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Abstract: This study is based on analytical data on mycotoxin contamination in ruminant feeds in the Czech 
Republic over a ten-year period (2013–2023), specifically deoxynivalenol (DON), zearalenone (ZEN), T-2 toxin 
(T-2/HT-2), and ochratoxin A (OTA). Analyses were performed in accredited State Veterinary Institutes using 
validated immunochemical and chromatographic methods. Samples included forage and concentrate feeds for 
dairy cows, calf feed, and fattening cattle feed. During the monitoring period, DON was detected at higher con-
centrations, reflecting the susceptibility of field crops to Fusarium infection under local environmental conditions. 
Forage feeds showed significantly higher concentrations of DON (472.6 ± 13.2 µg/kg), ZEN (61.7 ± 4.4 µg/kg), and 
T-2/HT-2 toxin (36.7 ± 2.7 µg/kg) than concentrates for dairy cows (P < 0.05). Additionally, ZEN levels differed 
significantly between concentrates for dairy cows (17.1 ± 2.3 µg/kg) and calf feed (16.2 ± 3.3 µg/kg) (P < 0.05). 
Although mycotoxin concentrations generally remained below recommended limits, a small proportion of samples 
exceeded guideline values for DON (0.13%) and ZEN (0.56%). These findings highlight the importance of continued 
monitoring and preventive strategies to manage mycotoxin risks.
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Mycotoxins are toxic secondary metabolites 
produced by various species of filamentous fun-
gi, primarily from genera Aspergillus, Fusarium, 
and Penicillium. These compounds are consid-
ered a significant threat to animals due to their 
frequent occurrence in compound feeds intended 
for livestock feeding (Franchino et al. 2024). In de-
veloped countries, acute mycotoxicosis in animal 
husbandry has become rare due to improved feed 
hygiene. However, subclinical mycotoxicosis re-
mains a concern, as even low mycotoxin levels can 
weaken the immune system, reduce vaccine effi-
cacy, and increase vulnerability to infections. These 
effects can also compromise meat quality, impact-
ing the economic value of final products (Gott and 
Schwandt 2021). The most frequently monitored 
mycotoxins in  animal feeds include aflatoxins 
(AFs), deoxynivalenol (DON), zearalenone (ZEN), 
fumonisins (FUMs), ochratoxin A (OTA), and T-2 
toxin (T-2/HT-2) (Kolawole et al. 2024). Ruminants 
are generally less susceptible to mycotoxins than 
monogastric animals due to natural detoxification 
by rumen microbiota. However, some mycotoxins 
persist, and ruminants are exposed to multiple tox-
ins from diverse feeds. Total mixed ration could 
be a common source of mycotoxin contamination 
in livestock diets and remains a significant concern 
due to its impact on cow health and productivity 
(Lecolinet and Preveraud 2021). Ruminants may 
also be affected by a range of mycotoxins originat-
ing from silage moulds. Identifying the specific tox-
in responsible for clinical symptoms is challenging, 
even when mycotoxins are present in the affected 
animal. Synergistic effects further complicate di-
agnosis, as toxin concentrations in tissues are of-
ten minimal (Porosnicu et al. 2024). Importantly, 
certain mycotoxins may even be bioactivated; for 
example, FUMs are not effectively degraded, ZEN 
can be converted to the more potent α-zearalenol, 
and trichothecenes may damage the gastrointesti-
nal epithelium prior to degradation (Bandyk 2024).

