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Classified Personnel Information

… Mycotoxins cost the livestock industry 
billions in economic losses each year?

Did you know that…

US$1.2B 
losses to US 
livestock

€3B in crop
losses across
Europe



1.1 Analyse 
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LC-MS/MS: 
Spectrum 380® and Spectrum Top® 50 
Simultaneous detection of multiple toxins in a wide variety of commodities

Sensitive method
Suitable for various feed matrices
Detection of masked & emerging

mycotoxins

HPLC
Quantification of single toxins at low 
concentrations

Fullfils legal requirements

More time consuming
More expensive

ELISA
Quantification of specific mycotoxins in given matrices

Fast
Inexpensive

Raw materials only

Highly qualified operator needed
More expensive

Mycotoxin Analytical Methods
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LC-MS/MS2: 

Simultaneous detection of multiple toxins 
in a wide variety of  grains

• 4 different Analysis packages
• DON + ZEN 
• DON + ZEN + T2 + NIV
• DON + ZEN + NIV + FUM B1/B2 
• DON + ZEN + AFLAs + FUM B1/B2 

• Very Sensitive method
• Low LOD3 (Limit of detection) 
• Qualitative  analysis 
• Suitable for various feed matrices
• Less work  (lead time 5  working days)   

ELISA1:

Quantification of specific mycotoxins in 
given matrices

• Inexpensive

• Raw materials only
• Many samples needed (only one ELSIA Day)
• No NIV ELSIA test 
• Screening analyzes (no detailed Value)   
• High LOD3

Grain Mycotoxin survey 2023  → We change the Method 

1 ELISA = Enzyme-linked Immunosorbent Assay
2 LC-MS/MS= Liquid Chromatography-Tandem Mass Spectrometry
3 Limit of Detection
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Spectrum Top® 50 
✓Method was developed by Romer Labs

✓Analysis is done locally: Romer Labs Singapore

✓More than 50 different mycotoxins and metabolites
✓ frequently occurring mycotoxins
✓ masked mycotoxins
✓ emerging mycotoxins

✓ Product package availabe

✓ Turn around time: 10 working days upon sample receival in Romer Labs SG
✓ Interpreted report with risk assessment (species-specific) and concise information about 

mycotoxins analyzed
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Spectrum 380® - Get the full picture
✓Method was developed by our cooperation partners at the Center for Analytical  

Chemistry at IFA-Tulln

✓Analysis is done in Tulln in Austria

✓More than 800 different mycotoxins and metabolites

✓ frequently occurring mycotoxins
✓ masked mycotoxins
✓ emerging mycotoxins & fungal metabolites
✓ plant toxins and metabolites (incl. phytoestrogens)
✓ bacterial toxins and metabolites
✓ on request: veterinary drug residues, pesticides
✓ Turn around time: 10-15 working days upon sample receival at the university in Austria
✓ 2 reports: Interpreted report with risk assessment (species-specific) and an independent 

report of the university
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Spectrum Top 50 Procedure – how it works…
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Facts in numbers
Results are represented in numbers and colors

Tested against > 50 different 
mycotoxins and metabolites

1. Frequently occurring 
mycotoxins

⚫ AFLA, DON, ZON, FUM, OTA, T-
2, HT-2, Ergots

2. Masked mycotoxins
⚫ Glycosylated 
3. Emerging mycotoxins
⚫ Not enough data yet to 

define thresholds 
(Moniliformin's ..)
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A demo of the logged-in experience and service catalogue
Customer Portal  NEWS 

Logged-in experience Self service for lab and analytical (Spectrum TOP® 50) services

https://www.figma.com/file/DJtuvvpCujfSKpVEiWraEL/%5BDSM%5D-Service-Catalog?type=design&node-id=20-42047&mode=design
https://www.figma.com/file/R5yOwh1jjBL1DQRwOy1v4E/Customer-Self-Service-Portal?type=design&node-id=362-37099&mode=design


1.2 Survey data Results 
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Prevalence of Mycotoxins Detected No. of Mycotoxins per Sample

All commodities in Hungary from Jan 2023 to Sep 2023
Metabolite Average Maximum Prevalence

Deoxynivalenol 315 1934 68%

Nivalenol 176 352 22%

Deoxynivalenol-3-Glucoside 44 108 20%

15-Acetyl-Deoxynivalenol 69 75 10%

3-Acetyl-Deoxynivalenol 1818 1818 2%
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Prevalence of Mycotoxins Detected No. of Mycotoxins per Sample

Finished Feed Poultry in Hungary from Jan 2023 to Sep 2023
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Prevalence of Mycotoxins Detected No. of Mycotoxins per Sample

Finished Feed Swine in Hungary from Jan 2023 to Sep 2023
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Prevalence of Mycotoxins Detected No. of Mycotoxins per Sample

Finished Feed Ruminants in Hungary from Jan 2023 to Sep 2023
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Prevalence of Mycotoxins Detected No. of Mycotoxins per Sample

Wheat grain & Barley grain in Hungary from Jan 2023 to Sep 2023
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Prevalence of Mycotoxins Detected No. of Mycotoxins per Sample

Corn kernels in Hungary from Jan 2023 to Sep 2023
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Prevalence of Mycotoxins Detected No. of Mycotoxins per Sample

Corn Silage (all types) in Hungary from Jan 2023 to Sep 2023
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Trend for Corn kernels in Hungary from Jan 2018 to Dec 2023
prediction of  aflatoxin contamination in maize and wheat crops, under a climate change scenario

Scientific report published: 12 April 2016

Risk maps for aflatoxin contamination in maize at harvest 
in 3 different climate scenarios, present, +2 °C, +5 °C

Battilani et al. Nature, 2016. > Increased prevalence of Afla in EU at +2 or +5 degree Celsius.

