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What Role Can Science and Technology
Play?
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Outline

= Food Security Index

= How enzymes and/or direct fed microbials
» Can help the industry to produce more protein
» Increase food safety and shelf life of meat
» Can enable new alternative raw materials
= Future technologies
» Which might change the industry

= Summary
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The DuPont Global Food Security Goals

By the end of 2020, DuPont will help the world meet
the challenge of achieving global food security

d .‘ -
Innovating to Engaging and Improving Rural Communities
Feed the World 5\?eu \(;vailltli?gc?l(i?;tzltwo million ?i,\\iglmglovggrgftgti{gg;?\{ﬁrégemiIIion
We will commit $10 billion _to R&D engagements of young people farmers and their rural communities
and 4,000 new products will be around the world in educational through targeted collaborations and
introduced. opportunities. investments.
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The Global Food Security Index

DuPont commissioned the Economist Intelligence Unit in 2012 to develop the
Global Food Security Index

= Ranks 109 countries according to their relative levels of food security using
29 indicators divided into three categories: Affordability, Availability, Quality
and Safety.

=mu Provides a rigorous, structured framework for understanding the drivers of
food security.

The path.to food security begins Dy explOTTHge =
the challenges, then developing solutions.

PN ! Visit foodsecurityindex.eiu.com
: The 2014 G|(jb2i| Food Security Index provides a worldwide >

A
perspective on which countries are the most and least
vulnerable to food insecurity.
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Protein Needs Are Increasing

FAO* expects world demand for (animal-derived) protein to double by 2050

HUMAN POPULATION
GROWTH CHART

(including projections)
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| THINK | CAN...
| THINK | CAN...
| HOPE | CAN...
| REALLY HOPE | CAN...

= |ncreasing population
(9 billion by 2050)

= Emerging economies

= |ncreasing urbanization

= Recognition of protein’s
role in a healthy diet

= |ncreased need for
protein in the elderly
population
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*Amount of feed required for 1Kg weight gain
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Based on Rauw et al

1.72 Kg

., 1998 and Ross info
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Still Genetic Potential to be Captured

Meat (kg/flock)

O

(" Sub-optimal diet digestibility

Feed ingredient variation
Sub-opt_|mal< Sub-clinical disease
production

Clinical disease

L Environmental stress

Production
frontier
Value

Commercial Potential
performance

Reduced

performance +
mortality
Feed, labor, other inputs ($)
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Enzymes Work by Targeting Specific Substrates

Substrate Effect of substrate

Soluble viscous NSPs 1 viscosity and digesta retention time Xylanase
(e.g arabinoxylans) | nutrient absorption
1 proliferation of intestinal microflora

Insoluble, non-viscous NSPs | accessibility of nutrients by physical Xylanase

entrapment
Starch Metabolisable energy Amylase

1 substrate for gut microflora
Protein Metabolisable energy and AA Protease

1 substrate for gut microflora (neg)
Lipid remulsification, digestibility of lipids Lipase
Raffinose and stachyose Undigestible by animal enzymes a-galactosidase
Beta glucan 1 viscosity and digesta retention time B-glucanase
Phytate Binds minerals, protein and starch Phytase
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Exogenous Enzyme Solutions for Complex Diets.
What Positive Impact Does the Animal Get?

Reduce endogenous inputs (a.a., NE):
a.a., NE » Degrade anti-nutrients
» Reduce physical interactions between

1 Endogenous digesta and gut wall

, Inputs « Modulate gut microflora
e Change organ size
Digestion Improve digestion of starch, fat,

\ a.a., NE, other protein, minerals:
1 Absorption e Addition to endogenous enzymes

* New enzyme activities

Feed intake

* Remove physical entrapment
Fermentation SCFA » Disrupt substrate interactions

l Modulate fermentation (SCFA):

Production » Production of pre-biotics sy
* Increase production of short chain
fatty acids

Feces -
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Enzymes Reduce the Amount of Undigested Substrate
Reaching the Lower Gut

lleal undigested starch (g/kg feed)

lleal undigested protein (g/kg feed)

6.7 ﬁ -18%
6.0

-43%

5.5
8.5 8.1
XA XAP Control XA XAP
H Control XA mXAP H Control XA HXAP
lleal undigested fat (g/kg feed)
-20%

X: Xylanase; A: Amylase; P: Protease

=y
i |

XAP

Control

H Control XA HXAP

Adapted from Romero et al., 2012

ERE,
SNEE,

s/
$L\|
2,

w
£
S

Sewenes®



Direct Fed Microbials (DFMs) —

What Are the Beneficial Effects for the Avian?

