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What are «Mycotoxins»?

Mycotoxins are defined as molecules of low molecular weight produced by fungi that elicit 
a toxic response through a natural route of exposure both in humans and animals.

They are often very stable molecules and all are secondary metabolites of molds 
belonging to several genera, in particular Aspergillus, Alternaria, Fusarium, and Penicillium 
spp.  

Other genera, such as Chaetomium, Cladosporium, Claviceps, Diplodia, Myrothecium, 
Monascus, Phoma, Phomopsis, Pithomyces, Trichoderma and Stachybotrys, include 
mycotoxigenic species.

To date, there are more than 22’000  fungal secondary metabolites described in 
Antibase2021, but only a restricted number has received scientific interest from the 1960s 
and onwards
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Effect of Mycotoxins in animals

The term mycotoxicosis refers to the syndromes resulting from ingestion, skin contact or 
inhalation of these fungal metabolites. 

When livestock ingest one or more mycotoxins, the effect on health could be acute, 
meaning evident signs of disease are present or even causing death. However, acute 
manifestation of mycotoxicosis is rare under farm conditions. 

The effects of mycotoxin ingestion are mainly chronic, implying hidden disorders with 
reduced ingestion, productivity and fertility. 

Such effects cause severe economic losses through clinically ambiguous changes in animal 
growth, feed intake reduction or feed refusal, alteration in nutrient absorption and 
metabolism, effects on the endocrine system as well as suppression of the immune system



For Internal Use OnlyChronicle of Scientific interest on 
Mycotoxins

60s-70s
Aflatoxins B1, B2, G1, G2, M1 

80s-90s up to now
OTA, FB1&FB2, ZEA

NIV, DON, T-2&HT-2, DAS

«Emerging» Mycotoxins» mainly from Fusarium spp. 
“Mycotoxins, which are neither routinely determined, nor legislatively 

regulated. However, the evidence of their incidence is rapidly increasing”
Bikaverina (BIK), Culmorin (CUL) Fusaric Acid (FA), 

Beauvericin (BEA) & Enniatins (ENN), Moniliformin (MON), 
Fusaproliferin (FUS), Sterigmatocystin (STE)

Mycotoxins of cereals and 
other food for human 

consumption!
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RUMINANTS less susceptible than MONOGASTRICS
Rumen represents an active defense
- Active in binding (fibers, yeast walls, bacterial walls, etc..)
- Active in deactivation/degradation (Protozoa, Bacteria, etc…)

Mycotoxins and Ruminants

Fink-Gremmels, 2008
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Diet of ruminants are much more diversified
- Concentrate
- Protein rich feed

- Fibrous and no-fibours By-products 

- Silage (corn silage, sorghum silage, small grain silage, legume 
silage, mix gras-legume silage, haylage, etc.)

- Hay (alfalfa hay, ryegrass hay, grass hay, etc.)

- Meadows and pastures

Fink-Gremmels, 2008

Feeds Possible mycotoxin contamination 

Concentrate aflatoxins, fumonisins, ZEA, DON, other trichothecenes, ergot alkaloids, etc.

Silage patulin, mycophenolic acid, roquefortines, fumitremorgens,  cerruculogen, monacolines, etc.

Hay Alternaria toxins, Cyclopiazonic acid, DON, other trichothecenes, etc.

Mycotoxins and Ruminants
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Interesse scientifico per 
Micotossine dei Foraggi

Mycotoxin contamination in Forage 
emerging problem of the last 25-30 years

Scientific interest on Mycotoxins and Ruminants



Review on Mycotoxin Issues in Ruminants
Gallo A, Giuberti G, Frisvad JC, Bertuzzi T, Nielsen KF. Toxins 2015, 7, 3057-3111. 

Table 4. Survey on the effects of mycotoxins on rumen microbiota tested in vitro                
(15 published works)

Table 5. Survey on the effects of mycotoxins ingestion in ruminants from literatures 
(Field trial or FT and Experimental trial or ET – 50 published works).



Review on Mycotoxin Issues in Ruminants
Gallo A, Giuberti G, Frisvad JC, Bertuzzi T, Nielsen KF. Toxins 2015, 7, 3057-3111. 

