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Spirulina & Phycocyanin at glance

• Spirulina Platensis contains excellent combination and amazing concentration of many unusual nutrients. It 
make spirulina a “superfood”. 

• Phycobilins ( especially PHYCOCYANIN) are the most potential nutrients of Spirulina Platensis and become a 
new hot spot in the medicine 

• S.Platensis has an excellent safety profile (Class A rating by the dietary supplements 
information expert committee of the US pharmacopeial convention). Water extracts of Spirulina or 
C-PC are safe as well. 

• The most potential areas in medicine for phycocyanin: oncology, inflammation, oxidative stress, infections, 
immune-system, detoxication (radionuclides and heavy metals) 

• Limitations of spirulina use: low bioavailability from powder, high production cost and low yields, especially 
high cost for of high-quality individual nutrients purification. 

Our proposal: a „winning“ formula 

• The most pressing challenge today is to make the beneficial elements of spirulina available to the human 
body and at an affordable price. The effective absorption of the elements is hindered by the spirulina 
membrane, which is indigestible in individuals with a single stomach as well as in humans. 

• UNERA Open-Cell technology allows not only to transform S. Platensis into a form that is easily assimilated 
by humans, but also to purify spirulina individual nutrients at effective price. 
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• Arthrospira platensis, also known as spirulina, is a gram negative, non-toxic species of cyanobacteria with a 
wide array of uses in the natural and commercial world. So far, no other natural food is found with such a 
combination and amazing concentration of so many unusual nutrients: significant amount of valuable 
proteins, indispensable amino acids, vitamins, betacarotenes, mineral substances, essential fatty acids, 
polysaccharides, glycolipids and sulpholipids etc. 

• Phycobilins ( especially PHYCOCYANIN) are the most potential nutrients of Spirulina Platensis 

• As potential safe and non-toxic compounds, C-PC and PCB become a new hot spot in the medicine.  

• C-phycocyanin is currently not in clinical use, because positive health-related reports are not integrated 
deeply and accurately enough, putting limitations to its application as a drug. Otherwise, C-PC-
encapsulated chitosomes, capable of preserving the protein stability in the gastrointestinal tract and with 
enhancing efficacy are in development.  

• Some bottlenecks, such as high production costs and low yields, as poor absorption in the gastrointestinal 
tract, need to be solved before microalgae pigments can move from niche markets to large-scale use  [6].

Nutritional and Therapeutic Potential of Spirulina. Zakir Khan et all. DOI: 10.2174/138920105774370607  
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira 

Introduction. Spirulina platensis value

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/niche-markets
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B6
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/niche-markets
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B6
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2174%2F138920105774370607
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2174%2F138920105774370607
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira


1. Spirulina contains 62.84 % protein, higher than any other 
natural food.  

2. Spirulina contains all the essential amino acids in fairly 
high amounts (without  animal fat and cholesterol) 

3. Spirulina contains essence minerals like calcium, 
magnesium, potassium, phosphorus, iron, and zinc as well 
as complete vitamin B groups and many important anti-
oxidants (which protect cells).  

4. The richest natural source of vitamin E and beta-carotene.  

5. Spirulina contains high pigment content including 
chlorophyll, phycobilins and beta-carotene level. 
Pigments, called phycobilins, include C-phycocyanin (C-PC) 
as the major pigment and allophycocyanin (APC), which is 
present in much smaller quantities, approximately at an 
10:1 ratio [3].  

6. The anti-oxidant phycocyanin can only be found in 
spirulina.  

7. C-phycocyanin level varies based on growing conditions, 
and may constitute up to 20% of the dry weight 
of Spirulina [6]. 

Spirulina platensis nutritional value and useful elements 
 

https://www.researchgate.net/publication/273259635_Nutritional_value_of_spirulina_and_its_use_in_the_preparation_of_some_complementary_baby_food_formulas

a complete 
set of 

human 
amino acids

https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements
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Hindawi Publishing Corporation  
Evidence-Based Complementary and Alternative Medicine  
Volume 2016, Article ID 7803846, 14 pages http://
dx.doi.org/10.1155/2016/7803846 Medical Application of Spirulina platensis 

Derived C-Phycocyanin Qian Liu et al.

• High potential to be used as 
a treatment for protein 
deficiency. Positive results in 
terms of weight gain and 
improvement of the general 
nutritional status. 

• No toxicities –neither acute 
nor chronic– hence, it might 
be safely used as a human 
food.

