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Food, Human & Environmental Health — its Future

“Transformation to healthy diets by 2050 will require
substantial dietary shifts. Global consumption of fruits,
vegetables, nuts and legumes will have to double, and
consumption of foods such as red meat and sugar will
have to be reduced by more than 50%. A diet rich in
plant-based foods and with fewer animal source foods
confers both improved health and environmental
benefits.”

Prof. Walter Willett MD
Harvard T.H. Chan School of Public Health
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The Media Reaction....
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Is this True... 2016 Global Disease Risk Factors, Lancet 2017

Summary Exposure Values

Risk (%) Deaths DALYs
Male Female {in 1,000's) (in 1,000s)

Nutritional Excesses h h d h
Diet High in Calories / High BMI 10 11 4,525 135,381 DALYSs, rather than deaths
Diet High in Sodium 40 36 2,310 47,567 - - "

' ' IS the bigger |
Diet High in Trans Fatty Acids 4 5 224 5,111 S the b g g erissue
Diet High in Processed Meats 6 4 140 3,196
Diet High in Red Meat 25 11 32 1,247 .
Diet High in Sugar Sweetened Beverages 18 13 23 780 D| et, rather than fOOd
Total for Excesses 7,254 193,282

IS the bigger problem

MNutritional Deficiencies

Diet Low in Whole Grains 59 61 2,499 62,596 o )

Diet Low in Fruit 62 57 2,361 60,982 Deficiencies, rather than
Diet Low in Nuts & Seeds 81 82 1,879 49,493 excesses

Diet Low in lron 9 20 35,850 . .

Diet Low in Vegetables 42 a3 1,519 35,489 IS the bigger problem
Diet Low in Marine Omega-3 PUFAs 77 79 1,539 33,347

Diet Low in Fibre 53 62 888 20,119

Diet Low in Legumes 45 52 672 14,214

Diet Low in Polyunsaturated Fatty Acids (PUFAs) 40 39 404 8,352 European )
Diet Low in Calcium 57 61 160 3,353 ’ I ' :;‘;’:;tme“t DEVEN ISH
Diet Low in Milk 83 84 123 2,582

Total for Deficiencies 12,064 326,377



Percentage of children under 5 who are stunted (%), by

country Childhood Stunting Rates
&

Annual Meat Consumption

- an Inverse Relationship
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Animal Source Foods & Impact on Primary School,

Test Scores, of Kenyan Schoolchildren

Number of schools in two Embu subregions 60 |

Two sublocations, eighteen possible schools *
m, Meat; @, milk; O, plain Githeri; O, control.
50 +
Twelve
schools selected w0 |

E
Randomisation of schools to 3
feeding groups “E’
£ 20}
% 10 * * % % *
2 * x
c
[
Plain Githeri group Milk group Meat group Control group o 0 - - - T .
Three schools Three schools Three schools Three schools £ J
Ninety-nine children 105 children Sixty-seven children| |Eighty-nine children 10 *
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& Frio & 3 <8

Hulett et al. Brit J Nutrition 2014 220 | & il




Nutritional Quality of Steak Vis a Vis Plant-Based Burgers

(4 Ounce = 1159)

Steak (80% Lean) Beyond Meat Burger Impossible Burger

Calories 287 270 220

Fat (g) 23 20 13
Saturated fats (g) 9 6 10
Carbohydrates(g) 0 ) )

Sugars 0 0 <1

Protein (g) 19 20 20
Sodium (mg) 75 380 430

Fibre (g) 0 3 0

Pea. muna bean Soy protein concentrate (GM),
l:;r Dwn%ice ' Soy leghemoglobin (GM), Soy protein
100% beef isolate (GM), Potato protein,

Cocoa butter, coconut oil,
sunflower oil & canola oil

Protein source

Fat source Coconut oil, Sunflower oil,

8 added vitamins, Natural flavors,
Potato starch, Natural flavor, salt, Yeast extract, Methylcellulose,
Yeast, Salt & Beet juice extract Food starch modified,

Cultured dextrose & Water

Additional Ingredients




Ultra-processed Diet Unprocessed Diet

Diets were presented in random order and matched for

U I t 'a- P FOCESS ed D| etS provided calories, sugar, fat, fiber, and macronutrients
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Hall KD et al.
Cell Metabolism 2019; 30: 67-77.
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Population Scale Behavioural change..... Is not easy!!

