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The landscaping is shaped by applying multiple sources & developing and applying a wide range of technologies targeting end products competing in taste & 
texture, appearance and nutrition & health, with animal-based meat, eggs & dairy products
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The alternative meat & dairy protein landscape is very dynamic, boundaries are shifting, hybrid offerings are created, 
new players are constantly emerging

• Specialty proteins 
created through 
fermentation 
targeting specific 
taste, texture 
and/or health 
benefits for non-
animal-based 
proteins product 
categories

• Plant-based products like protein bars, vegan meals, protein shakes and more providing non-animal based proteins 
but not positioned as meat, seafood or dairy alternative

• Traditional practices to grow animals and process 
milk & eggs as well as the animals into meat & fish, 
dairy and other products

Cell cultures Precision 
fermentation

Microbial Biomass 
fermented protein 

Farmed meat, eggs & dairy Plant-based protein substitutes

• Proteins created 
through 
fermentation of 
microbial algae and 
fungi designed to 
replicate animal 
protein 

• Meat and dairy 
alternatives grown 
using animal cells 
via industrial cell 
culturing using 
nutrient rich growth 
media

Insect-based 
protein

• Industrial 
cultivation of 
insects targeted at 
harvesting and 
isolating the protein 
rich fractions 

• Specialty proteins 
expressed in plants 
and isolated via 
seeds or crop 
extraction targeting 
specific taste, 
texture and/or 
health benefits for 
non-animal-based 
proteins product 
categories 

Plant expression

• Plant based 
products (including 
macro algae) 
isolated, processed 
and formulated to 
mimic the taste & 
texture, appearance 
and nutrition & 
health profile of 
meat, egg and dairy 
products

Plant-based meat, 
eggs & dairy

Emerging disruptors

Established categories
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Adopted from LEK Consultancy, Nov 22nd 2021, FIE, Frankfurt

Setting the scene 
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Microbial 
Biomass

The alternative protein industry is characterized by a diverse range of sources and technologies 
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• From crops & 
from waste 
streams

• Macro & micro

• Heterotrophic & 
autotrophic 

• Existing row 
crops and new 

CropsBiomass/ 
Sugars

Algae

• Crop & waste fed

Insects

• Milk

• Yoghurt & Ice 

• Cheese

• Fish

• Crustaceans

• Ground meat

• Whole meat

Alternative 
Meat

Alternative 
Dairy

Alternative Sea 
Food

• Egg white alt

• Egg yolk

Alternative Egg

• Cattle et al.

• Poultry

• Pets

Animal Feed

• Fish farming

• Crustacean 
farming

Aquaculture 
feed

Cell culturesFermentation Plant expression

Biotechnology

Processing (isolation, extrusion, shearing, in process flavor generation, enzymatic, fermentation, texturizers, 3D printing)

Formulation (nutrients, herbs, flavors, preservatives) 

Precision

Setting the scene 
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Sustainable Protein Value Chain

Insects

Cultured Meat

Precision 
Fermentation

Biomass fermentation

Algae

Plant derived meat 
protein

Plant Based

Whole Plants 

Feed stock 
optimisation

Medium optimisation

Strain optimisation

Plant optimisation

Soil optimisation

Production Facilities 
and automation

Sourcing

Additives (Nutrients, 
Flavors, Texturizers, 
preservatives)

Fermentation

Texture technology 
(Extrusion, Enzymes, 
Binding, 3D Printing)

In process flavor 
generation

Hybrids

Applications for feed

Applications for meat

Applications for fish

Applications for dairy

Shelf Life (chilled/ 
ambient)

Sustainable Packaging

LCA Value (Energy foot 
print)

Labeling and 
nutritional claims

Marketing and Sales

Distribution (Retail, 
On line, Out of Home)

Pricing

Source and technologyUpstream source and 
technology optimization

Meatification 
and Processing Down stream processing 

application and optimisation

Marketing&Sales

Setting the scene 
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Consumer products are in many cases hybrid products in which multiple plant-based proteins are mixed and/or specialty 
proteins are used to enhance taste and texture

The playing field: four source and technology-based clusters

• Fully plant-based meat alternatives 
complemented by specialty proteins to 
enhance taste and texture

• Fast growing market with broad 
customer acceptance

• Fully cellular based meat with the same 
taste and texture as traditional meat

• No sizable commercial production 
expected before 2035

• Biomass fermentation for ground meats 
complemented by specialty proteins to 
enhance taste and texture

• Expanding beyond ground meat in 
chicken alternatives, sausages and more 

Plant Based Meat Cellular / Cell basedFermentation Based

• Variety of technologies applied to 
produce protein feedstock

• Range of processing technologies 
applied to produce meat texture

• Cell culture-based technologies to 
express animal cells

• Upstream innovation in growth media 
and growth factors is pre-requisite to 
significantly lower variable costs levels

• Biomass fermentation to produce 
mycoprotein or bacterial proteins

• Specialty protein fermentation for taste 
and texture enhancements

• Including the entire insect life cycle 
(breeding, growing, processing, and 
application)

• Still suffering from ‘yuck’  factor 

Insects

• (Aqua) feed and pet food are key 
markets for emerging players like Protix 
(NL) and Ynsect (FR)

• Protix and Ynsect are also targeting 
human food and some smaller players 
are selling processed insects

Nutritional 
value

Often too much salt and fat added. Not always balanced 
amino acid profile

By its nature a good intrinsic nutritional value On par with meat
On par with meat, or even better when you consider the 
whole  insect including fiber, fats and minerals

Algae*

Meat & Seafood 

*Algae can be classified in crops (sea weed cultivation) and Fermentation Based (micro algae). See separate slide for illustration.
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ALAMEDA, Calif.--(BUSINESS WIRE)--GOOD Meat, the cultivated meat 

division of food technology company Eat Just, Inc., announced today that it 

has received a "no questions" letter from the U.S. Food and Drug 

Administration as part of one of the agency’s first pre-market consultations for a 

new kind of meat, poultry and seafood made from cells instead of raised and 

slaughtered animals. The letter means that following a careful and rigorous 

evaluation, the FDA has accepted the company’s conclusion that its first poultry 

product, cultivated chicken, is safe to eat.

