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PROTEIN TRANSITION IN FOOD
the global perspective
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Climate impact of Protein Sources

Gardner, Christopher & Hartle, Jennifer & Garrett, Rachael & Offringa, Lisa & Wasserman, Arlin. (2019). Maximizing the intersection of human health and the 
health of the environment with regard to the amount and type of protein produced and consumed in the United States. Nutrition Reviews. 77. 197-215. 
10.1093/nutrit/nuy073. 



Healthy balance
50:50 target

Green Protein Growth plan



Healthy balance
historical perspective

VoedselConsumptiePeiling (VCP) van het RIVM (van Rossum et al., 2011);  PBL NEAA (2011) The protein puzzle

26 years 13
years



Protein transition
the historic perspective in absolute numbers

Voedingscentrum (2018) Brondocument Naar een meer plantaardig voedingspatroon.
VoedselConsumptiePeiling (VCP) van het RIVM (van Rossum et al., 2011);  PBL NEAA (2011) The protein puzzle

26 years 13 years

20 g protein = 1 kg of lettuce

20 g/d



Alternatives for animal products



Protein transition in food

• The transition from animal protein to plant protein
– This is not about alternative proteins in general

• Proteins for human consumption
– Excluding animal feed

• Insects are excluded
– Insects are animals and do not contribute to the protein 

transition

• Not limited to meat replacement
– Replacing milk, egg and meat proteins

boundaries



Proteins
what are proteins

• Chain of amino acids
– Polypeptides

• Source of nutrients
– Essential nutrients

• Food ingredient
– Technical functionality

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=5YrFB8TUjURoHM&tbnid=WMWIG3hpnI41OM:&ved=0CAUQjRw&url=http://thecommonuncommonly.com/2011/06/27/gourmetmonkey/&ei=uFqQU6GOG4OryAP7g4C4Bg&bvm=bv.68235269,d.bGQ&psig=AFQjCNEI2TQ4pYHXB6iRm4It6o3TcZ6lZQ&ust=1402055683865504


How to tempt the consumer?
plant protein drinks, a full alternative to milk?

• Nutritional composition varies widely

US
Focus on protein
Nutritional parity



Protein transition in food
balance between technology and consumer



How to tempt the consumer?
eating more protein rich vegetable products?



How to tempt the consumer?
developing the ultimate burger?



Meat alternatives
different types of meat alternatives
• Pulses as part of the daily diet

– Pea, soy, chickpea, beans and so on

• Protein rich meat replacers
– (traditional) plant-based products to are 

rich in protein
– Tofu, tempeh, seitan

• Meat substitutes, meat analogues
– Products based on plant protein 

ingredients
– Aimed at mimicking the eating experience 

of meat and meat products



Issues with meat alternatives
• The major issue with meat alternatives

– Structure
– Texture (perception)
– Nutritional profile, salt content

• Categories of meat alternatives
– Meat: focus on developing meat like structure/texture
– Ready to use (minced meat analogues)
– Processed meat (sausages, ham: almost not meat structure)

 



MICROSTRUCTURE
the gateway to understand ingredient functionality

• Need for low cost sources of ingredients / 
proteins

• Need for flexibility in ingredient sourcing

• Confocal Laser Scanning Microscopy
• Limited sample preparation
• 3D imaging

• Simultaneous visualization of different 
ingredients

• Protein, fat, starch
• Visualize the impact of processing and 

ingredients

NIZO offers state-of-the-art CLSM 
equipment combined with 20+ years of 

experience

van de Velde et al., New Food (2011 issue 2) 53-56



COOKED SAUSAGE
microstructure

Fat

Protein network

Emulsified fat

Fat at surface of air 
bubble



MEAT VS. MEAT ALTERNATIVES
different microstructures different perception

Fresh chicken meat showing fibres Meat alternative composed of protein “lumps”

 30 µm 30 µm



Tofu
a traditional Asian product

• Traditional tofu
– Soy milk prepared from whole soy beans
– Coagulation of soy with heat and salts
– CaSO4, CaCl2, MgSO4,

• New process: silken tofu
– Soy milk prepared from whole soy beans
– Gelation by slow acidification
– Addition of glucono-δ-lacton

feng et al. (2016) Food Chemistry, 213, 561-566



Tempeh
a traditional Asian product

• Fermented soy beans
– Dehulled, partly cooked soy beans
– Controlled fermentation by Rhizopus

oligosporus
– Soy beans hold together by the mycelium
– Cakes of fermented soy beans can be sliced

• Specialty tempeh
– Other beans, wheat or whole grains



Quorn
British company founded in 1985

• Mycoprotein
– Mycelium resembles meat texture
– Produced by fermentation with Fusarium

Venenatum
• Glucose as carbohydrate source
• Vitamins and minerals added for nutritional 

profile
– Mycelium is cooked and dried
– Mixed with chicken egg white as binder

• Potato protein is used in the vegan products
– Shaped into products
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Production of meat alternatives

TVP 1

TVP 2

TVP 3

HMMA 1

Structures

Consumer goods 
producer

Minced meat

Sausage

Burger

Meat pieces

Steak



Fibre technologies
• Proven technologies

– Extrusion
• Texturised Vegetable Proteins (TVP): dry extrusion
• High Moisture Meat Analogues (HMMA): wet extrusion

– High Moisture Extrusion Cooking (HMEC)

– Calcium alginate technology

• Experimental technologies
– Shear cell technology
– Cultured meat (clean meat)



Extrusion
• Texturised Vegetable Proteins (TVP)

