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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



ternal Use O

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
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crironicie of scientijic interest oOrn
Mycotoxins

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

80s-90s up to now

Mycotoxins of cereals and
other food for human
consumption!

P.
“"Mycotoxins, w legislatively
regulated. Howeve pdly increasing”

Bikaverina (BIK), Culmorin (CUL) Fusaric Acid (FA),
Beauvericin (BEA) & Enniatins (ENN), Moniliformin (MON),
Fusaproliferin (FUS), Sterigmatocystin (STE)
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Fink-Gremmels, 2008

Mycotoxins and Ruminants

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...)

Mycotoxin

Mauain product of
rumen metabolism

Reductuon of
biological potency

Esumated carry=over
rares

Aflaroxin Bl

Cryclopiazonic acid

Fumomsin Bl

Ochraroxin A

T=2 toxin

DO (and related
trichothecenes)

Zearalenone

Pamlin'

Ergovalin

Lolitrem

aflaroxicol

aflatoxin M,?
unchanged

unchanged
ochratoxin=o

VArioums

de-epoxy-D0N (DOM)

a=zearalenol
unchanged
unchanged
unchanged

ilhe ke

ilhe ke
unchanged
unchanged
si_rg;uLﬁcaan
significant
significant

none

unchanged
unchanged
unchanged

nd.” 0-12.4 ugl ¢

2.0-6.2%

nd. 6.4-0.Tpugl '*

0-0.05%

md.

0.05=2%%

DO™N: 0.0001-0.0002
DOM: 0.0004-0.0024F

0. 060,089

n.d.

n.d.

n.d.

For Internal Use O



For Internal Use O

Mycotoxins and Ruminants

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

“ 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.

Fink-Gremmels, 2008



Scientific interest on Mycotoxins and Ruminants

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

1. Cheeke, P.R. Endogenous toxins and mycotoxins in forage grasses and their effects on livestock. J. Anim. Sci. 1995, 73, 909-918.

2. Cheeke, P.R. Natural Toxicants in Feeds, Forages, and Poisonous Plants, 2nd ed.; Interstate Publishers, Inc.: Danville, IL, USA, 1998.

3. Scudamore, K.A.; Livesey, C.T. Occurrence and Significance of Mycotoxins in Forage Crops and Silage: A Review. J. Sci. Food Agric. 1998, 77, 1-17.

4. Fink-Gremmels, J.; Diaz, D.E. Mycotoxins in forages. In The Mycotoxin Blue Book; Diaz, D.E., Ed.; Nottingham University Press: Thrumpton, Nottingham,
UK, 2005; pp. 249-268.

5. Mahanna, W., and L. E. Chase. Practical applications and so- lutions to silage problems. 2003. Pages 855-895 in Silage Science and Technology.
Agronomy Monograph No. 42. American Society of Agronomy, Madison, WI.

6. Storm, I.M.L.D.; Sgrensen, J.L.; Rasmussen, R.R.; Nielsen, K.F.; Thrane, U. Mycotoxins in silage. Stewart Postharvest Rev. 2008, 4, 1-12.
Cheli, F.; Campagnoli, A.; Dell’Orto, V. Fungal populations and mycotoxins in silages: From occurrence to analysis. Anim. Feed Sci. Technol. 2013, 183, 1-
16.
Driehuis, F. Silage and the safety and quality of dairy foods: A review. Agric. Food Sci. 2013, 22, 16—-34.
Alonso, V.A.; Pereyra, C.M.; Keller, L.A.M.; Dalcero, A.M.; Rosa, C.A.R.; Chiacchiera, S.M.; Cavaglieri, L.R. Fungi and mycotoxins in silage: An overview.
J. Appl. Microbiol. 2013, 115, 637-643.

10. Gallo A., Giuberti G., Frisvad J.C., Bertuzzi T., Nielsen K.F., Review on Mycotoxin Issues in Ruminants: Occurrence in Forages, Effects of Mycotoxin
Ingestion on Health Status and Animal Performance and Practical Strategies to Counteract Their Negative Effects. Toxins 2015, 7:3057-3111.

11. Wambacq, E., I. Vanhoutte, K. Audenaert, L. DeGelder, and G. Haesaert. Occurrence, prevention and remediation of toxigen- ic fungi and mycotoxins in

silage: A review. J. Sci. Food Agric. 2016. 96:2284-2302.