This clears a crucial step in bringing GOOD Meat to restaurants and retail in the 

U.S. more than two years after its historic approval and launch in Singapore. 

The company is now working with the U.S. Department of Agriculture on 

necessary approvals before world-renowned chef and humanitarian José 

Andrés becomes the first in the country to offer GOOD Meat’s chicken to 

customers at a restaurant in Washington, D.C. Andrés is chef/owner of José 

Andrés Group, which operates more than 30 restaurants across the country.

“Since Singapore approved GOOD Meat for sale, we knew this moment was 

next. I am so proud to bring this new way of making meat to my country and to 

do it with a hero of mine, Chef José Andrés,” said Josh Tetrick, co-founder and 

CEO of GOOD Meat and Eat Just.

https://www.businesswire.com/news/home/20230321005793/en/GOOD-Meat-the-
World’s-First-to-Market-Cultivated-Meat-Company-Receives-U.S.-FDA-Clearance

https://www.goodmeat.co

https://www.businesswire.com/
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fgoodmeat.co%2F&esheet=53365482&newsitemid=20230321005793&lan=en-US&anchor=GOOD+Meat&index=1&md5=2e24714ab2210eb8e8d3182aff396baf
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.cfsanappsexternal.fda.gov%2Fscripts%2Ffdcc%2F%3Fset%3DAnimalCellCultureFoods%26id%3D001&esheet=53365482&newsitemid=20230321005793&lan=en-US&anchor=received+a+%26quot%3Bno+questions%26quot%3B+letter+from+the+U.S.+Food+and+Drug+Administration&index=2&md5=15c77a0fe35f01f11d518e1dd98be6d8
https://cts.businesswire.com/ct/CT?id=smartlink&url=https%3A%2F%2Fwww.cfsanappsexternal.fda.gov%2Fscripts%2Ffdcc%2F%3Fset%3DAnimalCellCultureFoods%26id%3D001&esheet=53365482&newsitemid=20230321005793&lan=en-US&anchor=received+a+%26quot%3Bno+questions%26quot%3B+letter+from+the+U.S.+Food+and+Drug+Administration&index=2&md5=15c77a0fe35f01f11d518e1dd98be6d8
https://www.businesswire.com/news/home/20230321005793/en/GOOD-Meat-the-World’s-First-to-Market-Cultivated-Meat-Company-Receives-U.S.-FDA-Clearance
https://www.businesswire.com/news/home/20230321005793/en/GOOD-Meat-the-World’s-First-to-Market-Cultivated-Meat-Company-Receives-U.S.-FDA-Clearance


*Algae can be classified in crops (seaweed cultivation) and Fermentation Based (micro algae). See separate slide for illustration.
** Example: Impossible Foods - soy leghemoglobin (SLH), a vat-grown, genetically engineered form of the heme iron found in the root nodules of soya bean plants

A diverse, fast emerging playing field

The non-animal-based meat analogue revolution

Biomass fermentation for 
ground meats 
complemented by 
specialty/isolated proteins 
to enhance taste and texture. 
Expanding beyond ground 
meat in multiple segments

Cell inoculation and 
proliferation 

Fully cellular based meat 
with the same taste and 
texture as traditional meat

Plant based

Crops Biomass/Sugars

Specialty Proteins**

Processing

Formulation

Tofu Impossible Burger

Processing

Beyond Meat

Blending and texturizing

Fermentation based

Quorn Mycoprotein

Fermentation

Formulation

Processing

Cellular / Cell based

Isolated Proteins

Cultivated Meat

Growth Media

Extraction

Cell cultivation

Tissue formation Cells growing/maturing on 
scaffolds into final product 
shape

Taste, 
nutritional 
value

Meat & Seafood 

Algae*

Eng 436 Food Biotechnology - W Sybesma



Algae alternative proteins can be classified as plant based crops (seaweed) 
or fermentation based (microalgae).
Algae can be used as full protein source, or as production organisms for lipids and other nutrients 

12 https://gfi-india.org/microalgae-and-seaweed-proteins-as-alternative-proteins/

Meat & Seafood 
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Due to their specific nature, insect meat analogue production initially follows 
a different process compared to the other sectors1,2

The non-animal-based meat analogue revolution

https://vmvt.lt/sites/default/files/ipiff_guide_a4_2020_correction_red.pdf 

• Even though insects are estimated to be part of the 
diet of about 2 Bln people, most insects consumed are 
harvested in the wild and hardly commercially reared1

• Small scale insect farms can be found in Asia but also 
in Europe and the US

• Entomophagy is heavily influenced by cultural and 
religious practices

• In most Western countries people view entomophagy 
with disgust and associate eating insects with 
primitive behavior

• The ability for insects to feed themselves with a wide 
variety of waste and the potential outlets in aquafeed 
and pet food created renewed interest in the Western 
world

1 – FAO, Edibel insects, 2013
2 - International Platform of Insects for Food and Feed (IPIFF) –Guide 2020

Meat & Seafood 

Eng 436 Food Biotechnology - W Sybesma
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Fast growing companies targeting B2C space, large group of emerging companies targeting B2C as well as 
new processing technologies, feedstocks and final product features

14

Plant based meat industrial players

• Fully plant-based meat alternatives complemented by specialty proteins 
to enhance taste and texture

• In the plant-based space, Beyond Meat and Impossible Foods are the two 
best known examples targeting the burger/ground meat market

• A broad range of other start-ups are targeting a similar approach

• Leading food companies are actively investing as well as actively acquiring 
interesting start-ups

• Vivera (NL) acquired by JBS1

• Unilever acquired Dutch based Vegetarian Butcher in 20182 

• Nestle acquired Sweet Earth in 20173

• A smaller group of companies are actively exploring more advanced 
processing technologies to either produce better burgers and/or 
mimicking the fibrous structure of meat

• Umiami  - French based start-up with proprietary texturisation 
technology

• Rebellyous Foods  -  US based – advanced extrusion technology

• Revo Foods (AT) – 3D printing like technology, targeting seafood

List given is an illustration of companies active in this space. The list is not meant to be complete
1 - https://agfundernews.com/vivera-acquired-by-jbs-for-plant-based-protein-409m.html
2 - https://www.foodingredientsfirst.com/news/unilevers-the-vegetarian-butcher-expands-plant-based-whopper-roll-out-in-latin-america-the-caribbean-and-china.html
3 - https://www.livekindly.co/nestle-vegan-meat/ 

Meat & Seafood 

*

Plant based

2021 

funding 

(M ln)

Series

Total 

raised 

(M ln)

Country
Valuation 

(M ln)

Revenues 

(M ln)

Beyond Meat IPO 4,500$            490$           

Impossible Foods 500$        H 2,006$   US 3,610$            >200 (?)

