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From fauna to flo ey

@ The protein shift:| Lizsmedel

e +Published on Published onAugust 25, 2016 MK
- - o o
p rOteln Proteinskifte pa gang
. e ” Livsmedelsindustrin star infor ett proteinskifte. Vilka utmaningar och
The PrOtem Shlﬂ Plant-Based OpthﬂS mbjligheter finns? Det tanker konsultforetaget Macklean belysa i nésta

° nummer av Insikter som presenteras pa Livsmedelsdagarna den 7

S h lft n a a september. For att fa input till rapporten, bjéd Macklean in studenter

hv/Sanc Delmenico; 1S, RON; CrEion Oct. 14,2046 till en workshop.

( iture: How we're getting more protein in our diets : e
The climate cannot handle without eating more meat.
the amount of animals we '
eat. There needs to be a
protein shift, according to
researcher Karolina
Ostbring who is involved in
the Sustainability Week. Her
vision is to create a platform
for research on vegetable
proteins at LU.

en av studentema som dehog | Macklesns workshop om proteinskiftet. Langst il
Ulf Berglund

The protein shift:
will Europeans
change their diet?

Ingrid Undeland, Chalmers
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The protein shift!

Ingrid Undeland, Chalmers
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The protein shift!

No need for watering/fresh water
No need for pesticides and
insecticides

« Remediates N, P

« Uptake of CO,

« Effective growth rate per area

* No competition for arable land

Ingrid Undeland, Chalmers
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Potential to cultivate large amounts!

Photo from Gdran Nylund,GU Photo from Wikimedia Commons

<90 ton algae biomass/halyear 2.5 ton soy beans/halyear
: s

o

4-15 tons protein/halyear 0.6-1.2 ton protein/halyear

Foods 2017, 6, 33; doi:10.3390/foods6050033 Ingrid Undeland, Chalmers
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% P
Protein in storage vacuoles (PSVs)

Schmidt et al. Plant Physiology, May 2011, Vol. 156, pp. 330-345

Photo: Sophie
Steinhagen

cellbody

Chloroplast

Outer Granum chloroplast

Membrane
Proteins mainly in the
Membrane  Stroma mieies  fOrm of enzymes and
structural proteins
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Steinhagen, et al. (2019). European Journal of Phycology, DOI: 10.1080/09670262.2019.1597925
https://pixels.com/featured/chloroplast-from-red-alga-griffithsia-sp-dennis-kunkel-microscopyscience-photo-library.html
https://awhitebiology.weebly.com/chloroplasts.html

Ingrid Undeland, Chalmers
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/ WP 1: Seaweed
Breeding-
Cultivation

WP2:
Biomass
disintegration

Profilina and conversion into high-vaue
products

WP3: WP5:

Stakeholders
Academia and
Industry

o

Food Vllﬁi Bio-based
Ingredients Chemicals materials

Ingrid Undeland, Chalmers
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pH-shift process for concentrating of protein

We have evaluated:

e Season

Homogenizing In water . Preservation

algae + water (21:3)

!

Water volume

. e * Osmotic shock
Protein solubilization - Enzymes
pH — ~12 » Temperature/time
)
Centrifugation

!

Precipitation
pH — ~2
!

Centrifugation

l * Nutrient profile
* Functionality
* Bioavailability

* Freeze thawing

Protein isolate

l

Drying

» Comparison to
other methods

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

A freeze-thawing step after adjusting pH to 2 has
significantly iincreased protein precipitation
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Harrysson et al. J Applied Phycol (2018) 30: 3565-3580
Ingrid Undeland, Chalmers
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Soumal of pplied Phycology (2018 3035553580
vy febei aneg ML 175 10R1 1-018- 14817

@ Crossiark

Production of protein extracts from Swedish red, green, and brown
seaweeds, Porphyra umbilicalis Kiitzing, Ulva lactuca Linnaeus,
and Saccharina latissima (Linnaeus) J. V. Lamouroux using three
different methods

Hanna Harrysson " - Maria Hayes” - Friederike Eimer® - Nils-Gunnar Carlsson ' - Gunilla B. Toth” - Ingrid Undeland '

Reveived 5 Docemiber 2007 § Revised anadl soceped: b6 Sl 2018 Pulbliched online: 25 Spell 2018
3 The Asthasis] 2018

Abstract

The denand for vepetable protcing incressea plobally and scawesds are congidered novel and promising prolsin sources.
Howeewer, s toupgh polyswchande nch coll walls and the sbundaince of polyphenods reduee the eximmctabdlity and digestibility
ol serwecd prodeing. Therefore, fond grade, scalable, and enviroementally fricndly prodcin cxtraction techmiques anc requined. To
date, litfle work has heen camicd ot on developing ssch methods tiding into considemtion the: strectural differences hetween
srwond spochis. it this work, thes &l protdn casction meleods wien apphod w0 thics Swoadigh scweods (Porphira
uwmbrdicalis, {Tva loctaca, aml Saocharing Ieficeima). Thess methods mcheded (T) 2 traditional metbod using sonscation m walor
and subscqeent armmaonium . sul@Edc-induced prolein precipatation, (1) the pH-shifl proéein exiraction methos] wsing, alkaline
prodein solubilization followed by iscleciric precipitation, and (1) the sccclermied solvent exiraction {ASE®E) method whens
prwicing are cxtractod afler pre-romsoval of Hpads and phlordanming. The highes proicn yichds wene achicved nsng the ph-ehifi
method applicd o P embifficalic (2264 73%) and X dativema (251 + 0.9%). The wmaditonal mothod resuliod in the groses
proicin yichl when applicd so [0 heenson (196 + 0.8%). Howewer, the prodzsin concenimation in the produced extracis was highest
For alll thres species using the pH-shift method (71.0+3.7%, 512+ 2,1%, and $0.7£0.5% for P, wmbidlicalic, U lactes, and 5.
latizvima, negpoctively . In addition, the pli-shift method was Tound to concenirate the Gty achds in U, fachca and X Letioima by
22 and 1.6 times, respectively. The pll-shift metbod can therefore be considened a promising simlepy for producing scaweed
proicin inpredienia for use in food and foesd.

