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Abstract

Introduction: The enniatins A, A1, B and B1 (ENNs) and beauvericin (BEA) are structurally related compounds produced
by Fusarium species. They occur as contaminants in cereals, such as wheat, barley and maize. They are called “emerging
mycotoxins”, because they have been reported in feed and food and their toxic effects are not fully known. Data on their levels in
food (especially in milk) are limited. The study aimed to evaluate the occurrence of ENNs and BEA in milk. Material and
Methods: A total of 103 bovine milk samples (76 of raw milk and 27 of UHT milk) were collected from different parts of Poland
and analysed using liquid chromatography—tandem mass spectrometry. Results: Among the 76 raw milk samples, 31 (41%) and
15 (20%) samples were contaminated with ENN B and with BEA, respectively. No contamination with other enniatins was found.
The highest concentration of BEA was found in raw milk and was 6.17 pg kg™'. Out of the 27 samples of UHT milk, 16 (59%) were
contaminated with ENN B at concentrations ranging from 0.157 pg kg™' to 0.587 pg kg™! (limit of quantification (LOQ) 0.098 pg kg™).
Beauvericin was detected in 9 UHT milk samples (33%) at concentrations ranging from 0.101 pg kg™ to 1.934 pug kg™ (LOQ 0.095 pg kg ™).
Conclusion: This study demonstrated constant but low milk contamination in Poland with ENN B and BEA. The analysis of milk
samples revealed that the emerging mycotoxins ENN B and BEA were measured in trace amounts. It does not suggest any
immediate risk to milk consumers; however, it is unknown whether long-term exposure to low levels of toxins may be harmful.
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Introduction

Emerging mycotoxins were defined as compounds
which are neither routinely determined nor yet regulated
by food law. While their detection is not attempted as
part of standard food or feed quality control, the
evidence of their incidence is growing (11). These toxins
are becoming significant points of interest as new
compounds such as fusaproliferin (FP), beauvericin
(BEA), enniatins (ENNs) and moniliformin (MON)
present in food and feed and produced by the most
common grain-contaminating  fungi, which are
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Fusarium spp. (15). Enniatins A, A1, B and B1 and BEA
are often found in different food commodities; hence,
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investigations of their presence were published (19, 30).
Enniatins are structurally related mycotoxins representing
a large group of cyclic hexadepsipeptides. Beauvericin
is a cyclic hexadepsipeptide that consists of alternating
D-hydroxy-isovaleryl-(2-hydroxy-3-methylbutanoic acid)
and N-methylphenylalanine moieties (Fig. 1 and Table 1). Fig. 1. The chemical structures of enniatins A, AL, B, B1 and beauvericin
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Table 1. Structural formula of enniatins (ENNs) and beauvericin (BEA)

Compound  SidechainR;  SidechainR,  Side chain Rs
BEA phenylmethyl phenylmethyl phenylmethyl
ENN A sec-butyl sec-butyl sec-butyl
ENN Al sec-butyl iso-propyl sec-butyl
ENN B iso-propyl iso-propyl iso-propyl
ENN B1 iso-propyl sec-butyl iso-propyl

The wide range of the biological activity of these
compounds is associated with their ionophoric behaviour.
All cyclodepsipeptides (e.g. ENNs and BEA) have
antibacterial, insecticidal, antifungal, herbicidal and
even antibiotic properties, which may lend themselves
to the development of new drugs. On the other hand,
their potential cytotoxic activity may affect the central
nervous system. They also show apoptotic and
immunosuppressive effects (8, 25, 30).

The contents of ENNs and BEA in food are not
regulated by legislation. A comprehensive scientific
opinion on their presence was published by the European
Food Safety Authority (EFSA) in 2014 (7). Occurrence
data reported to the EFSA by 12 European countries on
samples taken between 2000 and 2013 show a high
co-occurence of four ENNs (A, Al, B and B1) and BEA
in cereal grains. The EFSA opinion concluded that acute
exposure to ENNs such as ENN B does not indicate
a risk to human health (7). Chronic exposure may
nevertheless give concern because the inadequate
toxicity data do not make a risk assessment possible. It
was emphasised that the primary source of these
metabolites are plant materials and that transfer to food
of animal origin is limited.

