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Access to Food- No. 1 Challenge for the
next 40 years 21,
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Inrheyearzoso, } 100% ’ 70%

the world population more food,' and of this food must come from
will require efficiency-improving technology’

21. Simmons, J. Technology’s Role in the 215t Century: Food Economics and Consumer

Choice. Elanco Animal Health Newsletter March W
2009.




Meat Consumption Gap is Declining!22
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e Brazil

— reached Germany consumption habits
— Increased meat demand due to increased consumption per capita and increased population

e China
— will reach Germany consumption habits within the next 10 years

— Increased meat demand due to increased consumption per capita and increased population

* |ndia and Indonesia

— Meat demand increase due to human population growth and (so far) NOT due to change in
consumption habits
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Pressing issues in commercial
broiler production?2e.22.23,

— Welfare, Reduced use of antibiotics... key topics of
Increasing importance.

— Healing capacity, after a disease or an immune challenge
(infectious or non infectious), Is limiting as time passes
(earlier slaughtering age).

— Disease & immune activation: Situations to avoid (welfare
and profitability).




Intestinal Health and Avian
Immunity in the Modern
Commercial Broilerwo.i114,
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Intestinal Health: 4 triggers
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Avian immune system: overview

Immune system is a costly ‘organ’:
— 2% to 4% for maintenance

— Much more when engaged and
stimulated

To maximize production, immune system
must be:

— Vigilantly maintained
— Activated only when necessary

Once activated, a rapid solution or
transition from innate system to
adaptive system is required to minimize
loss of productivity

The immune system has a high rank
compared to lean tissue on nutrient
demand

11. Klasing, K. 2007. “Nutrition and the immune system.” Br. Poult. Sci. 48(5): 525-537.

Physical barriers

3 defense lines

Innate response  Adaptive response

— + Activate immune system

» Reduction in feed intake
» Less activity

* Negative energy balance
» Breakdown muscle tissue

1—- Return to positive balance

Cost

Adaptive
response
T 1 4 7 10 20 25
Challenge Days after challenge

The timing of resource use for the
innate system and the adaptive

system are very different
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How expensive Is immunity?




How expensive is immunity?*°

Almost no influence here
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9,11

Mobilization & priority for nutrients

Brains Heart Liver Immune system Physica| barriers

(skin, mucosa, mucus , etc.)

4

Innate immune system

(macrophages, dendritic cells, APP, etc.)

4

Adaptive immune system
(lymphocytes)

’ B cells T cells
(bursa, antibodies, etc.) (thymus, lymphocytes T, etc.)

Muscle
11. Klasing, K. 2007. “Nutrition and the immune system.” Br. Poult. Sci. 48(5): 525-537. W
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Key leverage points for driving energy

towards growth®
GE: Gross Energy

—> Fecal energy loss

v
DE: Digestible Energy

—> Urine and gaseous energy loss
v

ME: Metabolizable Energy

l—) Heat increment

NE: Net Energy

/\ Production
- Growth

Maintenance - Fat
-Staying alive - Eggs
Unnecessary immune -Immunity losses -Feathers

stimulation -Cardiac losses -Work
-Cellular losses J
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Impact energy partitioning:
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A specific case of dietary
Immunogens and their impact on
Intestinal Integrity

B-mannans (3-galactomannans)
molecule as an example




Intestinal Translocation, Intestinal
hyperpermeability or Leaky Gutzs

Intestinal Translocation in principle is caused by any

substance reaching the gut lumen by the oral route is m —

eligible for translocation. This ranges from intact (macro) - ™ \
“"Jﬁa aﬂ a QE’ pu
] \ / r

particles may be live or dead including inert particles like Qﬁ : Q @ " f, - S
Dendritic \ "a& g
call ‘g "R .
-\. - s i

molecules to particles the size of tens of p-meters. These

starch, carbon, latex etc.

o
What Causes Translocation? \ Lam|nA popis *

1. Localized factor: Gut Microflora sampling: translocated
micro-organisms are eliminated in a non-inflammatory
way

Measenteric lymph node

2. Systemic factors affecting barrier function: toxins,

malnutrition, parasites, infection, burns/shock, antibiotics.

