Mogelijkheden voor zeewier/microalgen in voeding
Opportunities for Seaweed/Microalbgae in food

Hoe algen de smaak van de Europese consument kunnen veroveren?
How can algae discover the taste of European Consumer?
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Algae - Food of the Future?

Food Security Risk Index 2011 ¥ maplecroft

» Food Security—> Feeding the world
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» Protein transition = Shift away from animal proteins

e Search for alternative sources
» New niche and more demand for vegetarian and vegan
products e %
» Algae ‘Micro/Macro algae’ offer opportunity to fill that gap
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Algae! What?

Microalgae: Unicellular
200.000 to 800.000 different species
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Macroalgae: Multicellular- Seaweed
Green macroalgae- Chlorophyta (Ulva)
Brown macroalgae- Phaeophyta (Saccharina)
Red macroalgae- Rhodophyta (Dulse)
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Algae! What?

Microalgae: Unicellular
Number 200.000 to 800.000 species
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Algae! What?

Macroalgae: Multicellular- Seaweed

Green macroalgae- Chlorophyta (Ulva)

(4000 species)

Brown macroalgae- Phaeophyta (Saccharina)
(2000 species)

Red macroalgae- Rhodophyta (Dulse)

(6500 species)

7 TR

/‘

Macroalgae

|

Red Algae

Phycoerythrin +
phycocyanin

Cell walls:
cellulose+pectin
+phycocolloids+
calcium
carbonate

Proteins: 10-47%
Carb: 30-60%

Floridean starch
as stored food

\

Brown Algae

>

Xanthdphyll
pigment
fucoxanthin

Cell walls:
cellulose+algin

Proteins: 3-15%
Carb: 30-50%

Mannitol as
stored food

Green Algae

Chlorophyll

Cell walls:
cellulose

Proteins: 9-26%
Carb: 25-50%

Stores excess
energy as starch

Minerals: 7-38%
Lipids: 1-3%

|
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Algae! What?

Macroalgae

1
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Red Algae

Brown Algae

Green Algae

Phycoerythrin +
phycocyanin

Cell walls:
cellulose+pectin
+phycocolloids+
calcium
carbonate
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Xanthophyll
pigment
fucoxanthin

Cell walls:
cellulose+algin

Proteins: 3-15%
Carb: 30-50%

s
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'-38%
3%

Chiorophyll

Cell walls:
cellulose

Proteins: 9-26%
Carb: 25-50%

Stores excess
energy as starch
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Algae- Food of the future- different aspects
Aspects for Food

* Nutritional
* Functional-Techno-Functional aspects

» Taste/Flavour/Sensory aspects
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Algae and Nutrition Food of the future- Nutrition
= e T e )

Macronutrient

* Protein

e Lipids

* Polysaccharides

5 B-carotene |

Phycobiliproteins

-I Proteins H Amino acids |

L . Poly-unsaturated
—I Lipids H Fatty acids |> Fatty acids

Vitamin B

Microalgae Biomass

-I Vitamins

Vitamin C |

{
| ' -I Antioxidants Vitamin £ |
Sy |
Table 1
Composition of microalgal species in percentage of dry biomass matter
— -
Microalgae Species Composition (%dry matter) References
Protein Lipids Carbohydrates
Anabena ylindrica 43-56 47 25-30 1 Table 2
Aphanizomenan flos-aquae 62 3 23 121 Protein content in various food sources including microalgae, Adapted from [4)
Chaetoceros calclrans 36 15 7 [31 — N - -
Chiamydomonas rheinhardit 48 21 17 141 Food origin Protein content (% dry matter)
Chlorella vulgarts 51-58 14-22 12-17 [51
Chiorella pyrenoidosa 57 2 2% 131 Beef 174
Diacronema vikianum 57 6 32 [6] Fish 19.2-206
Dunaltela saltna 57 G 32 131 Chicken 19-24
Dunaltela btoculata 40 8 4 71 Peanut 26
Euglena gractlis 39-61 22-38 14-18 37 Wheat Germ 27
Haematocoocus pluvialis 48 15 27 [6]
Isochrysts galbana 50-56 12-14 10-17 131 Ei_mesag NT]E}'CESE d ig
Porphyridium cruentum 28-19 9-14 40-57 137 immed Milk powder
Prymnestum parvum 28-45 22-38 25-13 17 Saybean flour 36
Scenedesmus obliguus 50-56 12-14 10-17 [4.8] Beer Yeast 45
Scenedesmus dimorphus B-18 16-40 21-52 [3.7] Whole egg 47
Sproprasp 620 il 364 ol Clorela . 5060
3 - - 7
Spiruling maxima 60-71 67 13-16 131 Spirulina sp. G0-70
Spirulina platensts 46-63 4-9 B-14 [31
Synechococcus sp. 63 1 15 [4]
Tetraselmis maculata 52 3 15 71
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Algae and Nutrition Food of the future- Proteins-