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)

Mycotoxins * Media Tested Dozages Effects References
AFB, rumen flud 0, 300, 600, 900 ng AFB,/mL buffered rumen flud | gas production, | dry matter digestibility, | NH:-N concentrations [141]
AFB, rumen fhud 1, 10 ug AFB)/mL buffered rumen fhud | dry matter digestibility [142)
AFB, rumen flud 9.5 ng AFB,/mL buffered rumen fluid no effects [143]
| final gas production, | rate of degradation, | NH;-N concentrations,
1 rumen , 320, ) z Vi rumen 44
AFB, fhuad 0, 320, 640, 960 ng AFBy/mL. buffered fud 1 1sobutyrate, valerate and 1sovalerate molar proportions (44
DON rumen flud 0.36/0.46 or 5.76/6.90 mg of DON/kg diet None, expect | NDF digestibility [145])
DON rumen fhud 0.3 or 3.44.4 mg of DON/kg diet None, expect | NDF digestibility [146]
DON rumen fhud 40 ug DON/mL of rumen fhud | gas production, | VFA and NH;-N concentrations [147]
. antimicrobial activity of fusanc acid agamst Ruminococcus albus and
N 5 media )
DON and fusanic acid culture Methanobrevibacter rumimantium. No effect of DON (143]
. . 0,1,2,5, 10,20, 40, 80 pug/mL buffered 80 pg/ml no effects.
Glioton rumen fhud 149
otoxin " rumen fluid At 80 ug/ml_ | DM degradation, gas and VFA productions (149
FB, rumen flud 0, 50 or 100 mg/kg rumen flmd none [150]
OTA rumen flud 200 pg of OTA/ of rumen fhud none [151]
Patulin rumen fhud 20, 100 and 300 pg of Patulin/ml_ rumen liquad | Acetic aad production within 4 h and Inhibition of protemn synthesis [152)
M, VF: , dNDF, : X N
Patulin rumenfiid 0, 10,20 and 40 mg of Patulin/ml rumen fluid  + 0 VE A+ production, dNDF, dADF, d(HO, dCP and bactenal [153)
flows { NH3-N
Mycopenolic acid, fuid 0.01,0.30, 1.01, 1.71 and 2.00 pg of each Mychopenolic acid and roquefortine C | gas production, [130)
rumen
Roquefortine C and PR toxin mycotoxin/'ml buffered rumen fhud VFA production. No effect of PR toxin
. 5 or 20 pg of monacolin'mL rumen fluid;
trinin, M
G ocacolin K, rumen fhud 5 or 20 pg of citnmin/ml. rumen fhud; none, |Methane production [154)

Pravastatin and Mevastatin
Monascus spp. contaminated nce

*: aflatoxan B, AFB); ammomia natrogen, NH;-N; dADF, digestible ADF; dCHO; digestible carbohydrates; dDM, digestible dry matter; deoxynivalenol, DON; DM, dry matter;
dNDF, digestible NDF; fumomnisin B, FB); ochratoxan A, OTA; VFA, Volatile fatty acids

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.
DON, T-2 toxin

Gastroenteritis
Hemorrhagic bowel

Feed Refusal

* Reduced DMI
* Reduced Feed efficiency

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

ZEA
Irregular heats
Reduces CR
Ovarian Cysts
Embryo loss
Abortions

Reduced testicular development

Reduced spermatogenesis

et al 1990

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

Reduces ruminal function and
intestinal absorption
Diarrhoea

Ketosis

Boguhn et al., 2010; Hildebrand et al., 2012;
Jeong et al., 2010; Keese et al., 2008a; Danicke
et al., 2005

DON

* Lameness
* Immunosuppression

Korosteleva et al., 2007; 2009

DON, FBs

* Hepatic alterations

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

DON, T-2 toxin

* Reduces milk production
*  Mastitis

T2&HT2 - trials between 70s-80s and on young animals. No info on adult cattle (EFSA, 2011




The effect of Fusarium mycotoxins on the intestinal epithelium

gut lumen cell proliferation
| by DON, T-2, FBI
[ phtﬂt:;;ar mucus production
1 by DON, FBI | by DON, T-2, ZEN

intestinal epithelinm

altered cytokines production
by DN, 122, nivalenol, FB1, ZEN

smecyte

lamina propria ecreting Iz

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

Mycotoxin effects
“ WDON WFB [HZEA e Summary of 21 scientific trials
2 100
Z 90 . . ..
8 20 e Effect of main Fusarium mycotoxins (i.e.,
C
Q70 DON, ZEN, FB)
£
‘= 60
8 50 . S
X 40 * When mycotoxins with different effects
£ 30 were studied in the same trial, each effect
2 q a
= 13 I was attributed only to the mycotoxin
3 o0 responsible for it
X Diet digestible Feed Phisiological Body weight Milk Yeld Milk Quality Reproduction

behaviour immune state
Effects on animals

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.