Eat Just 97$           F 707$      IL 2,600$            20-120

v2Food 53$           B 131$      AU 313€               

planted 37$           A 44$        CH 44€                  

Redefine Meat 29$           A 35$        IL

Good Catch Foods 26$           B 77$        US 152$               

Banza -$         B 31$        US 151$               

Umiamu 2$             Seed 3$           FR

Rebellyous Foods A 13€        US 24€                  

Revo Foods 2$             Seed 2$           AT

Eng 436 Food Biotechnology - W Sybesma

https://agfundernews.com/vivera-acquired-by-jbs-for-plant-based-protein-409m.html
https://www.foodingredientsfirst.com/news/unilevers-the-vegetarian-butcher-expands-plant-based-whopper-roll-out-in-latin-america-the-caribbean-and-china.html
https://www.livekindly.co/nestle-vegan-meat/


Quorn created the market, traction is growing
Biomass, bulk fermentation and high added value, specialty fermentation for specialty functional proteins
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Fermentation based alternative protein industrial players

• Biomass fermentation for ground meats complemented by specialty 
proteins to enhance taste and texture

• Expanding beyond ground meat in chicken alternatives, sausages, sea-
food and more 

• Biomass fermentation to produce mycoprotein, bacterial and/or yeast-
based  proteins

• Natures Fynd (US) – started with solid state fermentation to produce 
chicken like meat. 

• ENOUGH (UK) – former Quorn team, improving process and backed by 
Unilever

• The Protein Brewery (NL) – 

• Atlast Food (US) – Targeting breakfast bacon market

• Specialty protein fermentation for taste and texture enhancements
• FuMi Ingredients (NL) – yeast based technology

• Myco Technology (US) – mycelium based flavor components, now becoming 
a more hybrid company

• Motif (US) – Focus on flavoring (Hemami) and texture (Appetex)

Meat & Seafood 

*

Fermentation based

2021 

funding 

(M ln)

Series

Total 

raised 

(M ln)

Country
Valuation 

(M ln)

Revenues 

(M ln)

Quorn 831$               277€           

Nature's Fynd 350$        C 508$      US 1,000$            

Motif 186€        B 288€      US 1,010€            

Myco Technology 62$           E 194$      US 445$               

ENOUGH 50$           B 59$        UK 83€                  

Atlast Food 40$           A 47$        US 129$               

The Protein Brewery 26$           A 26$        NL

Mycorena 9$             Seed 10$        SW

Fumi Ingredients Seed 0.54€     NL

Eng 436 Food Biotechnology - W Sybesma



Latest development in alternative protein industry. Still, long trajectory towards commercial feasible offering. 
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Cellular (cell cultured) alternative protein industrial players

• Fully cellular based meat with the same taste and texture as traditional meat

• The tissue engineering learnings created a base for pivoting towards cultured (of 
cell based or…) meat and seafood

• Prototype products have been produced and were offered as sample material for 
product testing by Aleph Farms in Israel1  

• Singapore is positioning itself as innovation hub for cultured meat, has given 
regular approval, and one product was served in one restaurant (product is not 
100% cultured meat based)2 

• Mosa Meat (NL) - Mosa Meat is the developer of a tissue cultured hamburger. The 
company aims to develop tissue engineering into a technology that can mass-
produce affordable meat. Front runner

• Upside Foods (US) – Together with Mosa Meat paving the way for other companies. 
Based in California, aggressive growth trajectory

• Gourmey (FR) – focusing on foie gras, claiming to be cost competitive, benefit of 
‘simple’ texture of foie gras as well as commercial opportunity by animal-based 
product ban in various US states

• Aleph Farms (IL) – Aleph's 3D technology uses the four core cell types of farmed 
beef to recreate a real food experience.

• Meatable (NL) – focusing on pork meat, claims to have a differentiating technology 
to create meat like structure. 

1 - https://www.jpost.com/health-science/worlds-first-lab-grown-meat-restaurant-opens-near-te l-aviv-649762
2 - https://www.cnbc.com/2020/12/18/singapore-restaurant-first-ever-to-serve-eat-just-lab-grown-chicken.html

Meat & Seafood 

Cultured m eat

2021 

funding 

(M ln)

Series

Total 

raised 

(M ln)

Country
Valuation 

(M ln)

Future Meat Technologies 320$        C 363$      IL 600$               

Upside Foods B-II 211$      US 353€               

Aleph Farms 105$        B 118$      IL 271€               

Mosa Meat 10$           B 87€        NL

BlueNalu 60$           Convertible Note 71€        US

Meatable 47$           A 55€        NL

Gourmey 8€             Seed 37€        FR

New Age Meats 25$           A 32$        US 82€                  

Mission Barns 24$           A 24$        US 79€                  

Others 67$           

Eng 436 Food Biotechnology - W Sybesma
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Targeting feed and exploring potential in food
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Insect alternative protein industrial players

• Agronutris, Ynsect and Protix are the industry frontrunners
 

• EU gave greenlight for yellow mealworm-based food products in 20211 creating 
options to enter the food market

• Bühler is selling (Protix) technology for companies interested in emerging in the 
insect growing business

• Feed

• Key outlet for all insect breeders with a focus on aquaculture and pet-food 
(higher added value)

• Food

• Protein powders are the most likely candidates to enter the food space 
targeting to improve the nutritional profile of products

• Insect based products can be found in some consumer products ranging from 
bars to burgers 

• Crickets are farmed small scale in various countries and cricket flour as well as 
whole crickets can be purchased in some shops and on-line3

