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Background and Objectives: Increasing interest in natural pigments
has emerged due to the reduced use of synthetic colorants in the food
industry. Phycocyanin, a bioactive pigment from Spirulina platensis,
exhibits antioxidant and anticancer properties but is sensitive to heat, light,
and pH, limiting its application. This study aimed to evaluate the effect of
different phycocyanin nanocapsule coatings on the color and texture of
enriched functional breads.

Materials and Methods: Phycocyanin powder was nhanocapsulated
with whey protein, soy protein isolate, and a combination of soy protein
isolate + maltodextrin. Non-encapsulated phycocyanin (control) and free
phycocyanin were also tested. The nanocapsules were incorporated into
bread formulations, and color parameters (L*, a* b* AE) and texture
hardness were measured. Data were analyzed using ANOVA at a
significance level of (P<0.05).

Results: The type of coating significantly affected color and texture.
In bread crumb, the soy protein isolate + maltodextrin coating produced
the highest lightness (L* = 79.33) and total color difference (AE = 81.10),
while free phycocyanin showed the lowest values. In the bread crust,
this coating also exhibited the highest redness (a* = 12.67) and yellowness
(b* = 19.40). Regarding texture, bread with whey protein had the highest
hardness (1732 N), and bread with soy protein isolate had the softest
texture (1075.33 N).

Conclusion: Nanocapsulation of phycocyanin with a soy protein isolate +
maltodextrin coating improved color stability, enhanced visual attributes,
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and maintained desirable bread texture. This approach offers a promising
strategy for developing functional breads and natural food products with

higher consumer acceptance.
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Table 1. Color analysis of phycocyanin Nano-encapsulated powder using different wall materials
(maltodextrin, soy protein isolate, and whey protein).
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Data are presented as mean * standard deviation. Different lowercase letters within a column indicate statistically
significant differences among treatments at the same sampling time
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Table 2. Results of color analysis of bread crust enriched with phycocyanin Nano-powder using different wall
materials (maltodextrin, soy protein isolate, and whey protein).
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significant differences among treatments at the same sampling time
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Table 3. Results of color analysis of bread crust enriched with phycocyanin Nano-powder using different wall
materials (maltodextrin, soy protein isolate, and whey protein).
Lol 3,
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7437+0.70°%  19.40+0.35°  12.67+0.57°  70.43+0.85° Pigment-loaded nanocapsules coated with a 1
combination of soy protein isolate and maltodextrin
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Data are presented as mean + standard deviation. Different lowercase letters within a column indicate statistically
significant differences among treatments at the same sampling time
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Figure 1. The blue color of phycocyanin in the enriched bread remained stable during baking at 180 °C.
This thermal stability is attributed to the double-layered nanocapsules coated with soy protein isolate and

maltodextrin, which effectively protect the pigment from heat degradation, oxidation, and pH fluctuations by
limiting direct exposure to environmental factors, thereby preserving the color in the dough matrix during baking.
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Table 4. Texture analysis of bread fortified with phycocyanin nanoencapsulation using different wall materials
(maltodextrin, soy protein isolate, and whey protein), expressed in Newtons (N).
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Data are presented as mean + standard deviation. Different lowercase letters within a column indicate statistically
significant differences among treatments at the same sampling time
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Figure 2. Microstructural texture of bread enriched with phycocyanin-loaded nanocapsules formulated using

different wall materials, including maltodextrin, soy protein isolate, and whey protein (treatment containing
nanocapsules coated with soy protein isolate and maltodextrin).
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