– Dry ingredients
• Mainly soy

– Steam injection
– Extrusion
– Drying

• Sponge-like texture
– Rehydration is required before use



Extrusion
• High Moisture Meat Analogues (HMMA)

– Recipe
• Different protein sources
• Water
• Fat

– Wet extrusion
– Texturising, cooling, cutting

• Fibrous texture
– Ready to used



Calcium alginate method
• Interactions results in structured 

products
– Alginate originates from seaweeds

• Produced as sodium alginate
– Mixed with the protein source

• Flour, concentrate, isolate
– Interaction with calcium chloride 

results in skin formation
– Cooking and freezing



Shear cell technology
• Homogeneous shear field
• Mixture of proteins

– Soy, Pea, Wheat, Lupin

• Up-scaling is ongoing



• Demand for a sustainable food 
production, protein enrichment and meat 
alternatives with the ‘bite of meat’ 

STRUCTURING PROTEIN INTO FIBROUS TEXTURES
the NIZO fibrous proteins bring “bite” and juiciness

The NIZO fibrous proteins bring “bite” and juiciness

• NIZO fibrous proteins bring texture & “bite”
• in Meat and meat alternatives
• with a wide range of protein sources

https://ruitenberg.com/en/iffa



Production of meat alternatives
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Photos by Sanjay Acharya, Shihmei Barger, Kristina D.C. Hoeppner, 
Luis Molinero, Mirjam van de Velde and others.

HOW TO TEMPT THE CONSUMER?
which protein ingredient is most appealing



Protein source
how to select the right ingredient

• Flour
– Low in protein

• Concentrate
• Isolate

– Highly purified
– High in protein



PLANT PROTEINS
economic drivers

Oil Starch

Oil and starch are part of the economic picture of plant proteins

Photos by Shihmei Barger, Luis Molinero, Mirjam van de Velde and 
others.



EXTRACTION PROCESS
pea proteins (and other starch seeds)

Photos by Mirjam van de Velde and others.



DRY VS. WET SEPARATION OF PEA PROTEIN
analysis of the environmental impact

Pelgrom (2015) PhD thesis
Geerts et al. / Journal of Cleaner Production 183 (2018)



van de Velde (2016) World Food Ingr. (April/May) 44-47

Protein yield of different crops
compairing proteins based on their yield (ton protein/hectare/year)

http://www.feedipedia.org
http://ecocrop.fao.org



PULSE project
from seed to food

SEED CROP SEEDS PROTEIN FOODHarvest Extraction ProcessAgricultureBreeding



PULSE project
a multi-disciplinary project

SEED CROP SEEDS PROTEIN FOODHarvest Extraction ProcessAgricultureBreeding

Food
TechnologyAgricultureApplied

Biology
Environmental

Technology
Food

Innovation

Toegepaste
Biologie

Tuin- en
Akkerbouw

Milieukunde Voedingsmiddelen-
technologie

Food Innovation



HAS Food Experience 2018



HAS Food Experience 2020



APPLICATIONS IN MEAT ALTERNATIVES
salt content under discussion



EXTRACTION PROCESS
pea proteins (and other starch seeds)

Photos by Mirjam van de Velde and others.



• Low Sodium pea protein isolate has been produced in 
the NIZO processing centre
• Starch separation
• Protein purification
• Spray drying

• Batch size: 1 – 4 m3

• Low Sodium PPI showed
• Good solubility/dispersibility
• Good emulsifying properties
• Excellent heat stability

LOW SODIUM PEA PROTEIN ISOLATE
mildly extracted PPI

Photos by Mirjam van de Velde and others.

Sodium content of NIZO Low Sodium PPI is
40 times lower than commercial PPI



PROTEIN FLEXIBILITY
developing new protein ingredients

• One-to-one protein or ingredient 
replacement is not always possible

• Nutritional quality
• Proteins from different sources have different 

amino acid profiles (essential amino acids) 
and digestibility

• Technical functionality
• Solubility, gelling, emulsifying, foaming
• Interaction with hydrocolloids

• Taste and smell
• Environmental impact
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PROTEINS
amino acid composition
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DIGESTIBILITY
FAO discussion on methods

• PDCAAS: Protein Digestibility Corrected Amino Acid Score
→ Established method according to AOAC
→ Measurement in the faeces
→ Bioavailability of single amino acids is not taken into account

• DIAAS: Digestible Indispensable Amino Acid Score
→ True ileal digestibility sampling at terminal ileum
→ Measure digestibility for individual essential amino acids
→ Preferably determined in humans > if not possible: pigs > if not 

possible: rats

• No established AOAC method yet

FAO expert consultation 2012:
Dietary protein quality evaluation should 

be performed by DIAAS 



• Growing demand for the use of new protein sources
• Evaluate digestibility of emerging and upcoming protein 

sources compared to established ingredients

• Screen protein digestibility using in vitro GI model
• Relate data to in vivo absorption kinetics: postprandial 

plasma amino acid concentrations

T. He, R.E.J. Spelbrink, B.J. Witteman, and M.L.F. Giuseppin (2013) Int J Food Sci Nutr; 64(7): 787–793.

Potato

Soybea
n

Pea

Dairy

WHAT DOES YOUR BODY THINK OF NEW PROTEINS?

In vitro digestibility increased with: low MW potato < 
casein < high MW potato < pea < soy << whey protein

A similar trend was observed for the in vivo amino acid 
digestion profiles: TAA, EAA, BCAA and Leucine



HAS Hogeschool
De hogeschool in AGRO, FOOD en LEEFOMGEVING

29 januari  2018

Bedankt voor uw aandacht!
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