. Table 2
M a C r‘o n u t rl e nt Protein content in various food sources incuding microalgae. Adapted from [4] M a C ro a I ga e
. Food origin Protein content (% dry matti - Tyahle 2 Crude protein and crude fiber proximate composition given
i P rOteI n Beef 174 in mean relative%o, (average of n=2)
Fish 19.2-20.6
g:;;]iﬁn ;2'24 Species Crude Mean  Crude  Mean
Wheat Germ 27 protein  value  fiber value
Parmesan Cheese 36
. skimmed Milk powder 36 "
Chicken: 20% %
Beer Yeast 45 Gelidium microdon 14.61 1518 5671  57.37
o Whole egg 47
Egg 47 A) Chiorella sp. 50-60 15.75 58.02
0 Spiruling sp. 66-70 Osmundea pinnatifida 2032 2064 3394  33.82
Beef: 17% 2097 33.69
Porphyra sp. 25.64 25.80 43.09 40.98
. ) phyra sp
Macroalgae: 25% e 1556
M ic roa Iga e: 50% Prerocladiella capillacea 20.56 20,52 5296 52.08
2048 51.19
Sphaerococcus coronopifolius 19.60 19.56  40.60 41.25
19.51 4191
H Phaeophyta
Table 1 Mlcroalgae Jaeopi (
Composition of microalgal species in percentage 91 dry biomass matter Cystoseira abies-marina 6.94 6.81 56.26 56.34
- : 6.69 56.40
. . Composition (¥dry matter)
Microalgae Species References o e
Protemn Lipids Carbohydrates Fucus spiralis 10.56 10.77  61.79 63.88
Anabena cylindrica 43-56 4-7 25-30 [ 10.97 65.97
Aphanizomenon flos-aguae 62 3 23 [2] Chlorophyta
Chaetoceros calcitrans 36 15 27 [3]
Chlgmydomaonas rhemhbardii 48 2 17 [4] Ulva compressa 27.52 26.62 40.24 41.16
orella vulgarts - - 5
| Chioreila vilg: 51-58 | 14-22 12-17 [51 25.72 42 08
Chlorella pyrenoidosa 57 2 26 131
Diacronema vikianum 57 [ 32 [E]
Dunaliela salina 57 [ 32 31
Dunaliela bioculata 49 B 4 71
Euglena gracilts 3061 2218 14-18 17
Haematococcus pluvialis 48 15 27 [E]
Isochrysis galbana 50-56 12-14 10-17 I3
Porphyridium cruentum 28-39 9-14 40-57 [3.7]
Prymnesium parvum 28-45 22-38 25-33 71
Scenedesmus obliguus 50-56 12-14 10-17 [4.8]
Scenedesmus dimorphus B-18 16-40 21-52 37
Scenedesmus quadricauda 47 19 21-52 [7
Spirogyra sp, 6-20 11-21 33-64 7
Sprrultnag maxima 60-71 6-7 13-16 I3
Spirultna platensis 46-63 4-9 B-14 [2
Synechococcus sp. 63 n 15 141 Instituut voor Landbouw-

Tetraselmis maculata 52 3 15 7 en Visserijonderzoek




Table 2
Protein content in various food sources incuding microalgae. Adapted from [4]

Food origin Protein content (% dry matter)
Beef 174
Fish 192-20.6
Chicken 19-24
e @ e
Peanut 26
deé an utrition rood o € Tuture- rroteins- ”
Parmesan Cheese 36
Skimmed Milk powder 36
Soybean flour 36
Beer Yeast 45
Whole egg 47
Chlgrella sp. 50-60
Probein Arming acids Spirulina sp. 60-70
.
Macronutrient *% ooe °
L . L
. [ I | ™
° P t -
rotein e A « °*
EnZyrnes in ::I.II . -
° stomach & ® ] &
M srnall intastine @
., digest proteins . ] ®
b0 anmdng acids . ]
Table 3
Amino acids profile of comventioral protei n soures and microalgae (gl 100g of dry matter), &dapted from [25-11] Table 1
P Egg | Chicken Soybean  Chiordli sy Chioreliz Mannwchloropsis s Scenedesmus g Scenedesmus Dunabel s D Dry matter, crude protein concentrations (mean + SD') and amino acids (AA) composition (mean) in dried and ground Ascophyllum nodosum,
Breast Vidgaris obliguus ba Saccharina latissima and Ulva sp.
ESSENTIAL AMIM O ACIDS Ascophyllum Saccharina Ulva sp. Ulva sp. Soybean meal®
His ticli ne 26 24 2.0 26 25 21 26 nodosum latissima || Yuoe) (August)
b keucine 53 44 ER-] 47 47 1.6 45 Dry matter, (g/100 g) 93.2 + 0.00 94.0 £ 0.00 92.8 + 0.00 94.5 + 0.16
Lewine 77 62 =E o4 k] 7A 94 Crude protein, (g/100 g DM) 11.4 £ 0.18 15.2 £ 0.00 15.9 + 0.27 13.3 £ 0.18 53.1 = 1.14
Lyzine B4 4] 2.4 (1% B2 5G GE EAA?, (g/100 g CP)
Methionine 1.3 2.2 2.2 23 25 1.5 2 Arginine 458 4.25 4.74 4.46 7.21 £ 0.07
Phenyl-alanine 5.8 32 5.0 1] B0 1] (1] 4.8 LY ] Histidine 1.42 1.41 1.29 0.96 2.70 +0.12
Threanine 5.0 ) 4.0 47 4.8 4.8 5.0 2.1 41 Isoleucine 4.00 3.87 3.61 3.86 4.50 £ 0.14
Tryptap han 1.7 1.4 21 0.3 Leucine 6.02 6.07 5.87 5.48 7.60 + 0.13
WValine 7.2 146 %3 [} 55 [ [ a,0 [ Lysine 492 461 5.89 3.40 6.12 4+ 021
M- ESSENTIAL ACIDS Methionine 1.85 1.47 1.32 1.54 1.34 £ 0.07
Tyrosine 43 965 17 y 1.4 10 A0 a9 40 Phenylalanine 3.73 3.73 4.70 4.08 5.10+0.10
Manine a7 5.0 8.1 7.0 B 78 0.0 B8 Threonine 425 01 421 475 3.62.£0.14
Tryptophan 1.12 1.05 1.17 0.92 1.35 £ 0.06
. ' [ " . )
Arginine . B2 .:.H .-.T'I ;-.1 :.-A :A.I.l IA.I;I 71 :.-J:l Valine 473 465 4.4 5.40 481 + 011
Asparagine 11.0 7.8 1.3 .4 9.0 .I.'I. 105 HAI .I... NEAA* (2/100 g CP)
Gliamic 126 11,2 190 129 116 128 136 107 138 Alanine 554 6.01 6.51 7.67 495 4 0.15
Gheine 4.2 24 ‘I‘-_* =4 =8 =2 7 1 52 Aspartic acid 10.1 9.26 9.76 10.03 9.37 £ 3.04
Froline 2 12 53 4.8 4.8 &3 44 1.8 83 Cysteine s 180 124 165 141 - 0.08
Serire 6.9 1.4 Y] 4.0 4.1 2 4.4 1.8 F Glutamine 12.1 10.8 9.49 10.82 17.4 + 0.55
Cystine 23 1.1 1.9 04 14 o1 4.0 0.6 o1 Glycine 6.09 5.35 5.23 4.82 4.14 < 0.10
Ornithine 0.10 0.09 0.09 0.11
Proline 3.53 3.45 3.69 3.21 4.76 +£ 0.19
Serine 4.14 4.10 4.59 4.75 471 £ 0.2
X EAA, (g/100 g CP) 36.62 35.12 35.74 34.85 44.2 + 1.00
X NEAA, (g/100 g CP) 43.18 40.85 40.90 43.06 47.9 + 3.36
EAA: NEAA 0.85 0.86 0.87 0.81 0.93 &+ 0.05
X Total AA, (g/100 g CP) 79.8 76.0 76.6 77.9 92.1 + 4.23

