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? Seaweed -the chameleon!

CHALMERS

Functional ingedient
—Blue Hybrid foods

* Micronutrients?
* Flavour?
» Stabilizer?
* Colour?
» Texture?

e X-factor?

Protein source
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5-38% protein (dw)

CHALMERS

i \\ - P .
} Seaweed —a new alternative

protein source?

~35% protein (drw)

Raise protein content & Protein ingredient recovery
~92% protein (dw)

—

g

~95% protein (dw)

(dw)
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Protein boosting by cultivation with liquid seafood side streams

CHALMERS

70% higher,

growt‘
rates, | Now to be up-scaled in the
54-76 % SWAP project
‘hlgher = SWEDEN
o \“A =3 PELAGIC
t R‘. Wang

P 1 e
days with added seafood process waters

1

Post harvest cultivation in herring process waters — 30-40% higher biomass

yields and protein levels raised 3-5 times up to 38% !

Stedt, K., et al. Frontiers in Marine Science, 2022, 9, 988523.; Steinhagen et al., Future Foods, 100347, 2024; Stedt, et al.,
2022. Algal Research, 63, p.102647; Stedt, K., et al. (2025). Algal Research, 104371..



Insects Terrestrial
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Ulva —a future protein provider?
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7 ?Open-sea farmed U. fenestrata. Personal communication from Nordic Seafarm;
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Hanna
Harrysson

Comparison of the pH-shift method to other methods

using Porphyra, Ulva, Saccharina

"Traditional method”
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Harrysson et al. J Applied Phycol (2018) 30: 3565-3580
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» Higher productivity than soybean: 24.02 vs 2.5
tons dw ha' year

» Highly adaptable to different abiotic factors
» Positive results with protein boosting

» But, protein trapped in complex cellular
architecture and presence of antinutrients

I:> Extraction of a protein ingredient

CHALMERS

ASE- method

Defatted Seaweed

Acetone
- | ——
Phlorotannins/ _
Carbohydrates fraction
Residue containing
proteins

|__——— Wethanal
—
. S
Evaporation of 1 Final residue

methanol

Recovered proteins

L A=

under high pi




In vitro gastrointestinal digestion

Crude seaweeds and pH-shift
protein extract

Gastric phase

Intestine phase

i
Digested samples

Filtration of digests, 0.45 um filter
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Trigo, J. P., Engstrom, N., Steinhagen, S., Juul, L., Harrysson, H., Toth, G. B., ... & Undeland, I. (2021). Food Chemistry, 356, 129683.

Contents lists available at ScenceDisect

Food Chemistry

ELSEVIER f e

fenestrata) proteins extracted using pH-shift processing

Gunilla B. Toth ", Henrik Pavia”, Nathalie Scheers®, Ingrid Undeland >~

e —-
Pacity of 2 3

In vitro digestibility and Caco-2 cell bioavailability of sea lettuce (Ulva

Jodo P. Trigo™", Niklas Engstom *, Sophie Steinhagen”, Louise Juul°, Hanna Harrysson®,

28412 56 Gothrbr, Sweden
.
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Casein
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Crude U. fenestrata

pH-shift extract U. pH-shift extract U.
< freeredid

pH-shift extract U.

- wet

(low amount) -
wet

© Trigo, J. P., Engstrém, N., Steinhagen, S., Juul, L., Harrysson, H., Toth, G. B., ... & Undeland, I. (2021). Food Chemistry, 356, 129683.
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Hanna

| Harrysson Comparison of the pH-shift method to other methods

using Porphyra, Ulva, Saccharina

7
CHALMERS

*Traditional method” pH-shift method ASE- method
10 dwwater Homogenization of IP— _

seaweed in water
[ Hexane
4, ovemight . Upids
' o Solubilization of
proteins at alkaline pH

'
B ' : [ Demmeaseavees |
a a a
But... Low yield - Mainly aqueous proteins - Complex protocols
l/Ammoﬂlum sulphate (80% w/v ‘ Insoluble material ‘ Imntalniﬁgsoluble proteins | 2 Carbohydrates fraction |~ !
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20000°g atthe isoel:c(ri: point S vethano
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Harrysson et al. J Applied Phycol (2018) 30: 3565-3580
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Can we recover both aqueous and lipophilic proteins?

