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Alternative Proteine 
Technische Möglichkeiten und Ressourcenanforderungen
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Wie alternativlos sind “alternative Proteine” ?
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…….. alternativ zu WAS ?

… alternativ (eigentlich zusätzlich) zu konventionellen Quellen für wachsende Weltbevölkerung?!

… alternativ zu Soja, um Importe und Abhängigkeiten zu reduzieren?!

… alternativ zu Fleisch und anderen tierischen Produkten (für Substitute) und besserer Umweltbilanz?!

….alternativ zu den bestehenden Quellen um Resilienz/Diversität/Sortenvielfalt zu erhalten?!
…………… 
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Protein in der Kost: zwischen Bedarf und Bedenken
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Identifying recommended dietary allowances for protein and amino acids: a critique of the 2007 WHO/FAO/UNU report. British Journal of Nutrition , 108 , S2 , August 2012 , pp. S3 - S21 

0.83 g /kg body weight and day

71.2g per day

60 g per day

85 kg BW

72 kg BW
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Bedarf & Zufuhr an Nahrungsprotein



71,2g x 365 days =  26kg x 41.500.000 males = 1.050.000 tons per year

60,0g x 365 days = 22 kg x 42.800.000 females =    916.000 tons per year

surplus consumption of protein = around 1.230.00 tons per year

ONLY ADULTS assumed

around 1.900.000 tons of protein

Recommended quantity

around 3.131.000 tons of protein

around 200.000 tons of NITROGEN extra per year by this surplus of protein intake

around 600.000 tons from farm animals per year

EU Science Center
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consumed quantity

children not included

Bedarf und Zufuhr an Nahrungsprotein

European Journal of Clinical Nutrition volume 63, pagesS16–S36 (2009)

https://www.nature.com/ejcn


current rates of protein 

consumption 

recommended rates of 

protein consumption

N fluxes (expressed in teragrams N per year [Tg N yr–1])
related to livestock production and consumption in the US.

The impact of excessive protein consumption on human wastewater nitrogen loading of US waters
Maya Almaraz, Caitlin D Kuempel, Andrew M Salter , and Benjamin S Halpern

Front Ecol Environ 2022; 20(8): 452–458, doi:10.1002/fee.2531

Were US citizens to consume protein at recommended rates, projected N excretion rates in 2055 would be 27% less than they are
today, despite population growth. Optimizing US protein consumption to levels that meet human health standards has 

environmental benefits while also generating impactful economic benefits.
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Tierische versus pflanzliche Proteine & klimawirksame Emissionen
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Article Source: The Impacts of Dietary Change on Greenhouse Gas Emissions, Land Use, Water Use, and Health: A Systematic Review
Aleksandrowicz L, Green R, Joy EJM, Smith P, Haines A (2016) The Impacts of Dietary Change on Greenhouse Gas Emissions, Land Use, Water Use, and Health: A Systematic Review. PLOS ONE 11(11): e0165797. 

The Impacts of Dietary Change on Greenhouse Gas Emissions, Land Use, Water Use, & Health: A Systematic Review 

Ernährungsverhalten & klima-wirksame Emissionen
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Current diet

Following Heart Foundation red and processed meat recommendations

Following EAT-Lancet red and processed meat recommendations

Replacing red & processed meats with minimally processed plant-based alternatives

Replacing red & processed meats with ultra-processed plant-based alternatives

Replacement with cellular meat

SCENARIOS
total greenhouse gas emission

(kgCO2 equivalents)

5.00

4.05

3.77

3.28

3.43

4.01

Percentage change from current diet

-

-19% 

-25%

-34%

-31%

-20%
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Ernährungsverhalten & klima-wirksame Emissionen



The findings report that a shift to vegan diets (n = 14) would result in the
highest reduction of associated GHGEs (45%), followed by vegetarian diets (n
= 20) by 31% and pescatarian diets (n = 6) by 27%. This synthesized evidence
supports the feasibility of optimized diets.