! Standard deviation over duplicate analysis of a representative seaweed sample.
2 Average and SD over several studies (Hulshof et al., 2016; Lagos and Stein, 2017; Cowieson et al., 2019; Oliveira et al., 2020).

Protein quality of algae good profile > Eventel aming aide

4 Non-essential amino acids.

Not for other plants- Algae supplements and Vegan! TR ey e

en Visserijonderzoek




Algae and Nutrition Food of the future- Lipids - and Quality

Macronutrient Lipids
* Quantity: Range

Algae Protein (%) Carbohydrate (%) Lipid (%) Reference
Spirulina platensis 50-65 B-14 4-9 Venkataraman and Becker (1985), Becker (1994)
. Chlorella sp. 51-58 12-17 14-22 (Trubachev et al. (1976), Aaronson et al. (1980), Becker (1994),
F|Sh . 1_20% . - _chuud et ‘.ﬂ,(!')‘li)
. Scenedesmus sp. 50-56 10-52 12-14 Hindak and Probil (1968), Becker (1984, 1994)
Dunaliella sp. 49-57 4-32 6-8 Eddy (1956), Parson et al. (1961)
B e ef: 5 - 1 5 % Synechococcus sp. 63 11 Trubachev et al. (1976)
Euglena sp. 39-61 14-20 and Fogg (1955), Becker (1994)
. 1) Prymnesium sp. 2845 22-38 icketts 1966)
Egg . 10 /0 Anabaena sp. 48 4-7 Becker (1994)
Chlamydomonas sp. 43-56 2.9-17 14-22 Becker (19940, Renaud et al. (1994)
M i C r O a I g a e : 5 _ 40% :af;-n‘.,\-rf{.'um: \p 28-30 50-57 Bm.ku (1994)
Spirulina maxima 60-71 13-16 6-7 Becker (1994)
Spirogyra 6-20 33-64 11-21 Becker (1994)
M a C roa Iga e : 5 - 1 5 % Tetraselmis 52 15 16-45 Becker (1994), Brown (1991)
Pavlova 24-29 6-9 9-14 Brown (1991), Becker (1994)
Enteromorpha intestinalis ~ 6.15 7.13 Chakraborty and Santra (2008)
Rhizoclonium rviparium 21.09 3.37 Chakraborty and Santra (2008)
Lola capillaris 40.87 4.05 Chakraborty and Santra (2008)
Ulva lactuca 8.44 4.36 Chakraborty and Santra (2008)
Catenella repns 8.42 529 Chakraborty and Santra (2008)
Polysiphonia mollis 16.59 25.81 579 Chakraborty and Santra (2008)

Instituut voor Landbouw-
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Algae and Nutrition Food of the future- Lipids — Quantity and

Macronutrient Lipids

b Qu a I ity_’ h igh q u a I ity Algae Protein (%) Carbohydrate (%) Lipid (%) Reference

Spirulina platensis 50-65 B-14 4-9 Venkataraman and Becker (1985), Becker (1994)

[ P U FA Chlorella sp. 51-58 12-17 14-22 (Trubachev et al. (1976), Aaronson et al. (1980), Becker (1994),

Renaud et al. (1994)
. Scenedesmus sp. 50-56 10-52 12-14 Hindak and Probil (1968), Becker (1984, 1994)
[ ] h |g h a n |0 u nt Of OI Y |ega 3 Dunaliella sp. 49-57 4-32 6-8 Eddy (1956), Parson et al. (1961)
- Synechococcus sp. 63 s 11 Trubachev et al. (1976)
° A . 2 . I d f' h Euglena sp. 39-61 14-20 and Fogg (1955), Becker (1994)
E P . C O . 5’ n _3 a ga e’ S e a We e ) I S Prymnesium sp. 2845 22-38 icketts 1966)

Anabaena sp. 48 4-7 Becker (1994)

. ;
° D H A . C2 2 . 6 _3 ) — | d f h Chiamydomonas sp. 43-56 29417 1422 Becker (19940, Renaud et al. (1994)
: 0, N dlgae, seaweeda, 11s wi s Becker 1994

Porphyridium sp.