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.

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

» 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.

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

80

Feed Efficiency P <0.05
70 » _—
/E\} . —} i 1,75
X 60 /
E / EU Bmit of AFM! 17
“= 50 E )
(=]
: | \
- %0 . T - 1,65
= 4 4
: 30 / T s T i
= f 7L + XL 1,6
0 o . 1,55
0 1,5
0 2 4 & 8 10 12 14 16 18
Days of experimental period 1,45
MY/DMI FCM/DMI ECM/DMI

—8—(_TR-0 —8—CTR-AFLA TRT B CTR-Afla ETRT



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

Experimental periods in 3 x 3 Latin Square Design

Latin

Adaptation (14ge) Animals TEE Period 1 Period 2 Period 3

Spring Intoxication period (21gg)
Wash out (14gg)

Second intoxication period (21gg)

Wash out (14gg)

Third intoxication period (21gg) Cow 4 Medium MY MDP CTR* CTR
x i i Cow 5 Medium MY CTR+ CTR- MDP
Contamination of diets
Mycotoxins Control Contaminated Contaminated Diet + Cow® Medium MY R MPP CTRY
(hg/kg DM) (CTR+) Diet MDP Cow 7 Medium MY CTR- MDP CTR+
(CTR-) (MDP)

Cow 8 Medium MY MDP CTR+ CTR-
AFB1 0.057 0.445 Cow 9 Medium MY CTR+ CTR- MDP

DON 447 1’061 (x 2-3 times)
Cow 10 High MY CTR+ CTR- MDP

ZEA 7 37

FB1+FB2 117 1’050 (x 10 times) Cow 11 High MY MDP CTR+ CTR-
HT-2 2 8 Cow 12 High MY CTR- MDP CTR+

1-2 6 31



(kg DM/cow/day)

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

* No BCS variation during the trial

* No Dry Matter Intake variation (25.3 kg/capo/giorno)

* No Body weight variation (606 kg)

30

25

20

15

10

TMR intake

CTR+

MDP

(Kg)

700

600 -

500 |

400 -

300

200 |

100 -

CTR+

Body weight

CTR-

MDP




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

The Milk yield was reduced by

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

-1, 14 kg/cow/day for MDP vs. CTR+

LS, P =0,085

. . Periodo, P < 0,05
Mllk Yleld treatnlwent, P <0,05
day, P <0.05

4 .
0 treatment x day,P = 0,213

35

kg/capo/giorno

30 a T T
CTR+ CTR- MDP




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

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

ENZYME ADDITION _ .
ﬂ- A
A A P
- 30, —> A~ Mikwith good coagulation characteristcs N, A v A
min a g B ™ o ' I g EN
B - Milk woth a long coagulation time but good coagulation satting speed, relativaly high final consistency. Ths
—— T —H"l’—— kzo—-’ﬂ usualty ooours with mik from the end of lactation and/or rich in casein

L - Milk with a short coagulation time, but low coagulation setting spead, relativaly poor final consistency. Itis
usually presant with relatively poar casein milk aspecally at the beginning of lactation

[ - KAk wiith short coagulation time, high setting speed and excessive final consistency, Typical tracing of
matura malk or milk from fresh farrowing cows; sometimes milk from traditional breeds of cattle (Bruna Alpina,
20 mm 330 Reggiana | can have such a tracing #van under normal conditions

E - Mk with long coagulation time, low setting speed and poor final consistency. It causad by genatic
pradisposition, hypeacidity, mastitis, milk of too long lactation, strong environmental stress, nutritional errors,
pathologies in progress

F - Milk with wery long coapulation time, very low setting speed and very little final consistendy

FF- ik that does not coagulate during the technical times of the lactodynamic test, As the F and FF bypsas ara
worsaning of E; the pradisposing cavsas ara tha same



Clotting time (r), min

A mycotoxin-deactivating feed additive counteracts the adverse effects of

reqular levels of Fusarium mycotoxins in dairy cows.

18

14

L T (I - N o]

24
22 -
20

16 -

12 +
10

CTR+

r

']

TR-

Curd firming time (K20), min

LS, P =0,566

Period, P < 0,05
treatment, P < 0,05

day, P <0.05

treatment x day,P = 0,199

LS, P =0,587
Period, P < 0,05 Agu
treatment, P = 0,484 E 40
day, P <0.05
treatment x day,P = 0,223 E 36 -
—_ 32 -
o
o 28
©
~ 24
(9]
n 20
Q
c 16 -
g 12
4=
e
S 4
O o |
MDP CTR+ CTR- MDP
LS, P=0,584
Kzo Period, P < 0,05
treatment, P = 0,051
18 - day, P=0,176
treatment x day,P = 0,688
16
14
12
10
8 -
6 -
4 -
y
0 -
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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.