https://www.nature.com/articles/srep24328#article-info


1.3 Prediction data
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• Since 2020

• Regional, (exporting) countries up to district level

• Corn: DON, ZEN, FUM, AFLA 

• Wheat: DON, ZEN

Mycotoxin Prediction Service

Battilani et al. (2003 & 2013)



Classified Personnel Information

Mycotoxin Prediction Hungary

District FUM Afla DON ZEN District (cont) FUM Afla DON ZEN

Bacs-Kiskun Megye 73% 6% 87% 45% Jasz-Nagykun-Szolnok Megye 57% 6% 78% 41%

Baranya Megye 84% 7% 94% 49% Komarom-Esztergom Megye 86% 6% 91% 47%

Bekes Megye 80% 7% 91% 47% Nograd Megye 48% 3% 86% 45%

Borsod-Abauj-Zemplen Megye 79% 5% 92% 48% Pest Megye 74% 5% 88% 46%

Budapest Fovaros 59% 5% 82% 43% Somogy Megye 87% 7% 92% 48%

Csongrad Megye 74% 7% 87% 45% Szabolcs-Szatmar-Bereg Megye 84% 6% 93% 48%

Fejer Megye 72% 6% 88% 46% Tolna Megye 89% 7% 93% 48%

Gyor-Moson-Sopron Megye 84% 6% 92% 48% Vas Megye 89% 6% 95% 51%

Hajdu-Bihar Megye 78% 7% 90% 47% Veszprem Megye 83% 7% 94% 49%

Heves Megye 75% 7% 85% 44% Zala Megye 90% 6% 95% 51%

Corn, 4-9-2023
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Mycotoxin Prediction Hungary
Wheat, 28-8-2023

District DON ZEN District (cont) DON ZEN
Bacs-Kiskun Megye 49% 8% Jasz-Nagykun-Szolnok Megye 76% 12%
Baranya Megye 51% 8% Komarom-Esztergom Megye 70% 11%
Bekes Megye 70% 11% Nograd Megye 23% 4%
Borsod-Abauj-Zemplen Megye 44% 7% Pest Megye 67% 10%
Budapest Fovaros 64% 10% Somogy Megye 60% 9%
Csongrad Megye 65% 10% Szabolcs-Szatmar-Bereg Megye 65% 10%
Fejer Megye 58% 9% Tolna Megye 59% 9%
Gyor-Moson-Sopron Megye 55% 9% Vas Megye 38% 6%
Hajdu-Bihar Megye 68% 11% Veszprem Megye 50% 8%
Heves Megye 69% 11% Zala Megye 43% 7%



Classified Personnel Information

Mycotoxin & (Future) Risk Exposure incl. young children

Flurian et al. Food Science, 2022. > Broad consistent behavioral (CNS) impact.*

Battilani et al. Nature, 2016. > Increased prevalence of Afla in EU at +2 or +5 degree Celsius.

Mihalache et al. Exposure and Health, 2022. > Disability adjusted life yrs meat (502)
versus soy-based meat (12.080)**

Degen et al. Toxicology Letters, 2017. Nursed infants 29.2 fold above set TDI for OTA > impair kidney function

Pustjens et al. World Mycotoxin Journal, 2022. > In NL 1 to 2 yrs old children, look at 95 percentile, 
mycotoxin intake (AF, Alternaria, OTA, T-2/HT-2) may pose health risk based on HBGV or MOE. 



2.0

25

Mycotoxins as a predisposing factor in 
animal diseaseas and production
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,, If there is an issue with animal most probably it is 
at Gut level..”

,,The Good Gut health is the ability of the animal 
to adapt into the environmental stresses, that is 
put under .
The ability to reach 100% of its genetic potential.
The central check point of the healthy animal. 

The no. 1 factor is diet 
as the animal need to eat to grow and to 
perform’’.

Dr. Michel Kogut, Microbiologist
Food and Feed Safety Research

Michael KOGUT, Research Microbiologist | Cited by 7909 | of United States 
Department of Agriculture, District of Columbia (USDA) | Read 270 publications
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The first site of Mycotoxins contact in animal is the Gut 
and the Gut microbiota

Gut microbiome
Antimicrobial effect
Mucus production

Gut integrity

Permeability increase
Pathogens 

translocation

Gut absorption

Villi reduction & 
damage

Transporter 
interference 

Gut immunity
Antibody production 

suppress
Mucus immune 

respond suppress 

The gut epithelium a selective barrier, facilitates the transport of molecules (through or between cells). 
Any damage results in increased permeability of the layer, leading to intestinal disorders. 

Mycotoxin effects



28
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Ruminal mycotoxin degradation

DON Iimmunosuppression, 
reduced growth rate, 
reproductive disorders, 
feed refusal, vomiting
(Rocha O., Ansari K. 2005)

AFLA Reduced animal health, 
performance, reproduction,
weight loss, liver damage, 
decreased milk yield, (Whitlow 
L.W., Hagler)

FUM Liver, kidney lesion 
damage (Gurung N., Rankins D)

OTA Nephrotoxic, hepatotoxic, 
teratogenic, carcinogenic. (Yang 
S., Zhang H. 2015)

ZEN reproduction problems, 
reduced  CR, ovarian Cysts 
(Mahmoud et al., 2013)
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Ruminal mycotoxin degradation

Rumen microbiota can break down 
mycotoxin… 
1. Mycotoxin have antimicrobial properties 

(FinkGremmels, 2008; Strickland et al., 2011)

2. Rumen degradation can lead to more toxic metabolites
(DeLorme et al. 2007). 

3. Divers' diet  higher risk of mycotoxin 
(Fink-Gremmels, 2008)

4. Rumen environment / pH dependent mycotoxin degradation 
( A. Gallo 2017)

5. Mycotoxins alters rumen microbiota 
(Q. Zebali, at all 2020)

High feed intake increase passage rate
Diagnostic challenge in multiple ingredients
Emerging & Mask mycotoxins detection issue
Interactions between mycotoxin  additive, synergistic,
Specific &  nonspecific symptoms
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Feed Possible mycotoxins present

Concentrates Aflatoxins, FUM, ZEN, DON, Trichothecenes, ergot alkaloids

Silages DON, ZEN, FUM, Patulin, mycophenolic acid, roquefortines, fumitremorgens, 
cerruculogen, monacolines, etc…

Forages Alternaria, Cyclopiazonoic acid, DON, other thrichothecenes, Mycophenolic acid,
roquefortines, etc….

