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FAO estimates that
20 - 40% of Food

Is WASTED

www.usask.ca



g P
“FeoDocER ik
= Heat = Rain .
L - = Contamination
" Frost = Humidity ¥
I' | III -.-Jr “1..-. -'II g II;. -'u _'{; .__l.l_::'-:: = _
-__':I._: :'-..I..-:I'.,, .nl'n-i:l'lj-luj I- Tramapert | ".-'\_1_-,.|:.-r-:|.3.‘_- . i ml:.g? ] i '-||,5|rri,|;l.',||..l:'t \""'-.
Al - _I_ ey m|nsects . Spoiled
= Broken O Moulds i foods =7
grains " Spillage o oual e
. . Bacteria " EXcessive ®Quality
" Excessive " Bruising peeling, losses .
. . N - <y,
dehulling,  «Breakage — <°Y4eMS  trimming SR A
trimming = Birds and/or =S
" Leakage . polishing ot 7
= Sprouting W
. . - . I:__1'_ N
Rancidity (CepmmeRs / .ﬂk >
. C_)ver_ \ H\H
ripening (o




;l | %S UNIVERSITY OF
| _ L\u ERSITY Of

Bl 7y SASKATCHEWAN

Effectively, this means:

e 20 - 40% of energy / fuel used to grow and make
food is wasted

e 20 - 40% of land base used to grow food is wasted
e 20 - 40% of the water is wasted
e 20 - 40% of the labour / handling is wasted

What does this cost the animal industry and
can we better utilise animals to reduce these losses?
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Losses of ingredients and feeds
associated with mycotoxins must be
minimised to reduce WASTE
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Devegowda and Murthy (2005)

“Under practical conditions, no
poultry feed is completely free
of mycotoxins.

Additionally, no feed can be
expected to contain only one
mycotoxin.

The adverse effects of
mycotoxins on poultry are
many fold indicating a clear
and persistent danger.”
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98 papers (1980-2009):
e >1400 diets
e >37,000 birds

Three criteria:
1. Intoxication with mycotoxins
2. Commercial broilers
3. Measured performance
and/or organ weights
Variables:

e Challenge period, mycotoxin
type and concentration, age,
BW and sex

e Data 1401 rows x 189 columns
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Meta- analytical analysis (andretta et al, 2011)

Younger birds more affected
Mycotoxin presence:

O Feed intake 12%
O Body weight 14%
e Ochratoxins and aflatoxins
most severe

¢ Mortality
* DON - 8.8 x greater
» Aflatoxins - 2.8 x greater

¢ Organ weights
* Liver 15%
e Kidneys 11%
* Lungs 9%
e Gizzard 3%

www.usask.ca
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O’chratoxinsl
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Magnitude of toxicity — § «! =]
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e Mycotoxin concentration .
e Young >> older 5
Nutritional factors

18 ~

v’ Aflatoxin negative effects:
lower in birds consuming:

O Higher protein
O Higher methionine

O May relate to Met and Cys
as part of the oxidative
stress control

igure
ns, deoxynivalenol, or T2 toxin relative to mycotoxin concentration in diets.

T2 Toxin

y=-4.25M (R?=0.54)

=-1.21 R2=0.50
y=-1.21M ( ) .

1. Reduction in average daily weight gain, obtained through variance—covariance analysis, in broilers challenged by aflatoxins, ochra-

Andretta et al. (2011)

Now we need a meta-analysis to
evaluate the efficacy of control
treatments!
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mImpact of mycotoxins

e Direct health challenges
v" Reduced immune response (vaccinations)
v Toxicity
v Skeletal health

e Reduced feed intake

e Reduced nutrient absorption

v’ Excretion of lipids
v MALABSORPTION SYNDROME

» Residues in meat / EEZS

e Condemnations / Downgrading
v’ Bruising
v’ Loss of salable product (i.e.: liver, gizzard erosion)
e Reproduction (loss in fertility & hatchability)
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Impact of aflatoxins on the immune
system

e Reduction in size of bursa of Fabricius and thymus

e Reduction in T-lymphocyte, B-lymphocyte and
white blood cell counts

e Reduction in total serum proteins and
immunoglobulins

e Reduction in antibody titers

e Reduction in serum concentration of antibiotics

(Devegowda and Murthy, 2005)
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Balancing oxidative stress

“Mycotoxins are considered to be among the most
important feed-borne stress factors” (surai and bvorska, 2005)

e Must balance pro-oxidants / Antioxidants
v' Minimize free radical / Lipid peroxidation
v Optimize free radical scavenging
O Some antioxidants can also be pro-oxidants (e.g. Vit E)
O Cell signaling relies heavily on free radicals
= |f these are neutralized by antioxidants the animal will fail
Do mycotoxins stimulate lipid peroxidation? Or do
they make tissues more susceptible due to a
compromised antioxidant system? Or both?
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Co-contamination of mycotoxins in poultry

 Multiple mycotoxins can be produced by one fungi

 Multiple mycotoxins can be combined from different
sources of contamination, the most common are:

v’ Aflatoxins and ochratoxin

v' Aflatoxins and T-2 toxin

v T-2 toxin and diacetoxyscirpenol

v Ochratoxin and citrinin

v Deoxynivalenol and fusaric acid

v' “The number of possible combinations is vast”

o Effects can be additive or synergistic
(Devegowda and Murthy, 2005)
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Safe / permissible levels of mycotoxins
in poultry feeds

e What is a safe level?

v “There is no safe level”
v Impact of levels may be different between farms

e Can a contaminated grain source be fed safely
to other animals if not poultry?

 What will be the economic impact of a given
level of contamination?