1 - https://www.foodingredientsfirst.com/news/eu-greenlights-authorization-of-the-first-insect-food-products-made-from-yellow-mealworm.html
2 - https://www.feednavigator.com/Article/2021/05/21/Insect-Technology-Group-UK-in-administration
3 - https://ca.entomofarms.com/ - https://exoprotein.com/collections/all-products 

Meat & Seafood 

Insects

Total 

raised 

(M ln)

Country Species
Food 

am bition

Ynsect 393$       FR Yellow mealworm beetles Y

AgriProtein 123$       SA Black soldier fly N

Agronutris 116$       FR Yellow mealworm beetles Y

Protix 69$          NL Black soldier fly Y

Better Origin 17$          UK Black soldier fly N

Entocycle 13$          UK Black soldier fly N

Enterra 10$          CA Black soldier fly N

Insects

Total 

raised 

(M ln)

Country Species
Food 

am bition

Ynsect 393$       FR Yellow mealworm beetles Y

AgriProtein 123$       SA Black soldier fly N

Agronutris 116$       FR Yellow mealworm beetles Y

Protix 69$          NL Black soldier fly Y

Better Origin 17$          UK Black soldier fly N

Entocycle 13$          UK Black soldier fly N

Enterra 10$          CA Black soldier fly N
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Lifestyle and/or health driven in dairy and yoghurt. Taste and texture driven in cheese

19

The dairy alternative protein industrial players

• The dairy market space is dominated by 
milk-based alternatives as well as the 
search for solutions to mimic the 
unique cheese texture

• Oatly is the example of a fast-growing 
company fully benefitting from lifestyle 
driven consumer choices

• Health benefits driven growth based on 
specific ingredients (i.e. specialty 
peptides as well as HMO’s) will always 
be slower but can be more 
sustainable/profitable in the long run

• “Casein - The key component that gives dairy cheese the traits we love – the 
texture, stretchiness and mouthfeel – doesn’t have a good alternative in the 
plant-based world.”1

• Mimicking the taste and texture of cheese is a true specialty protein 
challenge

• Large scale casein protein production at cost levels < 5-7€/kg must be 
achieved to produce cheese at market competitive prices

1 - https://www.wired.co.uk/article/vegan-cheese-uk-recipe-taste - July 2019
2 - https://plantbasednews.org/lifestyle/food/people-looking-at-buying-vegan-cheese-this-christmas/ - Dec 2020

Dairy

Eng 436 Food Biotechnology - W Sybesma
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The dairy market – well established for milk alternatives, cheese is the next target 

• Straight crop procession was the base for 
many dairy drinks and for part of the vegan 
cheese varieties

• Proven track record and established market 
position

Crops CulturedBiomass/Fermentation

• Protein expression in plants is an emerging 
area targeting both special health benefits as 
well as casein proteins to solve the cheese 
challenge

• Nobell Foods recently raised 75 Mln$

• As multiple casein proteins are present in 
cheese the key challenge is to produce more 
than one variety as well as create the right 
formulation(s)

• Strong focus on production of specialty 
proteins with either specific health benefits 
(i.e. lactoferrin) or texture properties (casein 
like proteins for cheese)

• Companies like TurtleTree and BioMilq are 
exploring the technology

• BioMilq is aiming to for human milk for babies 
(and even personalizing it)

• Mammary cells to produce real, full milk in 
clean food production facilities. Next to 
producing cow milk, breast milk is also 
targeted

Nutritional 
value

Many dairy alternatives have low protein content, lacking 
micronutrients and contain too much sugar

For milk like products, this is the differentiator High. As in the real situation

1 - https://www.foodnavigator-usa.com/Article/2021/08/19/From-cows-to-microbes-to-plants-the-brave-new-world-of-animal-free-dairy-In-conversation-with-Nobell-Foods

Dairy
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A diverse, fast emerging playing field in which specialty proteins can create a differentiating play in cheese (texture) as 
well as in health benefits driven segments

The non-animal-based dairy revolution, 

Cell inoculation 
and proliferation 

Fully cellular 
based milk 
targeting to mimic 
breast milk

Sustainability/Veggie driven - plant based

Crops Biomass

Specialty Proteins 
(mixtures)1,2

Processing

Formulation

Milk alternatives Cheese

Processing

Fermentation

Cellular

Cultivated Milk

Cell cultivation

Yogurt/Frozen

Taste, 
nutritional 
value

Health benefits driven

ELN Diet suppl

Formulation

Drink Powder Tablet

1 –Helaina makes nature-equivalent breast milk components. Bovine  colostrum-based powders have an established market position, 
focusing on specific proteins/peptides would be new . Due to the nature of  the feedstock, supply is capped and requires stric t product 
management. 
2 – Single protein production or mixtures of proteins are  produced. Perfect Day claims to produce a mixture whereas others are focusing on 
specific proteins to mimic casein, lactoglobulin or other milk proteins

Sports

Plant expression

Dairy
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Eggs

• Alternative egg proteins – Diverse 
functionality and application scope

• Examples of companies
 - Whole egg substitutes for baking and 

scramble
 - Precision fermentation for selected 

proteins



The egg alternative protein space is characterized by a range of different  individual ingredients 
as well as ingredient blends, which facilitate a broader range of functional properties

23

Alternative egg proteins – Diverse functionality and application scope

Functionalities and applications of eggs 
Eggs impact many distinct attributes to food applications as a result of their molecular properties. These attributes contribute in varying degrees to many 
aspects of the consumer experience of the final product, including the nutritional attributes of the product, the functional properties it exhibits, and sensory 
qualities, such as taste, texture, and appearance. 

