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How to feed > 9.6 billion 
humans by 2050?



Edible algae (seaweed)



Figure 8
WORLD AQUACULTURE PRODUCTION OF AQUATIC ANIMALS AND ALGAE

1990-2018

Source : FAO 2020. 



GLOBAL ALGAE PRODUCTION
35.1 million tonnes of aquatic algae (USD 16.5 billion)

Source : FAO 2022. 

Mainly 
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MORE SUSTAINABLE FOOD SOURCE
Seaweed cultivation

• Seaweed farming doesn’t require fresh water, pesticides, or fertilizer. 

• The low environmental footprint of farmed seaweed makes it an important ingredient of the future food 
supply.

2 scenarios 
resulted in a 
lower Global 
Warming 
Potential (GWP) 
and energy 
demand for 
seaweed protein 
than for soy 
protein. 



The protein composition of macroalgae varies 
depending on :
• Species
• Season
• Geographic distribution
• Cultivation parameters (nutrients, temperature, light, 

drought,…)
• Processing (drying, bleaching, freezing, fermentation,…)

MACROALGAE AS A SOURCE OF PROTEIN

Source : Beaulieu et al. 2016; Lafeuille et al. 2023. 

Photo : Merinov

Coastal areas with low level of industrial activity 
allow seaweed farming
• No problem associated with the accumulation of heavy 

metals or pathogenic microorganisms



Seaweed tartar Atlantic halibut seared with seaweed Seaweed salad with sesame

Are macroalgae good sources of protein?



Kombu

Sea lettuce
Nori

Dulse

Wakame

:  (1-24% proteins)

:  (5-50% proteins)
:  (4-44% proteins)

Brown
Green
Red

EDIBLE MACROALGAE (SEAWEED)

Source : Rioux et al. 2017. 

% = dry weight



MACROALGAE: ALTERNATIVE SOURCES OF PROTEINS
Up to 50% proteins

Sources : Pereira, 2011; Soto-Sierra et al. 2018; Wells et al. 2017. 

% = dry weight

• Comparison to 
• Soybean (37%)
• Meat (43%)
• Milk (26%) 
• Yeasts (39%)

Protein contents

• Comparison to 
• Legumes & eggs 
• Aspartic & glutamic acids – Umami
• Nutritive food ingredients with bioactive potential

Essential amino acids



ALGAE-BASED PROTEIN PRODUCTS

Source: Soto-Sierra et al. 2018.



EXTRACTION OF MACROALGAE PROTEINS
Factors affecting protein extraction into the cell wall:

• Rigidity
• Polysaccharides (fibres)
• Polyphenols

Source:  Charoensiddhi et al. 2017.



Digestibility

Comparison to 
• Cereals (69-84%) 
• Legumes (72-92%)
• Fruits (72-92%)
• Vegetables (68-80%)
Antinutritional factors
• Polyphenols linked to proteins and digestive enzymes
• Protein-bound polysaccharides (fibres) 

Sources: Bikker et al. 2016; Charoensiddhi et al. 2017 ; Tibbetts et al. 2016; Thomas et al. 2019.

Species In vitro digestibility*

Red 83% – 87%

Green 82% – 86%

Brown 79% – 82%

* Relative digestibility (%) compared to casein

What about their digestibility and allergenicity?

Allergenicity
• Solely one case of food allergies to red (Nori) seaweed was reported.



HOW TO 
IMPROVE THE 
DIGESTIBILITY 
OF ALGAE 
PROTEINS?

Figure 6.1. Overview of the conventional and emerging methods (highlighted in gray) for protein and
peptide extraction from algae. * Both enzymatic treatment and microwave assisted extraction could be
considered as cell disruption methods.

Source: Tremblay & Beaulieu, 2021.



How to 
incorporate 
macroalgae into 
your diet?

Asian-
inspired 
products

Spices

Other: 
Seaweed 
added as 

ingredients

Source: Maillard et al. 2023. Fiche synthèse. CRAAQ – INAF – UL. 25 p.



AROMA WHEEL AND SENSORIAL ANALYSIS



How consumers perceive macroalgae?
Increasing intention to eat seaweeds through culinary workshops with a chef : a 
randomized controlled study on Quebec consumers

Lafeuille, B., Turcotte, M., Tamigneaux, É., Berger, K., Beaulieu, L., Provencher, V. 2023. Food Quality 
and Preference. Article in press.

Start of the study End of the study

Workshops Questionnaires t0 – 2 monthsQuestionnaires t0

Questionnaires Questionnaires

Control 
Group 
(50)

Culinary 
workshop 

Group 
(50)



CONCLUSIONS AND OUTLOOK
Macroalgae in the spotlight

1

Macroalgae 
have a long 
tradition in 
Asian 
cuisine.

2

Asian 
producers 
are facing 
constraints 
related to 
pollution 
and 
availability 
of marine 
areas.

3

More 
interest in 
Occident: 
basic 
nutritional 
value, 
health 
benefits, 
specific 
flavors and 
textures to 
food.

4

Seaweed 
farming is 
possible 
with a low 
environmen
tal 
footprint.

5

Algal 
protein 
content 
varies 
according to 
the species, 
origin, 
growth 
conditions 
and 
processing.

6

Algal 
protein-rich 
ingredients 
production 
is facing 
many 
challenges 
(technical, 
economic, 
high 
qualified 
personal …).

7

Culinary 
innovation 
may be 
sustained 
by algae 
addition 
and 
consumer 
acceptance 
studies.

Photo : Seabiosis



https://www.worldwildlife.org/industries/farmed-seaweed



Edible insects



https://doi.org/10.1016/bs.afnr.2022.04.002

https://doi.org/10.1016/bs.afnr.2022.04.002


https://doi.org/ 10.3390/insects12060557  



https://doi.org/10.1093/af/vfad047

https://doi.org/10.1093/af/vfad047






Edible insect: the choice of 
food processes



https://doi.org/10.1016/j.ese.2023.100287 

Surface + gut microbiota 

Substrates used for insect rearing 

10.3390/toxins11050282

SG Spent 
grains

B Bread

C Cookies

https://doi.org/10.1016/j.ese.2023.100287
https://dx.doi.org/10.3390/toxins11050282


Thermal treatment: 90 à 100°C, <1 min to >5 min
Decrease of the initial contamination and inhibition of 
enzyme activities

https://doi.org/10.1016/j.foodcont.2016.07.011

https://doi.org/10.1016/j.ijfoodmicro.2016.11.005

Thermal treatment: large decrease of the 
microbial load 

Persistence of foodborne and spoilage 
microorganisms

Necessary to optimize the process parameters

https://doi.org/10.1016/j.foodcont.2016.07.011
https://doi.org/10.1016/j.ijfoodmicro.2016.11.005


Drying processes

Stable products 
but potential 

autoxidation of 
unsaturated lipids



Drying
Thermal treatment Grinding



The development of high-added protein-rich ingredients 

Edible insect 
protein 

concentrate and 
isolate

(80-90% 
protein)



Protein 
concentrate 
and isolate



Valorization of other insect components



Edible insects: the 
consumer acceptability





https://doi.org/10.3390/foods12040886

https://doi.org/10.3390/foods12040886


DOI 10.3920/JIFF2018.0041  

DOI 10.3920/JIFF2017.0075 



Conclusion



 Education

 Marketing

 Taste

Edible algae and insects: emerging protein sources = a lot of challenges but 
numerous benefits 

Need to develop collaborative research on these matrices to popularize their use

Specific emphasis on consumer acceptability
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