E.g. Smoking in Ireland

Figure 6: Trend in crude smoking prevalence to 2017, relative to 2005
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Source; HSE Tracker Survey; 3-month moving average with 95% Confidence Intervals shown as error bars

21% reduction in Irish smokers, over 12 years & cost millions

European
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EAT-Lancet Commission “Reference Diet”

Impacts on Premature Deaths, Disease Burdens if Adopted......

Risk Exposure Values (%) Deaths DALYs

11 Million premature deaths avoided, mainly due to
Male Female (in 1,000's) (in 1,000s)

reduced Sodium, & increased Fruits, Vegetables, Whole

Mutritional Excesses :
Calories / High BMI 10 11 4525 135,381 Gralns & NUtS
Sodium 40 36 2,310 47,567
Trans Fatty Acids 4 5 224 5,111
Processed Meats 6 4 10 319 A90% Decrease in Red & Processed Meats intake;
Red Meat 25 11 32 1,247
Sugar Sweetened Beverages 18 12 23 780 will not save many lives or DALYS.
Total for Excesses 7,254 193,282
WILL RESULT in greater deficiencies in Iron, Omega-3-
Nutritional Deficiencies PUFASs, Calcium, Vitamins D & B12 and Protein, with
Whole Grains 59 61 2,499 62,596 . . .
Eruit 62 =7 2361 60,982 disproportionate effects on women & children
MNuts & Seeds g1 82 1,879 49,493
Iron 9 20 35,850
Vegetables 42 43 1,519 35,489 . . .
Marine Omega-2 PUFAs . o Le30 33247 Conclusion — Need Sustainable Farming & Food
Eibre 23 62 883 20,119 Solutions to deliver the Rest
Legumes 45 52 672 14,214
Polyunsaturated Fatty Acids 40 39 404 8,352 European N
Calcium 57 61 160 3,353 ’I, Investment DEVENISH
Milk 83 84 123 2,582 Bank Beyond Nutrition

Total for Deficiencies 12,064 326,377



But we must be Honest as ........

Food today is not always as Nutritious as it could
be...

Diet-related Diseases are Increasing




Changes in Nutrient Content of Fruit & Veg over fifty years

US study of nutritional data from both 1950 & 1999 for 43 different
vegetables & fruits, found statistically significant declines in the amount

of:
* Protein I 6%
« Calcium 1 16%
« Phosphorus I 16%
* [ron I 15%
 Riboflavin 1l 38%
 Vitamin C 11 20%

-
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Changes in the Nutrient Content of Oily Fish over Ten Years

4.0 4 Levels of EPA+DHA ( g/100g ) in farmed Scottish Atlantic
salmon between 2006 - 2015

iiii.iﬁii"

Sprague et al. Nature 2016

00 1 1 | 1 1 | 1 1 1 1

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

EPA+DHA (2.100 g')




Solutions Already Delivered by Devenish
Naturally enriched Chicken & Eggs, with Algae-Sourced, Omega-3

Microalgae Animal feed




Results of eating Omega-3 PUFA enriched

chicken & eggs

20
Change from Baseline in Plasma DHA (ug/g) -
1. Clinically & Statistically Significant 15 - . I
Increases in Plasma DHA Levels 20 T I T
p<0.05 . ’T’ T
** p<0.01
*** 1n<0.0001 ot -
mitrol Control | Omega-3 Omega-3 Control Control Omega-3 Omega-3
cken + | Chicken +  Chicken + Chicken + Chicken + | Chicken + Chicken + Chicken +
2 SUb‘:;t'7I nti"il Shlft irl the ntrol Omega-3 Control Omega-3 Control Omega-3 Control Omega-3
: S ¢ ) “ ‘EES Eggs Eggs Eggs Eggs Eggs Eggs Eggs
DI&:’[I’IDU’[IGH of the Omegci—.?)—lndex 3 Months 6 months
in a Healthy Adult Population
Red Cell Omega-3 Index at 6 Months
70
3. 70% reduction in individuals with a 60

high risk Omega-3 Index =0

Prevalence 40
4. 5 fold increase in those with an (%) 30
Omega-3 index > 6% p 20

o 1 = [ | (]