By-products Alfatoxin, ZEN, FUM, DON, T-2, HAT-2

Diversified diet for ruminants

Hominy 
chop

Wheat 
bran

Soya and 
sunflower

cakes

Fuzzy 
cotton 
seeds 

Silage Forage 
hay Corn DDGS

Mycotoxin contributors 
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Maize silage main diet component >30% in TMR 
Maize based diet ingredients >50% in  the TMR

32

1794ppb x8kg =14.352ppb +4kgCR x1480>20ppM Trich.B/cow/day
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Animal respond to mycotoxin

33
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Mycotoxins impact on ruminants reported from dairy practice

▪ Reduce feed intake 
▪ Prolonged feeding time,
▪ Reduced rumen fill,
▪ Negative energy balance
▪ Gastrointestinal upset 
▪ Poor feed digestion and conversion, 
▪ Altered milk production or components
▪ Reproduction issues as early abortions 

Feeding of mycotoxin-contaminated materials may lead to:

34

Mobilization of nutrient and fat stores that influence body condition and health. 
Challenge ruminal microflora due to their antimicrobial, anti-protozoal and antifungal activity. 
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Carry-over rate of aflatoxin B1 as aflatoxin M1 varies from 1 to 6% and 
increases linearly with:

Milk yield of the animal Aflatoxin daily intake per animal

(Veldman et al, 1992)

Aflatoxins - Carry Over into Milk

Aflatoxins have the highest acute and chronic toxicity of all mycotoxins
Carry over % increased with modern genetics (1-2 % to above 8,6 %) Prof. Fink- Gremmels.
Negative affect on production, immune system and rumen metabolism in cattle (Hussein and Brasel, 2001)
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DON affected immune function of cows 

36

Significantly decreased neutrophil phagocytosis in cows fed mycotoxin contaminated feed . 
Increase primary IgG antibody response to OVA in animals fed the contaminated diet .
Trichothecenes posses ability  to up- and down-regulate immune function 

Effects of feed naturally contaminated with Fusarium mycotoxins on 
metabolism and immune function of dairy cows, University of Guelph 

BW 630 kg, 
Milk 36 kg. 
DIM 90 -
150

Effect of diets on neutrophil phagocytotic 
activity (%; overall means)

Effect of diet on antibody response to ovalbumin 
(optical density)
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Figure. Relationship of DON exposure (           ) and a control diet (           )  to the 
anorectic response (decrease in feed intake) mediated by CCK.

DON reduce feed intake
Induces release of anorexia mediators  

DON induces the release of the satiety hormones, including 
cholecystokinin (CCK), which are critical mediators of anorexia

Time (h) Time (h)
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Zearalenone alters animal hormonal status

• Fusarium spp. produced mycotoxin 
(e.g. Fusarium graminearum, Fusarium culmorum)

• Different effects: 
• Antimicrobial 
• Induces oxidative stress
• Inflammatory
• Estrogen’s receptors binding 

Estrogen receptors are 
located in:
• uterus 
• mammary gland 
• Hypothalamus 
• Pituitary gland

It’s degraded by ruminal microbiota, BUT:
• α-ZEL is 60x as estrogenic as ZEN
• β-ZEL is 0.2x as estrogenic as ZEN
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Zearalenone induced follicular cysts
200 ppb ZEN

Mean follicular diameter: 22.1±2 mm
400 ppb ZEN

Mean follicular diameter: 42.3±3 mm

(Mahmoud et al., 2013)Economical impact:

• Extension of open period
• Cost of treatment
• Risk of elimination of cows from herd
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ZEN lowers rumen pH, alters rumen fermentation

confidential

SCFA:
SCFA in total lowered in ZEN treatment at 0h and 3h
ZEN lowered Acetate concentration

* ****

5.8
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Hour of the day

BASE ZEN

**

** * ** **

** p<0.05
* p<0.1

BASE ZEN

Item 0 h 3 h 10 h 0 h 3 h 10 h

Total SCFA (mmol/L) 85.5A 107.1A 103.1 68.6Ba 72.7Bab 104.7b

Acetate (%2) 63.5B 62.7 63.1 66.8Aa 64.1ab 61.4b

Propionate (%) 19.2 21.1 20.8 17.4 19.6 21.3

n-Butyrate (%) 12.9 11.5 10.9 11.7 10.9 12.4

n-Valerate (%) 1.27 1.56 1.60 0.94 1.65 1.60

Caproate (%) 0.62 0.94 1.33 0.51 1.09 1.07

Isobutyrate (%) 1.14 0.95 0.86 1.24 1.08 0.85

Isovalerate (%) 1.35 1.20 1.32 1.34 1.43 1.15

Short-term exposure to zearalenone or fumonisins affects rumen 
fermentation and microbiota, and health variables in cattle, 
Hartinger et al. 2021

pH:
ZEN decreased mean ruminal pH and the minimal pH
ZEN decreased hourly mean pH between 3pm and 7am
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DON & FUM effects on health and performance
Mycofix conteraction

A mycotoxin deactivating feed additive counteracts the adverse 
effects of low-level Fusarium mycotoxins in dairy cows
Significant reduction in milk yield after 21 days exposure to MTX
(Antonio Gallo et al., 2020)

Treatment
s

DON 
(ppb)

FUM 
(ppb)

MPL
(g/head
/day)

Control 300 100 0

MTX 800 1100 0

MTX+MPL 800 1100 35

35
36
37
38
39
40

LOW HIGHCON

MILK LOSS:
1,34 kg/head/day

71.0b

67.3c

72.4a

50

55

60

65

70

75

%

Dry matter digestiblity

Control MTX MTX + MPL

52.3b

42.8c

53.6a

35

40

45

50

55

60

%

NDF digestiblity

Control MTX MTX + MPL
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intestinal and systemic infectious diseases

The presence of mycotoxins in feed is 
a predisposing factor for :
▪ The occurrence of diseases 
▪ Treatment-related complications
▪ Failure of ongoing vaccinations, 
▪ Reduced productivity and
▪ Reproductive problems.

