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EAT-LANCET COMMISSION RECOMMENDATION

e [DEFINED A HEALTHY AND SUSTAINABLE DIET BASED ON PLANETARY
BOUNDARIES AND NUTRITION KNOWLEDGE

= NN w

I3 S o =1

S & o S
[ ]

=
o
o

_
w
3
=
=
=]

=
=
S

=
=
=

—

=

c
=
=]

=

=]
=
=
2
=

&

-
<
L

—

=

a
o o

e EAT LESS ANIMAL FOODS!

Willet et al., Food in the Anthropocene: The EAT-Lancet Commission on healthy
diets from sustainable food systems (2019)



PLANT-BASED FOOD: DRIVERS
Ethical




THE RISE OF ALT-PROTEIN FOODS:

$7 billion sales in 2020 (up 27%)
(Good Food Institute, USA)



FUTURE
rO0QDS

/. Food Nanofechnology

'ACRACKIN
CREATION

NTROL EVOLUTION

2019



NEXT-GENERATION FOODS:
DESIGNING FOR HEALTH

Ingredients

Water, Coconut Oil, Modified Potato Starch, Gluten

Free Oat Fibre, Maize Starch, Salt, Modified Maize Starch,
Calcium, Thickeners (Carrageenan, Guar Gum), Natural
Flavourings, Acidity Regulators (Lactic Acid, Sodium
Lactate), Colour (Carotenes).

Nutrition information Per 100g
Energy 1297kJ/313kcal
Fat 25.9g

of which Saturates 21.6g
Carbohydrate 18.3g

of which sugars 0.1g

Protein 0.1g

Salt 1.6g

Calcium 150mg (19% RI)




NEXT-GENERATION FOODS:
DESIGNING FOR HEALTH
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SOPHIE'S

KITCHIN

M GLUTEN FREE / SOY FREE

Nutrition Facts

Serving Size: 1 slice 359)

Amount Per Serving
Calories 170 Calories from Fat 41
- - -

% Daily Value®
Total Fat 4.5g 7%

Sodium 610mg

Total Carbohydrates 32g
Dietary Fiber 99
Sugars 0g

Protein 0.5g

Vitamin A
Vitamin C
Calcium

INGREDIENTS:
CH, P




PLANT-BASED MEAT
SEAFOOD

STRUCTURALLY COMPLEX SOFT SOLIDS

SCALLOP




Mimicking Real Seafood:
Multisensorial Engineering

Appearance

Sound
Bubbling & Evaporation

~NN

s —

O S—
e

\

S—

S5
A V4
~

Scattered Light

Texture

Small & Large Deformation Specific Volatile Profile
—
- She
Microstructure
Mouthfeel Organization

Breakdown/Texture-Time

< 2 e Specific Tastant Profile
What is the structural basis of deliciousness? 2



Creating Plant-based Scallop:
Mimicking Structural Architecture

anostructure

“Microstructural properties of pre-rigor scallop adductor muscle” Wei et al (2020). Effects of thawing methods on the
biochemical properties and microstructure of pre-rigor frozen scallop striated adductor muscle. Food Chemistry, 319, 126559.



Mimicking Nanosiructure:
Controlled Protein Denaturation-Aggregation




Mimicking Microsiructure:
Soft Matter Physics Approach

Pea
Protein

Heat

Seafood-like
Structure

Structure Fiber Formation
Formation




Structural Biomimicry

Nelellle]e 10% Pea Protein + 2% TG
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10% Pea Protein + 0.5% Pectin + 2% TG 10% Pea Protein + 1% Pectin + 2% TG




Textural Analysis

—Scallop - —PB Scallop
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 Hardness
 Cohesion
« Springiness
« Chewiness




Color Analysis

O Grilled Scallop

O PB Grilled Scallop

Color Parameters




PLANT-BASED SCALLOP




FUTURE WORK

SENSORY
« APPEARANCE, TEXTURE, TASTE

NUTRITION
 NUTRITIONAL PROFILE
e DIGESTIBILITY

SUSTAINABILITY
e ENVIRONMENTAL IMPACT

SOCIOECONOMICS
« COST AND SCALABILITY
 SOCIAL IMPACT




GASTROINTESTINAL FATE
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PLANT-BASED EGGS:
COMPLEX COLLOIDAL DISPERSIONS

> $27 million (2020)
(Good Food Institute, USA)



HEN'S EGGS:
FAMILIAR & VERSATILE

QUALITY
APPEARANCE, TEXTURE, MOUTHFEEL & TASTE

NUTRITION

PROTEINS (12%), LIPIDS (10%), VITAMINS A, D, E,
CHOLINE, IRON, AND FOLATE

VERSATILITY

MAYONNAISE, SALAD DRESSING, MERINGUE, DESSERTS,
CAKES....