Kolagen degradation inhibition

Potential use of Phycocyanin fromSpirulina platensis

http://dx.doi.org/10.1155/2016/7803846
http://dx.doi.org/10.1155/2016/7803846
http://dx.doi.org/10.1155/2016/7803846
http://dx.doi.org/10.1155/2016/7803846


1. Oncology (more than one way of action); excellent in combination with other medications: 
• antioxidation effect,  
• COX-2 receptor blocking effect (important pathway in oncology);  
• initiation of apoptosis (destruction) of cancer cells 
• other MOA: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687155/ 
• improoving treatment results in combination with traditional anticancer treatment 

2. Infections: 
• Antimicrobial activity 
• Antiviral activity 

3. Inflammation:  
• anti-inflammatory effect through COX-2 receptor blocking  
• anti-inflammatory effect through various inflammatory cytokines (TNF-α, interleukin-6 (IL-6), MMP-3, NO, and sulfated 

glycosaminoglycans) reduction 
• analgesic effect 

4. Immune-boosting effect 
• Indirect stimulation of hematopoiesis in bone marrow 
• has a positive effect on the antibody-forming system 
• can enhance the proliferation of immune organs and immune cells 

5. Blood lipids regulation, atherosclerotic formation & CVD prevention through antioxidation effect (free radicals activity 
neutralization) and anti-inflammation MOA. 

6. The protective effect on radiation injury 

Indications for the use of Phycocyanin

List of used resources at the end of presentation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687155/


100 mg of Phycocyanin from spirulina powder suggested to have antiviral effect and 
this dose is equal to prophylactic dose

J Med Food. 2007 Dec;10(4):566-70. Clinical potential of Spirulina as a source of phycocyanobilin. 
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?
_ga=2.5873264.233170953.1603800743-1444294916.1600833936 
https://www.federalregister.gov/documents/2017/07/03/2017-13867/listing-of-color-additives-exempt-
from-certification-spirulina-extract 
https://www.govinfo.gov/content/pkg/FR-2017-07-03/pdf/2017-13867.pdf 

• Estimated upper bound CEDI for phycocyanins from all GRAS notified uses of 
spirulina extract in food is 1,140 mg/p/day or 19 milligrams per kilogram body 
weight per day (mg/kg bw/d) for a 60 kg individual based on uses addressed in 
GRN 000424 (Ref. 3) 

• Desert Lake Technologies, LLC got GRAS notification in 2012 for its CyaninPlus™ 
product. It is a water extract of the Spirulina platensis or Spirulina maxima 
intended for use as an ingredient in food at levels of up to 250 mg per serving, 
equivalent to approximately 125 mg of C-PC. 

• C-PC-enriched aqueous extract from Spirulina platensis, equivalent to 
~1 g phycocyanin per day is confirmed as safe.

The suitable clinical dose of PCB remains to be defined. Without mass-produced pigment derived from commercially 
available PCB-enriched Spirulina extracts, bioengineered organisms, or chemically synthesized pigment, ingestion of 
whole Spirulina is still the least expensive way to benefit from this phytonutrient. A tablespoon of Spirulina powder (about 
15 g) contains approximately 100 mg of PCB, daily dose that might be effective [https://pubmed.ncbi.nlm.nih.gov/
18158824/ ]. Interestingly, no relevant data about relative absorption and bioefficacy of free PCB or Spirulina-bound 
pigment exist for either rodents or humans. 

Possible dose of Phycocyanin
Prophylactic dose  100mg/day 
Antiviral dose          100-250mg/day 
For onco-patients   1g/day 
There is reported dose in colon carcinoma  200mg/kg 
https://examine.com/supplements/spirulina/research/#interactions-with-cancer-metabolism_immunological-interactions

https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://www.federalregister.gov/documents/2017/07/03/2017-13867/listing-of-color-additives-exempt-from-certification-spirulina-extract
https://www.federalregister.gov/documents/2017/07/03/2017-13867/listing-of-color-additives-exempt-from-certification-spirulina-extract
https://www.govinfo.gov/content/pkg/FR-2017-07-03/pdf/2017-13867.pdf
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://www.federalregister.gov/documents/2017/07/03/2017-13867/listing-of-color-additives-exempt-from-certification-spirulina-extract
https://www.federalregister.gov/documents/2017/07/03/2017-13867/listing-of-color-additives-exempt-from-certification-spirulina-extract
https://www.govinfo.gov/content/pkg/FR-2017-07-03/pdf/2017-13867.pdf
https://pubmed.ncbi.nlm.nih.gov/18158824/
https://pubmed.ncbi.nlm.nih.gov/18158824/
https://pubmed.ncbi.nlm.nih.gov/18158824/
https://pubmed.ncbi.nlm.nih.gov/18158824/
https://examine.com/supplements/spirulina/research/#interactions-with-cancer-metabolism_immunological-interactions
https://examine.com/supplements/spirulina/research/#interactions-with-cancer-metabolism_immunological-interactions