Spirulina maxima 60-71 13-16 67 Becker (1994)

[ ] A LA- n u ts’ S e e d S Spirogyra 6-20 33-64 11-21 Becker (1994)
Tetraselmis 52 15 16-45 Becker (1994), Brown (1991)
Pavlova 24-29 6-9 9-14 Brown (1991), Becker (1994)
Enteromorpha intestinalis ~ 6.15 7.13 Chakraborty and Santra (2008)
Rhizaclonium riparium 21.09 3.37 Chakraborty and Santra (2008)
Lola capillaris 40.87 4.05 Chakraborty and Santra (2008)
Ulva lactuca 8.44 4.36 Chakraborty and Santra (2008)
Catenella repns 8.42 529 Chakraborty and Santra (2008}
Polysiphonia mollis 16.59 25.81 579 Chakraborty and Santra (2008)
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Algae and Nutrition Food of the future- polysaccharide -

Macronutrient

Polysaccharide- Important as dietary fiber

Soluble DF:

Alginate, laminarin, fucoidan in brown seaweeds,
Carrageenan, agar and agarose in red seaweed
Ulvan of green seaweeds

Insoluble DF

Cellulose, lignin, hemicellulose and starch

Health effects

Reduce My, C? % Alter solubility

SEAWEED POLYSACCHARIDES
(/Sulfaliolg b o, o (’Stlcnylulinngl
S 8 DN PN SR
? o 3 b s
S &
MODIFICATI

(: “arboxymethylation :n H ’ Phosphorylation™7

&

,-==-{__BIOACTIVITY INCREASE _} -~ - { APPLICATIONS } -
b \

-

!
oxi‘ ,: Drug Food
Anticoagulant Ant | )y developm Ingredk

Functionally important
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Polyunsaturated FA (g/100 g FA)
C18:2n6
C18:3n6
C18:3n3
C18:4n3
C20:2n6
C20:3n6
C20:4n6
C20:3n3
C20:5n3
C22:5n6
C22:5n3
C22:6n3
n6

n3
n-6:n-3

Linoleic acid
y-Linolenic acid
a-Linolenic acid
Stearidonic acid
Eicosadienoic acid
Dihomo-y-linolenic acid
Arachidonic acid
Eicosatrienoic acid
Eicosapentaenoic acid

Docosapentaenoic acid
Docosahexaenoic acid

37.9 £0.21
8.59 £ 0.05
0.19 £+ 0.00
3.72 £ 0.00
3.30 £ 0.01
1.91 + 0.01
0.67 + 0.01
9.93 £ 0.03
0.45 £ 0.00
6.85 £+ 0.04
0.18 £ 0.03
0.15 £ 0.02
2.01 £0.02
21.3 £0.10
16.5 £ 0.08
1.29

22,2 + 0.51
5.34 £ 0.02
0.65 + 0.01
2.33 £ 0.01
3.13 £ 0.04
0.57 £ 0.12
0.2 +0.01
4.09 £ 0.04
0.00 £ 0.00
4.67 £ 0.15
0.00 £ 0.00
0.2 £0.01
1.03 £ 0.1
10.8 £ 0.2
11.4 £ 0.32
0.95

20.6 £ 0.65
3.15 £ 0.08
0.21 + 0.04
6.15 £ 0.16
6.78 £ 0.06
0.46 £+ 0.04
0.00 + 0.00
0.3 £0.01
0.00 £ 0.00
1.94 + 0.02
0.00 £ 0.00
1.07 £ 0.06
0.50 £ 0.17
412+ 0.18
16.4 £ 0.47
0.25

27.8 + 0.81
5.70 + 0.05
0.37 + 0.07
14.56 + 0.06
2.44 £ 0.03
0.4+ 0.16
0.49 + 0.02
1.2 + 0.01
0.00 + 0;00
1.41 + 0.18
0.41 £ 0.07
0.54 + 0.14
0.27 + 0.02
8.15 + 0.32
19.2 & 0.43
0.42

Polyunsaturated fatty acids (PUFA) are divided into 2 groups as omega (n); n-6 and n-3 groups, based on the position of the terminal
double bond (Harris, 2018). Alpha-linolenic acid, EPA and docosahexaenoic acid (DHA) comprise the n-3 FA group. Linoleic acid and
arachidonic acid comprise the n-6 FA group. The n-6:n-3 ratio is commonly used as an indicator of functional quality of a lipid source
(Harris, 2018). Similar to the present study, van Ginnelken et al. (2011) observed the highest concentration of a-linolenic acid (i.e. 20 %
of total FAs) in U. lactuca among other studied seaweeds. These authors also observed similar concentrations of EPA in U. lactuca and
A. nodosum. In addition, Peinado et al. (2014) observed similar concentrations of EPA and DHA in A. nodesum. Eicosapentaenoic acid,
DHA and other unsaturated FAs in the diet are vital for improved health in humans (Calder and Yaqoob, 2009)., Therefore, enrichment
of food animal tissues (i.e. muscle, milk ete.,) with such FAs is beneficial.



Algae and Functional Food of the future
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Algae and Food of the future

Considering

* Quality and quantity of macronutrient is excellent
* Functionality with high potential
* Micronutrient is excellent (vitamins, pigments, ions...-
not covered here)
* Bioactive compounds (Anti-oxidant, anti-inflammatory,
anti-microbial...- not covered here)

There is a high potential of algae for food of the future,

But.... The current market
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Current Algae Market

Microalgae- limited species and limited amount
Spirulina 1- 2%

Chlorella 1 -2%

Macroalgae
2-10% seaweed (Saccharina) @

. AR -
e '—\ﬁ'{‘.‘(gs_

Spirvlina

Chlorella

ALGEN
CRACKER

WATER, RICE FLOUR, I62% SOY PROTEI, (0%, SEAMEED, SUNFLOWER OIL, THIGKENER (METHYLGELLULOSE, GARRA-
GEENAN), MODIFED CORN STARCH, FLAVORING, WHEAT FLOUR, POTATO FIBER, DRIED ONION, YEAST EXTRAGT, WHEAT
PROTEI, SPICES, LEHON GRANULATE, CARAMELIZED SUGAR

onderzoek



Algae

Current market

Microalgae- limited species and limited amount
Spirulina 1- 2%
Chlorella 1-2% Tabkeq