Ongoing climate change, accompanied by  in-
creasingly frequent weather fluctuations (such 
as higher incidences of extreme weather events, 
floods, storms, etc.) and rising temperatures, may 
affect the occurrence of  mycotoxins in  animal 
feed. Milder and wetter winters alternating with 
warm and dry summers contribute to the devel-
opment of moulds and, consequently, to the pro-
duction of mycotoxins (Intergovernmental Panel 
on Climate Change 2023). Thus, a key projected 

impact of climate change is that rising temperatures 
will facilitate the spread, introduction, or estab-
lishment of more heat-tolerant species (Vaughan 
et al. 2016). Climate change has already clearly led 
to shifts in the occurrence of fungal species typi-
cal for specific regions. Drought and elevated tem-
peratures have led to a shift from contamination 
by Fusarium verticillioides and FUMs to contami-
nation by Aspergillus flavus and AFs. Aspergillus 
is a predominantly thermophilic fungus that was 
previously mainly found in sub-Saharan Africa. 
Due to  climate change and the associated rise 
in temperatures in the Mediterranean region, this 
fungal species is becoming dominant in these areas 
(Fapohunda and Adewunmi 2019). Based on the 
results of  an  extensive 10-year study focused 
on the occurrence of mycotoxins in maize, it can 
be concluded that fungi of the genus Fusarium are 
currently the most prevalent, with FUMs being the 
dominant mycotoxins detected. However, contami-
nation with mycotoxins produced by Aspergillus 
spp. is increasingly frequent and likely to increase 
in the future (Locatelli et al. 2022). In light of the 
OTA contamination outbreak in Italy, the study 
conducted by Rizzo et al. (2025) underscores the 
critical need for rigorous monitoring of  forage 
quality, particularly under humid conditions con-
ducive to fungal growth.

Prevention of  mycotoxicoses in  cattle is  pri-
marily based on proper feed management, regu-
lar monitoring of mycotoxin contamination, and 
the use of methods to decontaminate mycotoxins 
from feed. Implementation of preventive strate-
gies, including the use of fungicides and improved 
hay storage protocols, is  imperative to mitigate 
mycotoxin-related risks in  ruminant nutrition. 
To minimise the risk of mycotoxicosis and related 
economic losses, feed manufacturers increasingly 
incorporate mycotoxin adsorbents as one of the 
preventive strategies (Machado et al. 2024; Rizzo 
et al. 2025). Another option is biologic methods, 
such as enzymatic and bioenzymatic detoxification, 
which have emerged as a promising, selective, and 
environmentally friendly approach to mycotoxin 
decontamination in food and feed systems. Recent 
reviews report that a wide range of enzymes, in-
cluding oxidoreductases, hydrolases, esterases, 
lactonases, and peroxidases, are capable of de-
grading or transforming major mycotoxins such 
as AFs, DON, ZEN, OTA, and FUMs into less toxic 
metabolites (Liu et al. 2024; Zhong et al. 2025).
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Among mycotoxins, only AFs and ergot alka-
loids are subject to specific regulatory limits set 
by European legislation for animal feed. For AFs, 
the maximum permissible levels typically range 
from 5 μg/kg to 20 μg/kg, while for ergot alkaloids, 
the limit is generally set at 1 000 mg/kg, depending 
on the type of feed and animal species (European 
Commission 2002). Other mycotoxins, including 
DON, ZEN, OTA, FUMs, and T-2/HT-2 toxins, 
have established guidance values spanning a broad-
er range, from 250 μg/kg to 60 000 μg/kg (European 
Commission 2006).

As outlined above, mycotoxin contamination 
of feed has significant economic consequences, 
including reproductive issues, increased veteri-
nary costs, and production losses (Magnoli et al. 
2019). Therefore, it is advisable to monitor myco-
toxin occurrence in animal feed. Recent studies 
have highlighted the persistent occurrence and 
frequent co-contamination of multiple mycotox-
ins in animal feed across Europe, emphasising the 
need for comprehensive monitoring and regula-
tory measures to protect animal health. A six-
year survey by Twaruzek et al. (2021) confirmed 
that the co-occurrence of ZEN and DON is the 
most common. While AFs are currently not a ma-
jor concern in Poland, climate change may alter 
this trend. Although only 0.71% of small-grain 
and 0.16% of maize samples exceeded EU limits, 
these thresholds apply to individual mycotoxins 
and do not account for their combined effects. 
A systematic review and meta-analysis by Chhaya 
et al. (2024) revealed that AFs were highly preva-
lent in bovine feed components, being detected 
in 59% of samples at concentrations ranging from 
2.58  μg/kg to  3.92  μg/kg. A  global prevalence 
of 31% was reported for OTA, with levels ranging 
from 5.56 μg/kg to 12.41 μg/kg. Mycotoxin DON 
was identified in 74% of  the analysed samples, 
with concentrations ranging from 233.17 μg/kg 
to 327.73 μg/kg. In the case of ZEN, the review 
found a 70% prevalence and concentrations rang-
ing from 42.47 μg/kg to 66.19 μg/kg. The group 
of FUMs was detected in 65% of samples, with levels 
varying from 232.19 μg/kg to 393.07 μg/kg. Lastly, 
T-2 and HT-2 toxins showed a prevalence of 45%, 
with concentrations ranging from 23.54 μg/kg 
to 35.12 μg/kg. Similarly, recent monitoring data 
from Southern Europe confirm the widespread 
occurrence of mycotoxins in cattle feed. In com-
pound feed for cattle collected in Northern Spain 