Health

J Lower mortality

T Stimulates serum antibody

1 Stimulates gut Ab (sec IgA)

l Systemic, asymptomatic inflammation
| Enteric pathogen levels

| Foodborne pathogen levels

Performance

T Final body weight
| Feed Conversion Ratio
T Egg production




DFMs — How Do They Do Their Work?
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N
/7 (3 Inhibition of
Lumen s pathogen adhesion
(1) Enhancement of the
Sl beme: (4) Competitive exclusion of
pathogenic microorganisms
Mucins and defensins (5) Production of
anti-microorganism
substances o
Probiotics Pathogens d‘.;? (.'/’
m == pucus

Increased adhesion to
a«)lrmsﬁnal n'\ucosao % 0 0 Q a
DCs
>, L1
Lamina propria e e
N‘\
IL-10 l TGF
S
Immature DC /y /«. “"-'H

<N
¢ ¢ ¢ ¢ ¢ ¢

IECs

6. Modulation of the
immune system

S
-—

Macrophage

Bermudez-Brito, et al.
I A\nn Nutr Metab 2012:61:160-174
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Enzymes and DFMs in Poultry Nutrition

The advantage of enzymes The advantage of DFMs

Hydrolyze substrate Live organisms

» Specific * Metabolism in-situ

» Fast * Reproduce

* pH dependent » Adapt to substrates in the gut
Functionality can be designed Modulate microbial populations
Catalysts Modulate immunity

Absorption

More
nutrients
for
production

Digestion
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Inorganic Phosphorus: A Non-Substitutable and Finite
Resource

e http://nicholsoncartoons.com.au/phosphate-mines-in-vogue-226.html
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Inorganic Phosphorus: A Non-Substitutable and Finite
Resource

- There are no substitutes for phosphorus in agriculture

-As world phosphate demand grow, both for animal feed and fertilisers, increasing
price pressures will continue

Global Inorganic Phosphate Reserves Monthly rock phosphate prices ($/MT)
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Phytate also Known as IP6 is the Natural Store of
Phosphorus in Plants but the Content is Variable

Rice bran (14) Max | Rice bran (14) mMax
Wheat midds (8) B Wheat midds (8) B
Canola (24) N Canola (24) N
Cottonseed (6) | l Cottonseed (6) [
SBM (56) | SBM(56) | ]
Corn (56) [ Corn(56) | I
Wheat (28) | || wheat(28) | ||
1 OPO3H, T
Sorghum (29) _[ H,05P0 |, Sorghum (29) _l
R H0p07/4 5/  _  w
Barley (12) I H,05P0—_5 OPO3H, Barley (12) | l
g — ~ H,03PO 1 g
cornbpGs (17) |l | cornbDGs (17) | |
Rye (3) l Rye (3)
0.00 2.00 4.00 6.00 8.00 0.00 0.50 1.00 1.50 2.00
% IP6 % Phytate P
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Phytate Degradation by Phytase Increases Protein Digestibility

95

90

85

80

75

70

o
S
£
9
D
Q
2
©
<
<
©
+—
o
l_

65

60 T T T T T T T |
20 30 40 50 60 70 80 90 100

Phytate degradation (%)

There is a strong correlation between phytate breakdown and protein
digestibility in vivo
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Protein Phytate

Stomach

de novo formation
of protein-phytate
complexes

Phytate Increases Costly Endogenous Secretions

Refractory to pepsin
digestion

Additional outputs
of pepsin and HCI

Small Intestine

Pre-bound dietary protein
less readily digested

Reduced absorption of Mucin loss
dietary amino acids and

reduced re-absorption of

— endogenous amino acids

______________ g.----_____________________________

Extra mucin secretion

Na*as NaHCO,

Reduction of Na* -
dependent transport and
sodium pump activity

Compromised
amino acid uptakes
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»High social impact
»High risk problem
»Highly multidisciplinary

More people
die of hunger
VaRed Waies » e ) LVery year
Y regularly suffer ) ~ ; i 5 & than from
from hunger; i 3 AIDS, makira
most are women 4% LT T and tuberculosis

and children:

Undernourishment in 2010, by region (millions)

Cl'otal =025 miIIiorD Developed countries 19 /
Malputrition
Near East and North Africa 37 pmmzhﬂdmn

Latin America
and the Caribbean 53

L

Sub-Saharan Africa 239

Asia and the Pacific 578

Note: All figures are rounded. Source: FAO. - _— g» )
= 7 " o e . ol Programme

* FAO Stats 2011, http:/f0stat.fao.org
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As Scientists, Can We Mitigate Even a Small Percentage of
Food Wastage?