No concentration limits for BEA and ENNs in food
have been established, although the EFSA has assessed
their presence in feed at high levels (up to mg kg™' or
ppm) (7). Furthermore, it should be pointed out that the
exposure of ruminant livestock animals to ENNs or BEA
has not been accurately estimated because the data on
their concentrations in feed are insufficient, and the
actual exposure to emerging mycotoxins is probably
much higher (18).

A study was conducted on the presence of ENNs
and BEA in fish feed and the possible transfer to fish and
filleted fish tissue (20). Although all feeds were
contaminated with BEA, ENN B and ENN B1, none of
the tested mycotoxins was detected in whole fish or
fillets. Therefore, no transfer of the parent compound
from the feed to the animal-derived food commodity was
noticed. This evidence suggests no risk for human
consumption. However, there may still be some concern
that molecules of these compounds may be metabolised
and deposited in organs at concentrations below those
found in recent investigations (12, 20, 31).

Interestingly, there is little information about the
levels of these substances in food of animal origin,
e.g. milk. Cow’s milk is essential in a healthy and
balanced diet, especially for children, the largest group
of consumers (22). These mycotoxins, present as feed
contaminants, can be excreted in the biological fluids

and milk of animals or humans (1), as parent substances
or as metabolites (18). Mycotoxins are not eliminated by
mechanised milk processing such as pasteurisation or
sterilisation. Therefore, it is essential to keep mycotoxins
in milk under tolerable levels (9).

When present in silage or other feed materials,
ENNs and BEA can have antibacterial effects and
modify the rumen microflora, which may reduce the
detoxification properties of the rumen and facilitate the
passage of the mycotoxins the tissue environments of the
animal's body where they may bioaccumulate as well as
into the milk. This may negatively impact line processes
during the production of cottage cheese, hard cheese, or
beverages such as kefir or yoghurt, such that ENNs and
BEA may remain as contaminants in the finished food
products. Rubert et al. (29) and Braun et al. (2) presented
scientific data on human milk which included frequent
detection of emerging mycotoxins.

Although many studies have been conducted to
examine the carry-over of mycotoxins or their
metabolites from different feed matrices to ruminant
milk, few documented occurrences of ENNs and BEA in
cow’s milk are in the literature. Gonzalez-Jartin et al. (9)
developed a new method for the simultaneous analysis
of regulated, modified and emerging mycotoxins from
species of the Aspergillus, Alternaria, Fusarium and
Penicillium genera in milk via a technique of liquid
chromatography coupled with mass spectrometry
(LC-MS). For provision of more extensive data, this
study aimed to determine ENN and BEA concentration
levels in raw and processed cow’s milk. To the best of
the authors’ knowledge, it is the first report presenting
levels of ENNs and BEA in animal milk in Eastern Europe.

Material and Methods

Sampling. The study used 76 raw milk and 27 UHT
milk samples collected from various parts of the country
and sent to the Reference Laboratory for Mycotoxin
Analysis at the National Veterinary Research Institute,
Pulawy, Poland (Fig. 2). The raw milk was collected by
the District Veterinary Inspectorates as part of their
programme to control chemical residues in food of
animal origin. Samples of UHT milk were purchased at
retailers in different parts of Poland. Milk samples were
kept frozen below —16°C until the day of analysis.

Reagents. Acetonitrile, methanol, ammonium
acetate, octadecyl sorbent C18, acetic acid (99.5%) and
formic acid (99.5%) (all ULC/MS Optigrade®) were
provided by J.T. Baker (Philipsburg, NJ, USA). Purified
water was obtained from a Milli-Q Advantage system
(MilliporeSigma, Burlington, MA, USA). Standards of
ENN A, Al, B and B2 and BEA were purchased from
Sigma-Aldrich (Schnelldorf, Germany). All standards
were kept in the conditions recommended by the
supplier. Stock standard solutions of ENNs and BEA
were prepared in methanol and stored in the dark
at <-16°C for a maximum of 12 months. The stock
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standard solutions were used to prepare a working
standard solution containing all of the analytes at the
concentration of 1.25 ng mL™' BEA and ENNs and
stored in the dark at <6°C for a maximum of six months.