*![g UNIVERSITY OF
ey SASKATCHEWAN

CONTROL OF THE ADVERSE EFFECTS
OF MYCOTOXINS
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Detoxification / Decontamination'
MUST act quickly in the gut

e Rapid transit / Rapid
absorption

* Mycotoxin levels must be 471
reduced within 30 minutes of ., S
digesta becoming solubilised

e |s activity possible in dry
dietary form?

v’ Combating 2"%ary effects may

be by different routes after
absorption of mycotoxin

i\-«—Oesophagus

v } [ TR
i |.- " 5 9}"—1,3 i
%ﬁmw Intestine

Cloaca



N UNIVERSI'I‘Y OF
73 SASKATCHEWAN

Decontamination of ingredients
 Dilution with sound grain

e Washing — Dehulling — Polishing
¢ Separation (by screens, blowers, sieves)

e Heat treatment (autoclaving, roasting, microwave heating)
v Some mycotoxins can withstand temperatures > 400 C

e Density segregation — Flotation
e Electronic color sorting
e Solvent extraction

o UV radiation
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Mycotoxin adsorbents

Factors to be considered

* Able to adsorb a wide range of mycotoxins
* Low inclusion rate
v Reduce cost, dilution effect, but harder to mix evenly
e Easy to mix uniformly
 Heat and storage stability
* No affinity for vitamins, minerals, etc.
* Functional under pH ranging from 2-7
e Biodegradability after excretion
e Safe for animals and humans
e Palatability
* No potential for other sources of contaminants
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Adsorbents: Mineral clays

 Many products available

v’ Bentonites

O (used as a pellet binder, but require >4%)
v’ Zeolites
v" Aluminosilicates

v Hydrated sodium calcium aluminosilicate (HSCAS)
v’ Activated charcoal
e Adsorption depends on the chemical structure

v’ Capacity can vary from 0 to 87%
(Devegowda and Murthy, 2005)
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Adsorbents: Mineral clays

 Mostly effective for aflatoxins, but little
efficacy for:

v’ Zearalenone

v’ T-2 toxin

v’ Ochratoxin

v’ Diacetoxyscirpenol

v’ Fescue Toxin

 Mineral clays reduce the utilization of
Mn, Zn, Mg, Cl, Cu and Na
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Adsorbents: Yeast cell wall

* Yeast cell wall derived and/or modified
glucomannan (Mycosorb / Alltech Inc)

e Biorigin (Brazil)
e Biomin (Germany)

* Pros and Cons

v’ Lower inclusion levels than clays (1 vs 40kg / MT)
O Costs/MT similar, but less dilution of diet

v’ Broader claims for different types of mycotoxins
v’ Efficacy often variable
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Yeast cell wall

e Saccharomyces cerevisiae is a
yeast species which has been
domesticated for at least 3,000
years

* Not live yeast, rather the yeast e
cell wall
CHOH CH,OH

v' Manno-oligo saccharides 00 "
O Itis alternative attachement place { (1-6) Branch point

\/ 1-3’ 1-6 Bglucans CHOH CHOH

O Diverse molecule WW@@@{
O Strong immune stimulator effect .o

{3 (1-3)-linked Backbone
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Program

UTPP Biotech
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:Bu_ff. Org. Buff. Org. acids :Buff. Org. acids
'acids :
MOS 'MOS
'Act. Charcoal
Oxine copper
:Lipotropic
:agents

25-5kg/ton ! 1 kg / ton : 1 kg / ton
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The New line of Mycotoxin
Binder - Nutron Alimentos
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Liver protection
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Smectite: a living mineral

e Pelleting aid: Since the start of commercial
poultry farming

e Growth promoter: Since the 70s, due to the * . ®
beneficial effect on performance '
v' Weight gain
v Increased egg production

* Increases wool growth in sheep

[1 _ﬂ‘

e Decreases moisture level in droppings —dry litter re¥
L

e Aids liver regeneration a0 0O
Hydrated Bentonite

e As toxin binder: Since the 80s

v’ Mycotoxin
v’ Bacterial endotoxin

EEEEE———————eee
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Chemical detoxification

e Detoxify or inactivate mycotoxins
v’ Ozone
v Ammonia, ammonia hydroxide
v’ Sodium bisulfite
v’ Peroxide acids
v’ Formaldehyde
v’ Bases, calcium hydroxide

e |ssues with
v’ Safety

v palatability  DuUcks more
v’ Efficacy :
susceptible




Pre-harvest

“field” contamination

\4

Mycotoxin concentration

and composition

Post-harvest
“storage” contamination

A
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High
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concentration

v

Low
concentration

Blending
Dilution

Detoxification

Sorting by species
tolerance

A 4

Pre-feeding

e Chemical
e Physical

e Biological

\ 4

During digestion

Absorbents
Probiotics
Enzymes

Danicke, 2002

Actual exposure to animals (Health / Performance)

Potential for contamination of meat, milk, eggs
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Efficacy of control measures:

Physical treatments Chemical treatments
e Uncertain results e Expensive and time
e Often connected with high consuming
feed losses e Changes in palatability /
e Limited practical application Feed intake
e Dilution or destruction of

nutrients
e Decreased feed quality
e Regulatory
* No practical application

www.usask.ca
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Nutritional Modifications

e Fortify diets (counter oxidative stress)
v Methionine
v' Selenium
v' Vitamins (possibly to account for binding)

v’ Fat source (polyinsaturated fatty acids (PUFA) in cell
membranes more susceptible)

e Supplements

v’ Antioxidants
O Polyphenols
O Peptides
0 Ethoxyquin
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