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Present and Future
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In 2016 total number of undernourished Increase in overweight and obese Food utilization concerning
people estimated 815 million people levels of waste

Massive environmental “footprint” of Global population has reached 7.8 Natural resources are under
the food production and distribution billion people and will reach 10 pressure.
sectors billion by 2050
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Challenges of the current Food System
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What is sustainability?
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United
Nations

* [n 1987, the United Nations Brundtland Commission defined sustainability
as “meeting the needs of the present without compromising the ability of
future generations to meet their own needs.”
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Sustainable Food Systems

W Food and Agriculture Organization
of the United Nations

“Is a food system that delivers food security and

nutrition for all in such a way that the economic,

social and environmental bases to generate food

security and nutrition for future generations are
not compromised”

v

In sustainable food system development, sustainability is
examined holistically. In order to be sustainable, the
development of the food system needs to generate positive
value along three dimensions simultaneously:
economic, social and environmental
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Economic

sustainability
Jobs
Income
Food affordability
Commercial viability & profits
Competitiveness
Tax revenues

=

Inclusive .~ Green
._growth /. growth /
Social . /SFS Environmental
sustainability T sustainability

Public health & nutrition | Animal & plant health
Equitable (fair) value distribution Eco-social Biodiversity & ecosystem services
Culture, traditions & social norms Climate change mitigation

Livelihoods & communities PIOgEC>SS Carbon footprint & air quality
Occupational health & safety Water health & footprint
Inclusiveness Soil health
Education & skills Land use
Food safety "

Animal welfare
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Greenhouse Gas emissions, global warming and the food system
e Livestock is by far the biggest
contributor to dietary GHG emissions

- Shifts needed in consumer
behaviour change

Consume
LESS meat
and dairy

Buy MORE
locally sourced,
seasonal foods

Throw LESS
food away

04/03/2025 *UN Intergovernmental Panel on Climate Change (IPCC) 7



Eating habits

Haalth boundary

North America

1%3%

GLOBAL

Sub-5aharan Africa
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Environmental dimension
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The Double Pyramid

-

Fruit,
Vegetables

\

Bread, Pasta, Rice,
Potato, Legumes

Sweets,
Red meat

Cheese, Egg
White meat,
Fish, Biscuits

Milk, Yogurt

Olive oil

HIGH

ENVIRONMENTAL PYRAMID \
HIGH

LOW
Red meat

Cheese, Fish

White meat,
Sweets

<
3,
ey Legumes, Pasta, Biscuits,
&  Olive oil, Milk,
_\8' Yogurt, Rice, Egg
3,
Vegetables,
Bread, Potato

Fruit

FOOD PYRAMID /
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Diet related GHG emissions in Ireland

Public Health Nutrition: 20(4), 726-738 doi:10.1017/51368980016002573

Objective: To evaluate the greenhouse gas emissions (GHGE)

The climatic impact of food consumption in a representative associated with the diet of Irish adults
sample of Irish adults and implications for food and
nutrition policy

John J Hyland', Maeve Henchion', Mary McCarthy? and Sinéad N McCarthy'*

‘Deporrmem of Agrizfood Business and Spatial Analysis, Teagasc Food Research Centre, Ashtown, Dublin 15,
Republic of Ireland: Department of Food Business & Development, University College Cork, Cork, Republic of Ireland 1 65 k CO

I . eq/d
Submitted 1 Morch 2016: Final revision received 26 July 2016: Accepted 5 August 2016: First published online 26 September 2016

0.07 kg CO, eq/d

0.08 kg CO, eq/d (290 g/d)
(105 g/d) starchy 0.65 kg CO, eq/d
0.05 kg CO, eq/d staples (390 g/d)
(30 g/d)

04/03/2025 10



Diet related GHG emissions in Ireland
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Public Health Nutrition: 20(4), 726-738 doi:10.1017/51368980016002573

Male - 7.9 kg CO, eq/d
Female — 5.3 kg CO, eq/d

The climatic impact of food consumption in a representative
sample of Irish adults and implications for food and
nutrition policy