• The technology source ranges from precision fermentation for selected egg proteins towards developing stand-alone 
egg alternatives by blends of plant based protein, fats and carbs for simulation of scrambles and omelettes. See next 
slide

Eng 436 Food Biotechnology - W Sybesma
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Examples of ‘Mix and fix’ whole egg substitutes for baking and scramble

• VeganEgg (Follow Your Heart, USA). https://followyourheart.com  - whole algal flour, whole algal protein, modified cellulose, cellulose, gellan gum, 

calcium lactate, carrageenan, nutritional yeast, black salt 

• The Neat Egg (Atlantic Natural Foods). https://atlanticnaturalfoods.com - chia seeds, garbanzo beans 

• No Egg​ Egg Replacer (Orgran, AU). https://www.orgran.com - potato starch, tapioca starch, raising agent (calcium carbonate), citric acid, methylcellulose 

• Egg Replacer (Ener-G Foods, USA). https://www.ener-g.com/products/egg-replacer - potato starch, tapioca flour, leavening (calcium lactate, calcium 

carbonate, cream of tartar), cellulose gum, modified cellulose 

• Egg Replacer (Namaste Foods, USA). https://namastefoods.com/products/gluten-free-egg-replacer -  tapioca starch, arrowroot starch, citrus fiber, 

cream of tartar, sodium bicarbonate 

• Egg Replacer (Bob’s Red Mill). https://www.bobsredmill.com/gluten-free-vegan-egg-replacer.html  - whole soy flour, wheat gluten, corn syrup solids, 

algin (from algae) 

• Baking Mix (The Vegg, USA). https://thevegg.com/product/uncaged-baking-mix/  - pea protein isolate, fortified nutritional yeast, xanthan gum, sodium 

alginate, guar gum, black sea salt, beta carotene 

• Not Your Parents’ Tofu Scramble (The Vegg,). https://thevegg.com - soy protein, whole algal protein, whole algal flour, fortified nutritional yeast, 

magnesium chloride, black sea salt 

• Vegan Egg Yolk (The Vegg). https://thevegg.com - fortified nutritional yeast, sodium alginate, black salt, beta carotene 

• Just Egg (Eat Just, USA). https://www.ju.st/eat/just-egg  - Mung bean protein isolate, rapeseed oil, onion, gellan gum, carrot extract (color), flavors, 

turmeric extract (color), potassium citrate, salt, soy lecithin, sugar, tapioca syrup, sodium diphosphate, transglutaminase, nisin (preservative).

• Start-Up: Perfeggt (DE). https://www.perfeggt.co - Flavabean based.

• Start-Up: Nomelet (The very Company, FR/CH). https://nomelet.ch - Pea protein and chickpea protein (formulation is free of soy and gluten).  
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No need to remember all these companies

https://followyourheart.com/
https://atlanticnaturalfoods.com/
https://www.orgran.com/
https://www.ener-g.com/products/egg-replacer
https://namastefoods.com/products/gluten-free-egg-replacer
https://www.bobsredmill.com/gluten-free-vegan-egg-replacer.html
https://thevegg.com/product/uncaged-baking-mix/
https://thevegg.com/
https://thevegg.com/
https://www.ju.st/eat/just-egg
https://www.perfeggt.co/
https://nomelet.ch/


25

Examples of specific egg protein production by precision fermentation

• The Every Company (USA). https://theeverycompany.com - Formerly known as Clara 
Foods. Produces pepsin, egg white (ovalbumine), December 2021: Oversubscribed $175 
Million Series C Round as it drives scale-up of its B2B animal-free protein platform. 
Partnership with Ingredion. 

• Start up: Fumi Ingredients (NL)* - https://www.fumiingredients.com – egg white replacers, 
emulsifiers, heat set gels

• Start up: Paleo (BE)*. https://www.paleo-taste.com - Production process of six key
proteins in meat and fish and is expanding its portfolio. Undefined proteins. Probably
includes egg protein.

*Proposed as potential investment target. See slides 35-38.

Remarks: 
- Announced on Jan 7 2022: Researchers in Finland, VTT,  have created ovalbumin, the primary protein in egg white, out of the fungus Trichoderma reesei. 
https://www.greenqueen.com.hk/fungi-based-egg-white/  

Eng 436 Food Biotechnology - W Sybesma

https://theeverycompany.com/
https://www.fumiingredients.com/
https://www.paleo-taste.com/
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3. Enzyme Addition (encapsulated or heat-activated)
•Cysteine lyase or alliinase:
•These convert sulfur precursors into:
•Hydrogen sulfide
•Methanethiol
•Dimethyl disulfide
•Enzyme may be microbially derived, and either:
•Pre-activated before packaging
•Encapsulated and activated by heat during cooking

4. Cooking Activation
•When the consumer cooks the product (e.g., scrambles it), the heat 
activates the enzyme:
•Sulfurous volatiles are released.
•The result is the authentic cooked egg aroma.

1. Base Ingredient Blend
•Mung bean protein (or other legume protein) — provides structure & natural sulfur 
amino acids (e.g. cysteine, methionine).
•Nutritional yeast — adds umami and some additional sulfur precursors.
•Oil or emulsifier — for mouthfeel.

2. Flavor Precursor Substrate
•Add natural sulfur precursors:
•L-cysteine (plant-derived or fermented)
•Onion or garlic extract (rich in alliin)
•Small amounts of methionine (optional)

 Result:
•Scrambled, folded, or poured product with:
•Soft texture
•Bright yellow color (often from turmeric or carrot extract)
•And that signature eggy smell and taste, entirely from plant sources and 
enzymatic flavor reactions.
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Miscellaneous
• Digestible Indispensable Amino Acid 

Score (DIAAS) score

• Emerging technologies and trends
3D Bioprinting, Hot Moisture Extrusion and Shear Cell 
Technology, Genetic Engineering, Probiotic and prebiotic 
fermented food 

• Options for ‘probiotization’ 

• Brief comments about the regulatory 
framework

• How can we grow the alternative protein 
market? 

https://www.un.org/en/food-systems-summit/good-food-for-all 

https://www.un.org/en/food-systems-summit/good-food-for-all


Herreman L, e t al. Comprehensive overview of  the quality of plant- And animal-sourced proteins based on the digestible indispensable amino acid score. Food Sci Nutr. 2020 Aug 25;8(10):5379-5391. doi: 10.1002/fsn3.1809.  
Hertzler SR, et al.  C . Plant Proteins: Assessing Their Nutritional Quality and Effects on Health and Physical Function. Nutrients. 2020 Nov 30;12(12):3704. doi: 10.3390/nu12123704. PMID: 33266120;

Digestibility scores (DIAAS) of limiting EAAs (lysine and methionine+cysteine) and DIAAS of 17 dietary 
protein sources according to the 0.5-to 3-year-old reference pattern score.