(Navarra) during 2019–2020 (n = 100), at least one 
mycotoxin was detected in 87% of samples. The 
most prevalent mycotoxins were DON, detected 
in  76% of  samples with a  mean concentration 
of 135.1 µg/kg; ZEN, present in 49% of samples 
with a mean concentration of 65.4 µg/kg; and OTA, 
detected in 6% of samples. Co-occurrence of two 
or more mycotoxins was observed in 62% of cat-
tle feed samples, most frequently involving DON 
and ZEN (Munoz-Solano and Gonzalez-Penas 
2023). In line with the findings, an official moni-
toring study conducted in Italy (2018–2022) also 
confirmed frequent contamination of cattle feed 
with Fusarium mycotoxins. Mycotoxins DON 
and ZEN were the most commonly detected tox-
ins, with mean concentrations of 0.46 mg/kg and 
0.045 mg/kg, respectively. Co-occurrence of mul-
tiple mycotoxins was frequently observed, indicat-
ing chronic low-level exposure of cattle to these 
compounds (Franchino et al. 2024).

Toxicity of common mycotoxins 
detected in ruminant feed

The following section briefly summarises the 
toxicological relevance of the mycotoxins included 
in the present study, which were most frequently 
detected in feed intended for ruminants, to provide 
context for their potential effects on animal health.

TRICHOTHECENES

Trichothecenes constitute a class of structur-
ally related mycotoxins synthesised by  various 
filamentous fungi, including species of Fusarium, 
Myrothecium ,  Stachybotr ys ,  Trichoderma , 
Trichothecium, and Spicellum, which represent 
a significant risk to animal health (Janik et al. 2021). 
This study focused on some of the most toxic my-
cotoxins in this group, specifically T-2/HT-2 toxin 
and DON, which were detected in the feed samples 
intended for ruminants.

T-2/HT-2 toxin. Among trichothecenes, T-2 
toxin is  considered the most toxic and is  me-
tabolised to HT-2 toxin (Nayakwadi et al. 2020). 
Mycotoxin T-2/HT-2 primarily inhibits protein 
synthesis, particularly in  rapidly dividing tis-
sues, and may affect immune, hepatic, renal, nerv-
ous, and reproductive systems. Dairy cattle are 
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generally more resistant than non-ruminants due 
to ruminal detoxification mechanisms, including 
de-epoxidation and de-acetylation (Adhikari et al. 
2017). Nevertheless, exposure in cattle has been 
associated with reduced feed intake and milk pro-
duction, gastrointestinal lesions, immunosuppres-
sion, and reproductive disorders (Janik et al. 2021; 
Machado et al. 2024).

