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The protein shift: 
From fauna to flora
•Published on Published onAugust 25, 2016

We need a 
protein 
shift
The climate cannot handle
the amount of animals we
eat. There needs to be a 
protein shift, according to 
researcher Karolina 
Östbring who is involved in 
the Sustainability Week. Her
vision is to create a platform
for research on vegetable
proteins at LU.
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The protein shift!
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The protein shift!

• No need for watering/fresh water

• No need for pesticides and 

insecticides

• Remediates N, P

• Uptake of CO2

• Effective growth rate per area

• No competition for arable land

Ingrid Undeland, Chalmers
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Photo from Göran Nylund,GU Photo from Wikimedia Commons

4-15 tons protein/ha/year 0.6-1.2 ton protein/ha/year

Potential to cultivate large amounts!

Foods 2017, 6, 33; doi:10.3390/foods6050033

<90 ton algae biomass/ha/year 2.5 ton soy beans/ha/year

Ingrid Undeland, Chalmers
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Schmidt et al. Plant Physiology, May 2011, Vol. 156, pp. 330–345

https://pixels.com/featured/chloroplast-from-red-alga-griffithsia-sp-dennis-kunkel-microscopyscience-photo-library.html

https://awhitebiology.weebly.com/chloroplasts.html

Proteins mainly in the 

form of enzymes and 

structural proteins

But, protein extraction more challenging from seaweed than e.g. beans!

Protein in storage vacuoles (PSVs)

Steinhagen, et al. (2019). European Journal of Phycology, DOI: 10.1080/09670262.2019.1597925

Photo: Sophie 

Steinhagen

Photosynthetic!
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Swedish initiatives to cultivate and use seaweed for multiple products

CirkAlg
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WP 1: Seaweed

Breeding-

Cultivation

WP2: 

Biomass 

disintegration

Profiling and conversion into high-vaue

products

WP3:              

Food 

Ingredients

WP4:                    

Fine 

Chemicals

WP5: 

Bio-based 

materials

Stakeholders

Academia and 

Industry

Seaweed proteins –a contribution to the protein shift?
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Homogenizing in water

algae + water (≥1:3)                   

↓ 
Protein solubilization

pH → ~12                                 

↓  
Centrifugation

↓
Precipitation

pH → ~2                                 

↓  
Centrifugation

↓
Protein isolate

↓
Drying

Fat→

Solubilized protein→

pH-shift process for concentrating of protein

Fibers, minerals, membranes etc→

• Season

• Preservation

• Water volume

• Osmotic shock

• Enzymes

• Temperature/time

• Freeze thawing

• Nutrient profile

• Functionality

• Bioavailability

• Comparison to 

other methods

We have evaluated:

Ingrid Undeland, Chalmers
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Effect of osmotic shock, temperature and water volume on 

extraction yield

Veide Vilg & Undeland, Journal of applied phycology, 2017, 29 (1), 585-593 Ingrid Undeland, Chalmers
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Solubility and precipitation as a function of pH

Harrysson et al. J Applied Phycol (2018) 30: 3565-3580

A freeze-thawing step after adjusting pH to 2 has 

significantly iincreased protein precipitation

Ingrid Undeland, Chalmers
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Effect of process method and species on protein yield

Harrysson et al. J Applied Phycol (2018) 30: 3565-3580 Ingrid Undeland, Chalmers



∑ Amino acidsa

(% dw)

∑ Fatty acidsb

(% dw)

Ashc

(% dw)

Dry Porphyra 31.8 2.5 23.2

Porphyra traditional 13.9 0.5 3.1

Porphyra pH-shift 71.0 2.2 4.7

Porphyra ASE 21.2 0.7 46.3

Dry Ulva 19.6 2.3 26.0

Ulva traditional 10.7 0.7 1.1

Ulva pH-shift 51.2 5.0 13.9

Ulva ASE 13.0 2.1 51.3

Dry Saccharina 10.1 2.1 49.6

Saccharina trad. 1.9 0.1 2.6

Saccharina pH-shift 40.7 3.3 15.9

Saccharina ASE 5.0 1.6 67.7

Protein, fat and ash of the extracts

Harrysson et al. J Applied Phycol (2018) 30: 3565-3580

EAA%: 