Watch out: Single plant based alternative protein solutions may have a lower Digestible Indispensable 
Amino Acid Score (DIAAS), which can be compensated by combinations of different protein sources

DIAAS
A protein source reaching a DIAAS of 100 or above indicates that none of its amino 
acids is limiting and this sole protein source should be able to meet physiological 
requirements. For instance, potato protein, egg protein, casein, and pork meat reach 
the 100 score 

For a protein source with a DIAAS lower than 100, strategies are possible to ensure 
an adequate protein intake based on such protein: 

a) increase the protein intake of the limiting protein until the physiological 
requirement is reached. 

b) combine protein sources and ensure complementarity of their amino acids to 
reach a higher DIAAS.

Today the nutritional aspects of the plant based food are not yet broadly addressed, although some companies start 
mentioning it

Phuture Foods (MY) has developed a plant-based alternative to pork for the 
Chinese consumer market including  several different crops/mushrooms 
providing a complete amino acid profile, https://phuturemeat.
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The 3D printing process can recreate a muscle-like matrix through micro-extruding filaments using a plant-based paste or 
cultured cells. Several start-ups have adapted 3D printing technology used in the manufacture of durable goods for use with 
biological food inputs to build slabs of protein with the desired appearance . 
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Selected emerging technologies - 3D Bioprinting Serves Up Meat Alternatives

Redefine Meat (Israel, https://www.redefinemeat.com )
Redefine Meat is on a mission to introduce a technological platform to develop, launch and scale the next generation of 
Alt-Meat. Redefine Meat is applying proprietary 3D printing technology, meat digital modelling, and advanced food 
formulations to produce animal-free meat with the appearance, texture and flavor of whole muscle meat. (IP on their 3D 
printers).

Novameat (Spain, https://www.novameat.com) 
Novameat is the world’s first developer of plant-based micro-extruded fibrous meat. Plant-based meat 
reinvented.  Nova Meat’s bioprinting-based tech gives planted-based meat manufacturers a wider array of tools to 
create different textures from a wide variety of ingredients, to mimic all types of meat and seafood.
This technology is able to use bioprinting strategies and adapt them to generate a meat substitute.

Aleph Farms (Israel, https://www.aleph-farms.com)
Aleph Farms is growing real beef steaks from the cells of cows and applying proprietary 3D printing technology.

Revo Foods (Austria, https://revo-foods.com) 
The Austrian startup created a new technology based on food 3D printing that relies on plant-based ingredients, like 
pea proteins and algae extracts, that recreate the texture, color, and taste of authentic seafood.

https://www.magoda.com/food/3d-bioprinting-serves-up-meat-alternatives/ 
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Selected emerging technologies – Genetic engineering of plants and 
microorganisms 
Application of genetic engineering (GE) in alternative meat protein is not new. 
Already for decades GE soy and maize are produced and have found their way 
to the consumer, especially in USA.  

Also precision fermentation is often using genetically engineered micro-
organisms (yeast, bacteria, or algae) for the sustainable production of 
valuable ingredients (flavors, fats and protein) for the alternative meat and 
dairy industry. Well-known companies applying this technology are Impossible 
Foods, Perfect Day and The EVERY Company, but also more recently founded 
companies such as New Culture, Change Foods, Cultivated Food Labs, and 
Formo, are all developing and using genetically engineered micro-organisms 
to serve their purpose.

One step further goes USA based Nobell  Iceland based ORF Genetics and UK 
based start-up Moolec, who produce animal like protein by genetic 
engineering of plants. It remains to be seen how more cost-effective and 
complete these plant factories will be compared to algae and yeast based 
precision fermentation. 

Moolec’s products are based on the genetic engineering of plants to include animal 
genetic information in order to enable them produce proteins the way animals 
doMoolec: https://www.moolecscience.com 

.

Animal growth factors for the cell cultured meat and other related industries 
https://www.orfgenetics.com 

1/2
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Selected emerging technologies – Genetic engineering of plants and 
microorganisms 

A genetic engineering technology that is likely to accelerate the 
development in strain, cell and crop improvement is CRISPR. This 
gene editing tool has already facilitated the shelf life extension 
of mushrooms, and can also be applied for reduction of 
bitterness in crops like pea, as has been explored by University 
of Berkely spin-off company CRISPea. Where the application of 
CRISPR to knock out genes for elimination of undesired traits can 
be seen as a relatively low barrier application, the incorporation 
of new genes that bring in new traits will certainly require more 
regulatory approval and consumer acceptance. 

In theory GE options for better and more sustainable food are 
endless. From faster growing and more resistant crops, to plant-
based dairy with intrinsic strawberry or chocolate flavor, to 
fermented food delivering immune factors to your body. Experts 
expect that consumer acceptance will grow if purpose and 
benefits of the GE crops can be well explained and deliver 
meaningful improvements over the non GE alternative. 

Also in the area of cell culture development, GE is expected to 
make cells which are capable to proliferate faster and better on 
less expensive growth media.

Impression of CRISPR GE technology

2/2
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Food and nutrients play an integral role in maintaining overall mental and cognitive health. After almost two years of COVID-
19 limitations, mental and physical wellbeing -including gut health- is receiving massive attention and awareness in the 
society.

32

Probiotic and prebiotic fermented food 

The nutritional and health opportunity exploration of plant based dairy and meat alternatives has been relatively low. One of  the companies entering 
this area is Israelian start-up Yofix Probiotics*. Its formulations are marketed as clean labelled, and include a proprietary blend of oats, lentils and 
sunflower seeds. In addition to being soy-free, the company’s range of plant-based dairy substitutes contains gut-healthy prebiotics and probiotics.