MTX prevention, part of disease prevention program

42

(Antonissen et al. 2014, 2015; Bouhet and Oswald 2005; 
Gallo et al. 2015; Pinton and Oswald 2014)
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The four main organs sensitive to mycotoxins

43

Gut
Uterus/
ovaries

Vulva
Udder

Liver
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Consequences of 
immune suppression

• increased risk of infections
• more severe disease processes
• therapies become more difficult
• impaired vaccination response
• activation of tumor formation

Hamilton, 1984

Mycotoxin-Related Problems
There are no safe levels: major effects can be observed in the immune system at low 
mycotoxin levels

death

clinical symptoms

metabolic
disorders

immune suppression

RI
SK

MYCOTOXIN

Severe economic losses!

Toxin +
Pathogen

Toxin
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Effects of mycotoxins on the liver

▪ Impair the detoxification functions of the liver through histological changes

45
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Problems on Farm & Associated Cost

Mycotoxins are targeting major organs and 
tissues, affecting their functionality and 
integrity 
▪ Organ and tissues disfunction can lead to 

mortality and involuntary culling  

Sow longevity

46

DON and ZEN affect the ultrastructure and histology of pig 
liver. Histopathological score of the examined livers according 
to the histology activity index (HAI). Skiepko et al., 2020

Sinusoidal leukocytosis (Increased numbers of 
leukocytes) in pregnant gilts fed mycotoxins
(B), indicating inflammatory process in liver

Pregnant gilts fed mycotoxins (B) had 
increased number of apoptotic cells in liver 

Dolenšek et al., 2021
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▪ Negative effects on microbiota
▪ Impacts on villus height and tight junction function
▪ General effect on feed intake

47

Gut
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Effect of ZEN in GIT of pregnant sows 

48

ZEN 2.17 ppm; duration day 35-70 of pregnancy; samples collected @ day 70 
Liu et al., 2017

*

0

150

300

450

Villous Height Crypt depth

Contol ZEN

Villous height and crypt depth (μm)
in jejunum of sows

*
*

0

3

6

9

Enterococcus spp. Lactobacillus spp. Bifidobacterium spp.

Control ZEN

Bacterial numbers in cecal digesta of sows

✓ Negative effect on microbiota
✓ Negative effect on GIT structure
✓ Negative effect oxidative stress markers in 

the jejunum of sows
✓ Upregulate gene expression of (TNF)-𝛼

Interleukin (IL)-1𝛼; IL-6
✓ Downregulated gene expression of IL-8

Mycotoxins impair digestion!!!
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Effects of mycotoxins on the uterus/ovaries

▪ Impacts on oocyte development
▪ Disruption of pregnancy hormones

49

Uterus/
ovaries

Mycotoxins Reduce the Developmental Capacity of 
Oocytes by delaying cleavage process and 
blastocyst formation
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Effect of mycotoxins on the uterus

→ The longer the ZEN exposure period, the more negative 
is the effect on the weight of the reproductive tract. 

ZEN had a negative influence on the reproductive tract weight 
average reproductive tract weight (g per kg body weight)*100:

51.8 ± 20.6 Control group,

55.8 ± 17.2 ZEN low group

121.4 ± 43.4 ZEN medium group,

353.4 ± 110.6 ZEN high group

ZEN exposure increases the weight of the reproductive tract

50

ZEN high

Reproductive tract at d27 (in cm)
ZEN is estrogenic and has a direct effect on 
fertility and embryo viability
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Effects of mycotoxins on the vulva/udder

▪ Enlargement of the vulva
▪ Cell death (apoptosis) in udder

51

Vulva/
Udder
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Effect of ZEN on vulva size

• Vulva was significantly enlarged compared to negative control from 
• from d 6 onwards for the ZEN HIGH group and 
• D 13 onwards for the ZEN MEDIUM group 

• On d 27, the vulva was enlarged by the factor 1.9 and 3.3  in the ZEN MEDIUM and ZEN HIGH group, 
respectively

• No significant changes were observed in the ZEN LOW group compared to negative control

ZEN exposure increases vulva size

Control
Zearalenone low

Zearalenone 
high

→ ZEN exposure causes a dose-
dependent increase of the vulva size.
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2018

ZEN-Transfer 
via Milk [1]

ZEN-Transfer via Placenta 
in the last trimester [2,3]

Deoxynivalenol (DON)-
Transfer via Placenta [2,3]

1993 2007

[1] Vanyi et al., 1993; Acta Vet Hung 42; [2] Goyarts et al. 2007, Toxicol Letters 171; [3] Dänicke et al. 2007, Food & Chem Toxicol 45; [4] Henning-Pauka et al. 2018, Porcine Health 

Management 4; [5] Savyari et al. 2018, Toxins 10; [7] Stepanova et al. 2020, Toxins 12; [8] Ujčič-Vrhovnik et al. 2020, Acta Veterinaria Hungarica 68(2); [9] Ferret-Bernard et al. 2020, Nutrients 