Masino T, Colombo PE, Reis K, Tetens I, Parlesak A. Climate-friendly, health-promoting, and culturally acceptable diets for German adult omnivores, pescatarians, vegetarians, and vegans - a linear programming
approach. Nutrition. 2023 May;109:111977. doi: 10.1016/j.nut.2023.111977. Epub 2023 Jan 21. PMID: 36801703.

Climate-friendly, health-promoting, and culturally acceptable diets for German adult omnivores, pescatarians, vegetarians, and 
vegans - a linear programming approach
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Ernährungsverhalten & klima-wirksame Emissionen



QUO VADIS - FLEISCH
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Hartmut Kiewert
Friends V (2024)
Öl auf Leinwand 190x150 cm
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DAS POTENZIAL EINER GRÜNLANDBASIERTEN MILCHPRODUKTION IN DEUTSCHLAND 

Wie viele Kühe können wir noch halten, wenn sie nur vom Grasland ernährt werden?

im Auftrag von 
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DAS POTENZIAL EINER GRÜNLANDBASIERTEN MILCHPRODUKTION IN DEUTSCHLAND 

Wie viele Kühe können wir noch halten, wenn die wirklich nur Gras fressenH DANIEL



Wie viele Kühe können wir noch halten, wenn die wirklich nur Gras fressen

2,3 Millionen ha 

Land freigesetzt 
1,86 Millionen t PROTEIN

6,2 Millionen t Sojabohnen

0,9 Millionen ha 

Land freigesetzt MAIS für Biogas

0,75 Millionen t PROTEIN

1,85 Millionen t PROTEIN

1,10 Millionen t PROTEIN

1,35 Millionen ha

0,95 Millionen ha zu Vermoorung

23.750.000 t CO2 fixierbar
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23.750.000 t CO2 fixierbar

52 kg pro Jahr

= 290 kg CO2 Äqui. pro Jahr

28 kg pro Jahr

13 kg pro Jahr

9 kg pro Jahr

1,5 kg pro Jahr

(     5,49 kg CO2 pro kg Fleisch)

(3,45 kg CO2 pro kg Fleisch)

(14,34 kg CO2 pro kg Fleisch)

QUELLE: Umweltbundesamt und STATISTA

(3,5 kg CO2 pro kg Fleisch)

23.410.000 t CO2 Äqui. pro Jahr 23.750.000 t CO2 Äqui. pro Jahr 
mit ca. 25 t CO2 pro ha und Jahr
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Die WELT von MORGEN: Quantität & Qualität der Proteinversorgung 
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2017 2050

202

404

+100%

Source: United Nations, OECD-FAO Agricultural Outlook

PROTEIN DEMAND (m tons)

Die WELT von MORGEN: Quantität & Qualität der Proteinversorgung H DANIEL



Smith NW, Feltcher AJ, Dave L. et al. Use of the DELTA Model to Understand the Food System and Global Nutrition. J Nutr 2021 Oct 1;151(10):3253-3261. 

“This means that the global challenge of nutrient inadequacy is less a problem of insufficient production, and more 
an issue of distribution, access to food, and excess consumption”

Die WELT von MORGEN: Quantität & Qualität der Proteinversorgung H DANIEL



Neue Proteinquellen
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cellular

AGRICULTURE

cultured meat

cultured fish

cultured plant

heterologous expression
„precision fermentation“
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Quelle: Reports des GFI 2024

pfl. Substitute

Fermentation

in vitro-Ansätze

?

Zahl der Unternehmen Gesamtes Investment

4.1 Milliarden $

158 8.5 Milliarden $

174 3.1 Milliarden $

H DANIEL



H DANIEL



Haben die Produkte der zell. Produktion geringere klimawirksame Emissionen?
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FEED CONVERSION RATIO (kg input for 1kg of living mass)

PIG

SALMON

CHICKEN

INSECTS

CULTURED MEAT 1 – 4.0           (1.0 theoretically)*

1.2 - 4.5      (depending on species)*

1.9 - 2.7     (depending on condition)*

1.1 - 2.1     (depending on condition)

2.6 – 3.6     (depending on breed and condition)

Animal Genetic Resources 53:169-184, 2013

Agriculture 12(3), 355, 2022

PLOS ONE 14(10): e0222043, 2019

Front Nutr. 2023 Apr 6;10:1151801

Environmental Research Letters, 13(2), 2018

Protein conversion efficiency

17% 24% 25%5%
Myers GM, Jaros KA, Andersen DS, Raman DR. Nutrient recovery in cultured meat systems: Impacts on cost and sustainability metrics. 