Microalgae incorporation in food produocts

Type af product Microalgas species Addition Benefit Ref
A. plmtensis 1.63.3,5.7 EI6E wiw Kutritional and Techno-functional properties (protein, 1151
1 N Fiber amd anti-poddative conbemnt]
IVI a C roa | a e e A. platensis, Fyycocyanin Boroct 03,06 and 0.9% w/w ta wheat flour Mutritional properties 1G]
g A. pimtenses, C velpars, P ricomuium 2 and BT wiwr Mutritional and Techno-functiona] properties [17]

2-10% seaweed (Saccharina)

and T. swecico
I. galbana

1 and 3% wiw
| and 3% wiw in the Aoar

LS pmafnac i Al

2-5% wiw in Rour

{anti-oxidative activity]
Mutritional and Techno-functional properties (w-3 PUFAs)

Kutritional and Techno-functiona] properties (probeins

Bread w "
Artlerospira sp. 225 and X wi'w in floar and mineral content)
Dwnahieflo sp. 1 O wfwe weith alzal biomass, bicmass
without B-carntene and biomass
without B—carntene and glycercl
I. galbana, N. gnditara, 5. almeriensis, T. 0047 % weiwr i Aowr 124)
suecica
. C vulgoris 0.5, 1.0, 20 and 3.0 % wiw in flour Colowring agent
Cookies H. pimvihs 5, 10 and 15% astaxanthin in floar Mutritional and Techno-functiona] propertiss
{anticxidative activity)
Extruded snacies Artlrospra sp. 04, 1.0, 18, 2.6 and 3. 2% wiw Mutritional and Techno-functiona] propertiss (probeins

Emulsions: Qillwater

Green and ocrange O vulgors (after
carabenorenssis)

Green and crange O vulgors and red H.
pluvialis [after carotenogenesis)

2 owiw

C. Valgors: 025-2 0% wiw
H. piznviahs: D05 -2.0 wiw

congent )
Techno-functicnal praperties

Colowring agent and nutritional properties [anticodative
activity)

e
=
=
-1
]
B
B
=
g
2
-
B
]
g
5
.
5
g
5
=
g
L
b

Ferme=need milk A. plmtensis gl Mutritional properties
Fromen yogurt Artlrospra sp. 2B wiw Mutritional properties
A. macima, green and orange C vulgores 05, 1.0 and 2.0% wiw in flour Mutritional and Techno-functional propertiss
alter carctenogenesis
R 1-3Z wiw in Aowr Sensory quality and nutraceutical patential
Fasza A. platensis 5, 10 and 20% wiw in flour Mutritional and Techno-functiona] properties -
{antioxidative activity] k
o i . sofima 1-3% wiw in Rour Mutritional and Techno-functional properties
WATER, RICE FLOUR, 16 SO PROTEI, 0 SEAWEED, SUNFLOWER OIL, THCKENER (ETHYLCELLULOSE, CARRA- : ’ — R :
\ \ A d ] ] IS b 5 . ¥ r )
SEENA, HODFED CORN STARY, FLAVRING, LAEAT FOUR,POTATD FIBER, DRED N, YEAST EXRAC WheA 0. vikianmm andl. gufbana 0.5, 1.0:2nd 22 wiw in foar Mutritional and Techno-functianal propesties {u-3 PLFAs)
5 platensic 5 and 10% wiw in flour Mutritional and Techno-functional propertiss (protsin
PROTEI, SPIGES, LEMON GRANULATE, CARAMELIZED SUGAR enrichment)
Probictic Yopurt A. platensiz 0.1-08% wiw Mutritional and Techno-functional propertiss
Process=d chesse (Peloreila =p. 0.5 and 10% wiw Mutritional and Techmo-functiona] properties
A maama and . vikenum 0.1 10% wiwe Mutritional and Techno-functiona] properties
. . - e 5 -
Vepetarian jfood gels ].-1; :Ialljr::;[. wuigaris, [ wikianum and DF5% wiw (anticoidative activity, w-3 FUFAS]
A. maxima and H. pluwoiis D75 waifwr 141]
Yogurt Cheloreila p. Posedier sxtract: D2SE wiw Mutritional and Techno-functional propertiss 142] i

Liguid extract 2.5-10%

Instituut voor Landbouw-

en Visserijonderzoek



Algae and Functional Food of the future-
Business

Microalgae Spirulina

Others Chlorelia sp. - lina
222 campanies
{142 tonewes)

25 companias.
{21 tonnes)

FIGURE 11 | Share of number of companies by microalgae species and Spirulina produced in Europe. Examples of the produced species included in the category
“Others" are given. Production volumes are given per year by species at the European level whenever available (all numbers are in dry weight).

Aquaculture Harvesting from wild stocks

Saccharing lstissima ‘Others.
I8conpenks 37 companis
@17 toes) fnad

B companis
nal}

21 comparies
(186 tommis)

Saccharing
latinsimma

Alaria esculents Palmaria
palmata

FIGURE 8 | Share of number of companies by macroalgae species produced in aquaculture and wild stock harvesting systems in Europe. Examples of the
produced species included in the category “Others” are given. Production volumes per year by spacies are given whenever available (all numbers are in fresh weight).
Vielumes of production are estimated based on FAD (2020), national and regional statisfice authorities and information from the industry.