18 - 35 years: 7.1 kg CO, eq/d
36 — 50 years: 6.3 kg CO, eq/d
51 - 64 years: 6.2 kg CO, eq/d
65+ years: 5.9 kg CO, eq/d

John J Hyland', Maeve Henchion', Mary McCarthy? and Sinéad N McCarthy'*
'Department of Agrifood Business and Spatial Analysis, Teagasc Food Research Centre, Ashtown, Dublin 15,
Republic of Ireland: 2Department of Food Business & Development, University College Cork, Cork, Republic of Ireland
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Submitted 1 Morch 2016: Final revision received 26 July 2016: Accepted 5 August 2016: First published online 26 September 2016

1.65 kg CO, eq/d
(47 g/d)

Country/village: 6.5 kg CO, eq/d
Town: 6.6 kg CO, eq/d
City: 6.5 kg CO, eq/d

9

0.07 kg CO, eq/d

(80 g/d) i 0.73 kg CO, eq/d .
0.08 kg CO, eq/d Daiy and (290 g/d) Primary: 6.6 kg CO, eq/d
(105 g/d) starchy 0.65 kg CO, eq/d Secondary: 7.0 kg CO, eq/d
0.05 kg CO, eq/d sta pIes (390 g/d) Tertiary: 6.2 kg CO, eq/d
(30g/d)

Not working: 6.3 kg CO, eq/d
Student: 7.8 kg CO, eq/d

Working for payment: 6.5 kg CO, eq/d
Working from home: 5.3 kg CO, eq/d

04/03/2025 11



The EAT-Lancet Commission

Can we feed a future population of 10 billion people a healthy diet within
planetary boundaries?

->

Practical considerations make defining a global healthy diet challenging

different nutritional needs of people because of age, sex, disease status, and
physical activity levels, and needs of vulnerable populations

The Commission quantitively describes a universal healthy reference diet,
based on an increase in consumption of healthy foods, and a decrease in
consumption of unhealthy foods that would provide major health benefits,

and also increase the likelihood of attainment of the Sustainable

Development Goals

University College Cork, Ireland
Colaiste na hOllscoile Corcaigh

37 world-leading
scientists across the
globe



EAT-Lancet recommended reference diet
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* Half a plate of vegetables
and fruits

* The other half:
— Primarily whole grains
— Plant protein sources

— Unsaturated plant oils

S — Optional: modest amounts of
animal sources of proteins

04/03/2025 13



EAT-Lancet recommended reference diet

Coldiste na hOllscoile Corcaigh

* Largely plant-based

 Modest amounts of fish, meat and dairy

foods
—> Flexitarian diet
Limited intake Optional foods

’

Eags Poultry Dairy foods

Starchy
vegetables

Emphasized foods

.ﬁ‘,;-‘ &

Fish Vegetables Fruit Legumes Whole grains Nuts

PEFIFr,

14
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Reduction in
GHGe by 49%

Economy

x Not assessed

society
Provides all
macronutrients
Not affordable

Deficient in
micronutrients
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Increase consumption of plant-based foods

o
Dietary fibre Protein/Amino acids
Polyphenols Minerals
Unsaturated fat Vitamins

Insufficient intake of minerals (calcium, zinc, iodine and selenium) and Vitamin D




True cost accounting

The True Cost Of Food Is Three
Times What Americans Pay For it

National annual U.S. food expenditure
and its estimated true cost as of 2021"

$21b
$3.2t Economy

Biodiversity Livelihoods

Environment

Human health

$1.1t
National expenditure
Current national Estimated true cost of
expenditure on food food in the U.S.

* True cost includes hidden factors such as health, environmental and
economic impact of the U.S. food system.

