detected in meat samples.
Bar diagrams of a-ZOL amount distribution for all meat-

based infant food commercialized by each brand analyzed
(n = 7) and for all meat types analyzed are shown in Figure 2.
By ANOVA, no significant difference (P > .05) was detected
between the commercial brands. A comparison of statistically
significant differences (ANOVA, P = .0107) between all meat
types analyzed was performed. Globally, the a-ZOL levels
in samples of calf meat (n = 7, 8.51 � 4.49 mg/kg, max.
30.50 mg/kg) were significantly higher (Tukey test, P < .05)
than those from most of the other brands. Turkey and
chicken meat samples had no detectable levels of a-ZOL.

Discussion

Several studies agree with a low transfer rate of zearalenone
and its metabolites to milk.14,15 However, livestock fed with
feeds containing zearalenone may produce milk and milk
products that contain high doses of thesemycotoxins.15-18 Ac-
cording to Prelusky et al,15 the maximum concentrations (6.1
mg/L zearalenone, 4 mg/L a-ZOL, and 6.6 mg/L b-ZOL) were
found in the milk of one cow given an oral dose of 6000 mg
zearalenone (equivalent to 12mg/kg bodyweight), but neither
zearalenone nor its metabolites were found in the milk (<0.5
mg/L) of three lactating cows fed 50 or 165 mg zearalenone
(equivalent to 0.1 and 0.33 mg/kg body weight) for 21 days.
Moreover, recently it was reported19 that rumenmetabolic ca-
pacity can be saturated depending on varying feeding regimes.
These results agree with studies regarding zearalenone me-

tabolism in cows. In the cow, free and conjugated (glucuronic
and sulphate) zearalenone (29%), a-ZOL (20%), and b-ZOL
(51%) were found; b-ZOL was the predominant species.20 An
exception to this trendwas represented from samples of brand
Meucci et al
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13, which had the highest concentrations of a-ZOL and no b-
ZOL. However, from some brands (13 and 14) we had only
one type of product (5 samples), so the results of samples by
brand 13 could be explained by few number of samples
analyzedwith respect to others brands. From a research stand-
point, we have shown that there are significant variations of
zearalenone metabolites levels across the infant formula
brands. This could be attributed to different manufacturing
practices and probably to variation in the quality of raw
material used by the infant formula manufacturer.

Our data could be also explained considering a high con-
tamination of feedstuffs in Italy or the existence of other
possible routes of zearalenone exposure than the original
milk used for manufacturing infant formulas. Different
ingredients have been added to infant formula not only to sim-
ulate better the composition of breast milk, but also to impart
health benefits. Raw material (cow’s milk or isolated protein),
processingmethods, additives,mineral supplements, and stor-
age will in part determine the levels ofminor and trace constit-
uents present in the final product. In this study, correlations
analysis between the zearalenone and its metabolite contami-
nation levels of different types of infant formula and their
Figure 2. The a -ZOL levels (mg/kg) in the meat-based infant
foods provided by A, seven manufacturers and B, by different
type of meat.
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main characteristics (lipid, protein and carbohydrates con-
tents) showed no significant correlation between parameters.
Diet is obviously an important pathway of exposure to all

sorts of chemical agents and naturally occurring compounds.
Zearalenone and its derivatives are naturally occurring,
together with phytoestrogens, and can enter the food chain
with consequences for human reproduction and health. Con-
sidering the mean levels of zearalenone in the principal foods
and their consumption, the average daily intakes of zearale-
none ranged among adults from 0.8 to 29 ng/kg body weight.
Small children have the highest average daily intakes ranging
from 6 to 55 ng/kg body weight.21 A provisional maximum
tolerable daily intake (PMTDI) for zearalenone of 0.5 mg/kg
of body weight is now established by the Joint Committee
Food and Agriculture Organization of the United Nations
and the World Health Organization, on the basis of the no-
observed-effect level of 40 mg/kg body weight/day obtained
in a 15-day study in pigs. The committee recommended that
the total intake for zearalenone and its metabolites (including
b-ZOL) should not exceed this value.22 The average zearale-
none and a-ZOL levels in the analyzed samples were much
lower than the PMTDI. However, the average b-ZOL levels
in both preterm and starter ready-to-use infant formula were
sufficient to cause a higher intake of b-ZOL (fourfold higher)
than the suggested PMTDI of 0.5 mg/kg/d. Infants and children
are more susceptible to different toxins than adults because of
their lower body weight, higher metabolic rate, lower ability to
detoxify, and because of incomplete development of some
organs and tissues such as the central nervous system. There-
fore it would be of great importance to reduce the risk of
children’s exposure to zearalenone and its metabolites.
The dietary intake of zearalenone and its metabolites from

meat and products seems to be of little significance because of
the rapid biotransformation and excretion of zearalenone in
animals.23 Zearalenone and its metabolite concentrations in
liver and bile increases with administered dose.14,24 Neither
zearalenone nor its metabolites are detected in muscles,
kidneys, liver, bladder, dorsal fat of male bovine ingesting
0.1 mg/d/kg feed.20 However, zearalenone has been detected
in 20% of 25 fresh meat samples at levels of 8.7� 1.6 mg/kg.18