40→42.5 

after pH-shift

processing

Ingrid Undeland, Chalmers



Effect of process method and species on protein yield

• Harrysson et al. J Applied Phycol (2018) 30: 3565-3580

• Harrysson et al. Strategies for improving the protein yield in pH-shift processing of Ulva lactuca Linnaeus - Effects of ulvan lyases, pH-exposure time and temperature, ACS 

Sustainable Chemistry & Engineering. In Press 2019

29%

When including an extra incubation step at pH 

8.5, 8C prior to adjustment to pH 12, increase in 

total protein yield up to 29%!

Ingrid Undeland, Chalmers



How to preserve seaweed post harvest?
http://www.japantimes.co.jp/news/2014/04/24/

Drying

Ensilaging

Freezing

Ingrid Undeland, Chalmers

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjM56C8z7rSAhVIJpoKHXhpBIIQjRwIBw&url=https://tystatankar.com/2009/02/24/syrefattig-miljo/&bvm=bv.148747831,d.bGs&psig=AFQjCNG3okjYjLhtgMg_k4LLfTipOA3BjA&ust=1488640312981487
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Preservation Treatment
Sun dried Frozen -80CFrozen -20COven dried Ensilaged Freeze dried

Effect of seaweed preservation method

Abdollahi et al., Food Hydrocolloids, (2019), 96: 140-150 Ingrid Undeland, Chalmers
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Harvest Month

Effect of harvest month

Axelsson, MSc-thesis, Chalmers university of technology, 2017 Ingrid Undeland, Chalmers



Protein from whole Nannochloropsis not digestible during in 

vitro digestion
https://www.andaluciaecologica.c

om/empresas/endesa-

microalgas/

Cavonius et al. Food & function (2016),7:4

Digestibility increased

after pH-shift processning

Digestibilty of algae proteins?

Ingrid Undeland, Chalmers



Pharmaceuticals

Food/Health care

Chemicals/Biobased materials

Pet food/(aqua)feed

Bulk Chemicals/fuels

Energy/Heat

Volume

Value
The pH-shift process as part of a biorefinery

Biomass

The blue biorefinery

Ingrid Undeland, Chalmers



2019-07-0622

Cascade processing for co-extraction of

proteins and polysaccharides!

Wahlström et al. Ind. Eng. Chem. Res. 2018, 57, 42-53 Ingrid Undeland, Chalmers
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• Protein yield 26%

• Protein in extract: 57.2%

• HMW-type, gelled with K+

• Galactose-rich pectin substance

• Low yieldChanging the convential method for 

carrageenan extraction from red seaweed

(alkali+heat+ethanol precipitation) allowed

multiple product production!

Wahlström et al. Ind. Eng. Chem. Res. 2018, 57, 42-53 Ingrid Undeland, Chalmers
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Commercial κ-type 

carrageenan

Carrageenan rich 

fraction from 

P. umbilicalis 

Carrageenan from the pH-shift residue of Porphyra

Wahlström et al. Ind. Eng. Chem. Res. 2018, 57, 42-53 Ingrid Undeland, Chalmers



• pH-shift processing promising→ concentrate

with ≤71% protein & ≤ 30% protein yield

• Precipitation more challenging than

solubilization!

• Season and preservation affects yield

• Possibilities for co-extraction of

polysaccharides

2019-07-0625

We need scalable and 

food grade methods 

which efficiently yields a 

concentrated, 

multifunctional and highly 

bioavailable seaweed 

protein isolate which are 

applicable on both wet 

and dried seaweed 

biomass

Ingrid Undeland, Chalmers
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Thanks!

Ingrid Undeland, Chalmers