.
Edibl h t: + 4,600 W i & I_
5000 ible crop harves asrage oSS
| Postharvest losses: - 600
- 4000 1
[}
P__ Animal feed: - 1,700
[
1 000
B S — .
=1 Losses and waste in distribution
< Meat and and households: - 800
dairy: + 500 =
2000
MNet awvailability for
1000 consumption: + 2000
-
-
Field Fork

What are we doing and what should we do?

Food eaten Food lost

Fresh fruits and vegetables
Fluid rmilk

Processed fruits and vegetables
hMeat, poultry, and fish

Srain produucts

Caloric swectenars

Fats and oils

Other!

n] 10 el n] 30 <40 S50 [Siw]
BEillion pounds Q@!‘E"E"o,_
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Raw Milk Preservation - an Example

The Problem

Extending the shelf life of raw milk, where no
refrigeration is available, for a period of
approximately 15-18 hours.

A Solution

An enzyme from DuPont, HOX or Hexose Oxidase, to
stimulate the milk’s natural defenses against spoilage

bacteria.
N o f
I

=1 NATURAL ANTIBACTERIAL AGENT
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DuPont™ Danisco®

Food protection ingredients

Our food protection solutions help you deliver taste, freshness, food safety and food

waste reduction.

" Acidifying &

Antimicrobials & 7

Antnoxndants

P@ctwe Cuuureh 4 ;
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Fermented Fresh Dairy
Cheese

Gram-Positive Control

Single Plant Extracts

Proprietary Blends
of Natural Extracts

Gram-Negative Control
Yeast & Mold Control

Cured Meats
Yeast & Mold Inhibition
Pathogen Inhibition

DANISCO.
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HOLDBAC® Protective Cultures
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HOLDBAC® Protective Cultures

= Strains selected for their natural but remarkable
Inhibition properties towards specific
contamination flora, e.g. Listeria

= Protective capabilities validated through
extensive challenge studies.

= To be applied as such or in combination with
maturation starters

= Mild maturation functionalities, designed to be
compatible with a large range of applications




HOLDBAC ® Protective Cultures in
Dried Fermented Sausages
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A Look at the Future
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Future Feed Stocks — New Challenges

Protein for poultry
from grass

Algae from ethanol plant shows

promise as poultry feed

http://ethanolproducer.com/articles/8220/algae-from-
ethanol-plant-shows-promise-as-poultry-feed

-

ALGAE FOR FEED

28
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Biomass Challenge

Plant Cell Wall

Cellulose Hemicellulose

Cellulose

Sannigrahi et al., 2010

INDUSTRIAL BIOSCIENCES

= 1. Hemicellulose: broken down with exogenous

enzymes eg. Xylanase

m 2. Cellulose: Crystalline structure, difficult for

enzymes to access

= 3. Lignin: non-fermentable, no energetic value
for animals
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We are now capable of knowing:
1.

2.

INDUSTRIAL BIOSCIENCES

Some Technical Advances Which are Game Changers

Gene expression microarray analysis, RNA sequencing
Pyrosequencing/Bioinformatics database growth
Epigenetics

Metabolomics

Which host genes are up or Woore's aw
down regulated.

The temporal gut microbial
profile qualitative and
guantitative

The metabolic response

N I H National Human Genome
Research Institute

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
http://www.genome.gov/sequencingcosts/

Sl

2012 2013 2014
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The Omics Toolbox

The “Omics” Cascade
What can happen GENOME
What appears to | 1o aANSCRIPTOME
be happening
Vetabol SyStemS Transcript l
omics . omics
Biology What makes it e
happen
What has happened
and is happening METABOLOME
Fabien Létisse, UMR INSA/INRA
Proteomics l
PHENOTYPE

More ‘omics tools needed to understand the complexity of live organisms
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Personalised Nutrition/Medicine

http://www.hireanillustrator.com/i/49708/new-illustration-for-nature-magazine-
medical-genomics/

Q@,wne%’_
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Meat Without Animals

http://mww.oxbridgebiotech.com/review/research-and-policy/is-in-vitro-meat-
the-future-of-food-production/

https://www.fstjournal.org/features/27-1/cultured-beef 73
| 33
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Summary

= Dupont is committed to Food Security

= Enzymes and DFMs
» Increased animal production efficiency
» More sustainable production
» Healthier better perfoming animals

= Reduced food waste
= New alternative non-food feedstocks

= New technologies
» Understanding of physiology at gene level
» Alternative meat production methods
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3 FJICE CHANGE LIVES.
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INSPIRE ONE ANOTHER.
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THINK GLOBALLY.

come » 10 Al ne Glok dl Lollabo lory.
REAK NEW GROU ND HARVEST SOI.UTIONS

NOVATE.:

ALIZE A CROP’S POTENTIAL. g
NEW THOUGHTS. %

'§

»  Charlotte Horsmans Poulsen
charlotte.poulsen@dupont.com
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