Source: The Rockefeller Foundation

©@®O statista %

University College Cork, Ireland
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Human health

Resilience -

Impacts

on true

Economy Biodiversity

Animal
welfare

Livelihoods



Let’s take a walk through the supermarket
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Fresh produce

Fruit and vegetable imports (Tonnes)

200,000 — Figure 3. Countries providing the
highest proportion of imports (2021)

150,000 [~ Low vulnerability

Moderate vulnerability
Il High vulnerability
100,000 [—

50,000 [—

o

Chile
Peru B
Poland E
Braz I
Egypt |
Dom. Republic I
ftaly =
South Africa I
Belize I
Francel i
N. Ireland i

Costa Rica _

Germany i
Belgium r
Spain i
Great Britain 5
Netherlands I

The EPA estimated that food waste in Ireland in 2019 amounted to 1
million tonnes, not including waste from primary production. This
estimate suggests that after accounting for food waste, Irish fruit and
vegetable supply per person would be below the recommended intake
of 400g/person/day (WHO/FAQ).

https://www.ucd.ie/foodandhealth/t4media/UCD%20Institute%2

04/03/2025 OSustainability%20Report.pdf
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Plant-based proteins: Market and interest

Global plant protein market valued for
USS 10.5646 Bn in 2017, growing at a
CAGR of 6.6% from 2018 to 2026.

(https://www.credenceresearch.com/report/plant-protein-market)

Reason behind increased interest in plant proteins

For consumer perspective

. Growing interest in sustainable and
environmentally friendly sources

. Increased traction to plant-based and healthy
diet

. Rising incidences of allergenicity

From producers’ perspective

. Addressing consumer demand

. Finding a unique and competitive place in the
market

. Valorizing by-products

04/03/2025 20
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Plant based drinks

Reasons
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Global market for dairy alternative drinks

_ « 7.37 billion USS in 2016
* Medical reasons « Reaching 16.3 billion US$ in 2018

* Lifestyle choice 2,400.00

2,200.00
2,000.00

c
£ 1,800.00

W
3 1,600.00

1,400.00

European Milk Alternatives —

1,000.00

1,200.00 -

1

1

1

1

2011 2013 2015 2017 2019 2021

04/03/2025
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Commercially available plant-based milks
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Screening of different commercial plant-based milk substitutes

ALMOND
MANDEL

Composition

Visual appearance
Physicochemical properties
Glycaemic properties

04/03/2025
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Commercial plant-based drinks: Nutritious?

Main Protein
ingredient [g/100g]
Almond 2.11+0.09
Almond 0.41+0.02
Almond 0.94+0.39
Carob 2.40+0.24
Cashew 0.87+0.10
Coconut 0.08+0.00
Hazelnut 0.36+0.00
Hemp 0.08+0.04
Macadamia 0.29+0.01
Oat 0.70+0.19
Quinoa 0.22+0.04
Rice 0.32+0.04
Rice, brown 0.07+0.00
Soya 2.72+0.06
Soya 3.70+0.03
Soya 3.16+0.32
Soya 2.61+0.13
Bovine 3.12+0.12

High sugar content

High Glycaemic index

Low protein content

Low suspension stability

Low mineral and vitamin
content

University College Cork, Ireland
Coldiste na hOllscoile Corcaigh

Original Paper | Open Access | Published: 05 November 2016
Evaluation of Physicochemical and Glycaemic Properties
of Commercial Plant-Based Milk Substitutes

Stephanie Jeske, Emanuele Zannini & Elke K. Arendt B4

Is this nutritious?

Especially when

compared to bovine
milk

04/03/2025
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Milk versus plant-based alternative
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CHILLED

o - €2.59 per litre
€1.15 per litre ‘

4

Ingredients: Soya Base (Water,
Hulled Soya Beans (8%)), Sugar,
s Acidity Regulators (Potassium
alpm Phosphates), Calcium (Calcium
SOYA Carbonate), Flavouring, Sea Salt,
Stabiliser (Gellan Gum),
Potassium lodide, Vitamins (B2,
] L B12, D2)

g 2
<3(

Ingredients: Cows milk * Economicimpact ‘/
* Environmental impact ‘

* Social (nutrition) impact

| perioog | rer1oog |

Energy 47 kcal Energy 39 kcal
Protein 3.5¢g Protein 3g
Fat 15g Fat 18g
Carbohydrates 49¢g Carbohydrates 3g
of which sugar 49¢g of which sugar 2.5
of which dietary fibre 00g of which dietary fibre 0.5
Salt 0.2g Salt 0.08