12; [10] Benthem de Grave et al. 2021,  Toxins 13 

Transfer of Deoxynivalenol & Zearalenone in Swine

2020 2021

Deoxynivalenol (DON)-
Transfer via Placenta 

and milk [5]

Case reports with
Zearalenon (ZEN) [4]

DON- Transfer via milk [6]

DON & ZEN influence the
immune system of

neonatal piglets [7,8, 9]

DON- & ZEN-Transmission 
from sows to piglets cause

gut inflammation [10]
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Placenta transfer of mycotoxins
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Placenta-Transfer of DON

55
Sayyari et al. 2018, Toxins 10

Before colostrum intake→

Placenta transfer
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Placenta-Transfer of DON

56
Stepanova et al. 2020, Toxins 12

Traces of DON 14 weeks
after intrauterine transfer
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• DON and ZEA are being (successfully) transmitted via placenta

• DON plasma levels of piglets are almost identical with sow 
plasma levels

• DON persists up to 14 weeks in piglets

Key messages

57



Classified Personnel Information

Milk transfer of mycotoxins
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• Colostrum/milk transfer of DON and ZEN is possible

• Residues in milk are rather low compared to the rate of placenta 
transfer

• [Be careful with the interpretation of milk residues!]

Key messages

59
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BIOMIN DAYS 2019

Tight Junctions

▪ multiprotein complexes

▪ network near luminal surface

▪ seal paracellular pathway

▪ prevent transport of stressors
(bacteria, viruses, toxins, 
antigens)

Mycotoxins decrease intestinal barrier
function
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BIOMIN DAYS 2019

DON increases transepithelial passage of Salmonella
Typhimurium

Impact of non-cytotoxic DON-concentrations on transepithelial passage of Salmonella Typhimurium using IPEC-J2 
cells
▪ After exposure to just 100 ppb DON → increase in passage of Salmonella Typhimurium

▪ Exposure to 500 and 750 ppb DON → significant increase in passage
(Adapted from Vandenbroucke et al. 2011)
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Tail docking, 
Tail biting  and  
SINS 

Central points: 

- Bacterial 
degradation 
products

- overload of 
intestine and 
liver

Environmental factors

Genetic factors
(inflammatory responses?)

Source: Reiner, G., et al. Swine Inflammation and Necrosis Syndrome. Animals (2021), 11, 1670

MAMPs = microbe- associated molecular patterns
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Tail injuries without any “help” from other animals.

(Hutura et al. 1938, Penny et al. 1971, Jademus et al. 2002, Blowey and Done, 2003, Santi et al. 2008, Meyer, 2015, Lechner et al. 2015, Langbein et al. 2016)

Tail necrosis Primary

Tail Biting

Secondary Tail 
Biting

Tail necrosis

Source: Article Prof. Dr. G. Reiner
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Swine Inflammation and Necrosis Syndrome (SINS)

Pictures provided by Mirjam Lechner
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Swine Inflammation and Necrosis Syndrome

Source: Article by Dr. G. Reiner. Entzündungs- und Nekrosesyndrom beim Schwein (SINS). Deutsches Tierärzteblatt (2019); 67 (3)
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Mycotoxin  Thresholds, Limits,   Orientation levels

• NOAEL (no observed adverse effect level) 
• LOAEL (lowest observed adverse effect level)

• NOAEL  = of 0.7 mg/kg feed was
• reported for reduced feed intake.

• LOAEL  = consider the critical acute effect in pigs 
at the concentration of 2.8 mg/kg feed for 
vomiting. 

• Reference point  (RP) = “estimated NOAEL”

• Orientation Values = ensure that feed business 

operators use in their HACCP system the 

guidance values referred to in determine the 

critical limits at CCP from unacceptability, for the 

prevention, elimination or reduction of identified 

hazards.

• AFLA  =  (EC) No 1881/2006 setting maximum 

levels for certain contaminants in foodstuffs

DON  (mg/kg) 

Moderate Medium High EU GUIDANCE 
VALUES* EFSA  NOAEL EFSA  

LOAEL
Piglet <0,15 0,15-0,20 >0,20 0,90 0,70 2,8
Gilt <0,25 0,25-1,00 >1,00 0,90 0,70 2,8
Sow <0,20 0,20-0,90 >0,90 0,90 0,70 2,8
Fattening Pig <0,25 0,25-1,00 >1,00 0,90 0,70 2,8

ZEN (mg/kg) 

Piglet <0,05 0,05-0,1 >0,1 0,10 0,22 0,42
Gilt <0,05 0,05-0,1 >0,1 0,10 1,00 5,0
Sow <0,05 0,05-0,1 >0,1 0,25 1,00 5,0
Fattening Pig <0,1 0,1-0,25 >0,25 0,25 - -

FUM  (mg/kg) 
Piglet <0,75 0,75-1,00 >1,00 5,00 1,0 5,0
Gilt <0,75 0,75-1,00 >1,00 5,00 1,0 5,0
Sow <0,75 0,75-1,00 >1,00 5,00 1,0 5,0
Fattening Pig <1,0 1,0-2,0 > 2,0 5,00 1,0 5,0

AFLA  B1  (mg/kg) *   EU 

Piglet <0,002 0,002-0,004 >0,004 0,01 - -
Gilt <0,005 0,005-0,010 >0,010 0,02 - -
Sow <0,005 0,005-0,010 >0,010 0,02 - -
Fattening Pig <0,005 0,005-0,010 >0,010 0,02 - -
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IN SUMMARY…
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Poultry 

&

Finished Feed vs new EFSA opinion
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Mycotoxins, Predisposing Factor on Animal Health and Production

Reduce the risk of fungal growth and mycotoxins 
development in storages

Deactivate and prevent the harmful effects of 
mycotoxins from feedstuff using a wide range 
of toxin management technologies

… to prevent the negative immunity, fertility and 
growth inhibitory effects of toxins