ZEA
• Irregular heats
• Reduces CR
• Ovarian Cysts
• Embryo loss
• Abortions
• Reduced testicular development
• Reduced spermatogenesis

DON, T-2 toxin, DAS, FBs
• Feed Refusal
• Reduced DMI
• Reduced Feed efficiency

DON, T-2 toxin
• Reduces milk production
• Mastitis

DON
• Lameness 
• Immunosuppression

DON, FBs
• Hepatic alterations

Charmley et al., 1993; Keese et al., 2008b; Fink-
Gremmels, 2008

Trenholm et al., 1985; Kiyothong et al., 2012, 
Harvey et al., 1995

Korosteleva et al., 2007; 2009

Osweiler et al., 1993; Baker et al., 1999; 
Hochsteiner et al., 2000; Abeni et al., 2014; 

Weaver et al., 1986; Coppock et al., 1990; Smith 
et al., 1990

T2&HT2  trials between 70s-80s and on young animals. No info on adult cattle (EFSA, 2011)
Nivalenol, Fusarenon X  No Info (EFSA 2013)

Beauvericin, Enniatins, Moniliformin  No Info 

DON, T-2 toxin
• Gastroenteritis
• Hemorrhagic bowel
• Reduces ruminal function and 

intestinal absorption
• Diarrhoea
• Ketosis
Boguhn et al., 2010; Hildebrand et al., 2012; 
Jeong et al., 2010; Keese et al., 2008a; Dänicke 
et al., 2005



The effect of Fusarium mycotoxins on the intestinal epithelium

Reproduced from Antonnisen et al., 2014. 



Adverse Effects of Fusarium Toxins in Ruminants: A Review of in vivo and in vitro Studies
Gallo A, Mosconi M, Trevisi E, Santos R. 2022. Dairy 2022, 3, 474–499.

Scientific articles published in the last 7 years

Effects on animals
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Mycotoxin effects
DON FB ZEA • Summary of 21 scientific trials

• Effect of main Fusarium mycotoxins (i.e., 
DON, ZEN, FB)

• When mycotoxins with different effects 
were studied in the same trial, each effect 
was attributed only to the mycotoxin 
responsible for it

Bibliography used: Duringer J.M. et al; 2020; World Myco. J.- Roberts H. L. et al.; 2021; Toxins- Gallo A. et al; 2020; J. Dairy Sci.- Danicke S. et al.; 2016; 
Arch. Anim. Nutrit. - Jovaisiene J. et al.; 2016; Pol. Jour. Vet. S. - Kinoshita A. et al.; 2015; J. of Phys. and Anim. Nutr.- Jennings J.S. et al.; 2020; J. Anim. Sci. - 
Fushimi Y. et al.; 2015; Reprod Dom Anim. - Almeida Silva L. et al.; 2021; Reprod. Dom. Anim. - McKay et al., (2019); Anim. Feed Sci. Technol. - Hildebrand B. 
et al; 2012; J. Anim. Physiol. Anim. Nutr. - Keese, C.; 2008; Arch. Anim. Nutr. - Keese, C.; 2008; Arch. Anim. Nutr. - Korosteleva, S.N.; 2007; J. Dairy Sci. - 
Ingalls, J.R.; 1996; Anim. Feed Sci. Technol. - Weaver, G.A.; 1986; Am. J. Vet. Res. - Coppock, R.W.; 1990; Vet. Hum. Toxicol. - Baker, D.C.; 1999; J. Vet. Diagn. 
Investig.- Osweiler, G.D.; 1993; J. Anim. Sci. - Mathur, S.; 2001; Toxicol. Sci.- Weaver, G.A.; 1986; Am. J. Vet. Res. 



Ø Smectite significantly reduces the transfer of aflatoxin B1 in feed to aflatoxin M1 in milk

Ø Exposure to feed with aflatoxin B1 concentrations below the European Union (EU) limit results in aflatoxin M1 
concentrations that exceed the EU regulatory limit of 0.05 ppb.

Ø Smectite significantly improves feed efficiency measured as milk production per kilogram of dry matter ingested

Effect of a Commercial Bentonite Clay (Smectite Clay)
on Dairy Cows Fed Aflatoxin-Contaminated Feed

Gallo A, Rocchetti G, Piccioli Cappelli F, Pavone S, Mulazzi A, van Kuijk S, Han Y and Trevisi E, 2020. Dairy 1, 135–153.

