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A Review on the Production of Blue Edible Pigment: Phycocyanin

Abstract

Nowadays, the use of natural colors in the food and pharmaceutical industries is very important. Natural pigments obtained
from animals, plants and microorganisms are a promising alternative to artificial food colors because synthetic colors have a
negative effect on human health in the long term. Phycocyanin is used as a natural blue and water-soluble pigment instead of
artificial blue food dyes, which in addition to coloring food, have potential useful properties as antioxidants and anticancer
agents, and therefore have received scientific and industrial attention. Phycocyanin is extracted from microalgae such as
spirulina and has a health-giving role against various conditions such as cancer, anemia, inflammation, diabetes, obesity and
neurological disorders, and has gained popularity due to its various applications in various food and pharmaceutical
industries. In this research, an overview of the biotechnological production of phycocyanin edible blue dye from spirulina
microalgae, microbial culture, extraction, purification, stability methods and its applications have been discussed.

Keywords: Phycocyanin, Spirulina, Food dye, Extraction, Purification.
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Figure 1: chemical structure of phycocyanin (8).
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figure 2: Appearance of phycocyanin pigment.
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Figure 3: Structure of phycobilisome (12)

Each phycobilisome is made up of colored proteins called phycobiliproteins, such as the blue-colored phycocyanin, the red-colored
phycoerythrin, and the green-colored allophycocyanin, whichis organized to transfer energy (hv) unidirectionally to the reaction center in a
highly efficient way. These molecules are arranged in an antenna-like shape, in a way that the absorbed energy is funneled to the center of
the reaction of photosystem Il (purple) and I (orange) with an efficiency higher than 95%.

PBS = Phycobilisome; PE = phycoerythrin; PC = phycocyanin; APC =allophycocyanin; PSI = photosystems I; PSIl = photosystems |1
(12).
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Figure 4: Chemical structure of Brilliant Blue synthetic dye (8).
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Figure 5: Chemical structure of indigo carmine synthetic dye (8).
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Table 1: Phycocyanin producing microorganisms.

Spirulina platensis (15)
Calothrix sp. (16)
Anabaena fertilissima PUPCCC 410.5 a7
Galdieria sulphuraria (18)
Arthrospira maxima (29)
Geitlerinema sp. HSDM (20)
Limnothrix sp. strain 37-2-1 (22)
Oscillatoria quadripunctulata (22)
Pseudomonas spp. (23)
Phormidium sp. (24)
Lyngbya sp. (24)
Aphanizomenon flos-aquae (25)
Arthrospira platensis (Spirulina) (26)
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Table 2: The amount of Zarrouk culture medium compounds (28).

Na' :5675.28 Mn:0.61

CO5* : 12000 Cl : 632.648 K*:763.1 Cu:0.02
HCO; : 12 203 Ca* :14.4 Zn:0.005
Mg® : 19.7 Fe:2.01
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Table 3: Experiments to evaluate the effect of different stress conditions (25).

Group Treatment

G1. Standard (NaHCO; — 18.0 g/l, 0.017 M salinity, pH 9)
G2. -100% Carbon deficiency (NaHCO3z — 0.0 g/l)
G3. -75% Carbon deficiency(NaHCO3 — 4.5 g/l)
G4. -50% Carbon dificiency (NaHCO;z — 9.0 g/l)
G5. 0.2 M Salinity

G6. 0.4 M Salinity

G7. 0.6 M Salinity

G8. 0.8 M Salinity

G9. PH 6

G10. PH 7

G11. PH 10

Gl12. PH11
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* Pulsed electric field (PEF)
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Table 4: Comparison of blue color samples by Hunterlab device (5).

Brilliant Blue Foreign sample Color purified with Purified color in
Amounts : Hansen ) chitosan/activated the conventional crude extract
(chemical dye)
Company) charcoal way
L* 42.93 21.55 42.99 48.47 56.36
a* -6.82 14.74 -1.26 3.11 -11.92
b* -23.56 -39.08 -31.96 -20.15 -17.16
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