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humans by 20507




Edible algae (seaweed)



Figure 8
WORLD AQUACULTURE PRODUCTIONOF AQUATIC ANIMALSAND ALGAE
1990-2018

120

2005

1990 1995 2000
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B Crustaceans — marine and coastal aquaculture B Molluscs - all aquoculture (mostly marine) [l Finfish — marine and coostal aquaculture
1 Finfish - inlond aquaculture

Source:FAO 2020.
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GLOBALALGAE PRODUCTION
35.1 million tonnes of aquatic algae (USD 16.5 billion)

e -
e 3

Mainly
consumed in
Asia

Nutrition

Health

Source:FAQ 2022.



MORE SUSTAINABLE FOOD SOURCE

* 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.

ournal of Cleaner Production 307 (2021) 127301

Contents lists available at ScienceDirect 2 scenarl.os
resultedin a
Journal of Cleaner Production lower Global
Warming
journal homepage: www.elsevier.com/locate/jclepro Potential (GWP)
and energy
demand for
Environmental impacts of protein-production from farmed seaweed: ) seaweed protein
Comparison of possible scenarios in Norway = tha? for S0Y
protein.

Matthias Koesling **, Nina P. Kvadsheim °, Jon Halfdanarson ”, Jan Emblemsvag °,
Céline Rebours "

* NIBIO - Norwegian Institute of Bioeconomy Research, Department of Agricultural Technology and Systems Analysis, Gunnars Veg 6, 6630, Tingvoll, Norway
b Mareforsking AS, 6009, Alesund, Norway



MACROALGAE AS A SOURCE OF PROTEIN

The protein composition of macroalgae varies
depending on :

* Species
* Season
* Geographicdistribution

» Cultivation parameters (nutrients, temperature, light,
drought,...)

* Processing (drying, bleaching, freezing, fermentation,...)

Coastal areas with low level of industrial activity
allow seaweed farming

* Noproblemassociated with the accumulation of heavy
metals or pathogenic microorganisms

Photo: Merinov

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



Are macroalgae good sources of protein?
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Atlantic halibut seared with seaweed Seaweed salad with sesame

Seaweed tartar




EDIBLE MACROALGAE (SEAWEED)

: (1-24% proteins)
: (4-44% proteins)
: (5-50% proteins)

% = dry weight

i i 2=
¥ e i

Sealettuce

Source:Riouxet al. 2017.



MACROALGAE: ALTERNATIVE SOURCES OF PROTEINS

Up to 50% proteins

— Protein contents

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

— Essential amino acids

e Comparison to
* Legumes & eggs
e Aspartic & glutamicacids — Umami
e Nutritive food ingredients with bioactive potential

% = dry weight

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

40-50%

o—fl't.

N\ ..~
Whole cell

" Protein
*  Small proteins/Peptides
® Carbohydrates

Lipids

Cell wall

60-89%

Concentrate

90-95%

Isolate

70-95%

Hydrolysate

Protein
purity

>95%

Bioactive peptides

Source: Soto-Sierraet al. 2018.



EXTRACTION OF MACROALGAE PROTEINS

Factors affecting protein extraction into the cell wall:

* Rigidity
» Polysaccharides (fibres)
* Polyphenols

Source: Charoensiddhi et al. 2017.
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What about their digestibility and allergenicity?

Comparison to Species Invitro digestibility*

* Cereals(69-84%) Red 83%—87%
* Legumes (72-92%)

* Fruits(72-92%)

. Vegetables (68-80%) SN IRt
Antinutritional factors

Green 82%—86%

* Relative digestibility (%) comparedto casein
» Polyphenolslinkedto proteins and digestive enzymes

* Protein-bound polysaccharides (fibres)

» Solely one case of food allergiestored (Nori) seaweed was reported.

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



HOW TO
IMPROVE THE
DIGESTIBILITY

OF ALGAE
PROTEINS?