Eeywornds Scawend - Prolvin extraction - Ammoniem salfale precipitation - pE shifl - Accelonted sslven! extraction (ASTE) -
* Ingrid Undeland, Chalmers
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Effect of process method and species on protein yield
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Porphyra umbilicalis Ulva lactuca Saccharina latissima

Harrysson et al. J Applied Phycol (2018) 30: 3565-3% *
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Ingrid Undeland, Chalmers
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Protein, fat and ash of the extracts

> Amino acids? ) Fatty acids® Ashe¢
(% dw) (% dw) (% dw)
Dry Porphyra |  31.8 | 2.5 23.2
. Porphyra traditional 13.9 0.5 3.1
| PorphyrapH-shift [  71.0 | | 2.2 | 4.7
Porphyra ASE 21.2 0.7 | 46.3 |
EAA%: Dry Ulva [ 196 | [ 23 | [ 260 |
o o et Ulva traditional 107 0.7 1.1
brocessing Ulva pH-shift | 512 | [ 50 | 13.9
Ulva ASE 13.0 2.1 | 513 |
d Dry Saccharina 101 | | 21 | | 496 |
i ﬁfx Saccharina trad. 1.9 0.1 2.6
'§ SaccharinapH-shift | 40.7 | | 3.3 | 15.9
Saccharina ASE 5.0 1.6 | 677 |

Harrysson et al. J Applied Phycol (2018) 30: 3565-3580 Ingrid Undeland, Chalmers
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Effect of process method and species on protein yield

When including an extra incubation step at pH
8.5, 8°C prior to adjustment to pH 12, increase in

O Traditional total protein yield up to 29%!
pH-shift
29% a

ab

Protein yield (% dw)

Porphyra umbilicalis Ulva lactuca Saccharina latissima
* Harrysson et al. J Applied Phycol (2018) 30: 3565-3580 ; * o

* 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 Ingrid Undeland. Chalmers
)
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How to preserve seaweed post harvest?

e 4 i g POl | N
~ + -hti AVW.japant S.C O: . .

| Ensilaging

Ingrid Undeland, Chalmers
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Effect of seaweed preservation method

H -

Sundried Ovendried Frozen-20C Frozen-80C Ensilaged Freeze dried

Abdollahi et al., Food Hydrocolloids, (2019), 96: 140-150 Ingrid Undeland, Chalmers
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Effect of harvest month

Total Protein Yield [%]
= [ N N w w
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March April
Harvest Month

Axelsson, MSc-thesis, Chalmers university of technology, 2017 Ingrid Undeland, Chalmers
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Digestibilty of algae proteins?

6" Protein from whole Nannochloropsis not digestible during in
vitro digestion

https://www.andaluciaecologica.c
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Cavonius et al. Food & function (2016),7:4 W non-digested ® digested Ingrid Undeland, Chalmers
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The pH-shift process as part of a biorefinery Value
) ©930e% we?
%‘9‘%9‘3.32.2.‘:9.: Phagmaceuticals
) &
sggog'qg Fggdll-lealtkcare

Biomass

—) | Chemi aIs/Biobased\(naterialls

The blue biorefinery Pet food/(aqua)fe d

Bulk Chemicals/fuels\
Energy/Heat

Volume

Ingrid Undeland, Chalmers
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Cascade processing for co-extraction of
proteins and polysaccharides!

(1a): Water, 8°C, 1 h.
pH adjusted to 12.

(1b): pH=2, 8 °C.
Freeze-drying of
precipitate

(2a): Na,COs3 (aq), pH=9.5, 90 °C, 4 h.

l (2b): Dialysis 48 h, room temp.
Freeze-drying.

(3a): HCl (aq), pH=2, 90 °C, 4 h.

(3b): Dialysis, 48 h,room temp. Freeze-drying.

(4a): 2:1 toluene/EtOH, 80 °C, 24 h.

(5): 0.5 M NaOH, 80 °C, 24 h (x3).
5 % v/v HCl, 100 °C, 30 min.
60 °C,24 h.

{4b)s Evporstion Washing and freeze-drying.

A 4 ‘7 A 4 "

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

PROTEINS
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Protein yield 26%
Protein in extract: 57.2%

- » 3
A il 2
25 OH "

CARRAGEENAN *  HMW:-type, gelled with K*

»

Porphyra
umbilicalis

Changing the convential method for
carrageenan extraction from red seaweed
(alkali+heat+ethanol precipitation) allowed
multiple product production!

Wabhlstrom et al. Ind. Eng. Chem. Res. 2018, 57, 42-53
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PEC TINS » Galactose-rich pectin substance

e \i/ﬂ\a\o\

CELLULOSE - rowyield

Ingrid Undeland, Chalmers
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Wabhlstrom et al. Ind. Eng. Chem. Res. 2018, 57, 42-53 Ingrid Undeland, Chalmers
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We need scalable and
food grade methods

which efficiently yields a | . .
d * pH-shift processing promising— concentrate
| con(_:entrate - with <71% protein & < 30% protein yield
multifunctional and hlghly » Precipitation more challenging than

bioavailable seaweed solubilization!
protein isolate which are . season and preservation affects yield

appllcab_le on both wet * Possibilities for co-extraction of
and dried seaweed polysaccharides

biomass

Ingrid Undeland, Chalmers
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