19/05/2022

MY/DMI FCM/DMI ECM/DMI
1,45

1,5

1,55

1,6

1,65

1,7

1,75

Feed Efficiency

CTR-Afla TRT

P < 0.05



A mycotoxin-deactivating feed additive counteracts the adverse effects of 
regular levels of Fusarium mycotoxins in dairy cows.

Gallo et al. 2020. Journal of Dairy Science 103, 11314-11331

Contamination of diets

Mycotoxins
(µg/kg DM)

Control
(CTR+)

Contaminated 
Diet 

(CTR-)

Contaminated Diet + 
MDP

(MDP)

AFB1 0.057 0.445
DON 447 1’061 (x 2-3 times)
ZEA 7 37

FB1+FB2 117 1’050 (x 10 times)
HT-2 2 8
T-2 6 31

Animals Latin 
Square Period 1 Period 2 Period 3

Cow 1 Low MY CTR- CTR+ MDP

Cow 2 Low MY MDP CTR- CTR+

Cow 3 Low MY CTR+ MDP CTR-

Cow 4 Medium MY MDP CTR+ CTR-

Cow 5 Medium MY CTR+ CTR- MDP

Cow 6 Medium MY CTR- MDP CTR+

Cow 7 Medium MY CTR- MDP CTR+

Cow 8 Medium MY MDP CTR+ CTR-

Cow 9 Medium MY CTR+ CTR- MDP

Cow 10 High MY CTR+ CTR- MDP

Cow 11 High MY MDP CTR+ CTR-

Cow 12 High MY CTR- MDP CTR+

Experimental periods in 3 x 3 Latin Square Design
Adaptation (14gg)

Spring Intoxication period (21gg)

Wash out (14gg)

Second intoxication period (21gg)

Wash out (14gg) 

Third intoxication period (21gg)
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• No BCS variation during the trial 
• No Dry Matter Intake variation (25.3 kg/capo/giorno)
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A mycotoxin-deactivating feed additive counteracts the adverse effects of 
regular levels of Fusarium mycotoxins in dairy cows.
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CTR+ CTR- Mycofix® Plus
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The Milk yield was reduced by

-1,34 kg/cow/day for CTR- vs. CTR+

-1,14 kg/cow/day for MDP vs. CTR+
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A mycotoxin-deactivating feed additive counteracts the adverse effects of 
regular levels of Fusarium mycotoxins in dairy cows.

MDP



A mycotoxin-deactivating feed additive counteracts the adverse effects of 
regular levels of Fusarium mycotoxins in dairy cows.

Diagram of rennet coagulation time (r, min), curd firmness traits (k20, min), and curd firmness 30 min after enzyme addition (a30, mm) as a function of time 
(lactodynamographic curve, Formagraph Foss Electric A/S, Hillerød, Denmark). 
Reproduced by Bittante et al. 2012.
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LS, P = 0,587
Period, P < 0,05

treatment, P = 0,484
day, P < 0.05

treatment x day,P = 0,223

LS, P = 0,566
Period, P < 0,05

treatment, P < 0,05
day, P < 0.05

treatment x day,P = 0,199

LS, P = 0,584
Period, P < 0,05

treatment, P = 0,051
day, P = 0,176

treatment x day,P = 0,688

A mycotoxin-deactivating feed additive counteracts the adverse effects of 
regular levels of Fusarium mycotoxins in dairy cows.
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Effects of a mycotoxin mitigation feed  additive in lactating dairy cows fed Fusarium 
mycotoxin-contaminated diet for an extended period

Gallo A, Catellani C, Ghilardelli F, Trevisi E, Ceccinato A, Bisutti V, Fumagalli F, Swamy HVLN, Han Y and van Kuijk S. 2023 
Toxins,just  accepted.