04/03/2025 24



Sugar and blood sugar levels

04/03/2025 25
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High blood sugar — health implications

| vs Low Gl Foods

Chips
Biscuits, Cake!
Ice cream, Dates

Jasmine rice
Potatoes
Processed Food
§ Watermelon
] White Bread
a
o
§ Insulin binds to insulin receptors Insulin is not produced by beta Prolonged overproduction of
[G] Basmati Rice and triggers the opening of cells in the pancreas and hence insulin leads to desensitization of
B sy glucose transporters in fat and glucose is not removed from the the insulin receptors and hence
o Vegetableg Lentils, Pasta, muscle cells, allowing glucose bloodstream, causing diabetes glucose is not removed from the
@ Wholegrain Bread, Oats, removal from the bloodstream bloodstream, causing diabetes
Oranges
h}ur hours Key: glucose ’ insulin .' insulin receptor @ glucose transporter (Glut-4)

Time/Hours

04/03/2025 26
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Commercial plant-based drinks: Sustainable?

Impact on environment W Water required for 1L of milk
=2  76% less farmland required = R :

~ p
#1190 million more people could be fed ddddddddddddddddddddddddddddnd

SASERAARANARAS SE AR AARAAAA
m 8% of feed protein is converted into consumed protein SEAREARARARSARERARAREAREAREARA
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pdddddddddddddddddddddadddddng

i The environmental impact of milk per litre u LU L LD
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—— Cows milk Saoa milk Almcnd milk Dt milk Rica milk ‘

@ Global land use (m®) ® Global GHG emissions (ky COHq]
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Meat, seafood and alternatives

Global meat market forecast

Source: AT Keamey

(in $ bn, global)
R
a0 &y ) -
1.600 oo
+ 400 cuttured MEAT FREE®
- 35% @ t 8 SausageS o
1,200 0% 22e meal ' s = MEAT "REB
| Zﬁuraﬂ ¥
= T e fa
.
E%
‘Conventional
meat
Global Plant-based Seafood Market ~ ®Fish
Size, by Product Form, 2022-2032 (USD Million) m Shrimps
800 Crabs 758.4
# Scallops
700
600 565.8
500 4349 & nrd<£ye
400 soas g BATTERED k =
300 2235 cob K. { :
20 o5y 7 o= oo oy “gsm o lj)
"mmmm il l | ———
- B m
2022 2023 2024 2025 2026 2027 2028 2031

The Market will G The Forecasted Market
Atfhe‘gAZR“:t **30.1% Size for 2032 in USD: $758.4 M S\l marketus
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Plant-based meat alternatives

_ Beef burger Beyond Burger Main protein source in meat alternatives

Calories (kcal/100g) 264 252.0
Protein (g/100g) @ D

B Wheat
Carbohydrate (g/100g) 1.7 3.5 mPes
Sugars (g/100g) 0.7 0.0 = Mycoprotein
Fat (g/100g) 20.0 19.0 = Quinos

W Soya
Saturates (g/100g) 8.7 5.6 M Rehydrated Textured soya+Wheat
Fibre (g/100g) <0.5 1.3 " Rice

. W Bean

Sodium (g/100g) 0.63 0.75 Egg White

04/03/2025 29



Plant-based meat alternatives
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GEN 1 PRODUCTS OFTEN HAVE TERRIBLE INGREDIENT LISTS

For 20 years consumers have been telling the food industry that they want products that
are ‘clean label’, or have short ingredient lists. Most plant-based brands fail this test.