Cell disruption

Mam_lal Bead milling High -s;.}ee(_i High pressure Osmotic shock | Ulirasonication izl
grinding homogenization | homogenization technology
Extraction
Chemical Enzymatic Microwave Pressurized liquid Su Sgg-ﬁgdﬂui d ngl dhlﬂgraﬁ:ﬁﬁc
extraction treatment* assisted extraction® extraction P':fma < pressure extraction
Recovery
Precipitation Membrane technologies Chromatography Isoelectric focusing
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 N
B universiTE
©.Q INAF i LAVAL

considered as cell disruption methods.

Source: Tremblay & Beaulieu, 2021.

o



How to
incorporate
macroalgae into

Feuilles d'algues Algues entigres, en flocons Collation d'algues Supplément & bose  Soupes oux novilles  Salades (déshydra-
d'algues : é tées ou fraiches)

MITO

Asian-
inspired

yourdiet? products

Spices R " CONDIMENTS

Saucisson Conserve de Chocolats Craquelins, pain et graines Burger

Other:
Seaweed
added as

ingredients

Figure 8. Différents produits alimentaires & base d'algues

Source : Cot&-Laurin et coll, 2016; CRIBIQ, 2021

Source: Maillard et al. 2023. Fiche synthése. CRAAQ - INAF - UL. 25 p.



AROMA WHEEL AND SENSORIAL ANALYSIS

JOURNAL OF

AGRICULTURAL o
FOOD CHEMISTRY

pubs.acs.org/JAFC

Algae as a Source of Natural Flavors in Innovative Foods

Nellie Francezon, Ariane Tremblay, Jean-Luc Mouget, Pamela Pasetto, and Lucie Beaulieu™

Cite This: https://doi.org/10.1021/acs jafc.1c04409 E Read Online




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, E., Berger, K., Beaulieu, L., Provencher, V. 2023. Food Quality
and Preference. Article in press.

. Start of the study End of the study
Control
Group ﬂw >
(50) ® Questionnaires Questionnaires
Culinary ’n‘ |
workshop | g
Group Questionnaires t0 Workshops Questionnaires t0 - 2 months

(50)




CONCLUSIONS AND OUTLOOK

Macroalgae in the spotlight

Macroalgae
have a long
tradition in
Asian
cuisine.

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

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

Seaweed
farming is
possible
with a low
environmen
tal
footprint.

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

Algal ~ Culinary
protein-rich innovation
ingredients may be
production sustained
is facing by algae
many addition
challenges and
(technical, consumer
economic, acceptance
high studies.
qualified

personal

Photo : Seabiosis



WA @8

wasa 0°°
[aD)
FOOD PHARMACEUTICALS

STRAIGHT TO PLATE PROTEIN FIBER ADDITIVES FIBER COSMETICS & NUTRACEUTICALS

]
.
.0
Value Machine
fermantation processing  blend with celialose
PIG FEED BIOSTIMULANTS BIOFUELS ANIMAL FEED BIOPACKAGING

thermochemical

CEnLr .:lrl.g(l(.'of? concentsotion i :{'fﬂrna.’!
’
é ? —
1]
[ .

fittration soft extraction extraction —

©WWF-US / Katarina Jin with expertise from Oceanium
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Edible insects



1KG

(*:\j PROTEIN }‘
N ) |.

Feed

Approximate Protein Content
% dry basi
(% dry basis) 2,835g CO, OO 1,539g CO,
114g CH,4 <5g CH,4

Greenhouse Gas

(GHG) emissions

61%

a5 0% 49% 48% 46% 45% 5%

170 mg 5.4 mg
- Ammonia emissions

7.7 Kg 1.7 Kg

Blattodea Coleoptera  Diptera Hemiptera Hymenoptera Lepidoptera Odonata  Orthoptera 15,400 L 15.4L

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

Water requirements

ﬂ -

Land requirements

200 m?