Translocation is a Routine immune defense function.




Increased epithelial permeability may be
Important in the development of chronic
gut T cell-mediated inflammations2s

Intact barrier

Barrier specialized

. ) for antigen uptake ! it R
Dendritic cell and M-cell sampling CHPRERELS s
luminal anti gens (B - f.-l::rﬁig:rj:ss?r?tgs No antigen in Antigen enters
galactomannans) to effectively Peyers patch RN LRSS G

e o . i o Isru
activate immune system>-, o ) ponios o epihelum &

by apoptosis

Luminal antigens are not detected
in lamina  propria. (Local
physiological inflammation)

T cell @%g®

sensitization S5
@
. U'tnigration "
Leaky barrier e . R
: : AP T ) OTcell @
Luminal antigens (B- NP e egresrﬁ%se@

: . , o
galactomannans) rush into lamina PR N\ L) ° @ SO
propria and aCtivate bOth |Oca| and lymph node aéﬁ’; Extravasation into lamina propria inflammation
systemic inflammation. (/AN / /

Blood

This may causes more tissue
damage and creates chronic
inflammation.
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Evidences of translocation of
B-galactomannans




B-galactomannans:s

e B-galactomannans in the diet stimulate innate Immune
system

Low stimulation diet vs. practical diet*

225

200

125

Plasma a-1 acid glyco protein
(mg/mL)

* Diets designed by Nick Dale, University of Georgia
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Linear correlation between circulating
a-1-AGP and feed mannose contentzs
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26. Anderson and Hsiao, 2009,
Mannose content in feed, %




Effect of dietary fiber on the
Immune function of Sprague-
Dawley ratszs

Cellulose PHGM* Intact B-
galactomannan)

MW, Da 20,000 220,000
Spleen

IgA (ug/ml) 23.8+2.430 24.4+2 53 28.1+1.92
IgG (ug/ml) 123+10 124+5 11148
IgM (ug/mil) 51.4+2.23¢ 52.6x+1.62 44.742.3°
Mesenteric

Lymph Node

IgA (ug/ml) 13.3+2.22 12.7+£1.32 25, SE 2, (6
IgG (ug/ml) 36162 34122 98+16P
IgM (ug/ml) 4.9+1.62 4.9+1.62 13.3£3.5°

*Partially Hydrolyzed Galactomannans
*Yamada, Koji , et. al. Bioscience Biotechnology and Biochemistry 67 (2), 429- 433, 2003




Galactomannan intervention:
Novel Strategy




Chemical structure of
B-galactomannanst2s

e Beta-mannans are long-chain polysaccharides with a
backbone of mannose and side chains of galactose
and/or glucose

Legume galactomannan

a-1,6-galactose

CH,OH CHoOH o oo
OH)}—o0 OH)}—o0 B-1,4-mannose B
OH OH \[ OH
OH 0 OH 0 OH 0

CH OH CH:OH CHon

CHEOH CHan
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B-galactomannans
B-galactomannan content* 1-4

% B-
Ingredient galactomannan
° Comm0ﬂ|y found content, dry basis
N many |egume Soybean hulls 6.0 to 10.0
Soybean meal 44% 15t01.8
& non-legume
] ] Full fat soybeans** 1.2t015
feed ingredients Soybean meal 48% 101015
Sunflower meal (34% CP) 1.0to 1.2
Rapeseed expeller (10% fat) 0.83
Rye 0.70
Rapeseed meal (canola meal) 0.57
Barley 0.49
. Hsiao, H., Anderson, D. and Dale, N. 2006. “Levels of 3-
mannan in Soybean Meal.” Poultry Sci. 85(8): 1430- Peas 0.39
1432. o 0.30
. Slominski, B. and Campbell, L. 1990. “Non-starch ats :
polysaccharides of canola meal: quantification,
digestibility in poultry and potential benefit of dietary Wheat 0.10
enzyme supplementation. J. Sci. Food Agri. 53: 175-184.
. Whistler, R. and Saarnio, J. 1957. “Galactomannan from Sorghum 0.09
soybean hulls.” J. Am. Chem. Soc. 79: 6055-6057. Corn 0.09