> 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).

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

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

Experimental periods Diet mycotoxins contamination

(ng/kg DM)
Spring intoxication period (54 gg) - 18 cows
— AFB1 nd nd
t
R DON 284 17020 (x2-3 volte)
Summer intoxication period (54 gg) - 18 cows 7ZEA 43 230
HT-2 4 9

T-2 5 11



40

39

38

37

36

35

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

CTR

MY (kg/cow/d)

MDP

18
1.6
1.4

1.2

0.8
0.6
0.4
0.2

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)

e MUN (mg/100 ml)

* SCC (Log,,cells/mL)

CTR

Feed efficiency (dmnl)

MTX

MDP



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

ENZYME ADDITION

Milk coagulation properties:

Diagram of rennet coagulation time (r,
min), curd firmness traits (k,,, min), and
curd firmness 30 min after enzyme

addition (a;;, mm) as a function of time

(lactodynamographic curve, Formagraph
Foss Electric A/S, Hillergd, Denmark).
Reproduced by Bittante et al. (2012) &
Cecchinato et al. (2015)

-l
MTX

Casem mdex % 79.0 78.4
min 23.9 29.0
mm 18.99 12.27
min 7.98 10.50

,!

MDP Spring Summer
79.7 80.4 78.2
24.1 25.9 24.9
18.78 17.82 16.60
8.21 9.26 8.46

&, - Wik with pood coagulation charactaristics x,f“xx Foy |
A B % e P =]

B - Milk with a long coagulation time but good coagulation satting speed, relativaly high final consisteney. This

usually ooours with mik from the end of lactation and/or rich in casein

I L
fEL B =i

- Milk wiith a short coagulation time, but low coagulation setting spead, relativaly poor final consistency. Itis
usually presant with relatively poor casein milk especally at the beginning of lactation

[ - Adlk waith short coagulation time, high setting speed and excessive final consistency. Typical tracing of
matura milk or milk from fresh farrowing cows; sometimes mik from traditional breeds of cattle (Bruna Alpina,
Reggiana | can have such a tracing avan under normal conditions

E - Mk with leng coagulation time, low setting speed and poar final consistency. Its cawsad by genatic
pradisposition, hypoacidity, mastitis, milk of too long lactation, strong environmental stress, nutritional errors,
pathologies in progress

F - Milk with wery long coagulation time, very low setting speed and vary little final consistensy

FF- Wik that does not coagulate during the tachnical timas of the lactodynamic tast, As tha F and FF typas ara
waorsaning of E, tha pradisposing causas ara the same

P<

Period Treatment (T) Week (W) W*T

0.829 <0.05 0.208 <0.05 0.298
6.081 0.739 0.547 0.164 0.541
11.302 0.795 0.675 0.775 0.571
1.299 0.653 0.738 0.157 0.087



Apparent TT digestibility of main nutrients

A mycotoxin-deactivating feed additive counteracts the Effects of a mycotoxin mitigation feed additive in
adverse effects of regular levels of Fusarium mycotoxins lactating dairy cows fed Fusarium
oo etat 2070 GBI COWS. s mycotoxin-contaminated diet for an extended period

Gallo A et al. 2023 Toxins, accepted

100 100
90 90
-6%

80 80
70 = 2 2 % 70
60 60
50 50
40 40
30 30
20 20

10
10

0
Apparent OM digestibility Apparent NDF digestibility 0

Apparent NDF digestibility Apparent Starch digestibility Apparent CP digestibility

ECTR EMXT BEMDP
ECTR EMXT = 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)

qﬁ, qﬂ,

E ﬂi}.‘ - i ﬂ}‘ »
MTX MTX
4 T\TN ?‘;if“;/

gﬂ}‘ - @%sﬂ'
MDP MDP
I\/IDP

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

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

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

Inocolum
MTX
51 52 S3 54 Inoculum
C Y oy oy MDP



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

180
160

ml/g OM
=
NS
S O

Gas production,

[ERY

N D O O
o o o © © &

10

15

20 25 30
hours of incubation

—-CTR —-MTX -+-MDP

-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)

35 40 45 50



Passage of mycotoxin from rumen-reticulum compartment to intestine

Extraction of Mycotoxin

= bl mik
I from Supernatant

-
EE A

.. &
sl 1 11
Extraction of Mycotoxin
| | |

o

U AL : L from Rumen Residues
Collection of Supernatant and
Rumen residues from Campanaro et al. 2017
Tested Mycotoxins Type of trial Incubation time