Safeguard your feed to protect your birds

Protect
against

Mycotoxins
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Effect of Mycotoxins in Poultry Health
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ZEN, DON, T-2, DAS, Ergot alkaloids

• Decreased egg production

• Decreased hatchability

• Ovarian cysts

• Embryonic loss

• Delayed sexual maturation

OTA

• Kidney damage

• Polydipsia

T-2, HT-2, NIV, DON, DAS, AFB1, Ergot

alkaloids

• Oral and dermal lesions

• Inflammation of mucousmembrane of 

oral cavity

• Respiratory difficulties

AFB1, FUM, T-2, DON, NIV, DAS, OTA

• Immunosuppression

• Fatty liver

• Inhomogeneous flocks

• Impaired feathering

• Organ damage

• Impared performance

• Impaired intestinal health

AFB1, OTA, T-2, DON, ZEN

• Residues

• Poor egg shell quality

• Blood and meat spots

• Creamy yolk

T-2 and DON 

• Gizzard lesions

• Feed refusal

• Decreased feed intake

• Diarrhea

• Vasoconstriction (necrosis)

DON: deoxynivalenol
NIV: nivalenol
ZEN: zearalenone
AFB1: aflatoxin B1
FUM: fumonisins

T-2: T-2 toxin
HT-2: HT-2 toxin
DAS: diacetoxyscirpenol
OTA: Ochratoxin A
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AFLA, Tricho’s & FUM

Fatty liver, immunomodulation, lower
performance

Egg shell changes

T2, OTA, ZEA

ZEN

Cystic oviduct

Clinical / Classical effects of Mycotoxins - Poulty
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T2, HT2

OTA

Kidney degeneration, wet litter

Blood spots in yolk

Gizzard erosions

Oral lesions

Bad feathering

Clinical / Classical effects of Mycotoxins - Poultry
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• Increases disease susceptibility: 
• Salmonella Typhimurium
• E. coli
• Campylobacter
• Necrotic enteritis
• Coccidiosis

• Dirty eggs 

Impairs the animals to express their maximum genetic 
potential

Chronical lower health > performance >profitability
• Lower absorption of: 

• Nutrients
• Vitamins
• Minerals

• Impairs tissues development
and funcionality

• Decreases vaccination efficacy 
• Redirects the energy of protein 

deposition for 
immune/inflammatory response

• Chronical effects

Consequences
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• Fusarium toxins > Changes the intestinal morphology with villi fusion 
consequently the absorption of nutrients 

Healthy jejunum DON (3ppm) & FUM (6ppm) = fusion 
of the gut vili

Jejunum of Fum treated group – fusion of the 
vilosities. HE. Barr 100µm. 

Bracarense et al., 2011; Grenier et al., 2011

Fusarium toxins reduce surface for nutrient 
absorption
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FUM+DON predispose to Necrotic Enteritis
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Impairment of intestinal epithelial integrity

Effect on bacterial translocation in broilers

76Ruhnau, D., Hess, C., Grenier, B., Doupovec, B., Schatzmayr, D., Hess, M., & Awad, W. A. (2020). The Mycotoxin Deoxynivalenol (DON) promotes Campylobacter jejuni 
multiplication in the intestine of broiler chickens with consequences on bacterial translocation and gut integrity. Frontiers in Veterinary Science, 7, 1027.

DON 5 mg/kg 

e.g. DON ↑ translocation of Escherichia coli and Campylobacter jejuni 
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FUM+DON enhances coccidial lesions

Subclinical doses of DON and FUM in broiler chickens challenged 
with Eimeria species (coccidiosis)

▪ 42 animals/treatment
▪ Treatments: control; DON (D); FUM (F); DON + FUM (D+F) -

same 4 diets challenged with Coccivac-B 25X (mix of 4 strains 
of Eimeria) at 14d, evaluations at 21d

Cecum lesion score  (One dot represents one sample) Number of oocysts (x 1000) found in intestinal mucosa
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Kolawole, O., Graham, A., Donaldson, C., Owens, B., Abia, W. A., 

Meneely, J., ... & Elliott, C. T. (2020). Low doses of mycotoxin mixtures 

below EU regulatory limits can negatively affect the performance of broiler 
chickens: A longitudinal study. Toxins, 12(7), 433.
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Positive relationship between FCR and 
• DON (R²=0.85)
• FBs (R²= 0.53)
• diacetoxyscirpenol (R²= 0.86)
• ZEN (R²= 0.92)
• enniatins (R²= 0.60)
• beauvericin (R²= 073)

up to 26 
points

– 18 successive broiler performance trials 
(2200 Ross 308 broilers / experiment)

– low doses of mycotoxin mixtures –
naturally contaminated feed 

Approx. 0,25 to 0,35 €/bird

Reduction of Feed Conversion
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Humoral immunity:
↓ antibody response to vaccination infectious bronchitis virus, NDV, Marek’s disease, … 

e.g. broiler chickens 10 mg DON/kg feed (D1-D35)
→ serum antibody titer against IBV

Impairment of immunity

Control DON 
3123 ± 694 IU 2030*  ± 900 

IU
Ghareeb, K., et al. "Deoxynivalenol in chicken feed alters the vaccinal immune response and clinical biochemical 
serum parameters but not the intestinal and carcass characteristics." Journal of animal physiology and animal 
nutrition 100.1 (2016): 53-60. *P<0.05
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Gizzard ulcerations of chicken progenies post-inoculation with FB or DON, or synergetic inoculation.
(A) FB1 6 μg; (B) FB1 12 μg; (C) FB1 24 μg; (D) FB2 12 μg; (E) FB2 24 μg; (F) FB2 48 μg; (G) FB1 3.6 μg + FB2 1.2 μg + FB3 1.2 μg; (H) FB1 7.2 μg + FB2 2.4 μg + 
FB3 2.4 μg; (I) FB1 14.4 μg + FB2 4.8 μg + FB3 4.8 μg; (J) FB1 3 μg + DON 0.1 μg; (K) FB1 6 μg + DON 0.1 μg; (L) FB1 12 μg + DON 0.1 μg; (M) DON 0.1 
μg; (N) Control group. Severe gastric lesions were marked with a red arrow, and moderate lesions were labeled with a blue arrow. Peeling and shedding of 
the gizzard membranes were evident both in the high FB1 group and the high FB1 + DON group. Additionally, severe hemorrhagic lesions were observed in 
the above two groups.