Sample preparation. Details of the method have
been published elsewhere (23). A 5 g mass of each milk
sample was weighed into a Falcon tube. For the spiked
sample, 25 pL of a mixed working standard solution of
ENNs and BEA at 1 pg mL™! was added. A 10 mL aliquot
of the extraction solvent (acetonitrile:water:formic
acid, 79:20:1; v/v/v) was added to each sample. The
samples were shaken for 1 min on a vortex mixer and
centrifuged at 4,000 rpm for 15 min at 4°C. Then 10 g
of Na,SO. was added to each sample, and the solution
was shaken for 1 min on a vortex mixer and centrifuged
at 4,000 rpm for 15 min at 4°C. Subsequently, all of the
extract was transferred to a glass test tube with 300 mg
MgSO, and centrifuged again at 4,000 rpm for 15 min
at 4°C. Next, 1 mL of extract was evaporated to dryness
(N2, 40 £ 5°C). The dry residue was dissolved in mobile
phase A and mobile phase B in the proportions of
1:1 (v/v). The extracts were transferred to vials for
liquid chromatography—tandem mass spectrometry
(LC-MS/MS) analysis.

Instrumental parameters. The LC-MS/MS parameters
were based on a previously described multianalyte
method with some modifications (29). Briefly, the
system consisted of a Shimadzu Nexera X2 ultra-high
performance liquid chromatograph (Shimadzu, Kyoto,
Japan) coupled with an 8050 triple quadruple mass
spectrometer (Shimadzu), which was operated in
positive electrospray mode (ESI+). LabSolution
software (version 5.60 SP2) was used for control and
data analysis (Shimadzu).
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Fig. 2. Locations of collections of the milk samples for analysis

The experiments were conducted in the positive
electrospray mode using a Kinetex Biphenyl column,
100 x 2.1 mm, 2.6 um particle size (Phenomenex,
Torrance, CA, USA) with a guard cartridge of the same
material operated at 40°C. A mixture of methanol and
0.1% acetic acid in a 10 mM ammonium acetate solution
in the proportions of 5:95 (v/v) was used as mobile
phase A, and a mixture of methanol and 0.1% acetic acid
in the ammonium acetate solution in a ratio of 95:5 (v/v)
was mobile phase B. The gradient of the mobile phase
was 0% of A from 0 to 2 min; 20% of A from 2 to
4.1 min; 40% of A from 4.1 to 9 min, held to 13 min;
and 0% of A from 13 to 13.1 min, held to 16 min. The
flow rate was 0.3 mL min™!, and the injection volume
was 5 pL. The mass spectrometer working parameters
were optimised as heating gas flow of 8 L min™,
nebulising gas flow of 2 L min!, drying gas flow of
8 L min™!, desolvation line temperature of 240°C,
interface temperature of 300°C, and resolution Q1 and
Q3 unit. Two multiple reaction monitoring (MRM)
transitions for each analyte were monitored (Table 2).

Data evaluation. LabSolution was used for peak
integration and data processing. The analyte identification
was performed according to the SANTE/12089/2016
Guidance document on the identification of mycotoxins
in food and feed (5). The identification criteria were
comparison of analyte peak retention time in samples
with the peak of the calibration standards, the retention
time of the internal standard (within the tolerance
range + 0.05 min), selection of at least two characteristic
fragmentary ions and of their ion ratio (within + 30%
(relative) of an average of calibration standards from the
same sequence), and the peaks having a signal-to-noise
ratio (S/N) = 10.
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Table 2. Optimised tandem mass spectrometry parameters