DEVENISH

Control Chicken Control Chicken Omega-3 ChickenOmega-3 Chicken
Control Eggs Omega-3 Eggs Control Eggs Omega-3 Eggs

B<4% @4-6% [DO6-8% BE>8B%



As aresult... A Proactive delivery of an alternative solution
Nov 2017, American Heart Association Awards Research, Best International Paper

Adding value Pre-farmgate, with Unique Rapid Human Bio-availability
Without the necessity to change Consumer Consumption Behaviour!

’" ke DEVEPIISH”

Bank
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Improving Human
& Environmental
Health

One Health.....

Consumer
Retailer

Processor

Producer

from “Soil to Society”
DEVENISH Jl| === DEVENISH

Bank Beyond Nutrition

ey
Beyond Nutrition Bank Presentation | July 2017



Delivering Smart Sustainable Livestock Solutions

Success with Poultry over the last five years

2kg FCR
1.70 1 pt in FCR = £1.50/tonne of feed
1.65
1.60
1.55
1.50

0

Environmental

0

Environmental

European -
et DEVENISH
Beyond Nutrition
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Designing Precision Nutrition to Mitigate

Environmental Impacts

5% improvement in growth rate
17kg per pig soya reduction

25% reduction in water intake

V V V V

38% reduction in slurry volume

> 49% reduction iIn ammonia
» 16% reduction in GHGs*

*SRUC, AgRE Calc, Calculator accredited PAS 2050 to BS| "’ investment DEVENISH
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So what about Ruminant Agriculture?

A Pariah... or a Global Asset?

The Devenish
Lands at Dowth

“Proudfootstown

A UNESCO
World Heritage Site
6,000 Years of Farming Evolution




Getting the Basics right, understanding Soils & Nutrient Uptake

Summary of Ireland’s grassland sector

Grass Dry Matter Utilisable Yields — Average 5.1t/ha/yr
Top Grassland Yields 16t/ha/yr
Soil Analysis — Only 2% analysed on an annual basis
Soil pH - Optimal 6.0, 64% not achieving optimal
% Soils at optimal fertility — 12%

Teagasc Green Book 2017

0]
Nitrogen Phosphorus Potassium /O.Qf
o s s Fertiliser
Utilisation Utilisation Utilisation
Wasted
5.0-5.5 17% 48% 77% 32%
5.5-6.0 85% 52% 100% 21%

6.0-6.5 100% 100% 100% 0%



Creating a baseline at Dowth to restore our Solil Fertility
- Soil pH

Feb. 2014 Feb. 2016 Feb. 2018
Average pH 5.5 Average pH 5.7 Average pH 6.1

I Above 7.0 pH i i i} ' '
=167 .70pH 5t/ha Lime (spread Uniformly) 2-8t/ha Lime (Variable rate)

[ ]6.4-6.6pH Sept 2014 Sept 2016
] 6.1-6.3pH
[ ]58-6.0pH

B 5.5 - 5.7 pH TECH ", koie? DEVENISH

B 50-54pH SOLUTIONS Bank
I Below 5.0 pH




The Ultimate Dilemma... Mitigating Greenhouse Gases
& the Recognition that farms can Sequester GHGs, as well as Emit them

But - how could this be credibly validated, independently?