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

SDGs directly affected by SDGs indirectly affected by | Other SDGs
edible insects edible insects

] G000 HEALTH GENDER ALy Iu REDUCED
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https://doi.org/ 10.3390/insects12060557
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Edible insect: the choice of
food processes



Table 2. Foodborne biological taminants (b
safety risk. In the case only a genus name is
may be listed) can be pathogenic.

ia and fungi) reported in edible insect species that pose a potential food
d, one or more within that genus (other than a species that also

v

Substrates used for insect rearing

Rearing Substrates

Item
SG B [ 8G-C B-C
Mo starvation
Total viable aerobic counts 7.08 7.63 6.46 6.84 7.7
Enterobacteriaceae 6.31 6.44 6.33 587 6.30
Staphylococci 385c 506= 529 438 51§s:
Yeast and molds 3308 560= 6312 3.13b  534=0
Lactic acid bacteria 6.20 5.18 557 544 5.31 (
Bacterial endospores 0009 44436 3448 205¢ 5322

10.3390/toxins11050282

Study Insect species Potential foodborne biological safety risks identified
Bacteria Fungi
Garofalo ef al. (2019) Bacillus, F illus flavus, A Penicilium
Tenebrio molitor Bacillus cereus group, Bacilus, Clostridium Penicillium
; okabos
Escherichia cofi, Listeria", Pseudomonas,
Salmonella® Sfaphylococcus sureus,
Acheta d it B. group, Bacilus, C.
Clostridium, Listeria',
Staphylococcus
Locusta migratoria Bacillus, C. perfri f
Kooh et al. (2019) A. diaperinus A flavus
T. mofitor B. group, C. perfri Cl
A. domesticus B. careus group, C. perfringens
L. migratoria C. perfringens
Edible insects in general  Bacillus, 5. cersus group, C. perfringens,
S. aureus
Murefu et al. (2019) A. digperinus Bacillus, Clostridium A fiavus, Aspergillus, Peniciium
T moiitor Baciilus, B. group, Clostrii Penicilli
Escherichia, Listeria', Pseudomonas,
Staphylococcus
A. domesticus Bacillus, B. cereus group, Clostridium,
Listeria, Staphylococcus
L. migratoria Staphylococcus
Cappelli ef al. (2020) A. diaperinus Aspergilus
T. mofitor B. group, Bacillus, C.
c Listeria", St
A. domesticus B. group, Bacillus, C.
c Listeria", St
Yarsinia
" Only the genus Lisferia was detected so far. The ic species Listeria has never been detected in edible insact species.

2 Salmonella spp. were only detected by means of DNA-based analyses. Viable cells have not been detected so far.

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

Surface + qut microbiota

e

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:90a 100°C, <1 min to >5 min

Decrea

se of the initial contamination and inhibition of

enzyme activities

gy

Batch Treatment Microbial counts (log cfu/g)
Total aerobic count Aerobic bacterial Entero-bacteriaceae Lactic acid bacteria Yeasts and molds Psychrotrophic
endospores aerobic count
| None (Initial count) 79+ 03%4A 26 +03%A 73 £ 05+ 4 7.4 £ 0204 38 +05%4A 7.2 + 0424
10 s blanching 3.5 + 0.8° 28+ 100 <1.0 + 0.0° <1.0 + 0.0" <2.0 + 0.0* <1.0 + 0.0°
I None (Initial count) 8.2 +07** 2.8 +04*4 75+ 06** 7.0+ 01*% 35+ 02%* 60 +02-"
20 s blanching 1.8 = 04" 47+07" <1.0 + 00" <1.0 + 00" <20 = 00" <1.0 = 00"
1] Mone (Initial count) 76 + 040 3.1£01%4 7.1 £ 094 6.9+02"8 35+ 044 65+ 06~ME
40 s blanching 20+ 04° 23:01° <10 = 0.0° 1.5 + 0.8" <20 £ 0.0° <1.0 + 00°

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

Spedific bacteria and fungi encountered in processed insects (n = 19 isolates).

Species Product  Findings
Acheta domesticus Extrudedl Bacillus cereus !
Locusta migratoria  Dried rofeus spp., Mucor spp.”
Alphitobius Dried Penicillium spp.
diaperinus
Tenebrio molitor Dried Listeria ivanovii, Penicillium spp., Mucor spp.

Coliforms,|
-

Apis mellifera Pollen
Hermetia illucens Fat

pergillus spp., Cryptococcus

Powder  Bacillus cereus”
Dried Bacillus cereus
Musca domestica Dried Bacillus cereus

Serratia liquefaciens, Pseudomonas spp.