. . . . . Dwell
Retention  Precursor ion . Product ion? CEP Q1 prebias Q3 pre bias -
Analyte time (min)  (m/2) lon species —11/7) ) V) V) t('mms‘;
699.3/682.3 -18 -32 -36
Enniatin A 11.66 699.30 (M+H)* 699.3/210.2 =31 -32 -23 16
699.3/100.1 -55 -32 -21
685.3/668.3 -20 -32 -34
Enniatin A1 11.44 685.30 (M+H)* 685.3/210.1 -29 -32 -23 16
685.3/100.1 -55 -32 -19
657.3/640.3 -18 =30 -34
Enniatin B 11.04 657.30 (M+H)* 657.3/196.2 -32 -30 -21 16
657.3/86.1 -55 =30 —-18
671.3/654.2 -18 -30 -34
Enniatin B1 11.24 671.30 (M+H)* 671.3/196.1 -32 =30 —22 16
671.3/210.1 -29 -30 -23
801/134 -55 —22 =27
Beauvericin 12.26 801.30 (M+NH,)* 801/244 -34 -22 -18 33
801/784 —20 —22 =30
2 _ confirmation/quantitation; °C.E. — collision energy
Table 3. Validation results for the determination of enniatins and beavericin in fresh and UHT milk
Parameters Raw milk UHT milk
Working range 0.15-50 pg kg™ 0.15-50 pg kg™
ENNA 0.098 0.099
ENN Al 0.097 0.096
LOD (ug kg™) ENN B 0.098 0.098
ENN B1 0.088 0.089
BEA 0.095 0.095
ENNA 0.126 0.126
ENN Al 0.125 0.128
LOQ (ng kg™) ENNB 0.128 0.124
ENN B1 0.129 0.130
BEA 0.101 0.099
Spiking level (ug kg™') 25 5.0 7.5 25 5.0 7.5
ENNA 93 83 84 98 72 77
ENN Al 81 91 88 99 78 76
Recoveries (%) ENN B 87 96 90 81 82 84
ENN BL 90 93 79 80 88 85
BEA 81 92 91 82 79 91
EEE 21 52 34 3.7 52 34 3.7
Repeatability 6.8 g 8 4.2 4.191 S.g 49
(RSD, %)(n = 6) ENN B 5.1 5 4. 4. 7. 7.1
" ENN B1 72 7.3 6.7 5.8 6.1 6.9
BEA 55 8.0 7.6 3.8 5.5 7.5
ENNA 10.1 14.8 11.9 135 7.8 16.9
Within-lab ENN A1 124 17.5 16.9 11.9 15.8 6.9
reproducibility ENN B 8.6 15.2 15.3 8.7 13.0 12.2
(RSDwr %) (N=18) ~ENNBL 125 14.1 124 9.3 11.3 8.3
BEA 9.8 9.7 11.0 49 12.0 8.9
ENNA uc(y) =0.55; k=2, U(y) = 1.10 ue(y) = 1.10; k=2, U(y) = 2.20
Uncertainty ENN Al U(y) = 0.66; k = 2, U(y) = 1.32 usy) = 0.78; k = 2, U(y) = 1.56
expanded (U(y)) ENN B Uey) = 0.50; k = 2, U(y) = 1.00 ue(y) = 0.47; k =2, U(y) = 0.94
(ngkg™) ENN B1 uc(y) = 0.53; k=2, U(y) = 1.06 uc(y) = 0.60; k =2, U(y) = 1.20
BEA Ue(y) =0.55; k=2, U(y) = 1.10 u(y) =0.59; k=2, U(y) =1.18

LOD - limit of detection; LOQ — limit of quantification; ENN — enniatin; BEA — beauvericin; RSD; — relative standard deviation for
repeatability; RSDyr — relative deviation for within-lab reproducibility; uc(y) — combined uncertainty
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Validation. As stipulated by European Commission
Decision 2002/657/EC (3) concerning the performance
of analytical methods and their validation and the
characteristics of the method, the following parameters
were established: linearity (working range), the limit of
detection (LOD), the limit of quantification (LOQ),
recovery, repeatability (coefficient of variation — CV),
within-laboratory reproducibility (CV) and expanded
uncertainty with the use of the MUKit Measurement
Uncertainty Kit 1.0.3.7 (combined standard uncertainty
for a spiking level of 5 pg kg™!) (21). The specificity was
checked by analysing 20 different pseudo-blank feed
samples to evaluate possible interferences. The limit of
detection and LOQ were also calculated based on an S/N
ratio of the first sample of matrix-matched calibration
curves (LOD S/N = 3, LOQ S/N = 10). A matrix-matched
calibration curve for each mycotoxin was established
using six concentration levels in a range from 0.15 pg kg™
to 50 pg kg'. The recovery, repeatability (CV) and
within-laboratory reproducibility (CV) were calculated
based on the results from analysis of samples of raw and
UHT milk (n = 18) spiked with ENNs and BEA at the
levels 2.5, 5.0 and 7.5 ug kg™! and processed through the
appropriate extraction procedure described above. All
characteristics and parameters of the method which were
integral to its validation are shown in Table 3.