Morgavi et al., 2004 Gliotoxin In vitro rumen GTX =10%
simulating trial

Gallo&Masoero, 2010 Aflatoxins In vitro rumen 2h of rumen AFB1 = 65%
simulating trial incubation AFG1 =82%

Gallo et al., 2015 PR toxin, Mycophenolic In vitro rumen 48h of rumen MY =79%

acid and Roquefortine C simulating trial incubation ROQ-C=41%

Spanghero et al., Aflatoxins Batch in vitro 24h of rumen AFB1 = 74%

2022 fermentation incubation AFB2 = 46%
systems AFG1 =49%

AFG2 = 19%



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 (ltaly) 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).



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

Table 1. Counts (n) and sums (ug/kg dry matter or DM) of mycotoxins of corn silages belonging to different clusters.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Items VMSE  p Value
n=24 n=22 n=2 n="9 n=7
Counts of mycotoxins @ @ @ @ 5.93 <0.05
Aspergillus toxins 3.1 2.6 4.0 2.2 41 0.99 <0.05
Alternaria toxins 1.0 0.2 25 0.3 1.1 1.07 <0.05
Zearalenoneand its metabolites 0.4 0.2 2.0 0.2 0.6 0.55 <0.05
Trichothecenes type B 0.8 0.7 1.5 1.0 0.9 0.56 0.256
Fumonisins and their 48 5.8 6.5 6.7 7.7 1.46 <0.05
metabolites
Enniatins 0.8 0.3 3.5 0.2 1.0 1.18 <0.05
Beauvericin 0.8 1.0 1.0 1.0 1.0 0.24 0.133
Other Fusarium toxins 6.5 6.9 11.5 7.2 8.9 1.62 <0.05
Penicillium toxins 4.6 4.5 6.5 54 6.3 1.10 <0.05
Other fungi toxins 0.6 0.1 1.5 0.0 0.9 0.97 0.103
Unspecified fungi toxins 0.8 01 3.0 0.0 0.7 0.79 <0.05
Sums of mycotoxins
Aspergillus toxins 147.0 84.5 70.3 186.7 104.04 <0.05
Alternaria toxins 5.8 44 18.7 20.6 18.7 32.67 0.308
Zearalenoneand its metabolites 8.8 4.0 152.8 0.5 114 46.27 <0.05
Trichothecenes type B 28.8 15.4 192.6 33.5 57.6 41.67 <0.05
FB and their metabolites 2154 339.1 475.3 473.5 @ 289.56 <0.05
Enniatins 0.6 0.3 3.1 0.5 i 446 0.075
Beauvericin 4.1 8.5 30.8 19.7 27.1 13.15 <0.05
Other Fusarium toxins 2299 755.3 619.7 675.1 172.65 <0.05
Penicillium toxins 154.6 91.6 708.2 87.3 142.2 107.34 <0.05
Other fungi toxins 1.1 0.1 4.3 0.0 4.0 2.85 0.013
Unspecified fungi toxins 17.8 1.8 102.0 0.0 26.0 23.51 <0.05

/MBSE: root mean square error. When not detectable, the limit of detection of specific mycotoxins was used to compute statistical analysis.

Table reproduced by Gallo et al. (2021)

Gallo et al. Toxins 2021, 13, 232.

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



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.

e AFB1
¢ 3-Nitropropionic acid, Kojic acid, Gliotoxin,
e Averufin, Fumigaclavine C, Nigragillin, Siccanol, Versicolorin C

Alternaria spp.

e Alternariol, Alternariol-methyl-ether, Tentoxin, Tenuazonic acid
¢ Infectopyron, Macrosporin, Altersetin,

“Fusarium spp. !

¢ DON, DON-3-glucoside, NIV, T-2 & HT-2, Fumonisin Al, 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,

R

Penicillium spp.

e Mycophenolic acid, Roquefortine C, Marcfortine A
e 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, , llicicolin A, B, C, E, Rubellin D, Ternatin, Xanthotoxin

Ergot Alkaloids

e 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.
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Article
Changes of Milk Metabolomic Profiles Resulting from a
Mycotoxins-Contaminated Corn Silage Intake by Dairy Cows
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Figure 2. Unsupervised hierarchical clus idering the averaged milk metabolic profile Figure 3. Orthogonal projection to latent structures (OPLS) discriminant analysis (DA} considering

outlined by the UHPLC-HREMS analysis. the cluster-type as class discrimination paramelter.

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.




rsc 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.



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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