. Dierick, N. 1989. “Biotechnology aids to improve feed

and feed digestion: enzyme and fermentation.” Archives

I
of Animal Nutrition (Berlin). 3: 241-246 Estimate based on mannose content

** Calculated from SBM 44%




Intervene by degrading
B-galactomannans in feed

e By fragmenting GM Into oligosaccharides, it renders the
oligosaccharides un-recognizable by immune cells and
helps prevent Feed-Induced Immune Response (FIIR)>°

Legume galactomannan Hydrolyzed molecule
CHa0H CHyOH CHyoH (Mannose oligosaccharide)
OH}—0 o-1,6- OH)—0, OH)—0
OH 4~ galactose Kon 1 p-1,4- Ko 1
mannose

CH,OH CHyOH CH,OH CHy0H r'y CH,OH CHyOH Y A

OHO 0HO 0HO
0. Hzo 0 o 0 0 0 0 0 IRy oy b,
~oCoH ol o0 Cor ol ™o (oH oY ™o, o oHY ~o oH oHY 0. (OH OHY ™ 0 KOH OHY ~0  (OH OHY 0 {0H oH e Ay Ay Ay Ay P e
Poy [N JE K * i T E4V-$ 5L

Hydrolysis Sites

Circulating Mannose Binding
5.. Stahl, P.D. and Ezekowitz, R.A. 1998. “The mannose receptor is a pattern recognition Lectin2®
receptor involved in host defense.” Curr Opin Immunol. Feb; 10(1):50-5.
6. Beutler, B., Jiang, Z., Georgel, P. et al. 2006. “Genetic Analysis of Host Resistance: Toll-Like
Receptor Signaling and Immunity at Large.” Annu. Rev. Immunol. 24: 353-389.




Research of intervention




Intervention= Energy Sparing
Effect!s

D)/ = 10,5 +143.91*DEI

D) CHMIINIIN = 10,5 +147.84*DEI

33 broiler peer reviewed
articles 2002-2013

Intake estimate of 1 Mcal (1000 kcal ) of ME accounted for 143.91 g of weight gain in the
control animals ( DWG= 10.54 + 143.91x ; R2 = 0.95; where ' DWG ' is daily weight gain
in grams , and 'X' is the intake of energy, expressed in Mcal ). 147.84 g is the weight gain
in animals receiving diets supplemented with B- mannanase (DWG+ = 10.45 + 147.84 x;
R2 = 0.95). This relationship represents a saving of 2.7 % in energy expenditure for
growth. From these equations, we were able to estimate that supplementation of diets
with B- mannanase enables a saving of 187 kcal per 1 kg of live weight gain in

broilers. ’




Conclusions

» Access to food is the main challenge for the next 40 years
and broiler meat will continue to provide a major and
Increasing supply of the world’s increasing animal protein
requirements.

e Post-prandial inflammation is a major factor in growth in
broilers (Korver et al., 1998, Niewold, 2007) and 3 -
galactomannans are an example of typical feed
aggressors, which stimulate the costly intestinal innate
Immune system and subsequently the adaptive immune

system




Conclusions

o Effective intervention is one way of improving broiler
performance by reducing unnecessary and wasteful
iInflammatory and innate immune responses to feed
borne immunogens from commonly used feedstuffs such
as soybean meal, sunflower and rapeseed. Hence, to
maximize production, the immune system must be
vigilantly maintained and activated only when necessary

e Research has shown that effective intervention leads to
Improved productivity and uniformity.

Elonco
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