These results, concerning meat-based infant food samples,
agree with studies regarding zearalenonemetabolism in differ-
ent animal species and showing a-ZOL as one of the most im-
portant metabolite in tissue samples.25 This is the first report
regarding the presence of zearalenonemetabolites in commer-
cial meat-based infant foods and it points out the need to per-
form occurrence surveys in this type of food. The a-ZAL was
detected in one sample of lamb meat-based infant food at
a very high concentration (950 mg/kg). Since 1969 a-ZAL
has been widely adopted as a growth stimulant in the United
States to improve fattening rates of cattle.26,27 Its use has
been banned in the European Union since 1985 together
with a variety of other growth hormones, such as 17 b-estra-
diol, progesterone, testosterone, trenbolone acetate, and me-
lengestrol acetate. This also includes a ban on imported meat
and meat products derived from cattle given these hormones
other than for veterinary reasons.28,29 The Joint Food and
5
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AgricultureOrganization of theUnitedNations and theWorld
Health Organization Expert Committee on Food Additives
proposed in 1987 a maximum acceptable intake of 0.5 mg/kg
body weight corresponding tomaximum residue levels in liver
of 10mg/kg and inmuscle of 2mg/kg, which are based on the no
hormonal effect level of a-ZAL. The Food and Drug Adminis-
tration established safe concentration levels for total a-ZAL
residues in uncooked edible tissues of cattle as high as 150
mg/kg in muscle, 300 mg/kg in liver, 450 mg/kg in kidney, and
600 mg/kg in fat. The European Food Safety Authority report
for 2008 on the monitoring of veterinary medicinal product
residues and other substances in food of animal origin in the
member states showed there were 69 noncompliant results
for a-ZAL and b-ZAL in bovines, but the feed contamination
was suspected as the origin of all noncompliant results for bo-
vine samples.30 The high level of a-ZAL found in this investi-
gation did not fit with feed contamination; however, more
studies need to verify and address these points.

Our study shows the presence of mycoestrogens in food.
This is likely to have greater implications for infants and young
children than for adults having a more varied diet. These data
clearly suggest the need to identify risk markers of the infant
feed quality. Analysis of infant milk-based formula, hence,
may serve as a marker of exposure to zearalenone and their
metabolites. At the same time, zearalenone metabolites levels
in milk indicate the exposure of newborns or infants, which
needs to be considered in the overall risk characterization.

In addition, specific studies should be initiated that allow
the establishment of safe levels of zearalenone metabolites in
feed materials and compounded feeds, particularly for
infants and children of different ages, as they are considered
to be the most sensitive to environmental chemicals. Finally
the finding of a-ZOL and a-ZAL in meat-based commercial
infant foods points out the need for further studies in this
type of sample. n
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Table I. Validation parameters for HPLC methods of mycotoxins

Parameters Zearalenone a -ZOL b-ZOL a-ZAL b-ZAL

Liquid milk
CV% Intra-day 3 3 2 2 2
CV% Inter-day 8 7 7 5 3
LOD (mg/L) 0.02 0.02 0.2 0.2 0.2
LOQ (mg/L) 0.05 0.05 0.5 0.5 0.5
R2 0.9985 0.9986 0.9952 0.9923 0.9952
R2 matrix 0.9910 0.9920 0.9888 0.9889 0.9875
Recovery

0.5 mg/L 89.9 � 1.8 79.9 � 5.0 78.2 �5.5 75.5 � 7.6 69.9 � 6.7
2.5 mg/L 91.2 � 3.5 89.4 � 0.8 88.4 � 1.8 85.0 � 9.0 79.5 � 4.8
5 mg/L 95.0 � 1.2 85.9 � 6.8 85.9 � 7.1 88.0 � 5.0 88.9 � 4.5

Powdered milk
CV% Intra-day 3 3 2 2 2
CV% Inter-day 8 7 7 5 3
LOD (mg/L) 0.02 0.02 0.2 0.2 0.2
LOQ (mg/L) 0.05 0.05 0.5 0.5 0.5
R2 0.9985 0.9986 0.9952 0.9923 0.9952
R2 matrix 0.9910 0.9920 0.9888 0.9889 0.9875
Recovery

0.5 mg/L 85.0 � 0.3 88.1 � 0.8 89.0 � 8.0 79.8 � 3.0 75.0 � 1.8
2.5 mg/L 79.9 � 2.8 78.0 � 3.5 93.2 � 4.9 84.6 � 0.9 79.8 � 3.5
5 mg/L 96.0 � 3.0 86.0 � 3.5 85.0 � 6.8 89.0 � 8.0 85.0 � 2.0

Meat
CV% Intra-day 2 2 3 3 2
CV% Inter-day 7 6 7 8 6
LOD (mg/kg) 0.5 0.5 2 2 2
LOQ (mg/kg) 1.0 1.0 5 5 5
R2 0.9993 0.9989 0.9987 0.9950 0.9992
R2 matrix 0.9980 0.9952 0.9888 0.9870 0.9850
Recovery

0.5 mg/kg 87.0 � 0.8 91.0 � 1.2 85.9 � 2.1 85.4 � 3.7 75.0 � 7.8
2.5 mg/kg 93.2 � 0.4 90.5 � 0.5 87.0 � 1.4 86.8 � 0.9 79.2 � 3.1
5 mg/kg 96.5 � 0.5 89.7 � 1.3 89.4 � 3.0 90.2 � 0.5 85.5 � 0.5

CV, coefficient of variation.
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