• Numerous toxicological studies, such as acute, sub-chronic, chronic, mutagenic, teratogenic/developmental toxicity, carcinogenic, and 
multiple generational/reproduction tests, have confirmed excellent safety profile of Arthrospira platensis and Arthrospira 
maxima (Class A rating by the dietary supplements information expert committee of the US pharmacopeial convention). They were of 
paramount importance in the determination that water extracts of Spirulina or C-PC are safe as well. 

• In animal models, C-PC possesses low toxicity and lack of adverse effects. For example, in acute oral toxicity study, the 
measured LD50 values were estimated to be greater than 3 g/kg for rats and mice, without mortality even at the highest dose of C-PC 
from Arthrospira maxima tested (3 g/kg o.p.). No changes in behavior or histopathology, or effect on body weight were observed [31]. 

• Furthermore, acute and sub-chronic oral toxicity study revealed that C-PC (isolated from Spirulina platensis) at high 
concentrations [0.25–5.0 g/kg body weight (w/w)] did not induce any symptoms of toxicity nor mortality of the albino rats [32]. 

• In human randomized, double-blind, placebo-controlled study, high dose of C-PC-enriched aqueous extract from Spirulina 
platensis, equivalent to ~1 g phycocyanin per day (the highest dose generally recognized as safe by the US FDA), after 2 weeks 
showed safety regarding anticoagulant activity and platelet activation status markers, but reduced levels of aspartate transaminase 
and alanine transaminase in conjunction with rapid and robust relief of chronic pain [33]. 

• Unlike cancer cells, C-PC is non-toxic to normal cells, for example, platelets and erythrocytes [34]. 

• Based on the comparison of the known amino acid sequences of phycocyanins with the sequences of known protein allergens, we determined that 
there is a low probability that phycocyanins are protein allergens. There is concluded that the spirulina phycocyanins present an insignificant 
allergy risk 

• Spirulina also has not exhibited neither acute nor chronic toxicities, making it safe for human consumption.

To conclude, animal and clinical scientific studies support that Spirulina and C-PC, its most abundant organic component, 
are safe for human consumption, in agreement by their more than 1000 years use in diet.

 S.platensis  and Phycocyanin. Safety profile

https://www.nature.com/articles/s41598-019-55605-w 
https://www.govinfo.gov/content/pkg/FR-2017-07-03/pdf/2017-13867.pdf

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=73.530 
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira 

https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements 

https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B31
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B32
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B33
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B34
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B31
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B32
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B33
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B34
https://www.nature.com/articles/s41598-019-55605-w
https://www.govinfo.gov/content/pkg/FR-2017-07-03/pdf/2017-13867.pdf
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=73.530
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements
https://www.nature.com/articles/s41598-019-55605-w
https://www.govinfo.gov/content/pkg/FR-2017-07-03/pdf/2017-13867.pdf
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=73.530
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements


• C-phycocyanin (C-PC) (CAS registry number 11016-15-2) is water-soluble, 
intensive blue protein with strong fluorescence.

• The VIS absorption spectrum of the native C-PC has pronounced specific 
peak at 620  nm, arising from bound PCB. Phycocyanobilin (PCB) has a 
molecular weight of 586.7 g/mol and characteristic fluorescence spectrum 
with an emission peak at 640 nm.

• Isolation of C-PC in high yield requires efficient extraction process. Potential 
applications of C-PC in medicine or for research purposes (as fluorescent 
tag) require its high purity. 

• The purity of C-PC is evaluated using ratio between absorbance at 620 and 
280  nm (A620/A280). C-PC preparations with A620/A280  greater than 0.7 is 
considered as food grade, while preparations with A620/A280 more than 3.9 
and 4 have reactive and analytical grade of purity, respectively [14].

 
• C-phycocyanin price strongly depends on its purity, ranging from $200 to 

$2.2 million per kilogram. 

