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Spirulina (Arthrospira spp.)

* Spirulina (Arthrospira spp.) - one of the most
important microalgal groups produced

e Contains macro- and micronutrients:

- High-quality proteins ,
- Minerals =7
- Vitamins

- Fatty acids

- Polysaccharides

- Pigments (carotenoids, c-phycocyanin,
chlorophyll-a)

- Other bioactive compounds
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Spirulina as nutritional supplement

e Spirulina product market: continued and rapid growth until 2028 (CAGR of
18.1%).

* Microalgae-based commercial products: Asia or Australia,
European companies: 5% of the global market.

* Increasing health awareness Food Nutraceuticals

* Vegetarianism 75%

e Malnutrition

e Dietary supplement intake
Supplements

Demand for natural colorings
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* Improved nutraceutical profile cigare g N
* Degradation of cyanobacterial cell walls . pactera
* Improved bioaccessibility and bioavailability

* Molecules with high:

- immunomodulatory,
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... biological activity.

Better nutritional and functional characteristics
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Solvent effect

* Higher solubility of
biologically active
phytochemical compounds in
alcohols

* Alcohol-soluble components:
main antioxidative properties

* Higher antiradical and
antioxidant activity!
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Component NFB FB
Crude protein 46.56 1+ 2.43 47.37 =1.49
Total ash 12.65 = 0.34 12.78 = 0.08
Crude fat 6.26 &= 0.04 6.00 £ 0.01
Soluble dietary fibres 3.20 + 046 4.02 4+ 0.69
Insoluble dietary fibres 19.33 £ 0.70 17.79 = 0.94
Total dietary fibres 22.53 £ 0.38 21.81 £0.72

Available carbohydrates
Non protein nitrogen /total nitrogen

12,00+ 0.74

24.8% &+ 1.5%

11054194

28.4% =+ 1.1%

@): Fermented and non-fermented broth

* Non-protein nitrogen
increased:

Higher protein
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* Non-protein nitrogen
increased:

Higher protein
bioavailabilit

e Fat content decreased

e Other nutrients
remained the same



@): Fermented and non-fermented broth

Component NFB FB
Crude protein 46,06 = 2.43 47,37/ = 1.49
Total ash 5 kel Bet).(18
Crude fat
Soluble dietary fibres 3. 70T 046 4.0 0.69
Insoluble dietary fibres 19.33 + 0.70 17.79 + 0.94
Total dietary fibres 22.53 = 0.38 21.81 =0.72

Available carbohydrates
Non protein nitrogen /total nitrogen

12.00-=0.74

24.8% &+ 1.5%

11054194

28.4% =+ 1.1%

Microorganisms

N (CFU/g) in NFB

N (CFU/g) in FB

Coliform bacteria
Escherichia coli
Staphylococcus aureus
Bacillus cereus
Clostridium perfringens
Yeast
Moulds
Salmonella spp. *

L. monocytogenes *

<10
<100
<100
<100
<100
<10
<10
Neg.inl0 g
Neg.in1l0 g

<10
<100
<100
<100
<100
<10
<10
Neg.in10 g
Neg.in10 g

Non-protein nitrogen

increased:

Higher protein

Fat content decreased

Other nutrients
remained the same

No pathogenic
bacteria
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O : Yeast — cellular level

Cell oxidation level:

 NFB and FB ethanol extracts (3 mg
DW/mL):
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Cell oxidation level:

 NFB and FB ethanol extracts (3 mg
DW/mL):

20% and 40% decrease
FB ethanol extracts (1.5 mg DW/mL):

u NFB
mFB24

1.5mg DW/mL 3 mg DW/mL |1.5 mg DW/mL 3 mg DW/mL

3 0% de Cr e as e Ethanol extracts Water extracts
Condition FIOD Lipid Peroxidation:
Yeast cells 337+054 . *Exposure to FB ethanol
Yeast cells + menadione (1 h) 13.8 £ 0.63 extract:

Yeast cells + ethanol extract of FB (2 h) +

menadione (1 h) 571 £ 1.85




O : Yeast — cellular level

Cell oxidation level:

 NFB and FB ethanol extracts (3 mg
DW/mL):

20% and 40% decrease
FB ethanol extracts (1.5 mg DW/mL):

u NFB
mFB24

1.5mg DW/mL 3 mg DW/mL |1.5 mg DW/mL 3 mg DW/mL

3 0% de Cr e as e Ethanol extracts Water extracts
Condition F/OD Lipid Peroxidation:
Yeast cells 337+054 . *Exposure to FB ethanol
Yeast cells + menadione (1 h) 13.8 £ 0.63 extract:

Yeast cells + ethanol extract of FB (2 h) + @ . .
menadione (1 h) — Decreased oxidative damage
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G Ye a St : Water extracts: SV/NFV
P roteome
level
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Water extracts: SV/NFV

Proteins Increase  Decline Process Why?
Gnd?2 + Glutathione metabolism Higher cellular oxidative stress
Rpll4a, Rpl13b + Autophagy Degradation of intracellular constituents

DNA damage & repair, Purine

. . Need for nucleotide base synthesis
biosynthesis

Rvbl, Gual +

Pho3 + Riboflavin metabolism Antioxidative action to combat ROS




G ] YeaSt . * Ethanol extracts: SE/NFE
proteome

level

=
o
n

—Log10 P-value
L ]

54 .0
\
\ g
0
6 4 =2 0 2 4 6
Log2 Ratio
Ethanol extracts: SE/NFE
Proteins Increase  Decline Process Why?
Gnd2 + Glutathione metabolism Lower cellular oxidative stress
Gsh?2 + Glutathione biosynthesis Lower need for glutathion
Rpl14a, Cue5 + Autophagy Reduced cell components’ damage
Nas2, Nas6, Cubl + Proteasome function Reduced protein damage
Cubl, Gual, Adel3, Urab + DNA repair/ purine, pyrimidine biosynthesis  Less DNA damage/need for nucleotides

Rib5 + Riboflavin biosynthesis Lower oxidative stress exposure
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