Front Nutr. 2023 Apr 6;10:1151801. 

H DANIEL Haben die Produkte der zell. Produktion geringere klimawirksame Emissionen?

https://iopscience.iop.org/volume/1748-9326/13


1.000 kg cultured meat**

140.000 L culture medium**

80.000 L culture medium**

+Gluc+AA

*Hubalek S, Post M Moutsatsou P. Towards resource-efficient and cost-efficient cultured meat. Current Opinion Food Science. Volume 47, October 2022, 100885

H DANIEL

every 2nd. day

every 3nd. day

***Myers GM et al. Nutrient recovery in cultured meat systems: Impacts on cost and sustainability metrics. Front Nutr. 2023 Apr 6;10:1151801. doi: 10.3389/fnut.2023.1151801. 

NH4
+

LACTATE

80-140.000 L 
waste water***

approx. 850 €/t CM

**Specht. L. An analysis of culture medium costs and production volumes for cultivated meat, 2020, The Good Food Institute

74% of nitrogen fed!

Haben die Produkte der zell. Produktion geringere klimawirksame Emissionen?



The results indicate that the environmental impact of
near-term animal cell-based meat production is likely
to be orders of magnitude higher than median beef
production if a highly refined growth medium is
utilized for production.

… our economic analysis suggests that cell-cultured 
meat produced in a large-scale plant can be produced at 
a cost $63/kg with a kilogram of cell-cultured hamburger 
meat would cost well over $100/kg at the supermarket 
and restaurants. 

When using gloabl average energy mixes, cellular meat has a lower
footprint than beef, but higher than pork and chicken“ 

(CEDelft in Ex-ante LCA)

H DANIEL Haben die Produkte der zell. Produktion geringere klimawirksame Emissionen?



Nature Sustainability volume 1, pages782–789(2018) Parodi, A, et al. The potential of future foods for sustainable and healthy diets

ZINC CALCIUM IRON

EPA/DHA Vit A Vit B12

Neue Quellen
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https://www.nature.com/natsustain


Neue Produkte - ULTRAPROZESSIERT

Methylcellulose
Aromen
Fasern

Hefeextrakt
Gewürze

Eisen
Zink

Calcium
Kalium

Magnesium
Vitamin E

Vitamin B1
Vitamin B6

Vitamin B12

Zusätze

reines Protein
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NEUE PROTEINQUELLEN und die Preis-Parität
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pfl. Alternative in vitro Fleisch-AlternativeHackfleisch (regional)



Neue Quellen und ihre Marktchancen
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………. ernährungsphysiologische Aspekte ….
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Pinckaers, P.J.M. et. Al. (2023). The Muscle Protein Synthetic Response to the Ingestion of a Plant-Derived Protein Blend Does Not Differ from an Equivalent Amount of Milk Protein in Healthy 

Young Males. J Nutr. 152(12):2734-2743. doi: 10.1093/jn/nxac222. 

The Muscle Protein Synthetic Response to the Ingestion of a Plant-Derived Protein Blend Does Not Differ 
from an Equivalent Amount of Milk Protein in Healthy Young Males

They ingested 30 g milk protein (MILK)
or a 30 g plant-derived protein blend
combining 15 g wheat, 7.5 g corn, and
7.5 g pea protein (PLANT-BLEND).

N=24

aged 24 ± 4 y
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Plasma Amino Acid Appearance and Status of Appetite Following a Single Meal of Red 
Meat or a Plant-Based Meat Analog: A Randomized Crossover Clinical Trial

Curr Dev Nutr 2022;6:nzac082.

