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Presentation outline

AWhat are mycotoxins?
AKey agricultural mycotoxins in animal feed
AUS regulations: mycotoxins in animal feed
AAnimal health effects

APotential human health effects

AWhat can we do about it?



Mycotoxins: What are they?

AToxic & carcinogenic chemicals produce(” R A
by fungi S A

ALong history omycotoxinsaffecting
society
A Leviticus 14:37

A 11th c.:Claviceppurpureaproduces ergot in
ryeA St. Anthony’s Fir

A Mysterious human & animal deaths in 1930s
(Great Depression horses)

A 1960aflatoxindiscovery: UK turkey deaths
A Today: several dozenycotoxinsdentified




Major classes of mycotoxinsassociated
foods & health effects, & species affected

Contaminated| Animals
Produced by Chemical structure affected Clinical effects

Corn, peanuts Swine, dogs,

_ Aspergillus otEneeE. T i caile, Liver lesions, liver
Aflatoxin flavus : cancer, growth
. nuts, dairy poultry, : :
A. parasiticus impairment
products humans
Pulmonary edema,
- | ) ,u\»(’/ | SWine’horses’Ieukoencephalomalac
S0laplelalsle | Fusariumspp “AM Corn, silage (horses), neurdlbe
e humans
B defectsgrowth
impairment

Aspergillus, i Cerealdqesp.

: o 0 : Kidney and liver
Ochratoxin Pen|C|II|um L °N_° oats) nuts, Swine, human y
G 0 damage, cancer
i « coffee grapes
CHy
Deoxynivale : | Swine,cattle Feed refusalanorexia,
y Fusarium . Ho i Wheat, barley S . R ‘
nol S ° > | —— poultry, horses vomiting, reduced
(vomitoxin) PP © T ’ humans growth




US Food & Drug Administration
mycotoxin regulations, animal feed

Fumonisin (industry guidelines)

Aflatoxin (action levels)
Class of Animal Action level
Finishing beef cattle| 300 ppb
Beef cattle, swine or 300 ppb
poultry
Finishingswine 200 ppb
Breedingcattle & swine 100 ppb
maturepoultry
Dairy animalspets 20 ppb

Class of Animal In(_just_ry

guideline

Swine and Catfish 10 ppm
Breeding Ruminants

Poultry Mink 15 ppm
Ruminants >3nonths

Mink for pelt 30 ppm

production
Poultryfor Slaughter| 50 ppm
Horses 5 ppm

DON (industry guidelines)

Class of Animal

Ruminating beef
and feedlot cattle
older than 4
months

Chickens

Swine & all other
animals

All other animals

Industry
guideline

10ppm

10ppm

S ppm

Sppm



Occurrence of mycotoxins in animal feed

Worldwide mycotoxin survey in >25,000 finished
feed samples 81% samplescontaminated with at
least1 mycotoxin (Marugesaretal. 2019

Percent positive (%) 40

Average level(e ¢kg) 7 280 687 5
Maximum (e ¢kg) 1,165 9,903 10,282 595

Economic impacts: Animal health Impacts:

U >%$1 billion annual loss in 2017 USD from mycotoxins in A Reduced feed efficiency
US crops Yardonet al. 2003) A Gastrointestinal dysfunction

U Economic lossedueto effects on livestockroductivity A Immune system dysfunction
andcostsof meeting regulatory requirements



Mycotoxins reduce animal feed efficiency

At mycotoxin doses found in real animal fead;cotoxicosesancause 3% reduction
in growth, 85% of which is attributable teed inefficiency (metanalysisof swine data).
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hy might this be happening?



Mycotoxins cause gastrointestinal dysfunction (cytokine expression)

A Cytokineexpression within the intestine of mammals due to exposure to DON and
fumonisin[FB] Bracarenseet al. 2012). Aflatoxin has similar effects (Turner et al. 2007).

Criet treatment

Control (n i FB DOM + FB
Cvitokine Mean SEM Mean SEM MMean SEM Wean SEM
Intestinal partion
Jejurium
IL=1[ 1.00™ 17 1.78° 012 1-34° o-11 1.46™5 014
THF -cx 1.00™ 0-08 1.29° o1z o0.-88" 0-14 1.56% 0-33
IL-& 1.00% a1z 217" 0-30 1.14% 0-11 1.35° 014
IL-& 1.00% 0-09 1.78° 0.52 1.38° 0-40 1.022 0.1z
MIP-1pB 1002 o-08 1.42% 0-14 1.36%,° 0-18 1.2720 0186
IL-2 1-00" 016 1-80° 0-25 1.74% 8 0-31 1-56™8 0-26
IL-12p40 1-00™ 0-09 1.71° 0-26 1.36%.° 0-13 2.01° 0-49
IFM-=y 100" 016 1.26%8 0.08 1.45° 0-10 1.35%8 017
IL-10 1.00% 011 1.3458 0.24 1.51% 0-19 1.63% 017
lleum
IL-15 1-00* o019 2.00° 019 1.73° 0-24 1.63° 013
THF - 1-00™ 0-08 1.45° 0-10 1.42° 011 1.71" 0-23
IL-& 1.00" 0-20 o130 0.21 1.02" 013 o-as” 0-24
IL-8 1.-00° 018 1.18° 008 1.458° 0-38 1.53° 0-30
MIP-1B 1-00% 0-06 1.509 0-30 1.1 0-07 1.429 0.22
IL-2 1-00™ 12 1.00" .22 1.25% Q15 1.0™ o-11
IL=-12p40 1-00* 0-07 1.04° 0-11 109 0-07 134> 0-14
IF By 1.00" o1z 1.43° 0-21 1.26% 0-09 1.90" 0-48
IL-10 1.-00° 013 1.14° 0.1z 1.23° 014 1.57° 0-38