Beyond meat plant-based burger Impossible plant-based burger Beef burger
24 ingredients 22 ingredients 1 ingredient
™ 4 STEAKS HACHES
E v
-
|
Ingredients: \Water, pea protein®, expeller-pressed Ingredients: Water, Soy Protein Concenfrate, Ingredients: 100% beef.
canola ail, refined cocenut oil, rice protein, natural Coconut O, Surflower Cil. Natural Flavors,

flavors, dried yeast, cocon butter, methylcellulose, and 2% Or Less Of: Potato Frotein, Methylcellulose,
less than 1% of potato starch, sali, potassium chleride,  Yeast Extract, Cultured Dextrose, Food Starch

beet juice color, apple extract, pomegranate Maodified, Soy Leghemaglobin, Salt, Mixed
concentrate, sunflower lecithin, vinegar, lemon juice Tocopherols [Anticxidant], Soy Frofein lsclate
concentrate, vitamins and minerals (zinc sulfate, Vitamins and Minerals: Zinc Gluconate,

niacinamide [vitamin B3], pyridoxine hydrochloride Thiamine Hydrochloride {Vitamin B1], Miacin,

[vitamin B&), cyanocobalamin [vitamin B12], calcium Pyridoxine Hydrochloride (Vitamin B&),

pantothenate). Riboflayin [Vitamin B2), Vitamin B12. Contains:
Soy

04/03/2025 30



Development of meat alternatives

Fermentation

Extrusion

High shear

Cultured meat

04/03/2025
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Nutritional value
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e Generation of fibre-like food structure

* Generation of volatile aroma
compounds

* Reduction of valuable thermolabile
components such as vitamins or amino
acids

* Protein digestibility?

04/03/2025 32



Human digestive tract

Oral phase

Mechanical
digestion (chewing)

Chemical digestion
(amylase in saliva)

Intestinal phase

Duodenum
Bile and pancreatic
enzymes (lipase,
amylase, trypsin)
break down fat,
starch, protein

Jejunum and lleum
absorption of
nutrients.

Mouth

Palate B
Uvula /4 . - 4)
Tongue = J
Teeth : Pharynx

Esophagus

Salivary
glands

Sublingual
Submandibular
Parotid

Liver
Gallbladder

Common
bile duct

Stomach
Pancreas

Pancreatic
duct

Small Large
intestine intestine
Transverse
Duoqenum : colon
Jejunum i Ascending
lleum g >—1 colon

Cecum
Descending
colon
Sigmoid
colon
Rectum

University College Cork, Ireland
Coldiste na hOllscoile Corcaigh

Digestion is the breakdown of food into smaller particles
- Absorption of macro-and micronutrients into our blood

- Elimination of waste

Gastric phase

Hydrochloric acid
lowers pH to
increase activity
of pepsin (protein
digestion enzyme)

% protein
\O%
‘o..*)o;‘ 3
)
polypeptide chain
tripeptide l dipeptide

amino acids

04/03/2025
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Why do we aim for high protein digestibility? @ UCC
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Proteins are building blocks in the body ®

X e
—~
4]

. Bones
.®..9 : v:
polypeptide chain § ’
1 Cartilage Muscle
Essential amino acids Provided by foods

t”pe"’“de l d'pep“de cannot be synthesised

Y K | by our body Protein needs to be highly

amino acids digestible to make amino

acid available to the body : '
Blood Skin

04/03/2025 34



Diet shift towards more plant-based foods — the protein

University College Cork, Ireland

°
q u est I o n Coldiste na hOllscoile Corcaigh

Vegan diets are very low in some
essential amino acids

Takle 3. irazkes of amine adds be hassesl clet oraus®

Plant proteins miss some of the essential amino acids

Gt e e (W ot e w51
A i -

P Frsi-sniers [E [
< T ol CREG >
dranzhagma essanti!
leplsore AT 1 ZELSIZHE 206! LTT ML ENT
- 17 -3
Lwmira PR IR A1, 7 s
-~ L
feulbrw w04 D, i {NEFE R LR RS}
I4ed, -% -
e A weiis
i EAT D, FAAIE A REERIE N ] 1830 A6, 157
Fad. -13 -19
e ‘, - B0 4T B2 4.4 1347 433 376 36D, 393
s LA7 DAL 174 1280033 4 124 1120, 120
Rl 12 26
Legu mes cereals Nuts and Seeds Fremddaire 253 242, 36E 3341224 244 231120, 338
Rad. & 10