80

Vertical transfer to egg

• Egg safety

• Reduced hatchability

• Gizzard ulceration (offspring)
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Reduced hatchability
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New EFSA Scientific Opinion - Reviewed Papers 

82

FUM (July 13th 2022) DON (Dec 15th 2022)
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New evidence has become 
available since previous 
opinion allowed to revise an 
RP* for adverse animal health 
effects in poultry from 20 
mg/kg to 1 mg/kg** in feed 

Based on a LOAEL*** of 2.5 
mg/kg feed for reduced
intestinal crypt depth

FUM - EFSA Update July 13th, 2022

83 *Reference Point
**1 mg/kg: is 1 ppm

***LOAEL: Lowest Observed Adverse Effect Level
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New evidence has become 
available since the previous 
opinion allowing to revise the 
RP* for adverse animal health 
effects in broiler chickens
and turkeys of resp. 5 and 7 
mg/kg to 0.6 mg/kg** in feed

Based on a LOAEL*** of resp 
1.7 and 1.9 mg/kg for
decreased villus height and 
histological damage

DON - EFSA Update Dec 15th, 2022

84 *Reference Point
**1 mg/kg: is 1 ppm

***LOAEL: Lowest Observed Adverse Effect Level
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➢ High abundance of mycotoxins in European poultry Finished Feed (pFF)
➢ Levels exceeding EFSA RP* for FUM and/or DON in at least 25% of all EU pFF samples**

Natural Mycotoxins Levels Cause:

➢ (Sub)clinical effects (predisposing factor)

➢ Negatively affect intestinal homeostasis 
↑ inflammatory signalling, leaky gut
↑ animal susceptibility to enteric infectious diseases

➢ Impair vaccine efficacy in poultry (ROI?)

➢ Impair intestinal and immune-function
➢ Transfer via egg:

• Egg safety 
• Hatchability
• Quality DOC 

Take Home Messages

‘Energy’ waste!

*Reference Points of 2022 by EFSA Scientific Opinion

**Global mycotoxin survey (2022 until march 2023) dsm-firmenich
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Prevention 
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Mycotoxins are coming from the field and unproper storage 

Previous crop
Inoculum

Harvest time
Cleanig & 
Moisture 

Wheater
Rain at flowering

Geographic location 

Soil
Inoculum

Agro Techn.
Tilling

Fungiside
Protection

Triazoles 

Storage 
Adequate storage condition

Tem. C, H2O, cleanest

Jöhr (2010) presented at STDF/LNV/World Bank Workshop, Den Haag

Initially 40% of material is rejected at the farm level
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Conditions Facilitating Mycotoxin Production

Pre-harvest 
Fusarium

Post-
harvest 

Aspergillus

Pre & Post-
harvest 

Penicillium
Aspergillus

Climatic stress

Insect attack

Plant disease

Crop infection

Aflatoxin
Fusarium mycotoxins
Overlap of Aflatoxin and 
Fusarium mycotoxins
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Mycotoxin-producing mould species and their optimal 
growth conditions

Pitt, J.I.; Hocking, A.D. Fungi and Food Spoilage; 
Springer: New York, NY, USA, 2009

Pre-harvest 
Fusarium

Post-
harvest 

Aspergillus

Pre & Post-
harvest 

Penicillium
Aspergillus
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GAP Good Agriculture Practices
1. Hybrid selection, resistant to toxigenic moulds, insects, and 

drought; 
2. Biological control, anti-pest and anti-fungal treatments; 
3. Irrigation; 
4. Crop rotation; 
5. Herbicide application; etc. 

GMP Good Manufacture Practices 
1. Drying and storage practices both raw materials and final 

products
2. Water activity of the cereals less than 0.65, corresponds to a 

moisture level of 15 percent
3. Reducing levels of mycotoxins in the feed supply chain
4. Sorting, segregation, restoration, withdrawal 
5. Hygiene, harvested crops are piled before drying and cleaning 
6. Key parts of GMP include hazard analysis at critical control 

points

GAP &GMA
Prevention of mycotoxin contamination field and manufacture

GAP

GMA

Field 
Prevention 
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Why do you need Mycofix® 
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Agriculturally relevant mycotoxins – diversity in structures
Need for a toolbox of different detoxification strategies

Aflatoxin

Fumonisin B1

Ochratoxin A

http://molview.org

Zearalenone
Deoxynivalenol
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Scientifically described approaches

Binding / adsorption of mycotoxins 
⚫ Products referred to as “binder”, “adsorbents”, “enterosorbents”, etc.)
⚫ Organic (microbial) or inorganic (mostly clay)

Enzymatic detoxification (biotransformation)
⚫ Microorganisms/enzymes which transform or degrade mycotoxins to less- or 

non-toxic metabolites

Bioprotection
⚫ Protection of vulnerable organs or strengthening of immune system
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High ash 
content!