ILVO
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Algae and Functional Food of the future-
Algae and Functional aspects

Authors reported that higher algae concentrations
Most of them are infant formulae containing Schizochytrium-derived (d e-PeV\ldLV\l@ OWn aL@ae S‘P 80{/85 a V\ld BV\/d ‘Prod Mct)

docosahexaenoic acid (DHA) or astaxanthin-rich oleoresin from Hae-

matococcus pluvialis, a carotenoid available as dietary supplement, food d 4 “ d

additive, mjppigment (Enzing et al., 2014; Lafarga, 201 91)3.pThe incorpo- Ves [/('Lte LW V\’eg atl’\/e eﬁects ow OOLD Ur a 4% -lq‘a\/ol/('r/
ration of microalgal biomass into conventional food products, because of P ,

their nutritional properties, is a global trend that fostered the launch of Wh LOM d ecrea Se C/O V\,S l/(,l/M,e YS a C/C/e-Pta V\,Ge

several products worldwide. Once again, the majority of these products

contain either Arthrospira or Chlorella, mainly because of their long

history of use and protein content (Lafarga, 2019; Nova et al., 2020).

The very low concentrations used in some products suggest that

microalgal biomass is mostly applied as a colouring agent or for mar-

keting purposes focused on vegan consumers as well as on consumers Alga e an d negative

who decide to purchase organic or ecologic products, rather than for the

nutritional or technological advantages of microalgae as a food ingre- conn Otatio g] Wit h

dient (Lafarga, 2019). In fact, several authors evaluated the effect of

macroalgae and microalgae biomass incorporation into foods. In gen- t a Ste / f I avour an d consumer
eral, authors reported that higher algae concentrations (depending on

algae species and end product) resulted in negative effects on colour and acce pt ance
flavour of the final product, which decrease consumers’ acceptance

(Arufe et al., 2018; Batista et al., 201 3; Jimenez-Colmenero et al., 2010).

Protein extracts would allow improving consumers’ acceptance, at least

from a sensorial point of view. For this reason, the effect of different

protein processing methods on yield, digestibility, bioactivity, colour,

and flavour of the resulting protein extract needs to be evaluated, in

view of the final application (Grossmann et al., 2018; Schwenzfeier

et al., 2012).

Instituut voor Landbouw-
en Visserijonderzoek




Algae - Food of the Future?

Food Security Risk Index 2011 ¥ maplecroft

» Food Security—> Feeding the world

Medium ris| k

Low risk
No Data B

» Protein transition = Shift away from animal proteins

e Search for alternative sources
» New niche and more demand for vegetarian and vegan
products e %
» Algae ‘Micro/Macro algae’ offer opportunity to fill that gap
* Why? sy e
*ws 4
) 15 1:!/;"'5 J i“!
 Several reasons: Lo i:,‘gg?%x% g ]
° “f&

High diversity of species

6 [ 8]
“-51 ;_v/ @ /;
] } ('3 énz
}@, «3"”%—1 N red 'v’

% ﬁ*’w e

J A" '0’4) X
%‘; 2 ,'&9?1@{ 7
—> Protein rich, lipid rich, high nutritional value.... %’ :
— Sustainable production

interreg gk
2 Seas Mers Zeeén

ValgOrize




European Biomass

Food Security=> Feeding the world
Protein transition

Search for alternative sources

Algae ‘Micro/Macro algae’ offer opportunity to fill that gap

-> Protein rich, lipid rich, high nutritional value

EU consumers are not used to consume algae
Often a negative connotation

w to convince?
Taste

thin ValgOrize we want to sustainably produce

rae with a good flavour/taste that is appreciated

the European consumer ‘European Taste/Flavour’.

interreyg
2 Seas Mers Zeeén

ValgOrize

Furapean Regonal Development Fund

wever so far Algae are NOT a part of ‘our’ (European) food basket

Food Security Risk Index 2011

¥ maplecroft

High risk

Medium ris! k

Low risk

No Data B

DR Congo
Somalia extreme
Burundi extreme

Eritrea extreme
Angola extreme
Chad extreme

Ethiopia
Hal extreme
Afghanistan  extre:

© NN B w o

‘ﬁ“; £ ‘: =
‘V‘E’ < L
}5" ;’p&;}_% ,
Sl 3%?{ 8
T 't \S
q ")J" *\ ‘5}' Jé‘;‘(ég ﬂ@? & A
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European Biomass - Macroalgae and Microalgae

Seaweed/Macroalgae

Microalgae

@ Nannochl

..



Flavour/Palatability = combined Aroma, Taste, Mouth Feeling (and colour)

Assessing compounds

=
Nasal « *

/ olfaction* o
- 4

ﬁé@ / volatile compounds - 2
\ \“0-/0" "‘-:Q_o //“
ﬁetro-nasal
olfaction
\
\
different basic tastes
free AA, ribonucleotides, sugar, salt D &/ 7 S, S .'
! , Sugar, Touch, mouthfeel J
o ’ - all surfaces of the mouth /
/’v‘ | ‘/) v‘ / (‘,'/’ —~— \ " v',
‘ i | { f f
N\ — \\. \ N . 1 1

texture: polysaccharides

© Flanders’ Food Iﬂ IILV O



Taste Textural mouthfeel

] @ S
. + | | /TONGUI:_

TASTLEL e
BUDS i

AVOUR =

Umami, Sweet, Bitter, Salt o
Glutamic acid

o) Volatiles Free amino acids O O

/\/\)L Ribonucleotides
H3C H HO OH

\\\ ,
Inosine monophosphate (IMP)

Fatty Acids p .
rotein

S Sulfur-compounds P s
N N/

H3C g \CH3 Ow

OH OH

Hexanal

Dimethyl sulphide

0]




Molecules for a good taste!