Results

Beauvericin and ENNs are analysed by LC-MS
using different ionisation techniques, such as
thermospray (33), ESI (15), or atmospheric pressure
chemical ionisation (11). Triple quadrupole mass
spectrometer detectors using an ESI source in the
positive ionisation mode were used as the mass analyser
in the method presented. Based on the validation results
obtained (Table 3), the proposed procedure is suitable

ENN B BEA

for the quantification of ENNs and BEA and meets the
criteria of Commission Decision 2002/657/EC (3) and
the SANTE/12089/2016 guidance document (5). The
method’s sensitivity was assessed by the LOD and LOQ,
which ranged from 0.088 to 0.099 pg kg™! and from
0,099 to 0.130 ug kg !, respectively (Fig. 3).
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Fig. 3. The LC-MS/MS chromatogram of a spiked
milk sample of enniatins (ENNs) and beauvericin
(BEA) at a concentration of LOQ level

The trueness of the method, expressed as recovery
of analytes, was evaluated at three spiking levels (Table 3).
The repeatability evaluation showed a relative standard
deviation (RSD) lower than 10% for three spiking levels
as far as precision was concerned. In contrast, RSDs
lower than 20% were obtained in the reproducibility
studies. This method meets the general criteria for toxin
analysis for all compounds determined (5, 6).

Of the ENNs, only ENN B was detected in the
tested milk samples. However, in more than half of the
samples, whether raw or UHT, BEA was also found. The
higher occurrence was noticed for ENN B (31 out of
76 raw milk samples — 41% of samples, and 16 out of
27 UHT milk samples — 59% of samples). For BEA,
15 out of 76 survey samples (20%) and 9 out of 27 UHT
milk samples (33%) were contaminated.

concentration ug kg

0

Fig. 4. Concentrations of enniatin B (ENN B) and beauvericin (BEA) in raw milk
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Fig. 5. Concentrations of enniatin B (ENN B) and beauvericin (BEA) in UHT milk

The concentrations of detected analytes were very
low and were within the working range of the method of
0.15 pg kg '-50 pg kg ', For raw milk samples, the highest
concentration was observed for BEA at 6.16 pg kg,
that of ENN B peaking at 0.85 pg kg™'. For UHT milk,
the highest concentration was again one of BEA
at 1.93 pg kg™!, and 0.59 pg kg™' was the highest ENN
B concentration. This study shows similar ENNs and
BEA concentrations in raw and UHT milk, with slightly
higher toxin concentrations having been obtained in raw
milk. The milk samples’ concentrations of ENN B and
BEA are presented in summarised form below in the
boxplots (Figs 4 and 5).

Discussion

The contamination of feed with Fusarium toxins is
high, and BEA and ENNSs are regularly found in cereal
and cereal products (17, 32, 35, 37). Additionally, they
can be found in many raw materials, especially maize
samples. An important aspect of the research to
understand Fusarium hazards is the study of ENNs and
BEA with co-occurring mycotoxins and their interactions,
especially moniliformin (MON) and deoxynivalenol
(DON). Beauvericin and ENNs may also bioaccumulate
because of their lipophilic nature (33); therefore, their
toxicokinetics and their possible residues in animal
tissues and food of animal origin should be investigated.

However, there are limited data available in the
literature on ENNs and BEA in food of animal origin.
The latest EFSA report indicated that a risk assessment
for dietary exposure to beauvericin and enniatins was not
possible because there was a lack of data regarding acute
and chronic toxicity and genotoxicity (7). The carry-over
of these substances into sheep’s milk was previously
reported despite sheep in general, being considered the
most resistant ruminants to mycotoxins. In a study by
Piatkowska et al. (24), only one ENN, ENN B, was
detected in raw sheep’s milk. These authors detected low
levels of ENN B in 18 out of 20 samples (90%) of sheep’s

milk with an average concentration of 7.8 + 1.7 pg kg™
The results are similar to those obtained in the presented
work.

There is little data on the prevalence of ENN and
BEA in cow’s milk. One study (9) found the frequent
occurrence of low levels of all ENNs and BEA in this
matrix. Enniatins and BEA were found in 31 milk
samples from different farms in Portugal. The concentrations
detected in milk above the LOQ for these toxins were
within the calibration ranges: 3.12-200 ug kg ' for
BEA and 0.78-200 ug kg! for ENNs. The LOQ for
BEA was 1.95 pg kg, for ENN A 0.08 pg kg™!, for
ENN A1 0.37 ug kg, for ENN B 0.27 ug kg ! and for
ENN B1 0.24 pg kg™!. A 67% proportion of the milk
samples was contaminated with ENN A and ENN A1,
ENN B was detected in 58% of the samples, ENN Bl in
45%, and BEA in as much as 90%. The highest concentration
in a milk sample was measured for ENN A and was
4.76 ng kg'. Unlike the result of the research by
Gonzalez-Jartin et al. (9), no ENN A, Al or B1 was
detected in Polish milk, and only ENN B and BEA were
noted. The determined mycotoxins were in a similar
concentration range in the present study to the range
determined by those researchers.

