
Ultraprocessed Plant-based Foods: 
Creating healthy and sustainable alternatives to 

animal-based foods

$8 billion sales in 2022 
(Good Food Institute, USA)
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Willet et al., Food in the Anthropocene: The EAT–Lancet Commission on healthy diets from sustainable food systems (2019)

Challenges
• Growing population
• Land use, water use, pollution
• Greenhouse gas production
• Biodiversity loss
• Zoonotic disease
• Antimicrobial resistance0
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ENVIRONMENTAL IMPACT

EAT-Lancet Commission Recommendation
• Defined a healthy and sustainable diet based on planetary boundaries 

and nutrition knowledge
• Eat less animal foods!



Greenhouse Gas Emissions of Plant-
and Animal-based Foods

Economist: Banana Index
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Traditional Plant-based diet Traditional Animal-based diet



Next-Gen Plant-based Foods

Health

Traditional Animal-based diet



Americans Are Addicted to 
'Ultra-Processed' Foods, 

and It's Killing Us 
(Newsweek)
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Diet-Related Risk Factors for Early Death

Number of Deaths by Risk Factor (USA)



Classifying Ultraprocessed Foods

Carlos Monteiro 2009 (Brazil)





Are Next-generation Plant-based Foods 
Ultraprocessed?

Ultraprocessed Foods:
“Foods that have undergone 
extensive processing, and 
often contain many different 
ingredients” 
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PLANT-BASED MEAT

Nutritional differences
• More fiber, calcium, potassium
• More calories, saturated fat, sodium

23 Ingredients

1 Ingredient



HEALTH BENEFITS? 
NUTRITIONAL IMPLICATIONS

Real bacon has about 
around 35% protein

Nutritional differences
• More fiber, calcium, potassium
• More calories, saturated fat, sodium

PB bacon has no 
protein!



HEALTH BENEFITS? 
NUTRITIONAL IMPLICATIONS

Real salmon has about 
around 20% protein

PB salmon has 
< 1% protein



Real cheese has about 
around 23% protein

PB cheese has < 1% 
protein

HEALTH BENEFITS? 
NUTRITIONAL IMPLICATIONS

PB cheese has 
> 20% sat fat

Long ingredient list



ARE NEXT-GENERATION PLANT-BASED FOODS 
UNHEALTHY?

It 
Depends
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POTENTIAL PROTEIN DEFICIENCY

Marinangeli et al. (2021). The effect of increasing intakes of plant protein on the protein 
quality of Canadian diets. Applied Physiology, Nutrition, and Metabolism, 46(7), 771-780. 



POTENTIAL MICRONUTRIENT DEFICIENCY
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Potential micronutrient deficiencies
• Vitamin B12, Calcium, Zinc, Magnesium, Potassium



DESIGNING HEALTHIER NEXT-
GENERATION PLANT-BASED 
FOODS

Macronutrient Composition
• Fats, Proteins, Carbohydrates

Micronutrient Composition
• Vitamins and Minerals

Nutraceutical Fortification
• Dietary Fibers, Probiotics, & 

Phytochemicals



DESIGNING HEALTHIER NEXT-GENERATION 
PLANT-BASED FOODS

Digestibility
• Fats, Proteins, Carbohydrates

Bioavailability
• Vitamins and Minerals
• Nutraceuticals

Blood
Nutrient
Levels

Time (Hours)

Fasting 
Level

Rapid 
Digestion

Slow 
Digestion



PLANT-BASED MEAT SEAFOOD
OMEGA-3 FORTIFIED SCALLOPS



MIMICKING REAL SEAFOOD: 
MULTISENSORIAL ENGINEERING

Aroma
Specific Volatile Profile

Appearance
Light Absorption & Scattering

Taste
Specific Tastant Profile

Sound
Bubbling & Evaporation

Mouthfeel
Breakdown/Texture-Time

Texture
Small & Large Deformation

What is the structural basis of deliciousness?

Microstructure
Organization



Phase Separation

Pea 
Protein

Pectin

Mix

Structure
Formation

Shear
& Gel

Fiber Formation

Seafood-like
Structure

Heat

Combine

MIMICKING MICROSTRUCTURE:
SOFT MATTER PHYSICS APPROACH



PLANT-BASED SCALLOP
OMEGA-3 FORTIFIED



Microstructure of real and plant-based scallop in oral , gastric, and intestinal stage

PLANT-BASED SCALLOP
DIGESTIBILITY

Mouth Stomach Small Intestine

Mouth
(Saliva)

Stomach
(Gastric Juices)

Small Intestine
(Pancreatic & 

Bile Juices)

Colon
(Colonic Solution)

pH 7 pH 2 pH 7 pH 6



Protein hydrolysis of plant-based and real 
scallop in simulated gastrointestinal tract.

PLANT-BASED SEAFOOD
DIGESTIBILITY



Stomach

PB 
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Real
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Mouth

PB 
Beef

Real
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Small Intestine

PB 
Beef

Real
Beef

PLANT-BASED MEAT
DIGESTIBILITY
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Zhou et al (2021). Digestibility and Gastrointestinal Fate of Meat versus 
Plant-Based Meat Analogs: An in Vitro Comparison
Food Chemistry 364(2):130439

PLANT-BASED MEAT
DIGESTIBILITY
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PLANT-BASED MILK
Fortification

Tan et al. (2021). Bioaccessibility of oil-soluble vitamins (A, D, E) in plant-based emulsions: Impact of oil 
droplet size.  Food & Function 12(9)
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Calcium addition 
reduces vitamin D 

bioaccessibility
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PLANT-BASED MILK
FORTIFICATION

Zhou et al. (2021). Fortification of Plant-Based Milk with 
Calcium May Reduce Vitamin D Bioaccessibility: An In Vitro 
Digestion Study. J. Agric. Food Chem. 69, 4223



Bioaccessibility:

         ≈          >>         >      

Plant-based milk gives higher bioaccessibility than 
commercial curcumin supplements 

$23       $41       $9

PLANT-BASED MILK
FORTIFICATION

Zheng et al. (2018). Impact of Delivery System Type on 
Curcumin Bioaccessibility: Comparison of Curcumin-Loaded 
Nanoemulsions with Commercial Curcumin Supplements. J. 
Agric. Food Chem, 6, 10816-10826

Plant-based
Milk
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PLANT-BASED EGG
FORTIFICATION FOR IMPROVED HEALTH

PERSONALIZED
NUTRITION



Food Delivery Systems: 
For Nano to Nano to Nano

Blood StreamIntestineFood

Nano-fat Micelles Chylomicrons





Food Science & Engineering: 
The Old Paradigm

CostConvenience

Taste



Food Science & Engineering: 
The New Paradigm

Taste, Cost, 
Convenience

Ethics

ResilienceHealth

Sustainability
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