Taste attribute

Umami (+)

0.5

12, 11 0.1

0.8

- Bitter (-) 1.4 1.9 0.6
- Bitter (-) 2.5 3.0 1.8
- Bitter (-) 2.3 0.8
-Bitter/sweet/umami (-
) 0.5

- Bitter (-) 3.0 2.9 0.8 1.4
- Sweet/bitter (-) 1.8 9.9 93 05 33 09
- Bitter (-) 0.5 1.9 1.7 0.6 1.2
- Bitter/sweet (+) 1.1 15.1 75 26 7.4252 65
- Bitter (-) 0.5 0.7

TAV (Bitter) 3.6 32.4 31.2 3.2 13.3 27.5 8.6
- Sweet (+) 0.8 1.3 1.6
- Sweet (+) 2.5 3.8 15 12
- Sweet (+) 5.8 13.3 146 23 12.7 3.5 09F""
- Sweet/bitter (+) 0.7 9.3
- Sweet (+) 0.7 0.7 0.5
- Sweet/bitter (-) 3.1 3.2 2.5 0.7 2.8

TAV(Sweet) 5.9 16.5 22.7 3.1 129 43 0.6
- Umami (+) 81 01 86 1.6 381 3.0 23.9 189 1.8L

0.2 0.1

Shrimp

Lobster

Shrimp

0.2

ﬂ
extr

14

0.2

2.2
13

14

0.2

extract

1.0
1.2
1.0

0.9

0.5

0.8

extract

1.0

extract

11
1.0
0.7

0.8




Molecules for a good taste!

Tet

Cod Shrimp . Lobster Shrimp
fish | extr | extract Lobster | extract extract

Bitter (-) 1.4 1.9 0.6 14 1.0 0.5 1.3 1.1
1.2 0.8 1.3 1.0 1.0
Future Foods 5 (2022) 100139
1.0 1.3 0.7
Bitter Contents lists available at ScienceDirect

0.9 13 0.8

Future Foods =

Sy journal homepage: www.elsevier.com/locate/fufo

Bi Potential of microalgae as flavoring agents for plant-based seafood
alternatives

i

Bert Coleman®P*, Christof Van Poucke®, Bavo Dewitte?, Ann Ruttens’,
Tanja Moerdijk-Poortvliet, Christos Latsos®, Koen De Reu®, Lander Blommaert®,

Barbara Duquenne©, Klaas Timmermans®, Jasper van Houcked, Koenraad Muylaert?,
Johan Robbens®

1.

- Sweet (+) 2.5 3.8 15 12
- Sweet (+) 5.8 13.3 146 23 127/ 35 ooEE™ 3
- Sweet/bitter (+) 0.7 9.3 b
- Sweet (+) 0.7 0.7 0.5
- Sweet/bitter (-) 3.1 3.2 2.5 0.7 2.8

TAV(Sweet) 59 0 165 0 227 3.1 129 43 0.6
- Umami (+) 81 01 86 1.6 381 3.0 23.9 189 1.8‘

Umami (+) 0.7 2.8 09 05 12 11 0.1 02 01 02 02 0.2



Expert Taste Panel

Trained expert taste panel
e Scoring of taste
* Scoring of descriptors/attributes

Approved by ethical commitee, based on in
depth analysis for food safety (microbial,
contaminants)

Tasting of (micro)algae with high potential
but that are so far not approved as Novel
Food

ILVO



Evaluation of algae biomass — Chemical analysis

Volatile compounds

RT RI
Aldehydes
Hexanal 16,551 1080
Heptanal 21.604 1170
Octanal 26.057 1286 . .
Chemical analysis
2-Heptenal 27426 1326
Nonanal 30.022 1404 ° H
Volatile compounds
F—— ' 24-Heptadienal 32,529 1531 L4 Ta ste com pou N d S
accharina latissima Alaria esculenta Ulva sb.
Alcohols 1
1-Penten-3-ol 20321 1148 > U m a mi
1-Octen-3-ol 31.795 1520 .
R — 2-ETHYL-1-hexanol 33142 1541 > Bitter
4-Hepten-1-ol 33.596 1549
DULSE lima >
EN COPOS Vakarr . = Esters see
Ethyl acetate 7.623 692
Ketones
4-Methyl-2- Heptanone 22534 1187
1-Octen-3-one 26,532 1301
6-Methyl-5-hepten-2-one 27927 1341
Acids
Acetic acid 32154 1525
4-Hydroxy butanoic acid 37.994 1642
2-Ethyl hexanoic acid 46424 1900
Aromatic compounds
Methylene chloride 9131 927
Benzaldehyde 33.014 1539
Phenol 34589 1565

ILVO



Evaluation of algae biomass by taste panel

MicroAlgae
— MA2
Dry seaweed wl
— — B ] D
Odor intenstiy
8.00
Metallic taste 7.00 Grasy
: - . Smaak
Saccharina latissima Alaria esculenta Ulva sb. : tensitet
intensitei
Algemene 8,0
Mussel taste Fihy odor SeafOOd 6.0 Umami
R smaak ’
Krab smaak Bitter
FEhy taste Mussel odor 0
Mossel
Zout
o smaak
Taste intensitiy
Vis smaak Zoet

Salty

ILVO



Link umami score and chemical umami markers (EUC)

Sample

MicroAlgael
MicroAlgae2
MicroAlgae3
MicroAlgae4d
MicroAlgae5
MicroAlgae6b

EUC
284
219
30
21
8

5

T

Analytics

Umami Score

Expert
Panel

EUC: Equivalent Lwmami Concentration
is the quantitative parameter introduced to describe umami L’ntgns[ty in food, based on the

concentration of umami amino acids and 5'-nucleotides

Bitter Score

3.5

= N W b

6,0

5,0

4,0

3,0

2,0

Umami score (expert panel)

0,0
-2,0 -1,5 -1,0 -0,5

‘ Microalgael
[ J
[ ]
o [ ]
' ©
@ Microalgae2
Microalgae 3
0,0 0,5 1,0 1,5 2,0 2,5 3,0
Log(EUC)



Grassy
odor
8
Floral 6 Earthy
odor odor
Rancid Fishy
odor odor
Crab Mussel
odor odor