Diet mycotoxins contamination

Micotoxins
(µg/kg DM)

CTR MTX MDP

AFB1 nd nd
DON 284 1’020 (x2-3 volte)
ZEA 43 230

FB1+FB2 117 1’054 (x10 volte)
HT-2 4 9
T-2 5 11

Experimental periods

Adaptation (7 gg)

Spring intoxication period (54 gg) – 18 cows

Wash out (7 gg)

Summer intoxication period (54 gg) – 18 cows

Wash out (7 gg) 

Ø Little is known about the adverse effects of commonly found levels of Fusarium mycotoxins on dairy cow performance, 
especially after a long period of exposure (54 days).

Ø To study the effects of moderate levels of Deoxynivalenol (DON), Zearalenone (ZEA) and Fumonisin B1 & B2 (FB) from 
feeds naturally contaminated

Ø 36 lactating Holstein cows were used in a completely randomized design. 



DMI

19/05/2022 Prof. Antonio Gallo

MY (kg/cow/d) Feed efficiency (dmnl)

Effects of a mycotoxin mitigation feed  additive in lactating dairy cows fed Fusarium 
mycotoxin-contaminated diet for an extended period

Anyway, no differences for:
• Fat of milk (% or kg/d)
• Crude Protein of milk (% or kg/d)
• Lactose of milk (% or kg/d)
• Casein of milk (% or kg/d)
• MUN (mg/100 ml)
• SCC (Log10cells/mL)

MDP MDP
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Items

  Treatments   Periods

sem

P <

  CTR MTX MDP   Spring Summer Period Treatment (T) Week (W) W * T

Casein index % 79.0 78.4 79.7   80.4 78.2 0.829 <0.05 0.208 <0.05 0.298

r min 23.9 29.0 24.1   25.9 24.9 6.081 0.739 0.547 0.164 0.541

A30 mm 18.99 12.27 18.78   17.82 16.60 11.302 0.795 0.675 0.775 0.571

K20 min 7.98 10.50 8.21   9.26 8.46 1.299 0.653 0.738 0.157 0.087

Effects of a mycotoxin mitigation feed  additive in lactating dairy cows fed Fusarium 
mycotoxin-contaminated diet for an extended period

Milk coagulation properties:

Diagram of rennet coagulation time (r, 
min), curd firmness traits (k20, min), and 
curd firmness 30 min  after enzyme 
addition (a30, mm) as a function of time 
(lactodynamographic curve, Formagraph 
Foss Electric A/S, Hillerød, Denmark). 
Reproduced by Bittante et al. (2012) & 
Cecchinato et al. (2015)



Apparent TT digestibility of main nutrients
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Effects of a mycotoxin mitigation feed  additive in 
lactating dairy cows fed Fusarium 

mycotoxin-contaminated diet for an extended period
Gallo A et al. 2023 Toxins, accepted
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A mycotoxin-deactivating feed additive counteracts the 
adverse effects of regular levels of Fusarium mycotoxins 

in dairy cows.
Gallo et al. 2020. Journal of Dairy Science 103, 11314-11331

-22%

MDP



For each experimental period
of 3 x 3 Latin Square Design

Details in Gallo et al. 2020 (J Dairy Sci. 103.  
https://doi.org/10.3168/jds.2020-18197)

CTR

CTR

CTR

CTR

MTX

MTX

MTX

MTX

MDP

MDP

MDP

MDP

Rumen samples collected  via esophageal tubing
12 rumen fluids for each period

S1 S2 S3 S4

S1 S2 S3 S4

S1 S2 S3 S4

Creation of Rumen inocula for in vitro gas production test
(CTR, MTX, MDP) for each run

CTR 
Inocolum

MTX 
Inoculum

MDP 
Inoculum

unified

unified

unified

Kinetics of gas production in the presence of 
Fusarium mycotoxins in rumen fluid of lactating dairy 

cows.
Gallo A. 2021. JDS Communication 2, 2021; 2:243–247
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 Kinetics of gas production in the presence of Fusarium mycotoxins in 
rumen fluid of lactating dairy cows.