Dissanayake, et al. Current Opinion in Food Science. 2021, 38, 8-20. https://doi.org/10.1016/j.cofs.2020.10.025.
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The Reason Why
→ Results from a 2021 study
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“Probiotization”
Leveraging the gut microbiome white space in the alternative protein industry  

A new study (November 2021), carried out by researchers at Stanford 
University, shows that fermented-food diet may increase microbiome 
diversity and decrease markers of inflammation. In the same study high-
fiber diet shows potential in altering gut microbiome functions and 
modulating immune responses.
https://doi.org/10.1016/j.cell.2021.06.019 

→ This study contributes well to earlier insights that fermented food and fiber rich foods are central elements for creating a resilient and 
diverse microbiome and essential for human health

→  The study also shows that fibers have less impact, potentially due to the already reduced concentration of essential fiber degrading 
bacteria in the ‘urbanized’ human microbiome

1/4
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The Reason Why 
→ Results from a remarkable 2015 study
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“Probiotization” 
Leveraging the gut microbiome white space in the alternative protein industry  

→ This study contributes well to earlier insights, indicating that fiber-rich foods are central elements for creating a resilient and diverse 
microbiome and associate with human health factors.

→ This study confirms once more that a diet rich in animal protein associates with increased risks for colon cancer

In 2015 scientists already have found dramatic effects on risk factors for colon 
cancer when American and African volunteers swapped diets for just two weeks. 
Western diets, high in protein and fat but low in fibre, are thought to raise colon 
cancer risk compared with African diets high in fibre and low in fat and protein.

The study, published in Nature Communications, confirms that a high fibre diet can 
substantially reduce risk, and shows that bacteria living in the gut play an 
important role in this effect. DOI: 10.1038/ncomms7342 

2/4
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Selected emerging technologies – Extrusion and Shear Cell Technology
Extrusion
Extrusion is a common practice and extensively used to convert 50–70% protein-
containing plant-based materials to fibrous products. It is a thermomechanical process 
that uses a combination of pressure, heat, and mechanical shear 

In the extruder, proteins are subjected to high temperatures and pressures that cause 
the proteins to melt and denature, losing their tertiary or even secondary structure. 

New cross-linking is what texturizes the proteins and transforms globular plant proteins 
into structures that more closely resemble the fibrous and laminar construction of meat. 
As the material exits the die at the end of the extruder, the water in the mixture rapidly 
evaporates due to the high temperatures and release of pressure, causing the material to 
expand and creating the final puffed format. 

In addition to creating a meat-like structure, extrusion can also modify the color and 
flavor of protein components. Many undesirable flavors are volatile and will flash off 
along with moisture at the release of pressure at the end of the extruder.

Shear cell technology
The shear cell technology was introduced by a group of researchers at 
Wageningen University, Netherlands, around 2005. It is another 
technique where a combination of shear and heat are used to form 
plant-based meat analogues, with layered fibrous structures, that 
resemble the mouthfeel and texture of real meat steak.

 The shearing device used in this technology is called shear cell, where 
intensive shear can be applied.  Protein deformation in the shear cell is 
well defined and constant, mechanical energy input in structuring is low; 
therefore, the shear cell technology has less variation in product quality 
compared to extrusion. 

Research and application example:
Public Private Partnership Plant Meat Matters coordinated by Wageningen Food & 
Biobased Research and Wageningen University. 
Partners: Meyn, Avril, Givaudan, Saturn petcare, Nutrition & Santé, The Vegetarian 
Butcher, Unilever, Ingredion, Rival Foods

Research and application example:
Public Private Partnership PlantPromise coordinated by 
Wageningen 
Partners:  AVEBE, Brabender, Firmenich, FujiOil, Marel, 
Nomad Foods, Ojah and Unilever
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Brief comments about the regulatory framework

• Plant based meat alternatives (PBM) are regulated in a similar manner as other non-animal foods. In the United States, the Food and Drug 
Administration (FDA), and specifically the Center for Food Safety and Applied Nutrition (CFSAN), oversees food inspection, labelling, packaging, 
imports, and facility safety. Most PBM products contain simple ingredients that have previously been approved for human consumption. 

• In the European Union (EU), current policy and regulation are supportive for alternative proteins innovation and investment. In 2018, the European 
Commission presented a “EU Protein Plan”, which encourages the production of alternative proteins for human consumption, and listed existing EU 
policy instruments that “provide options for strengthening the development of EU-grown plant proteins”. 

• Cell based meat faces the hardest regulatory approval challenges. So far only Singapore has  approved commercialisation Eat Just chicken cell  
cultured products.  USDA, FDA, as well as EU and other countries, including Japan, South Korea and China are working on regulatory frame works. 
Opposition from farming lobby is delaying the process. A new association called Cellular Agriculture Europe has been formed to represent the 
interests of the cultivated products industry. In USA the Alliance for Meat, Poultry and Seafood Innovation (AMPS Innovation) serves a similar purpose. 

• Fermented biomass regulatory approval is seen as more complicated than PBM, but less complicated than cultured meat cells. For instance, following 
the largely marketed quorn fungal protein, in June 20201 Nature’s Fynd has been given the go-ahead from the U.S. Food and Drug Administration to 
use its fungi-based protein Fy in food applications. The company has also sought for regulatory approval for selling Fy in Hong Kong and in mainland 
China.

• Regulatory approval for precision fermentation-derived products is seen as less complicated compared to cultured meat cells. For instance precision 
fermentation-derived rennet for dairy cheese production has globally been widely approved. Also market leader Impossible Foods secured approval 
for its precision fermentation-derived leghemoglobin in several global markets, including its home market US. However, Impossible Foods is still 
waiting for approval of its in 2019 filed request in EU. Therefore, for many new molecules several markets will present regulatory challenges, that take 
time to be navigated due to the fact that the precision fermentation process can involve gene editing or gene modification. Where as many of the 
newly produced ingredients in EU can follow the novel food approval process, more complicated in this category is mainland China, where any food 
that includes these steps in its production has a very challenging regulatory pathway to approval.
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Reflection on which impact factors will grow the sector and drive consumers towards this market
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How can we grow the alternative protein market?     2/2

What can authorities do:
The (EU) political framework needs to change and push further for 
animal-free alternatives.
• Consider installation of energy foot print taxes (as with sugar taxes)
• Stop subsidizing meat industry, start subsidizing crop conversion 

(from feed to alternative proteins)
• Consider subsidizing plant based or biomass based food

What can the sector collectively do:
• Agree on CO2 foot print or life cycle assessment score label

(see back up slide with example from meat industry on animal well fare)
• Collectively contribute xx % or purchase price to funds and 

applications of common public interest
• Invest in science and fact based public education on meat vs 

alternative protein solutions
• Support/initiate initiatives such as www.abillion.com 

What can general public / NGOs do?
• Supporting campaigns around climate 

and animal well fare
• Demand for initiatives like: “Carnivoor? 