Lipophilic Aqueous-soluble CHALMERS
\ proteins e.g., RuBisCo
L)
AN .'# 1
NG
i

U. fenestrata
Higher protein

e extraction Dr Joao Trigo
oo ) yields than g
Target lipophylic traditional -
and aqueous- — o methods

soluble proteins

Aim: Develop an efficient and more simplistic CirkAlg

protein extraction method than current alternatives
Hypothesis: Sequential use of surfactant-containing and alkaline

solutions would solubilize lipophilic and aqueous-soluble
proteins, thus increasing total extraction yields

Figure from: JOAO P. TRIGO PhD-thesis, Chalmers 2024 SEAWEED AS A SUSTAINABLE SOURCE OF FOOD PROTEIN Maximizing seaweed protein
content, protein recovery, and nutritional quality

12



2026-06-18

I Undeland, Seagriculture, 2026

Food Chemistry 464 (2025) 141839

Contents lists available at ScienceDirect a CHALMERS
. CHEMISTRY
Food Chemistry =
journal homepage: www.elsevier.com/locate/foodchem =

A new method for protein extraction from sea lettuce (Ulva fenestrata) via |55
surfactants and alkaline aqueous solutions

Jodo P. Trigo™, Sophie Steinhagen °, Kristoffer Stedt ", Annika Krona ¢, Simone Verhagen ™,
Henrik Pavia”, Mehdi Abdollahi®, Ingrid Undeland *

# Department of Life Sciences - Food and Nutrition Science, Chalmers University of Technology, Gothenburg, Sweden

Y Department of Marine Sciences - Tjarni Marine Laboratory, University of Gothenburg, Strémstad, Sweden

© RISE - Research Institutes of Sweden, Agriculture and Food, Gothenburg, Sweden

 Department of Agrotechnology and Food Sciences - Biobased Chemistry and Technology, Wageningen University and Research, Wageningen, The Netherlands

« 3.4 times higher protein yields with a surfactant!
» Protein ingredient also up-concentrated in Vit B12 and omega-3

2026-06-18
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Food Chemistry 464 (2025) 141839

Contents lists available at ScienceDirect X CHACMERS)
. CHEMISTRY
Food Chemistry =
Al i
ELSEVIER journal homepage: www.elsevier.com/locate/foodchem ———

A new method for protein extraction from sea lettuce (Ulva fenestrata) via |8
surfactants and alkaline aqueous solutions

Jodo P. Trigo™, Sophie Steinhagen ", Kristoffer Stedt ", Annika Krona ©, Simone Verhagen *-,
Henrik Pavia ", Mehdi Abdollahi®, Ingrid Undeland *

# Department of Life Sciences - Food and Nutrition Science, Chalmers University of Technology, Gothenburg, Sweden

Y Department of Marine Sciences - Tjéirni Marine Laboratory, University of Gothenburg, Stromsiad, Sweden

© RISE - Research Institutes of Sweden, Agriculture and Food, Gothenburg, Sweden

< Department of Agratechnology and Food Sciences - Biobased Ghemistry and Technology, Wageningen University and Research, Wageningen, The Netherlands
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The blue-green sustainable X608
proteins of seaweed may soon
be on your plate

THU, NOV 14, 2024 07:00 CET Report this content
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Can we co-extract other high-value molecules?

Multiple products from the same raw materials

'« |ncrease revenue _MAREFINg

'+ Diversify applications o

+ Currently, we evaluate different orders of
extraction for the below three compound groups

‘ * Bioactives

Food additives

G. Beltrame

* Bioactives

@i - - Biomaterial sciences, &LEIE

e.g. wound dressing

@% « Food industry

Beltrame et al. In manuscript 2026-06-18
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p Seaweed —the chameleon!

Functional ingedient
—Blue Hybrid foods

¢ Micronutrients?

* Flavour?

. Stabilizer? | -
> J ’5
y CO|OUF. R. Mende

+  Texture? Poster!

» X-factor?

Protein source
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U. fenestrata —highly promising source of vegan vitamin B12

2026-06-18
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CHALMERS

(a)  Ulva contained 681 ng
5000 - | mU.enestrata_12. paimata 500 B12/g dry weight (in other
. a study up to 800 ng/qg)
S a AB A B
4000 - 400 2
- o :
£ 3000 | 0 ¢+ 5gdried non-blanched
§ B H Ulva biomass can provide
=3 " -
§_«zm | . 200 o 112% of RDI vitamin B12*
£ = (4ug B12/day)
o~ —
= 1000 - F 100 =
o 2
0 o » Even after blanching; Ulva
Untreated Soaked Blanched qualify for an EU nutritional
claim as “High in Vitamin
B1 2”**
Trigo, J. P. et al. 2025 Food Chemistry, 483, 144302 *Cofactor in DNA synthesis & fatty acid and amino acid metabolism. Important for normal 8

functioning of the nervous system & in the maturation of red blood cells in the bone marrow. “Al of B12 according to EFSA guidelines

18


https://www.efsa.europa.eu/en/efsajournal/pub/4150
https://www.efsa.europa.eu/en/efsajournal/pub/4150
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U. fenestrata —highly promising source of vegan vitamin B12

RDI 4 ug (24 Mg in the US) CHALMERS

~35ng B12/g dw —» 133 g needed

é Beef 60 ng/g dw

~70ng B12/g dw —» 57 g needed

~600-800ng B12/g dw — 5g enough

~1400ng B12/g dw — 2.8 g enough

;Iérigo, J. P., Chamlagain, B., Thorén, J., Strand, R., Juanola, M. V. L., Steinhagen, S., ... & Undeland, I. (2025). Sea lettuce (Ulva fenestrata) as a rig&s_os_18
source of cobalamin (vitamin B12)-both as processed whole biomass and as an extracted protein ingredient. Food Chemistry, 483, 144302.