== Chlorella vulgaris

== Dunaliella salina

== Nannochloropsis oceanica
e Rhodomonas salina

Umami
6
Crab taste 4 Bitter
Mussel
Salt
taste
Fishy taste Sweet

== Chlorella vulgaris

e Dunaliella salina

e Nannochloropsis oceanica
e Rhodomonas salina

Grassy
odor
8
Floral 6 Earthy
odor 4 odor
Rancid Fishy
odor odor

Mussel

Crab odor
odor

=== |sOChrysis galbana

e Phaeodactylum tricornutum
e Skeletonema costatum

e Tetraselmis chui

Umami
6
Crab taste 4 Bitter
Mussel
taste salt
Fishy taste Sweet

e [SOChrysis galbana

e Phaeodactylum tricornutum
e Skeletonema costatum

e Tetraselmis chui

Grassy

odor
8
Earthy
Hay odor
¥ 4 odor
Crab odor Fishy odor
Mussel
odor
e Palmaria palmate e | aminaria ochroleuca

== Undaria pinnatifida === J|va laetevirens/rigida

e Sgccharina latissimi

Umami
6,0
Crab taste Bitter
Mussel taste Salt
Fishy taste Sweet

= Palmaria palmate e | aminaria ochroleuca

=== Jndaria pinnatifida e |J|va laetevirens/rigida

e Saccharina latissimi

ILVO




Effect of _ on flavour of microalgae?

Wet biomass

Dry biomass

Cultivation Harvesting Wet storage Processing

Drying

Dry Storage

Nutrient Stress

carbohydrate

‘ Lipid

‘

- E’!\
)
\




Sensory Evaluation

N-stress for optimized 2

(umami)taste Odor intensity

Nutriént Stress 8

(PhD Bert Coleman) Sour Seafood odor (crab/fishy) *

Light stress- cfr
Rhodomonas work of Bitter
Christos Latsos

Grassy Odor

Salt Earthy (mushroom/musty) *

Sweet

Taste intensity *

Seafood taste (crab/fishy) Umami*

——Reactorl (N+) ——Reactor2 (N+) Reactor3 (N-) ——Reactor4 (N-)




Effect of _ and - on flavour of microalgae?

Wet biomass Dry biomass

N
[ Cultivation H Harvesting Wet storage H Processing Drying H Dry Storage
J

Storage 0, Cell disruption Drying

ILVO



Effect of _ and - on flavour Nannochloropsis

Cell-disruption Drying technique

ILVO



Evaluation of algae biomass- taste profiles

MacroAlgae

Dry seaweed
e 4 (U V8] o B (SECCHE M) C (Wakame) [ {Dulseg)
Odor intensitiy
Metallic taste 7.00 Grassy

Mussel taste Fshy odor

Fihy taste Mussel odor
Umam Taste intensitiy

Biter Salty

Saccharina latissima

Alaria esculenta Ulva sp.

Cultivation, processing,
storage- What is the
impact on the taste

\proﬁle )

MicroAlgae

Grassy odor

8
6
Floral odor Earthy odor
Rancid .
odor Fishy odor
Crab odor Mussel
odor

== Chlorella vulgaris
e Dunaliella salina
= Nannochloropsis oceanica

e Rhodomonas salina
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- T

Algae in food?!

Product development in ValgOrize

Session
Room Pasteur

interreg K
2 Seas Mers Zeeén

ValgOrize

‘anal Development Fund




Algae in food? What is next?

Collaboration ValgOrize/ILVO and Donald

Interactive Session Donald

interreg B
2 Seas Mers Zeeén
ValgOrize




Algae in food? What is next? !

Co-creatie session with consumers f‘ &/CQ/

Talk Charlotte/Veerle

interreg K
2 Seas Mers Zeeén
ValgOrize




Algae in food? What is next? !

ILVO-Algen Event: Woensdag 4 Mei

Kennistransfer van ValgOrize naar de (Vlaamse) voedingsindustrie
Kennisoverdracht en eventuele begeleiding voor co-creatie door ILVO

- Interreg
5 2 Seas Mers Zestn Over ValgOrize  Nieuws Events v  Algenpaspoorten Contact NL v
\ Yelglhze

Homepagina — Agenda — Zeewieren en algen op ons bord - de smaakvolle, gezonde toekomst!

WO 04.05.2022 FVENT

09:00 - 16:00 /eewieren en algen op
ons bord - de
smaakvolle, gezonde
toekomst!

interreg B
2 Seas Mers Zeeén
VaIgOrize

Aquacultuur en maricultuur | Zeewier en microalg




Thanks

A lot of people have contributed....

- Special thank to Liesbet Colson and Bert Coleman for slides

- Special thank to Valentina Casciaro, Kaitlyn Vanhoutte for lab work

- Special thank to Liesbet Colson, Bert Coleman, Valentina Casciaro, Geert Van Royen
Barbara Duquenne, Kathleen van de Walle for the organisation of taste panel

- Special thank to Louise Pauwels, Greet Riebels for communication

- Special thank to all consortium partners for the nice collaboration

- Special thank to Interreg 2 Seas for funding
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Further questions?

Johan.Robbens@ilvo.vlaanderen.be

Thanks!

Flanders Research Institute for
Agriculture, Fisheries and Food
Ankerstraat 1
8400 Oostende — Belgium
T+32(0)9 2722500
F +32(0)9 272 25 01

Johan.Robbens@ilvo.vlaanderen.be
www.ilvo.vlaanderen.be



mailto:Johan.Robbens@ilvo.vlaanderen.be
http://www.ilvo.vlaanderen.be/

Conclusion

Is Algae- food of the future??

Explore the big diversity of microalgae/macroalgae
Taste can be an important driver

Produce ‘European quality’

Align with food producers during cultivation/harvesting

MICROALGAE

ILVO



Conclusion

Algae- food of the future??
Yes....

Explore the big diversity of microalgae/macroalgae
Taste can be an important driver

Produce ‘European quality’

Align with food producers during cultivation/harvesting

MICROALGAE

ILVO