N=32
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Peripheral Amino Acid Appearance Is Lower Following Plant Protein Fibre Products, Compared to 
Whey Protein and Fibre Ingestion, in Healthy Older Adults despite Optimised Amino Acid Profile

de Marco Castro E, Valli G, Buffière C, Guillet C, Mullen B, Pratt J, Horner K, Naumann-Gola S, Bader-Mittermaier S, Paganini M, De Vito G, Roche HM, Dardevet D; APPETITE Consortium. Peripheral Amino Acid Appearance Is Lower Following Plant Protein Fibre Products, Compared to Whey Protein and 
Fibre Ingestion, in Healthy Older Adults despite Optimised Amino Acid Profile. Nutrients. 2022 Dec 21;15(1):35. doi: 10.3390/nu15010035. PMID: 36615694; PMCID: PMC9824653.

N=12

aged > 65 ± 4 y
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Percentage of recommended nutrient intakes for six micronutrients in the EAT–Lancet healthy reference diet 
Estimates are based on target values (within a possible range) that were adjusted for the energy requirements of a moderately active individual

Estimated micronutrient shortfalls of the EAT–Lancet planetary health diet
Ty Beal, Flaminia Ortenzi, Jessica Fanzo
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… eine unversöhnliche„Ernährungswelt“





Wie geht dies?

6.1 Millionen Tonnen IMPORT
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IST: 91g 245g

100

200

300

Gemüse

IST: 154g 300g

100

200

300

Obst

IST: 5g 31g

10

20

30

Nüsse/Samen

X 6X 1,95X 2,7

Verzehr und Empfehlungen zum Verzehr an Gemüse/Obst/Nüsse&Samen
bei einer Ernährung nach den neuen Empfehlungen der DGE

g/Tag
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In entwickelten Ländern ist die Proteinzufuhr schon signifikant höher als von Fachgesellschaften 
empfohlen. Noch höhere Zufuhr ist schon aus Umweltgründen nicht sinnvoll. 

Pflanzliche Substitute können gegenüber tierischen Produkten einen Umweltnutzen generieren – dieser 
wird aber häufig in seiner Effektgröße überzogen ausgelobt. 

Eine bestehende Protein-Hype setzt enorme Forschungsanstrengungen in Gang – vielfach begründet mit 
nachhaltigerer Erzeugung – was aber bisher kaum belegt werden kann.

Viele der neuartigen Produkte müssen umfangreiche Zulassungsprozesse in der EU durchlaufen und 
werden auch kaum eine Preis-Parität erreichen. Sie sind eher als Nischen-Produkte zu sehen. 

Der wachsende Bedarf an Lebensmitteln für die anwachsende Welt-Population erfordert u.a. neue 
Technologien zur Lebensmittelproduktion (und nicht nur Protein) – aber VOR ORT !!

…… von „alternativen“ Proteinen
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DANKE
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….. problems …..
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Spatial overlap of the top 1% greatest pressure values for each of the four dominant pressures from food production.
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Diet-related GHGE and percentage exceeding the per capita planetary boundary for observed and modelled dietary substitutions

Combined effects of
50% less red meat/products

50% dairy products

around 27%
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Food groups and risk of coronary heart disease, stroke and heart failure: 

A systematic review and dose-response meta-analysis of prospective studies

Bechthold A, Boeing H et al. Critical Reviews in Food Science and Nutrition, 59:7, 2019: 1071-1090
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Zelluläres Fleisch und Gesundheit: die Pro´s und Con´s

Argentinean cockroach 1.7 + 0.24

Black soldier fly 1.8 + 0.71

Yellow mealworm 4.8 + 0.14

House cricket 2.3 + 0.57

SPECIES feed conversion ratio
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Zelluläres Fleisch & Gesundheit: die Pro´s & Con´s
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2.041.800.000 kg Cheese in Germany per annum

….. products …..

… upscaling ….
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