The detected concentrations of ENNs and BEA in
our study were within the same concentration range
regardless of the type of milk tested (raw or UHT). The
results showed that ENN B and BEA were present in
both milk materials above the determined limits of
quantification: ENN B was at 0.128 pg kg™! concentration
in raw milk and 0.124 pg kg™! in UHT milk, and BEA
was at 0.128 pg kg™! concentration in raw milk and
0.124 pg kg™! in UHT milk. Detection of ENN B was
successful in 41% of raw milk samples and 59% of UHT
milk samples. The BEA mycotoxin was found in 20%
of raw milk samples, with a highest concentration of
6.165 pg kg™!, and detected in 33% of UHT milk
samples. The detected concentrations of these toxins
were within the working range of the method.

In the case of other foods of animal origin, based
on the available scientific information, researchers
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determined that the levels of ENNs and BEA in the
muscles or eggs of turkeys and broilers are low. Analysis
of 479 Finnish samples of whole eggs and egg yolk showed
that the occurrence of BEA and ENN B and ENN B1 was
widespread. However, in most cases the contaminations
were trace amounts (<limit of quantification) (16).

Because of the potential transfer of these toxins to
milk, the milk test results may be correlated with the
levels of ENNs and BEA in the feed for dairy cows.
Many publications point to the presence of the above
analytes in silage. The levels largely depend on the raw
materials used for silage production , conditions of the
ensiling process, and pH (36).

The research published in 2019 by Panasiuk (23)
showed that BEA and ENNs were present in almost all
grass and maize silage samples. Beauvericin was
the most commonly detected, with a presence in
108 samples (87%) and average and maximum
concentrations of 35.8 pg kg™' and 1,309 pg kg',
respectively. Enniatins were the most prevalent toxins in
the investigated silage, identified as ENN A in 66%,
ENN Al in 71%, ENN B in 89% and ENN B1 in 78%
of the tested samples. These results for BEA and the four
ENNs are similar to those reported by other authors (4,
10, 14, 26, 27, 34), who noted that the most frequently
detected toxin was ENN B (51%), at an average
concentration of 393 pg kgL

The most commonly found emerging mycotoxins
reported in the literature were ENN B and BEA. There
has been one study to date on the degree of transfer of
ENNs and BEA to bovine milk (9), and there is no
scientific data on their chronic toxicity. Therefore, if
high concentrations of these compounds occurred in
feed for ruminants, their possible transfer to milk could
not be ruled out.

It is also worth noting that most publications on
mycotoxin determination in milk focus on the aflatoxin
M1 residue problem (28), because this is a quite well-
known hazard. This is due to the proven toxicity of
aflatoxins and the consequent introduction of a limit for
them in feed and milk. However, in moderate climates
these residues do not occur in practice, as indicated by
the results of official surveys of feed and milk. Studies
show that many other compounds are present in milk,
including unregulated mycotoxins which have the
potential to affect human health (13, 35, 37).

No international limits for emerging mycotoxins in
milk have been established in legislation, and the
consequences of long-term exposure to low concentrations
of xenobiotics are unknown, so it is necessary to pay
special attention to controlling contamination levels and
limiting human exposure to these compounds . Existing
data on the biological activity of BEA and ENNs
indicate the possible toxicity of these compounds and the
need for more chronic toxicity studies.

In summary, based on the available data, it is
possible for ENNs and BEA to be transferred from feed
into milk, but their concentration in food of animal
origin is low. This study determined emerging

mycotoxins like ENNs and BEA only in trace amounts;
nevertheless, such contamination cannot be completely
dismissed as a concern because the potential harm of
long-term exposure to low levels of toxins is unknown.
The ENNS and BEA concentrations in UHT milk are
lower than in fresh milk, which is probably because the
product comprises a wider mixture of milk batches of
different origins. However, this does not affect the
overall picture of the levels of these compounds in milk,
which, according to current knowledge, is not one
illustrating any risk to consumers. Existing data on the
biological activity of BEA and ENNSs indicate the
possible toxicity of these compounds and the need for
more chronic toxicity studies. Since no international
limits for emerging mycotoxins in food have been
established, it is necessary to be more vigilant for the
occurrence of ENNs and BEA in food of animal origin.
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