19
I Undeland, Seagriculture, 2026
Food Chemistry 483 (2025) 144302
Contents lists available at ScienceDirect T:
H Food Chemistry EHEN
F[ F[FR journal homepage: www.elsevier.com/locate/foodchem —
Short communication 4.)
Sea lettuce (Ulva fenestrata) as a rich source of cobalamin (vitamin B12) — [#82
both as processed whole biomass and as an extracted protein ingredient
Jodo P. Trigo™ , Bhawani Chamlagain “, Jonatan Thorén “, Rebecca Strand *,
Mar Vall-llosera Juanola *, Sophie Steinhagen ", Alexandra Kinnby ", Gunilla Toth ",
Susanna Kariluoto “, Ingrid Undeland *
* Department of Life Sciences - Food and Nutrition Science, Chalmers University of Technology, Gothenburg, Sweden
" Department of Marine Sciences - Tjarmd Marine Laboratory, University of Gothenburg, Stromstad, Sweden
© Department of Food and Nutrition, University of Helsinki, Helsinki, Finland
20 2026-06-18
20
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Role of P. palmata morphology; and other red species
for vitamin B12 and element bio-accessibility in vitro

CHALMERS

21 Helgesson et al., In manuscript 2026-06-18
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EU nutritional claim “High in XX” (>30% of RDI/100g wet biomass)
possible for vitamin B12, iodine, magnesium, iron, selenium CHALMERS
—also applies to a 5g portion of dried Ulva!

@ Taylor & Francis
EEes ] |nternational Journal of Food Properties
2 ISSN: 1094-2912 (Print) 1532-2386 (Online) journal _:) ) Top-10
< 2 F z . (T [Avsenic]
Nutritional and toxicological characteristics s .
of Saccharina latissima, Ulva fenestrata, Ulva | atmanen | e

intestinalis, and Ulva rigida: a review

e 9.,
’ Maria Jacobsen, Marta Bianchi, Jodo P. Trigo, Ingrid Undeland, Elinor o +iodine
Hallstrom & Susanne Bryngelsson

Toxicological concerns: a 5g portion of dried Ulva contribute to
41-91%, 9-97%, 6— 15%, and 21-46% of the TDI for iodine, inorganic
arsenic, cadmium, and lead, respectively

22 RDI Recommended daily intake; TDI, Tolerable daily intake 2026.06-18
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OIS Flavour: |

CHALMERS

Kristianstad
Cabbage/sulphury University
Uppsala universitet
Grassy Nutty Seaweed Ocean ®

* Protein boosting with herring process water — 1 green
colour intensity | bitterness, | grassiness 1t seaweed odour

Umami  Bitter Salty Sour
0 and 1 total intensity

»  Washing; none or small difference in sensory attributes
(/saltiness)

* Blanching; — milder flavour, e.g., |marine flavour, 1 sulfury,
1 flour-like notes & |bitterness, |salty, |sour, thus, more
versatile

Poster & Elevator pitch!

e Storage in dried form; | green colour, | seaweed flavour;
1 saw dust & 1 “rosehip soup”

"K. Stedt

* Higher oil content of carrier emulsions— |grassy odour

Trigo, J.P. et al. 2024. Future Foods, 9, p.100370; Wendin, K. et al., 2024. Future Foods, 10, p.100431; Rauf Dahlstedt, S.R. et al.
2026. Future Foods, 13, p.100995

23
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Green colour after 290 days

Dark

Hanna
~ Harrysson

CHALMERS

Oven dried

Harrysson, H. et al. (2021). Algal Research, 56, 102295. 2026-06-18
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The role of seaweed in foods dictates preferred characteristics!

Non-GMO | Soy-Fres | Gluten-Free

CHALMERS

Seaweed is the base Seaweed is a significant ingredient =~ Seaweed is a very small part

25
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Mycorena and RevoFoods Develop 3|

Vegan Seafood Alternatives ¢ Functional ingedient
—Hybrid foods

* Protein source?
* Micronutrient source?
+ Flavour?

» Stabilizer?

+ Colour?

+ Texture?

+ X-factor?

Tune cultivation & handling depending on role!

26
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