At a landscape scale — We created a baseline

1. Soil Carbon Levels and their variations

Dowth Grass Swards and its Soils

No ploughing for 40 Years
Some land never ploughed
Soil Type — Brown Earth

Average Soil Carbon - 2.1%
Expected Soil Carbon — 4 to 5%

M & © & {4 B ¥ 8§ ¥ & ¥ 8 ¥ B £ 8 8§ ® ¥ 8
- — — P ™ ~ e i ] ™ ™ = - b e I u wi o
> 1 B B 8 W OB B B W S W o8 W oS B R W g = European -
2 ™ & r 8 bk ! r 8 . ! r~ =] ™ | r~ =] & ol r~ - Investment D E v E N I S H
= — — — i~ [ (x| ('] i ] ] [ai] ™ = =+ = = 5] u i L A Bank



2. Measured the “Above Ground” Carbon in Trees & Hedges

Using Aerial LIDAR Survey to digitally measure the Trees & Hedges

|

Climate Change Research Programme (CCRP) 2007-2013
Report Series No. 32

~ Carbon Sequestration by

Hedgerows in the
Irish Landscape
Biomass 83 127 86
Density (t
C/ha)

Total Biomass 3495 385 3880
in Dowth (t C)

Sequestration 50 1.2 51

Potential for
caLasc
Dowth (¢ /Y1) e Jl| & DEVENISH
Ban

Acmcururs axn Foon Devevopsest Avrnonrey Beyond Nutrition
S. Green, Teagasc, 2014




Estimated Annual Carbon Sequestration at the Lands at Dowth

Carbon Seq. Soils Total soil Carbon Seq. Trees Total tree

Area Ha t of C/ha/ yr Seq. t/ yr t of C/ha/ yr Seq. t/ yr
Grazing ground 91.91 0.5 46
Woodland 42 1.6 67.2 1.2 50
Floodplains 10.2
Hedgerows 7.89 1.6 12.62 0.4 3
Total land area 156.48
Total soil seq./ yr 128  Total trees seq./ yr 54
Total Dowth carbon sequestration t of C/ yr. 181.6
Total carbon dioxide equiveillance, t of CO2 e/ yr 665

Gordon et al 2006, S. Green 2014, L. Graham 2017, D. Hagan 2018 I o DEVENISH

Bank



GHG displacement at different Stocking Rates

Suckler Cows & Calves, Grazing System, on 91 ha of Grass at Dowth

665 tonnes of COZ2e is the difference 1451
between Counting & Not Counting

=
iy
(=}
o

: . 1306
Sequestration, at Dowth, on annual basis Blue bar. Total

CO2e, with no

2

0

c 1200

S sequestration
< 1000

7p]

c

2 | 800 Net Carbon
é’ 600 Sequestration
1] Tonnes/yr
]

& 400

O

O 200

000

Stocking rate
LU/ha

2.25
-200

g

B cows mm No sequestration potential —Nett carbon emissions (incl. sequestration)

D. Hagan Red dashed line represents a Stocking Rate of 2 LU/ha, At which point,
Devenish 2018

Dowth’s Sequestration displaces 56% of all GHGs emitted by Cows & Calves



Accelerating Carbon Sequestration

Improving Solil pH

Sowing multi species, grazing swards, rich with legumes

Coppicing & Pollarding Trees & Hedges to drive more Vigorous Growth
Planting Silvopasture in Grazing Platform . MmcAdam AFBINI)

Land Use Practice Species tC/ha/yr 2000 Biodiversity benefits
g 1500
! Z 1000 ]
Silvopasture Poplar (200/ha) 2.8 A ’_L‘ H Spiders
Pasture Perennial ryegrass 1.0 2 ——————— %‘m
Forest Plantation Sitka spruce (yc 18) 3.8 ! l
: ; 8 2<.>
. . . . Birds
« Planting 400 trees per ha, on mineral soils, growing grass
« Pollarding of trees to optimise grass growth, biodiversity & sequestration Gt gty Akt

« Extending Soil Trafficability by 17 weeks, improving grass utilisation

I
& reducing nutrient & soll loss, to water courses : H H |-'—‘ Beetles
DEVENISH R

No. of carabid beetles




Going beyond Carbon Neutrality with Rumen Methane Reduction?

