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Scheme 1 Design of porous edible cryogel for cultured meat.
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Table 1 Composition of prepared cryogel.

Sample CA SPI SA Salt solution
#1 18% 67% 15% CaCl, 0.05M
#2 18% 67% 15% CaCl,/KCl 0.05M
#3 18% 67% 15% CaCl, 0.5M
#4 18% 67% 15% CaCl,/KCl 0.5M
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Fig. 1 SEM images of the surface and cross-section of the prepared cryogel. Scale bars = 500 pm.
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Fig.2 (a) Average pore size measured from SEM images.
(b) Porosity percentage calculated based on the images.
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Fig.3 Mechanical properties of cryogels measured by compression tests.
(a) Compression modulus. (b) Compression strength. Data shown as mean & SD (n = 3, *p < 0.05).
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Fig.4 Mechanical properties of cryogels measured by tensile tests.
(a) Tensile modulus. (b) Tensile strength. Data shown as mean = SD (n = 3, *p < 0.05).
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Fig.6 Proportions of protein structures calculated by deconvolution
of the Amide | peak in the FTIR spectrum.
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Fig.5 FTIR spectra of CA/SPI/SA cryogel, with spectra of each components (CA, SPI, and SA) shown for comparison.
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Fig.7 Cellular morphology of C2C12 cultured on cryogel.
(a) Fluorescence microscopy images showing cell adhesion and proliferation on the surface of the cryogel at day 3 and day 10, and in the cross-
section at Day 10. Green fluorescence indicates live cells. Scale bars = 100 um. (b) SEM images of the cryogel surface and cross-section at day 10,
revealing the cell morphology and distribution. Surface scale bar = 50 um, cross-section scale bar = 100 um.
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Fig.8 Quantitative analysis of cell proliferation on cryogel over time.
The graph presents cell counts at 3, 6, and 10 days post-seeding,
starting with an initial seeding density of 5 X 10° cells.
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The global demand for alternative proteins is increasing, prompting a search
for innovative, energy-efficient food production methods. This study develops a
manufacturing technology for mature tissues that mimic the physical and
biochemical properties of biological tissues, using edible porous hydrogel
materials derived from soy protein as 3D culture carriers. We explored a
combination of soy protein isolates (SPI), which are known for their excellent
cell adhesion properties, with carrageenan (CA) and sodium alginate (SA), which
are noted for their rapid ion cross-linking capabilities. In the experiments, SPIs,
CA and SA were dissolved in water, heated, mixed, and then allowed to gel at
room temperature. After repeated heating and cooling to enhance gelation, the
resulting hydrogel was immersed overnight in a Ca®" and K" solution to form a
CA/SPI/SA hydrogel. A cryogel was subsequently produced by freeze-drying.
Myoblasts (C2C12) seeded onto this cryogel and cultured under agitation
showed improved mechanical strength, and significant cell adhesion and
proliferation after 10 days. These findings suggest that the cryogel’s porous
structure promotes cell growth, underscoring the biocompatibility of a CA/SPI/
SA hydrogel. As a result, this hydrogel may prove to be an effective scaffold for
cultured meat production, offering a sustainable protein production solution.