Deoxynivalenol. Mycotoxin DON, also known 
as vomitoxin, is a common feed contaminant that 
primarily affects feed intake, growth, and immune 
function, particularly in  monogastric animals 
(Murtaza et al. 2024). Ruminants show higher tol-
erance to DON due to ruminal microbial degrada-
tion, whereas pigs are highly sensitive and poultry 
display intermediate susceptibility (Chukwudi et al. 
2021; Zhang et al. 2025). In cattle, chronic exposure 
to DON-contaminated feed has been associated 
with diarrhoea, soft faeces, and immunosuppres-
sion, which may contribute to reduced feed intake 
and performance, including decreased milk yield, 
although the toxin is rapidly eliminated following 
ingestion (Porosnicu et al. 2024). At the cellular 
level, DON exerts its toxic effects mainly by inhibit-
ing protein synthesis through interaction with the 
60S ribosomal subunit (Gallo et al. 2022).

ZEARALENONE

Produced by Fusarium graminearum and other 
Fusarium species, ZEN is a non-steroidal myco-
toxin with estrogenic activity. It is one of the three 
primary mycotoxins found in  animal feed and 
is predominantly present in cereals such as maize, 
barley, and oats (Lv et al. 2025). Fusariotoxins such 
as ZEN adversely affect animal health, as their estro-
genic effects cause reproductive problems (Garcia 
et al. 2023). Although research on cattle sensitivity 
to ZEN is limited, studies have reported infertil-
ity, vaginitis, vulvar enlargement, vulvo-vaginitis, 
decreased milk yield, and hyperestrogenism. While 
pigs are considered the most susceptible to ZEN, 
similar symptoms can occur in calves with under-
developed rumens and in young heifers (Dogan 
and Dal 2022; Gnezdilova et al. 2023). Exposure 
to ZEN has also been shown to reduce the popula-
tions of Lachnospiraceae and Prevotellaceae in the 
rumen and decrease ruminal pH and total short-
chain fatty acid levels, despite elevated rumination 
(Hartinger et al. 2022).

OCHRATOXIN A

Mycotoxin OTA, produced by Aspergillus and 
Penicillium species, primarily exerts toxicity by dis-
rupting protein synthesis and cellular transport 
mechanisms (Liu et al. 2022). In ruminants, OTA 
is partially detoxified to ochratoxin α by ruminal 
microbiota, resulting in lower sensitivity compared 
to monogastric species; however, hepatic and renal 
effects and low-level transfer to milk may still occur 
[EFSA Panel on Contaminants in the Food Chain 
(CONTAM) et al. 2023]. Toxic effects in ruminants 
are dose-dependent, with high dietary levels caus-
ing anorexia, diarrhoea, reduced milk production, 
and neurological symptoms, while lower doses may 
not elicit overt clinical signs (Kemboi et al. 2020; 
Rizzo et al. 2025). In addition, OTA has been shown 
to impair epithelial barrier integrity and modulate 
immune responses in bovine cells, highlighting its 
potential risk to animal health (Xu et al. 2022).

The aim of this study was to evaluate the occur-
rence of the most prevalent mycotoxins in ruminant 
feed in the Czech Republic over the past decade 
(2013–2023) based on analytical data generated 
by accredited laboratories and subsequently statisti-
cally evaluated. The obtained data were interpreted 
in relation to the recommended limit values defined 
by the relevant European legislation (Commission 
Recommendation 2006/576/EC  – European 
Commission 2006; Commission Recommendation 
2013/165/EU – European Commission 2013) to as-
sess potential risks to ruminant health and per-
formance.