Findings of the NLIMP Research Program

Methane mitigation research priorities
70 Research costs

50

<0.55 m L
60 O Algae

@ Wheat feeding

40

NDPO

30 4 Waccine . Leucaena
Energy capture
Bioactives
u::-char
Genealgs dair

Grape mar Genetics Beef/Sheep @ Nitrate
Other Iegumess
hrubs

Animal methane mitigation (%)

BNMP's

o 10 20 30 40 50 60
Barriers to implementation (relative score)




Are we using the right Metrics to deliver Human & Planetary Health?

Nutrient Density & Diversity per unit of Climate Impact

800 : Proc. -~
Meat & dairy vegetables Qr
o Other foods
T () Soups
(&)
= 600 -
(&
o
o Eggs |
Q. ’ e
—_ White cheese ’
o 400 Yogurt g
O > Poultry
O Meat Mik -
o products —Q— % Q ______
Breakfast cereals and bars

1 I I
0 100 200 300 -
ND 15 per 100 kcal ) DEVENISH

Drewnowski et al. Energy and nutrient density of foods in relation to their carbon footprint. Am J Clin Nutr 2015;101:184-91.



Improving Water Quality.....

‘Proudfootstown

< i\ (‘5')’:\ e = «T’ :
\ § A I
N |
i k i1
SXBDowth

A

80% of Phosphate enters water course through “Over Land Flow!”
2018 — Digital analysis of LIDAR surveys allowed individual el -
Watersheds to be identified "' DEVENISH

Bank
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Landscape Solutions to Capture “Overland Flow” of Dirty Water

Planting “Over Land Flow” Pathways with Woody Riparian Strips to catch Phosphate
Harvesting Wood every three years to mine Phosphate back out of the Riparian Strip
The use of resultant wood as Renewable fuel; while creating a new Habitat

J. Gillland 2012 /1| o=~ DEVENISH

Bank Beyond Nutrition




N. Ireland Sustainable Land Management Strategy Pilot

Phosphate & Soil Run Off Risk Maps

Outreach Communication,
Soil Sampling & LIDAR Analysis

Individual farm maps of
soil fertility & risk issued

Led by CAFRE
Analysed by AFBI

Finished April 2018

Cafre

College of Agriculture,
Food & Rural Enterprise

Area at highest risk of:

P runoff from
fertiliser”

P runoff from
- fertiliser* and soil
Drainage channel
@® Runoff enters drain
T  Flow direction

'-';o"y manure and chamecal fortbser

~

c 0% K A
| G W—

N R ——

Laios 3:-17
awcafre g DAERA



International Credibility Essential
Selected as a Wageningen University Research, International Lighthouse Farm

Access to World Class Researchers,
Masters & PhD Students

Bringing exemplar
farms into the

Partnership in Research bids
- Heartland

- SRUC PhD, Verification & L § _ a A

WSS

Acceptance of Carbon Solutions

Selected to present to Dutch
Royal Couple, jointly

Design~ing sustainable
farms using

"‘7‘3”: 3 <. Augmented Reality
International Credibility Essential AN |
L e in partnership with: cwnn DEVENISH




A New Vision for Agrifood.....

800 - s
o Meat & dairy vegetal;?ecs Q’
o Other foods

() Soups

©
O
~ 600
Q
o Eggs Enhancing Nutritional Content
2 ) Yoaurt White cheese |
8 00 Meat " O Milk O TRy pvhile
= p Enhancing
roducts o>
=2 p —Q——Qi ————— Environment
L) 7, Footprint
% ;8 Fish, O Fish,
0] uices unprocessed processed
Breakfast cereals and bars
I 1 I T
0 100 200 300 -
ND 15 per 100 kcal DEVENISH

Drewnowski et al. Energy and nutrient density of foods in relation to their carbon footprint. Am J Clin Nutr 2015;101:184-91.



BORD BIA

IRISH FOOD BOARD

Thank you

Any guestions?
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