Geef het door!” (Carnivore?Llet us know)
• Raise their voice at formal and informal 

occasions in their private and 
professional environment

What can multinationals and investors do?
• Invest in food systems, communities and/or platforms
• Introduce crowd funding initiatives that offer clear 

results and benefits for public
• For Food retail: Set standards for sustainably produced 

alternative protein food. (See example German retail sector on 
animal well fare. Back up slide).

• Invest in vegan-only out of home/restaurant chains

https://www.mondaycampaigns.org/meatless-monday 
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Back up slides



Alternative Protein News Sources
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https://www.greenqueen.com.hk 

https://vegconomist.com/all-news/

https://www.foodhack.global

https://innovationisrael.org.il/sites/default/files/GFI%20Israel%20State%20of%20Alternative%20Protein%20Innovation%20Report%202021_0.pdf

https://gfi.org/wp-content/uploads/2021/04/COR-SOTIR-Fermentation-2021-10-01-1.pdf 

https://www.luxresearchinc.com/blog/plant-proteins-key-players 

https://www.greenqueen.com.hk/apac-food-tech-report-2021/ 

Alternative Protein Databases
https://www.crunchbase.com

https://gfi.org/resource/alternative-protein-company-database/

https://proteindirectory.com  

https://thecounter.org/lab-grown-cultivated-meat-cost-at-scale/ 

Critical reflection on (in)feasibility of cultured meat
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Great weekly newsletter
From: FoodTech Weekly <foodtechweekly@mail.beehiiv.com>
Reply to: FoodTech Weekly <ds1337@georgetown.edu>
Date: Friday, 15 March 2024 at 09:00
To: Wilbert Sybesma <wilbert.sybesma@microbiome-
solutions.com>
Subject: FoodTech Weekly #188 by Daniel S. Ruben

https://vegconomist.com/all-news/
https://vegconomist.com/all-news/
https://www.foodhack.global/
https://innovationisrael.org.il/sites/default/files/GFI%20Israel%20State%20of%20Alternative%20Protein%20Innovation%20Report%202021_0.pdf
https://gfi.org/wp-content/uploads/2021/04/COR-SOTIR-Fermentation-2021-10-01-1.pdf
https://www.luxresearchinc.com/blog/plant-proteins-key-players
https://www.greenqueen.com.hk/apac-food-tech-report-2021/
https://www.crunchbase.com/
https://gfi.org/resource/alternative-protein-company-database/
https://proteindirectory.com/
https://thecounter.org/lab-grown-cultivated-meat-cost-at-scale/
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https://gfi.org/


Aldi Germany will only sell products level 3 and 4 as of 2030

How can this be expanded to alternative protein products? 

41

Example: German classification for animal derived products, based on quality of 
animal treatment 

https://www.verbraucherzentrale.de/wissen/lebensmittel/lebensmittelproduktion/haltungsformkennzeichnung-im-handel-die-auswahl-bleibt-mangelhaft-25484 

Eng 436 Food Biotechnology - W Sybesma

https://www.verbraucherzentrale.de/wissen/lebensmittel/lebensmittelproduktion/haltungsformkennzeichnung-im-handel-die-auswahl-bleibt-mangelhaft-25484

	Slide 1
	Slide 2
	Slide 3: FoodHack
	Slide 4: Food Biotechnology Alternative meat & dairy protein developments
	Slide 5: The alternative meat & dairy protein landscape is very dynamic, boundaries are shifting, hybrid offerings are created, new players are constantly emerging
	Slide 6: The alternative protein industry is characterized by a diverse range of sources and technologies 
	Slide 7: Sustainable Protein Value Chain
	Slide 8: Meat & Seafood
	Slide 9: The playing field: four source and technology-based clusters
	Slide 10
	Slide 11: The non-animal-based meat analogue revolution
	Slide 12: Algae alternative proteins can be classified as plant based crops (seaweed)  or fermentation based (microalgae).
	Slide 13: The non-animal-based meat analogue revolution
	Slide 14: Plant based meat industrial players
	Slide 15: Fermentation based alternative protein industrial players
	Slide 16: Cellular (cell cultured) alternative protein industrial players
	Slide 17: Insect alternative protein industrial players
	Slide 18: Dairy
	Slide 19: The dairy alternative protein industrial players
	Slide 20: The dairy market – well established for milk alternatives, cheese is the next target 
	Slide 21: The non-animal-based dairy revolution, 
	Slide 22: Eggs
	Slide 23: Alternative egg proteins – Diverse functionality and application scope
	Slide 24: Examples of ‘Mix and fix’ whole egg substitutes for baking and scramble
	Slide 25: Examples of specific egg protein production by precision fermentation
	Slide 26
	Slide 27: Miscellaneous
	Slide 28: Watch out: Single plant based alternative protein solutions may have a lower Digestible Indispensable Amino Acid Score (DIAAS), which can be compensated by combinations of different protein sources
	Slide 29: Selected emerging technologies - 3D Bioprinting Serves Up Meat Alternatives 
	Slide 30: Selected emerging technologies – Genetic engineering of plants and microorganisms 
	Slide 31: Selected emerging technologies – Genetic engineering of plants and microorganisms 
	Slide 32: Probiotic and prebiotic fermented food 
	Slide 33: “Probiotization” Leveraging the gut microbiome white space in the alternative protein industry  
	Slide 34: “Probiotization”  Leveraging the gut microbiome white space in the alternative protein industry  
	Slide 35: Selected emerging technologies – Extrusion and Shear Cell Technology 
	Slide 36: Brief comments about the regulatory framework 
	Slide 37: How can we grow the alternative protein market?      2/2
	Slide 38: Back up slides
	Slide 39: Alternative Protein News Sources 
	Slide 40
	Slide 41: Example: German classification for animal derived products, based on quality of animal treatment 