Organic
binders

Organo
-clays

Inorganic binders

Conventional Binding Test: 200 ppb AFB1 and 2 kg/tonne
“binder”
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Stringent evaluation of binding - testing scheme
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Stringent EURL in vitro method better reflects in vivo situation
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EU authorized bentonite enables the elimination of the toxin by adsorption

Adsorption 
efficacy

Hahn et al. 2015; Vekiru et al. 
2014; EU Regulation 1060/2013; 
Frühauf et al. 2012; Vekiru et al. 
2010; Deng et al. 2010; Friend 
et al. 1984; Kubena et al. 1990, 
1991, 1993; Bursian et al. 1992; 
Williams et al. 1994; Phillips et 
al. 1995; Ramos et al. 1996; 
Scott et al. 1998

Adsorption (elimination of toxins)

DON

1    polarity
2   functional groups  
3   planarity

AFB1
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Adsorption of deoxynivalenol - commercially available products 
on the market (1000 ppb - by 2kg/ton binder)

OrganoclaysAnorganic binders Organic binders

Murugesan, et al 2015, Poultry Science

DON
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Adsorption of FUM is reversible in gastrointestinal tract! 

Adsorption of FUM: depends on pH
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Non-toxic
metabolite

Non-toxic 
metabolite

Enzyme

MYCOTOXIN

Enzymatic detoxification (“Biotransformation”) is a very 
specific, irreversible detoxification method

✓ Specific & direct effect
✓ Irreversible
✓ Safe
✓ Not interfering analytical MTXs method in feed
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Biomin® BBSH® 797 - for the deactivation of trichothecenes

Biomin® BBSH® 797

− Genus nov. (formerly Eubacterium) sp. nov. BBSH 797
− DSM 11798 
− Live organism
− Produces de-epoxidases which open the toxic epoxide ring of

trichothecenes (e.g. DON)

German collection of 
microorganisms and
cell cultures
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Biomin® BBSH® 797

The microorganism that biotransforms
trichothecenes into harmless metabolites. 

Biomin® BBSH 797

EU authorized 
Biomin® BBSH® 797 
significantly reduces
deoxynivalenol (DON) 
concentration in serum.

Biomin® BBSH® 797 - for the deactivation of trichothecenes
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FUMzyme® 

The first-ever purified enzyme to degrade fumonisins
specifically and irreversibly into nontoxic metabolites.

Detoxifies fumonisins (FUM), proven 
by the decrease of the 
sphinganine/sphingosine ratio 
(Sa/So) biomarker.

FUMzyme® - for the deactivation of fumonisins

FUMzyme®
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Biological constituent
The yeast strain specifically detoxifies zearalenone into nontoxic substances.

Biological constituent - for the deactivation of
zearalenone

Proven zearalenone (ZEN) degradation
into non-estrogenic metabolites by
Mycofix® 5.E tested in the E-screen assay.

Biological constituent
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Biomin® Bioprotection Mix

An innovative blend of natural ingredients 

➢ Provides immune and liver support

➢ Protects the animal from the toxic effects caused by 
mycotoxins by supporting proliferation of immune cells

➢ Supports the intestinal barrier and the tight junctions 
from the negative effects of mycotoxins
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Mycofix® 5.E

The all-in-one mycotoxin risk management solution for 
the most complete protection

http://www.google.at/imgres?imgurl=http://en.engormix.com/images/e_articles/449_ochratoxin_02.jpg&imgrefurl=http://en.engormix.com/MA-mycotoxins/articles/ochratoxin-beverages_449.htm&usg=__i07pZZEjkpqf33GSW8XX6Bg5n14=&h=254&w=350&sz=14&hl=de&start=16&zoom=1&itbs=1&tbnid=69mdhepSsxkuFM:&tbnh=87&tbnw=120&prev=/images?q=Ochratoxin&hl=de&tbs=isch:1
http://www.google.at/imgres?imgurl=http://www.allaboutfeed.net/resize/article/175x155/2053/romer-labs%C2%AE-new-fumonisin-test-kit.jpg&imgrefurl=http://www.allaboutfeed.net/news/romer-labs%C2%AE-new-fumonisin-test-kit-id2053.html&usg=__vyIscsDJawQtEkWelAh9w6ixIEY=&h=155&w=175&sz=10&hl=de&start=9&zoom=1&itbs=1&tbnid=RBz09_z7O5t2iM:&tbnh=89&tbnw=100&prev=/images?q=Fumonisin&hl=de&gbv=2&tbs=isch:1
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Mycofix® product line - The absolute protection against mycotoxins

Biotransformation

BioprotectionAdsorption

Synergistic blend 
of minerals

Biomin®

Bioprotection Mix

FUMzyme® - purified 
enzyme degrades FUM

Biomin® BBSH® 797
DSM 11798 degrades 

trichothecenes

A unique combination of patented specific enzymes and biological components
converts mycotoxins into nontoxic, environmentally-safe metabolites in the digestive
tract of animals.

Adsorbs Aflatoxins, Ergot 
alkaloids and endotoxins

Supports the liver, immune 
system and intestinal integrity

Biological constituent
deactivation of 
zearalenone

Sjn: delete?
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Mycofix® product line
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✓ 1st time an official authority imposes demanding and rigid 
requirements on identity, safety and efficacy of a mycotoxin-
deactivation products

✓ The registration demonstrates the capacity of such products in 
a standardized and fair process.

✓ Even outside of the EU

EU authorization - A benchmark for quality!

More than 500 binders on market, none granted EFSA or FDA authorizations. 

Just 3 ingredients have it: Bentonite, Biomin® BBSH ® 797, FUMzyme®
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Take Home Messages

110

Mycotoxins are highly 
prevalent in our feed

Check MTXs in Feed* !

High synergism among 
mycotoxins could lead to 

(sub)clinical processes

Put it in your Differential 
Diagnosis

EU (EFSA) guidance levels of 
mycotoxins  in animal feed 

are getting lower

Use an EFSA approved 
Mycotoxin-deactivator

Effective mycotoxin risk 
management program should 
be the base for PROTECTing

production animals

*Golden standard for MTXs (farm) risk assessment



We bring progress to life™
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