MATERIAL AND METHODS

Each feed sample was analysed in accordance 
with relevant European legislation, in  particu-
lar Regulation (EC) No.  152/2009 (European 
Commission 2009), which outlines standardised 
procedures for sampling and analytical methods 
in the official control of feed. The samples were 
provided by  private entities such as  producers, 
farmers, and veterinarians, and were not collect-
ed as part of a targeted monitoring programme. 
As  a  result, sampling was driven by  suspicions 
of mycotoxin contamination rather than random 
selection. Moreover, the scope of mycotoxin test-
ing was determined by the providers, meaning that 
each sample was analysed only for selected groups 
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of mycotoxins rather than a comprehensive panel. 
The analysis focused on detecting key mycotoxins 
of ruminant feed, including DON, ZEN, OTA, and 
T-2/HT-2 toxin. Analyses of mycotoxins were per-
formed at the State Veterinary Institutes in Prague, 
Olomouc, and Jihlava using validated immunochem-
ical and chromatographic methods. DON was pri-
marily determined using ELISA (VERATOX kits; 
Neogen Corporation, Lansing, MI, USA) or liquid 
chromatography with diode array detection (LC-
DAD), with confirmatory analysis by tandem mass 
spectrometry (LC-MS/MS). The analysis of ZEN 
was carried out using ELISA or liquid chromatog-
raphy with fluorescence detection (LC-FLD), with 
confirmation by LC-MS/MS. FUM was determined 
using ELISA and confirmed by LC-MS/MS. The 
analysis of OTA was conducted using LC-FLD and 
LC-MS/MS. Over the ten-year study period, a total 
of 2 023 feed samples were evaluated, including calf 
feed (n = 38), concentrates for dairy cows (n = 766), 
forage for dairy cows (n = 1 198), and feed for fatten-
ing cattle (n = 21). The evaluated feed samples en-
compassed forages (e.g., maize silage, meadow hay, 
rye straw), concentrate feeds (e.g., corn cob mix, calf 
starter mixture, concentrates for beef cattle), as well 
as other complete formulated mixtures for rumi-
nants (e.g., corn-based conserved mixture, complete 
dairy feed, total mixed ration for lactating cows, 
commercial beef finishing feed). The samples rep-
resented different animal categories, namely dairy 
cows, calves, and fattening cattle. The study covers 
a ten-year observation period from 2013 to 2023.

Statistical analysis

The data were divided according to toxin type and 
feed sample. Within each group, basic descriptive 
statistics were calculated, including the median, 
mean, and the standard error of the mean. Two 
factors were considered in the further analysis: 
toxin type and feed mixture. To assess differences 
between groups, one factor was held constant while 
the other was varied. Specifically, fixing the feed 
mixture allowed comparisons of toxin concentra-
tions across different toxins, whereas fixing the 
toxin type enabled comparisons of its concentra-
tion across different feed mixtures. Because the 
data did not meet the assumption of normality, 
nonparametric methods were applied. The sig-
nificance threshold (α) was set at 0.05. Given the 

presence of 4 groups (4 toxins and 4 feed mixtures), 
the Kruskal–Wallis test was employed to evalu-
ate overall differences. A significant result from 
the Kruskal–Wallis test indicated the presence 
of group differences, but it did not specify which 
groups differed. Therefore, post hoc pairwise com-
parisons were conducted using the Mann–Whitney 
test. To control for multiple testing, the Bonferroni 
correction was applied by multiplying each P-value 
by the number of pairwise comparisons (6).

RESULTS AND DISCUSSION

For clarity, all statistical analyses were performed 
on a unified dataset covering the entire monitor-
ing period (2013–2023). The distinction between 
earlier (2013–2018) and later (2019–2023) periods 
is used solely for interpretative purposes, reflecting 
changes in the spectrum of monitored mycotoxins 
rather than a formal division of the dataset.

Occurrence of mycotoxins in different 
ruminant feeds

The mycotoxin profile summarising positive 
detections of individual mycotoxins in the Czech 
Republic from 2013 to 2023 is presented in Table 1. 
Across the dataset, DON was detected at elevated 
concentrations, consistent with its known role 
as a marker of Fusarium contamination. In calf 
feed, a heterogenous distribution of mycotoxin 
concentrations was observed (P < 0.05), with DON 
detected within higher concentration ranges. Due 
to the limited number of available measurements, 
statistical evaluation of T-2/HT-2 toxin was not 
possible. Across both concentrate and forage feeds 
intended for dairy cows, DON was consistently 
detected at elevated concentrations. When evalu-
ating fattening cattle feed, DON was the most fre-
quently detected mycotoxin. Finally, comparison 
between feed types revealed that forage feed for 
dairy cows contained significantly higher concen-
trations of DON, ZEN, and T-2/HT-2 toxin than 
concentrate feed for dairy cows (P < 0.05). During 
2013–2023, the recommended limit for DON was 
exceeded in 1 out of 730 concentrate feed samples 
(0.13%), whereas the limit for ZEN was surpassed 
in 3 out of 531 forage feed samples (0.56%) accord-
ing to EC Recommendation 2006/576/EC.
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Mycotoxin concentration detected in feed 
for ruminants in the period 2013–2023 
in the Czech Republic