-10% final volume of gas production
-15% rate of gas production

MTX vs.CTR & MDP 
DM in vivo digestibility -4.4%

NDF in vivo digestibility -10.1%
Gallo et al. (2020)



Passage of mycotoxin from rumen-reticulum compartment to intestine

Paper Tested Mycotoxins Type of trial Incubation time Rumen Recovery

Morgavi et al., 2004 Gliotoxin In vitro rumen 
simulating trial

6h GTX = 10%

Gallo&Masoero, 2010 Aflatoxins In vitro rumen 
simulating trial

2h of rumen 
incubation

AFB1 = 65%
AFG1 = 82%

Gallo et al., 2015 PR toxin, Mycophenolic 
acid and Roquefortine C

In vitro rumen 
simulating trial

48h of rumen 
incubation

MY = 79%
ROQ-C = 41%

Spanghero et al., 
2022

Aflatoxins Batch in vitro 
fermentation 
systems

24h of rumen 
incubation

AFB1 = 74%
AFB2 = 46%
AFG1 = 49%
AFG2 = 19%

Collection of Supernatant and 
Rumen residues

Extraction of Mycotoxin 
from Supernatant

Extraction of Mycotoxin 
from Rumen Residues

from Campanaro et al. 2017



Interesse scientifico per 
Micotossine dei Foraggi 

Co-Occurrence of Regulated and Emerging Mycotoxins in Corn Silage: 
Relationships with Fermentation Quality and Bacterial Communities

Gallo et al. Toxins 2021, 13, 232. 

Material and Methods

Sixty-four dairy farms located in the Po Valley (Italy) and Sardinia were randomly selected and visited in the 2017–2019 
harvest seasons to collect corn silage samples. 

Corn silages were sampled at least 10-12 weeks after ensiling from horizontal bunker silos

All corn silages were analyzed for the presence and concentrations of fungal metabolites by LC–MS/MS  at the 
Department of Agrobiotechnology according to Sulyok et al. (2020). The analytical method has been extended to cover
more than fungal 500 metabolites. Briefly, 5 g of sample was weighed and extracted with 20 mL acetonitrile/water/acetic 
acid (79:20:1, v/v/v) for 90 min on a rotary shaker (GFL, Burgwedel, Germany). Extracts were diluted in extraction solvent 
(ratio 1:1) and directly injected into the LC–MS/MS instrument. 

To categorize the maize silage samples into their quantity and quality of mycotoxin contents, we used a hierarchical 
cluster analysis using main variables related to mycotoxin contamination (i.e., total count of mycotoxins and 
concentrations of Aspergillus-, Fusarium-, Penicillium-, Alternaria-, and other mycotoxigenic fungi-produced mycotoxins) 
by the unweighted pair group mean with the arithmetic averages (UPGMA) method by the CLUSTER
procedure of SAS (2003).



Interesse scientifico per 
Micotossine dei Foraggi 

Co-Occurrence of Regulated and Emerging Mycotoxins in Corn Silage: 
Relationships with Fermentation Quality and Bacterial Communities

Gallo et al. Toxins 2021, 13, 232. 

Table reproduced by Gallo et al. (2021)

Label of clusters:
cluster 1 (n = 24, defined as silages contaminated by low 
levels of both Aspergillus- and Penicillium-produced 
mycotoxins)

cluster 2 (n = 22, defined as silages contaminated by low 
levels of fumonisins and other Fusarium-produced 
mycotoxins)

cluster 3 (n = 2, defined as silages contaminated by high 
levels of Aspergillus-mycotoxins)

cluster 4 (n = 9, defined as silages contaminated by high 
levels of Fusarium-produced mycotoxins) 

cluster 5 (n = 7, defined as silages contaminated by high 
levels of fumonisins and their metabolites)



Interesse scientifico per 
Micotossine dei Foraggi 

Co-Occurrence of Regulated and Emerging Mycotoxins in Corn Silage: 
Relationships with Fermentation Quality and Bacterial Communities

Gallo et al. Toxins 2021, 13, 232. 