* Two samples positive, otherwise only one.

https://doi.org/10.1016/j.iifoodmicro.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

-

Treatment M Water activity
(—)

Fresh 0.95 = 0.00*

Fluidized bed dried 0.54 = 0.00°

Microwave dried 0.36 = 0.01°

Freeze-dried 0.24 = 0.00°

Vacuum dried 0.18 = 0.01¢

Rack oven dried 0.13 = 0.00°
WATER ACTIVITY - STABILITY DIAGRAM

Stable products
but potential
autoxidation of
unsaturated lipids

Drying processes

MOISTURE CONTENT
RELATIVE REACTION RATE




Grinding

Treatment Protein solubility (%)
Fresh 53.24 = 0.37°
Fluidized bed dried 19.25 + (.21¢
Microwave dried 12,65 + 0.06°
Freeze-dried 40.65 + 0.21°
Vacuum dried 4970 + 0.12°
Rack oven dried 14.10 = 0.27°

VITAMIN Bi2

essenfo’ Qi

RAN
CACAD

PROTEIN BAR <7




The development of high-added protein-rich ingredients

.

S

& (@) (o =—

SOVREANS PRANUTE U FRE3H PIAS FRESH BEANS

PU LDSES

OO0 MM

DRY BEANS DAY PEAS CHICKPEAS LEWTILS

Total Fat Lessthan  65¢ a0g
Saturafed Fat Lessthan  20g 25¢
Cholesterdl Less than 300mg

Sodium
Total Carbohydrate
Dietary Fiber

Caloriespergram:  Fat9 « Carbohydrated = Proteind

Burgers, tacos, lasagna...use like ground beef

in your favorite recipes!

Make the impossible Burger at home:

Pre-heat pan to MEDIUM-HIGH, or grill to HIGH heat.

! INGRENENTS Pea Protein Isolate,
 Expeller Pressed Canola Oil, Refined Coconut
0il, Water, \'easi Extract, Maltodmrl

| Salt, Suceinic Acid, Acetic

Bamboo, Mmhylceliulnse.l’o‘tm

Beet Juice Extract (for color), A
(to maintain color), Annatto E
color), Citrus Fruit Extract
qualhy) Vegulsbleﬁlynnﬁ
Contains: Coconut 0il.

Cook a 1/4 Ib. patty 5-6 min, flip halfway through.
Cook to taste. Fully cooked when interior is 160°F.

For more recipes & tips visit ImpossibleFoods.com/recipes

Nutrition e :
Facts TotalFat 14 18% Total Carb. 9g 3%
———— SaluratedFat8g 40% Dietary Fiber 3g "%
3 servings TransFat 0g Total Sugars <1g
per container -
CholesterolOmg 0%  Incl.<lg
:;"":’1' SiZe Gygium370mg  16% Protein 190
_(&)_ Vitamin D Omcg 0% Calcium 170mg 15%lron 4.2mg 25%
Eﬂhﬂes 2 40 Potassium 610mg 15% ¢ Thiamin 2350% « Riboflavin 15%
Niacin50% »  VitaminB620% +  Folale 30%
Vitamin B12130% «  Phosphorus 15% »  Zinc 50%

mmum. EXTRACT MOOIFED, SOY
LEGHEMOGLOBIN, SOY PROTEIN ISOLATE. MIXED TOCOPHERDLS (VITAMIN E), MG LUCONATE. THIAMINE
'RYDROCH{ORIDE (VITAMIN B1). SODIUM Asmanm [VITAMIN C). NACIN. PYBIDOXINE HYDAOCHLORIDE
(VITAMIN B8). RIBOFLAVIN MT.WII ), VITAMIN 812

CONTAINS: SOY  GLUTEMFRE|

s, e PAREVE

Edible insect
protein
concentrate and
isolate
(80-90%
protein)
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NN :
Protein ’
concentrate

and isolate

& Protifarm

effective nutrition
a Protif&[ﬂm‘

Ynsect

Premium natural feed

AdalbaPro Insect Protein Concentrate (IPC)
A protein-packed powder suitable for a wide variety of applications

AdalbaPro Insect Protein Concentrate (IPC)