Analysis of DON revealed statistically signifi-
cant differences (P < 0.05) across feed types. Calf 
feed contained lower DON levels than forage for 
dairy cows, but higher levels than dairy cow con-
centrates. Among dairy cow feeds, forage showed 
higher DON concentrations than concentrates, 
whereas fattening cattle feed showed lower con-
centrations compared with dairy cow forage. For 
ZEN, significant differences (P < 0.05) were ob-
served between calf feed and dairy cow concen-
trates and between concentrates and forage for 
dairy cows, with higher concentrations detected 
in forage. Regarding T-2/HT-2 toxin, a statistically 
significant difference (P < 0.05) was identified be-
tween concentrates and forage for dairy cows. For 
OTA, which was monitored in the later years of the 
study period, no statistically significant differences 
(P > 0.05) were observed among feed types or ani-
mal categories when evaluated within the overall 
dataset (Table 2).

The results of this study highlight the persistent 
presence and variability of mycotoxin contamina-
tion in ruminant feed in the Czech Republic over 
the past decade (2013–2023). Among the myco-
toxins analysed, DON was consistently the most 
prevalent across all examined feed types. The 
higher levels of DON observed in forage feed for 
dairy cows, compared to other ruminant feeds, may 
be attributed to the greater susceptibility of field 
crops to Fusarium infection under environmental 
conditions typical of the region. This dominance 
of DON aligns with previous European studies that 
identified it as a widespread contaminant in cereal-
based feeds and bovine feed (Twaruzek et al. 2021; 
Chhaya et al. 2024). Both Svoboda et al. (2019) and 
Mikula et al. (2020) similarly highlighted the high 
prevalence of DON in feedstuffs intended for pig 
and poultry in  the Czech Republic, noting that 
DON concentrations occasionally exceed EU safety 
thresholds, posing significant risks to animal health 
and performance. The findings of the present study 
are also consistent with recent monitoring data 
from other European regions. Studies conducted 
in Southern Europe have reported widespread con-

Table 1. Mycotoxin profiles across ruminant feed categories during 2013–2023 in the Czech Republic

Feed category Mycotoxin n Mean ± SEM
(µg/kg)

Median
(µg/kg)

Recommended limits (EU) 
(µg/kg)

Samples exceeding 
the limit [n (%)]

Calf feed

DON 36 236.8 ± 49.5a 148.00 2 0001 0
ZEN 33 16.2 ± 3.3b 5.00 5001 0

T-2/HT-2 4 1.3 ± 1.2 0.04 2502 0
OTA 18 0.4 ± 0.1c 0.35 2501 0

Dairy cows – 
concentrate

DON 730 191.0 ± 24.8a 3.06 5 0001 1 (0.13)
ZEN 398 17.1 ± 2.3b 0.33 5001 0

T-2/HT-2 109 12.7 ± 3.4b 0.03 2502 0
OTA 68 1.3 ± 0.5b 0.10 2501 0

Dairy cows – 
forage

DON 1 154 472.6 ± 13.2a 458.50 5 0001 0
ZEN 531 61.7 ± 4.4b 5.00 5001 3 (0.56)