 Aspergillus spp. 
• AFB1
• 3-Nitropropionic acid, Kojic acid, Gliotoxin, 
• Averufin, Fumigaclavine C, Nigragillin, Siccanol, Versicolorin C 

 Alternaria spp.
• Alternariol, Alternariol-methyl-ether, Tentoxin, Tenuazonic acid 
• Infectopyron, Macrosporin, Altersetin, 

 Fusarium spp. 
• DON, DON-3-glucoside, NIV, T-2 & HT-2, Fumonisin A1, A2, B1, B2, B3, B4, B6 and masked forms, phFB, hFB, ZEA, ZEA sulfate, Fusaric acid, Beauvericin & Enniatin A, A1, B, B1 and B2
• Antibiotic Y, 7-Hydroxykaurenolide, Apicidin, Aurofusarin, Bikaverin, Butenolid, Culmorin, Epiequisetin, Equisetin, Moniliformin, Monocerin, Siccanol, Chrysogin, 15-Hydroxyculmorin, 

 Penicillium spp.
• Mycophenolic acid,  Roquefortine C,  Marcfortine A
• Flavoglaucin, Cyclopenin, Oxaline, Pestalotin, Phenopyrrozin, Questiomycin A, 7-Hydroxypestalotin, Secalonic acid, Andrastin A, Curvularin, Meleagrin, Quinolactacin A, Rugulosin

 Other Fungal genera
• Ascofuranone, Ascochlorin, Barceloneic acid, Bassianolide, Calphostin, Chlorocitreorosein, Citreorosein, Fungerin, , Ilicicolin A, B, C, E, Rubellin D, Ternatin, Xanthotoxin

 Ergot Alkaloids
• Ergocryptine, Ergocryptinine

 Phytoestrogens
• Biochanin, Daidzein, Daidzin, Genistein, Genistin, Glycitein, Glycitin, Ononin, Coumestrol



Relationship between contaminated corn silage and milk metabolomic profile
Rocchetti, G.; Ghilardelli, F.; Bonini, P.; Lucini, L.; Masoero, F.; Gallo, A. 2021. Metabolites, 11, 475.   

45 milk samples were 
classified into five 
clusters based on the 
mycotoxin contamination 
profile of corn silage 
linked to the 
corresponding milk 
samples.

ANALYSIS OF THE METABOLOMIC PROFILE OF THE MILK SHOWED CORRELATIONS BETWEEN THE QUALITY OF CONTAMINATED CORN SILAGE, 
THAT WAS PART OF THE RATION, AND THE COMPOSITION OF THE MILK, WITH THE PRESENCE OF METABOLITES SUCH AS AMINO ACIDS AND 
PEPTIDES, FOLLOWED BY PURINE, PYRIMIDINES AND STEROID CONJUGATES.
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International Silage Conference Proceedings
Beijing, China, on August 8-12, 2023.

NEXT STEPS OF RESEARCH ON MYCOTOXIN IN SILAGE
Silage and TMR residues  connected microbiological risk 
• A recent study by our research group (Mosconi et al., 2023) examined the effect of 

management practices related to silage and total mixed ration (TMR) residues on a 
reservoir of Clostridium tyrobutyricum contamination during successive TMR 
preparation. What about mycotoxin contamination???  

Production of volatile organic compounds (Volatilome) by mycotoxigenic fungi 
• VOCs are products of the main fermentative pathways, and can be used to evaluate the 

quality of ensiled forages (Hafner et al., 2013; Sigolo et al., 2023). All fungi, including 
mycotoxigenic species, emit mixtures of VOCs during the different phases of ensiling 
(Daniel et al., 2013; Weiss, 2017). The specific molecules and concentrations depend on 
the species of fungi and environmental conditions during growth (Bennet & Inamdar 
2015). They play a role also in environmental impact, being GHG, and impact feed 
palatability. Surely biomarker of #SafetyOfSilage. 



Interesse scientifico per 
Micotossine dei Foraggi Take of Message

• Mycotoxins are deeply studied in animals, but for ruminants we have still few data for 
obtaining final statements 
• Eg: effect on feeding behavior, feed digestibility, intestinal health status or milk 

quality parameters

• A lot of regulated and emerging Mycotoxins can contaminated feeds, also in silage and 
haylage, being characterized by complex microflora, different among ensiling phases 

• In particular, Silage can be contaminated by a plethora of Alternaria, Aspergillus, 
Fusarium, Penicillium and other molds toxins. All of these are dangerous or can be used 
as biomarkers of #SafetyOfSilage???

• Common protocols for testing effect of mycotoxins in ruminants should be adopted

• People involve in this topic should work together to increase level of knowledge 
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