SourceBracarenseet al. Br. J.Nutr. 2012, 107:177636



Mycotoxins change intestinal epithelium, increasing
animal susceptibilityo infectious diseases

The impact of DON and 2 toxin on a

A DON acts as a predisposing factor by damagir;_qsalrmne"a Typhimurium infection in

the intestinal mucosa, leading to leakage of oo MBS [
nutrients into the intestinal lumen y

11

A Broiler chickens fed a diet contaminated with !_s
mg DON/kg of feed were found to be more
prone to develop necrotic enteritis lesions
compared to controls in a norntakt
(Antonisseret al. 2014)

A Moreover, swine exposed to aflatoxin in feed
experiencedncreasedproinflammatory
cytokines, buteducedvaccine efficacy
(Meissonnielet al. 2008)

intestin:
epithelial

lamina propria

Antonissen et al. Toxin®2014,6, 430452



If livestock consume mycotoxins, whathaman healthimpact?

Occurrence of AFM1in dairy products globally

_ _ _ Country | Sample % AF -positive|  Mini Max
Dairy anlmals_ that consume _afla’;oxm Bl samples (eg/kg)
secretaflatoxin M1 (AFM1) in milk Kuwait White cheese 80 0.024 0.45
AFM1 has 10% cancer potency of AFB1 Cheese 94 0.0120.38
(JECFA 2001) Yoghurt 56 0.00250.078
FDA regulates AFM1 at 0.6g/kg allowable |y DAY dessert 52 0.00150.08
in dairy (EU OOHJg/kg) Butter 100 001| 7.0

Cream chees 99 0i4.1
Ochratoxin A Igiogccumulatein a}nimal J\(/)r?i?: ::theese gg 09 55112.06_4785
blood and (to limited extent) swine muscle Cream chees 72 0.058 0.79
meat Livan cheese 65 0.030.31
OTA risk highest for populations that Iran Cheese 53 0.087 1.25
consume blood sausage, black pudding, otl White cheese 60 0.041 0.37
blood products; and to limited extent, pork | Feta cheese 83 0.152.4
Some kidney toxicity risk Libya _ |Cheese e 0L LT OES 2
Brazil Cheese 30 0.09710.3
Greece Feta cheese 0 T
Pakistan | White cheese 78 0.004 0.6
Cream chees 59 0.004 0.46
l ‘:l Butter 45 0.004 0.41
fo = /-v ““ Yoghurt 61 0.004 0.62
4 METN""  |Serbia Milk products 38 0.270.95

BecketAlgeri et al.J Food Sci. 2016; 81:R552



What causes mycotoxin problems in animal feed?

A Climatefactors Risk maps for aflatoxin contamination in maize at
A Warmer temperatures favor certain harvest in 3 different climate scenarios, present,
fungi

A Drought, rainfall

A Environmental factors
A Insect pests
A Suitability of hybrid for region

A Crop & livestock grower practice ‘5y §

A Harvesting when wet, rather than :
all owing crop t« .

A Insufficient drying Battilani et al.SciRep. 2016;6:24328
A Wet, warm, pestidden storage
conditions

A Long periods of animal feed storage



Interventions to reduce mycotoxin risk

APreharvest Dietary
A Good agricultural . Improved dietary variety
practices (spergiis v . Dietaryenterosorbents
A Genetically enhancin@@® - (binders)
plants’ r & € . NovaSiused commonly
A Biocontrol ’ in US animal feed
Dietary chemoprevention
APostharvest . Chlorophylichlorophyllin

+ Compounds inreiciferous
& Alliumvegetables

+ Triterpenoids (in grasses,
herbs, apple peels)

A Improved sorting,
drying, food storage




Summary

AMycotoxins have posed a danger to human &
animal health for millennia

AMycotoxins occur frequently in animal feed
worldwide

ADespite regulations, animals can still suffer adverse

A

nealth effects
nterventions exist to reduce the mycotoxin

oroblem