Protein Functionality:
Thermal Gelation

I oo Disulfide bond
; - ) isulfide bon
Unfolding Aggregahon , tormation
Non-polar Hydrophobic '
groups exposed Attraction
Heat-set
HEVEIN oS
Opaqgue Gel

Physical
Properties




Mimicking Real Egg:
Physicochemical Characterization

Denaturation Gelation Texture Appearance

Rubisco
Protein
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PLANT-BASED DAIRY
COMPLEX COLLOIDAL DISPERSIONS

FORMULATION
QUALITY ATTRIBUTES
FORTIFICATION
BIOAVAILABILITY
VERSATILITY

Whey proteins

(2_3 nm) Milk Fat Globules

(1000-5000 nm)

Sugars and sal
(1-2 nm)

Casein Micelles
(20-200 nm)




PLANT-BASED MILK
COMPLEX COLLOIDAL DISPERSIONS

Formation of Plant-based Milk
Emulsification Method

0 o
Fine Emulsion

'







STABILIZATION BY MULTILAYER

TECHNOLOGY
IMPROVE PH AND HEAT STABILITY
231 Jo Aloooo : ?

S 40 - s £ :
E 2- hec s _
=l 1,
s = :
0 % 100




STABILIZATION BY MULTILAYER
TECHNOLOGY
IMPROVE PH AND HEAT STABILITY
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PLANT-BASED MILK
VITAMIN FORTIFICATION

. Digestion
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Vitamin E-loaded plant-based emulsions



PLANT-BASED MILK
VITAMIN FORTIFICATION

‘ Larger Mixed Micelles
» Small Mixed Micelles (Soy & Flaxseed Oils)
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Vitamin E-loaded plant-based emulsions



PLANT-BASED MILK
NUTRACEUTICAL FORTIFICATION
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Plant-based nanoemulsions give higher or equal bioaccessibility
as commercial supplements



PLANT-BASED MILK
COMBINED FORTIFICATION

Vitamin-loaded
Mixed Micelles

o
vc0®

Nk P sy
Sl e Sl
Calcium addition £F %2 Co* &5 I3
° ° (7 k:;: ~9 S
reduces vitamin D T "%;jf plF
bioaccessibility gk 2 gy
o .z Fh
.‘c..‘. CO C02+

.
oe0®

Calcium
Soap

&
&
N’
)
~a
:::
©
=
© py
7]
N
>
&
o
<
=
© pu
e
=
=
©
£
S
=
>

0g Calcium 1 g Calcium 2 g Calcium

Vitamin D-fortified Almond Milk



Animal-based

Adipose
Tissue
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PLANT-BASED MEAT

Muscle &
Connective Tissue
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FUTURE WORK

SENSORY
° APPEARANCE, TEXTURE, TASTE

NUTRITION
* NUTRITIONAL PROFILE
* DIGESTIBILITY

SUSTAINABILITY
e ENVIRONMENTAL IMPACT

SOCIOECONOMICS
 COST AND SCALABILITY
 SOCIAL IMPACT




FOOD SCIENCE & ENGINEERING:
THE OLD PARADIGM




FOOD SCIENCE & ENGINEERING:
THE NEW PARADIGM

Taste, Cost,
Convenience

Ethics
Sustainability

Health Resilience
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Lutz Grossmann
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Plant-based Foods

@ Spfinger

2019 Last week



ACKNOWLEDGEMENTS

UMASS

AMHERST




	NeXT-Generation Healthy & Sustainable Foods:  Plant-based Meat, Seafood, Egg, & Dairy
	Slide 2 
	Plant-based Food: Drivers
	The Rise of Alt-Protein Foods:  Meat, Seafood Egg, and Dairy
	Slide 5 
	Next-Generation Foods: Designing for Health
	Next-Generation Foods: Designing for Health
	 Plant-based Meat Seafood Structurally Complex Soft Solids
	Slide 9 
	Slide 10 
	Slide 11 
	Slide 12 
	Slide 13 
	Slide 14 
	Slide 15 
	Plant-based Scallop
	Future Work
	Gastrointestinal Fate
	Plant-based Eggs:  Complex Colloidal Dispersions
	Hen’s Eggs:  Familiar & Versatile
	Slide 21 
	Slide 22 
	Plant-based Dairy Complex Colloidal Dispersions
	Plant-based MILK Complex Colloidal Dispersions
	Slide 25 
	Stabilization By Multilayer Technology Improve pH and Heat Stability
	Stabilization By Multilayer Technology Improve pH and Heat Stability
	Plant-based MILK Vitamin Fortification
	Slide 29 
	Slide 30 
	Slide 31 
	Plant-based Meat
	Future work
	Food Science & Engineering:  The Old Paradigm
	Food Science & Engineering:  The New Paradigm
	Slide 36 
	Acknowledgements