Thrcenin: 105 (R 310 201 4252 171 243 1234, 23

5u|phur_containing AA ' Lvsine ‘ i Tryatephan 202 rE.::uu.‘-:- ca l“f‘f"'a”’ sz :J._?].{czsj AT e AT
( Cystei ne and methionine ) Y Y Schmidtet al.; Plasma concentrations and intakes of amino acids in male meat-eaters, fish-eaters, vegetarians

and vegans: A cross-sectional analysis in the EPIC-Oxford cohort, European Journal of Clinical Nutrition, 2016

Sulphur-containing AA,

Isoleucine Meat-eaters vs. Vegans:

4. Lysine Sulphur-containing AA, ' P @ 44%less Lysine -—
y Threonine, Tryptophan & ¥ 47% less Methionine

‘ Threonine, Tryptoph .' Isoleucine, Valine

Combination of legume and cereal
protein for a complete protein profile




Plant-based cheese alternatives

-

acox @

Global Vegan Cheese Market, B eanes
by Product 2020-2027 '

2022 2023 2024 2025 2026

G@ |
olE0N ol 1
2020 2021
W Ricotta M Cream Cheese

2027

® Cheddar Permesan M Mozzrella

N oo e r E: GREEK

VEC\I_’UAEN / ' .
B . DR b v, * ouwit [
| E. > = o WHITE
5 1 FOR X e I > > : & o
PERFEC 4 o iy - N .,URED'“”"“"S“-~ 2 .
@ Gam“"‘ .(/‘\. ‘ : $ED CHEESE n,-;?;‘p-;
s . ] = m PARMESAS
Y ig \ Jl Wb cone -
' ] 200g BLOCK g0

R TR
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Plant-based cheese alternatives

rsity College Cork, Ireland

Coldiste na hOllscoile Corcaigh

I Price: €15 /kg Price: €12 /kg
Amount per 100g Amount per 100g
EPIC &
MATURE Energy 303 cal VS Energy 416 cal
. Fat 24g Fat 34.9g
-2 Violife Saturates 22g Saturates 21.7g
: Carbohydrates 20g Carbohydrates 0.1g
Sugars 028 Sugas 0.1
Protein 13g Protein 25.4§
Salt 728 Sant T8¢
Calcium Og Calcium 739mg
Vitamin B12 2.5mcg
INGREDIENTS INGREDIENTS

Water, Coconut Oil (24%), Modified Starch, Starch, Sea
Salt, Sunflower kernel, Mature Cheddar flavour, Acidity
Regulator: Lactic Acid, Olive Extract, Colour: B-Carotene,
Vitamin B12.

Fat

Cultured pasteurized milk, salt, enzymes.

04/03/2025
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Commercial plant-based products: Sustainable?

Affordability
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MEAT FREE*_

2 Burgers

Average price for milk: 0.90 Euro per litre Average price for beef burger: 1.00 Euro per

Average price of plant based alternative: 2.00 patty
Euro per litre Average price of plant based alternative: 3.00
Euro per patty

-> Plant-based options are more expensive

University College Cork, Ireland
Coldiste na hOllscoile Corcaigh

AANT- BASED CHESE

SHOKED MOTIAVEUIA

Average price for cheese: 1.25 Euro per
100 g

Average price of plant based alternative:
2.25 Europer 100 g

04/03/2025

38



Conclusion and outlook

* A plant-based diet reduced GHGe

* Adiet shift can come with challenges
— Consider the three dimensions of Sustainability:
environment, economy, society
* Do we have to decide between plant-based
and animal products?

University College Cork, Ireland
Coldiste na hOllscoile Corcaigh

CARBON = g
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Thank you for listening
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