T-2/HT-2 630 36.7 ± 2.7c 5.00 2502 0
OTA 9 0.6 ± 0.3bc 0.08 2501 0

Fattening cattle 
feed

DON 19 183.2 ± 97.2a 50.0 5 0001 0
ZEN 19 11.9 ± 5.6b 5.00 5001 0

T-2/HT-2 6 0.9 ± 0.8c 0.03 2502 0
OTA 8 1.2 ± 1.0bc 0.10 2501 0

a–cSignificant differences (P < 0.05) are indicated by different alphabetic superscripts; 1Commission Recommendation 
2006/576/EC; 2Commission Recommendation 2013/165/EU
DON = deoxynivalenol; n = the number of positive detections for the respective mycotoxin; OTA = ochratoxin A; SEM 
= standard error of the mean; T-2/HT-2 = T-2/HT-2 trichothecene; ZEN = zearalenone
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tamination of cattle feed with mycotoxins, with 
DON and ZEN being the most frequently detect-
ed contaminants, whereas OTA was detected less 
commonly (Munoz-Solano and Gonzalez-Penas 
2023). Similarly, an official monitoring study from 
Italy covering the period 2018–2022 confirmed fre-
quent contamination of cattle feed with Fusarium 
mycotoxins, particularly DON and ZEN (Franchino 
et al. 2024). These studies also documented the 
co-occurrence of multiple mycotoxins in cattle 
feed. Taken together, these findings support the 
conclusion that DON and ZEN are commonly 
present in cattle feed across different European 
regions, whereas other mycotoxins, such as OTA, 
tend to occur less frequently. In line with these 
observations, the present study indicates that con-
tamination patterns were primarily driven by DON 
and ZEN, and co-occurrence of these mycotoxins 
has also been reported in cattle feed in Central 
Europe, including Poland (Twaruzek et al. 2021). 
In cattle, chronic exposure to DON-contaminated 
feed has been linked to diarrhoea, immunosuppres-
sion, and reduced feed intake and milk produc-
tion (Porosnicu et al. 2024). On the other hand, 

ZEN may impair reproductive performance and 
rumen function in cattle, particularly in young 
animals, potentially leading to fertility disorders 
and reduced productivity (Dogan and Dal 2022; 
Gnezdilova et al. 2023). Together with the occur-
rence of DON and ZEN in ruminant feed, these 
finding raise concerns about potential health impli-
cations. Although ruminants can partially detoxify 
these toxins via ruminal microbiota, prolonged ex-
posure to elevated levels can impair animal health 
and productivity (Lecolinet and Preveraud 2021; 
Garcia et al. 2023).

A change in  the spectrum of detected myco-
toxins was observed over the monitoring period, 
with OTA detected in the later years of the study. 
However, no statistically significant differences 
in OTA concentrations were observed across the 
analysed feed categories. These findings are likely 
influenced by the limited number of OTA-positive 
samples, which was substantially lower than for 
the other monitored mycotoxins, and should there-
fore be interpreted with caution. Mycotoxin OTA, 
primarily produced by Aspergillus and Penicillium 
species, typically occurs under warmer conditions 

Table 2. Mycotoxin concentration detected in feed for ruminants in the period 2013–2023 in the Czech Republic

Mycotoxin Feed category n Mean ± SEM 
(µg/kg)

Median 
(µg/kg)

Recommended limits (EU) 
(µg/kg)

Samples exceeding 
the limit [n (%)]

DON

calf feed 36 236.8 ± 49.5b 148.0 2 0001 0
dairy cows – concentrate 730 191.0 ± 24.8c 3.06 5 0001 1 (0.13)

dairy cows – forage 1 154 472.6 ± 13.2a 458.50 5 0001 0
fattening cattle feed 19 183.2 ± 97.2bc 50.00 5 0001 0

ZEN

calf feed 33 16.2 ± 3.3a 5.00 5001 0
dairy cows – concentrate 398 17.1 ± 2.3b 0.33 5001 0

dairy cows – forage 531 61.7 ± 4.4a 5.00 5001 3 (0.56)
fattening cattle feed 19 11.9 ± 5.6ab 5.00 5001 0

T-2/HT-2 
toxin

calf feed 4 1.3 ± 1.2ab 0.04 2502 0
dairy cows – concentrate 109 12.7 ± 3.4b 0.03 2502 0

dairy cows – forage 630 36.7 ± 2.7a 5.00 2502 0
fattening cattle feed 6 0.9 ± 0.8ab 0.03 2502 0