• Open-Cell Spirulina is high quality raw material for analytic grade 
phycocyanin purification

„Technical“ properties of Phycocyanin

Open-Cell technoly applied on S.Platensis  

https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B14
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B14


1. Natural food colorants are often sensitive to heat, light, oxygen, acidic conditions, and exposure to 
oxidants, such as ascorbic acid and trace metal ions. So natural C-PC is not a particularly stable 
protein. 

2. It was found to be unstable to heat and light in aqueous solution, prone to free-radical oxidation 
[20]. 

3. The optimum pH range for C-PC was found to be 5.0–6.0 [21] and it is insoluble in acidic solution 
(pH 3) [22]. 

4. The critical temperature for C-PC stability is 47°C, with a sharp drop in the protein half-life values 
above this temperature.

5. At 50°C, the C-PC solution showed maximum stability 
at pH 6.0, while at 60°C the maximum protein stability 
was at pH 5.5 [23].

6.  Exposure to light of 3  ×  105  lux for 24  hours in 
aqueous solution at pH  5 and 7 caused ~80% of its 
degradation [22]. 

1. Natural food colorants are often sensitive to heat, light, oxygen, acidic conditions, and exposure to oxidants, 
such as ascorbic acid and trace metal ions. So natural C-PC is not a particularly stable protein. 

2. It was found to be unstable to heat and light in aqueous solution, prone to free-radical oxidation [20]. 

3. The optimum pH range for C-PC was found to be 5.0–6.0 [21] and it is insoluble in acidic solution (pH 3) [22]. 

4. The critical temperature for C-PC stability is 47°C, with a sharp drop in the protein half-life values above this 
temperature.

 Phycocyanin stability and technologies to improve stability

Therefore, although C-PC has high potential for 
applications in food industry, biotechnology, and 
medicine, stability issue is one of the limiting factors for 
its successful application.

https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements
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https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B20
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B21
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B22
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B20
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B21
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B22
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B20
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B21
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B22
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B23
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B22
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B20
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B21
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B22
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B23
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements#B22
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements
https://www.intechopen.com/books/microalgal-biotechnology/spirulina-phycobiliproteins-as-food-components-and-complements


1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4879233/ 

2. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687155/ 

3. https://link.springer.com/article/10.1186/s12935-018-0511-5 

4. https://www.nature.com/articles/s41598-019-55605-w 

5. https://pubmed.ncbi.nlm.nih.gov/31844085/ 

6. https://link.springer.com/article/10.1007/s11274-010-0516-2 

7. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130854/ 

8. https://pdfs.semanticscholar.org/dfea/
f7d2cb003a397e5e7e658cb601122f6c490e.pdf?
_ga=2.5873264.233170953.1603800743-1444294916.1600833936 

9. https://www.researchgate.net/publication/
281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira 

10. https://europepmc.org/article/cba/295843 
11. https://pubmed.ncbi.nlm.nih.gov/19914399/ 
12. https://www.e-algae.org/m/journal/view.php?number=2817  
13. http://www.spirulinasource.com/2013/03/spirulina-benefits-against-radiation/ 
14. https://www.x-mol.com/paper/1306772809090043904 

15. http://www.spirulinasource.com/library/health-library/

The list of used resources in slide No7: 

C.O. Simas Didžbalis 
 simas@fortivitum.com 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4879233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687155/
https://link.springer.com/article/10.1186/s12935-018-0511-5
https://www.nature.com/articles/s41598-019-55605-w
https://pubmed.ncbi.nlm.nih.gov/31844085/
https://link.springer.com/article/10.1007/s11274-010-0516-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130854/
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira
https://www.x-mol.com/paper/1306772809090043904
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4879233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687155/
https://link.springer.com/article/10.1186/s12935-018-0511-5
https://www.nature.com/articles/s41598-019-55605-w
https://pubmed.ncbi.nlm.nih.gov/31844085/
https://link.springer.com/article/10.1007/s11274-010-0516-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130854/
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://pdfs.semanticscholar.org/dfea/f7d2cb003a397e5e7e658cb601122f6c490e.pdf?_ga=2.5873264.233170953.1603800743-1444294916.1600833936
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira
https://www.researchgate.net/publication/281815052_Nutritional_and_toxicological_aspects_of_Spirulina_Arthrospira
https://www.x-mol.com/paper/1306772809090043904
mailto:%20simas@fortivitum.com
mailto:%20simas@fortivitum.com