Valorization of other insect components

_ Bio-controllers . Insect pests
Plant pathogens

Food Quality and Preference 79 (2020) 103755

Contents lists available at ScienceDirect =

Foud N
areies] Bio-converter

Food Quality and Preference 5 insects

LSEVIER e www.elsovier S \

Insect frass
and exuviae

Consumers’ perception of bakery products with insect fat as partial butter | )

Bio-protectants
replacement £

————————— + Abiotic stress
Claudia Delicato™, Joachim J. Schouteten™, Koen Dewettinck®, Xavier Gellynck”,
Daylan A. Tzompa-Sosa”

of Agricultural Economics, Ghent Universiy, Coupure Links 653, Gent 9000, Belgium

* Department
" Department of Food Technology, Safety and Health, Laboratory of Food Technology and Engineering, Ghent University, Coupure Links 653, Gent 9000, Belgium
“Department of Medical and Surgical Sciences, University of Foggia, Via A. Gramsci 89/91, Foggia 71122, ltaly

Journal of Cleaner Production 264 (2020) 121670

4 h - s
A . Bio-fertilizer/Bio-stimulants
Microbes Mutrients N I (GPB)

Contents lists available at ScienceDirect

Journal of Cleaner Production
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Insect margarine: Processing, sustainability and design ) . 0
Sergiy Smetana °, Lars Leonhardt ?, Saara-Maria Kauppi °, Aleksandar Pajic ¢, = i O
Volker Heinz * 0 .

0°
H
OH

ELSEVIER journal homepage: www.elsevier.com/locate/jclepro

2 German Institute of Food Technologies — DIL e.V,, Prof -von-Klitzing-Str. 7, 49610, Quakenbrueck, Germany
" NTNU: Norwegian University of Science and Technalogy, NO-7491, Trondheim, Norway




Edible insects: the
consumer acceptability






Flavour

Texture | Sensory

Taste | Ot ribubes

Appropriateness

« Product

The
- + marketing
« Price mix

-l-ll'l.ﬂ.‘:i|

Hestny
SRS o0
Premim price

Socio- L
demographic | po kol
income
Household
sirze
s [
Attitudes
Personal 1 - -
influenci Bl Eaviconment
Factors influencing
consumer acceptance and -
buying behaviour of insects
Descriptive
Social pressure »

Social norms

https://doi.org/10.3390/foods 12040886



https://doi.org/10.3390/foods12040886

Table 1. Interview questions asked before (Q1-7) and after (Q8) the offer to taste and respective answers (n=149 if not stated

otherwise).
Questions Yes (%) No (%)
[Q1 Have you ever eaten insects? 26.17 (n=39) 73.83 (n=110) ]
[f yes, which species and where? (see also Figure 2)
Q2 Do you like to try new things? 87.25 (n=130) 12.75 (n=19)
Q3 Can you imagine to eat insects? 78.52 (n=117) 21.48 (n=32)
Whole 17 .45 (n=26)
Processed e.g. in a protein bar 18.79 (n=28)
Or both whole and processed? 42.28 n=63)
Q4 Do you consider insects as food of the future? (n=145) 71.03 (n=103) 28.97 (n=42)
[QS Are insects a sustainable alternative to meat? (n=148) 67.57 (n=100) 32.43 (n=48) ]
Q6 Would you buy whole insects in a supermarket? 36.24 (n=54) 63.76 (n=85)
[Q? Would you buy processed insects in a supermarket? 64.43 (n=96) 35.57 (n=53) ]
Q8 Did you like the taste of the sample? (n=112)' 71.43 (n=90) 17.86 (n=20)

1 No answer was received by two interviewees.

DOI10.3920/JIFF2018.0041

Sustainable
Adventurous
Safe

Modern
Ethical
Others

! 533 (107
Healthy #52_% (105)
3 (85)
(

0 10 20 30 40 30 60 70 80

Percentage of respondents
(number of answers)

O Non-potential consumers
B Potential consumers

DOI 10.3920/JIFF2017.0075



Conclusion



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

1 Education
1 Marketing

] Taste




YOUR ATTENTION

Lucie Beaulieu
lucie.beaulieu@fsaa.ulaval.ca

Alain Doyen

alain.doyen@fsaa.ulaval.ca ogo INAF g IAVAL
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