OTA

calf feed 18 0.4 ± 0.1a 0.35 2501 0
dairy cows – concentrate 68 1.3 ± 0.5a 0.10 2501 0

dairy cows – forage 9 0.6 ± 0.3a 0.08 2501 0
fattening cattle feed 8 1.2 ± 1.0a 0.10 2501 0

a–cSignificant differences (P < 0.05) are indicated by different alphabetic superscripts; 1Commission Recommendation 
2006/576/EC; 2Commission Recommendation 2013/165/EU
DON = deoxynivalenol; n = the number of positive detections for the respective mycotoxin; OTA = ochratoxin A; SEM = 
standard error of the mean; T-2/HT-2 = T-2/HT-2 trichothecene; ZEN = zearalenone
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ranging from 25 °C to 30 °C (Wang et al. 2016). 
In contrast, samples analysed during the earlier 
years contained detectable levels of T-2/HT-2 tox-
in, reflecting conditions favourable for Fusarium 
spp. growth under high-moisture and moderately 
warm conditions around 20 °C (Verheecke-Vaessen 
et al. 2021). The presence of OTA in the later period 
and T-2/HT-2 toxin in the earlier one reflects the 
focus of the respective analyses, which were con-
ducted based on recommendations from sample 
providers. While this may indicate a possible shift 
in mycotoxin patterns, the conclusion remains un-
certain, as it is based on a single set of targeted 
analyses and does not provide conclusive evidence 
of a replacement of T-2/HT-2 toxin by OTA.

Although OTA was detected at lower concentra-
tion levels, its occurrence in ruminant feed may 
represent a potential emerging risk, particularly 
given OTA’s known nephrotoxic and immunosup-
pressive effects in ruminants (Kemboi et al. 2020; 
Rizzo et al. 2025). While sheep, cattle, and goats can 
partially degrade OTA in the rumen, acute ochra-
toxicosis remains rare. Proper rumen function 
represents an important barrier limiting systemic 
absorption of OTA, and appropriate feeding strate-
gies play a key role in reducing the risk of ochra-
toxicosis in ruminants (Rizzo et al. 2025).

For mycotoxins monitored in  the later years 
of the study, the absence of statistically signifi-
cant differences among feed types may indicate 
a more uniform contamination pattern, poten-
tially reflecting improvements in feed handling 
or changes in agricultural practices that reduce 
localised contamination. Nevertheless, consist-
ently higher mycotoxin concentrations observed 
in forage compared with concentrate feed across 
the dataset highlight the importance of monitoring 
individual feed ingredients separately, particularly 
those derived from field crops.

Overall, these findings emphasise the necessity for 
continued, comprehensive surveillance of multiple 
mycotoxins in ruminant feeds, considering their 
frequent co-occurrence and possible synergistic 
toxic effects. Monitoring programmes should inte-
grate climatic data to anticipate and manage emerg-
ing risks associated with environmental change. 
Furthermore, adopting effective preventive strate-
gies, including feed processing controls, mycotoxin 
binders, and improved storage conditions, remains 
critical to safeguarding animal health and farm pro-
ductivity amid evolving mycotoxin challenges.

In conclusion, it can be stated that this study 
confirms the persistent occurrence of multiple my-
cotoxins in ruminant feed in the Czech Republic 
over a ten-year monitoring period (2013–2023). 
Across the dataset, DON was the most prevalent 
mycotoxin, particularly in  forage feed for dairy 
cows, reflecting the susceptibility of field crops 
to Fusarium infection. Mycotoxin OTA was de-
tected mainly in the later years of the monitor-
ing period, indicating a change in the spectrum 
of monitored mycotoxins rather than a direct tem-
poral shift in contamination patterns. During the 
monitoring period, exceedances of recommended 
limits were infrequent, occurring in a small propor-
tion of samples for DON in concentrates and ZEN 
in forage feed. These findings highlight the im-
portance of continued, integrated monitoring and 
preventive strategies to manage evolving mycotoxin 
risks and safeguard animal health and productivity.
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