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Effect of Silk Fibroin Aqueous Solution on Structure and Properties of
Regenerated Porous Scaffold Materials Using Freeze-Thaw Method

WANG Yaxin!?3, SHI Tianqi’*?, WANG Qian!??, NING Wan’e!->?*, HUANG Jiweil?3
(1. College of Biological and Chemical Engineering, 2. Rainbow Modern Textile Industry College, 3. Guangxi Zhuang
Autonomous Region Engineering Research Center of Silk, Guangxi University of Science and Technology,

Liuzhou 545006, Guangxi, China)

Abstract: Three typical solvent systems, calcium chloride-ethanol-water, lithium bromide-water, and calcium chloride-
formic acid, were employed to dissolve degummed silk fibers. The resulting silk fibroin solutions were subsequently
subjected to dialysis, filtration, and concentration processes to obtain three distinct silk fibroin aqueous solutions. Porous
scaffolds were then fabricated from each solution using the freeze-thaw method. The morphology, porosity, structure, thermal
stability, and mechanical properties of the resulting scaffolds were characterized using scanning electron microscopy (SEM),
X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FT-IR), thermogravimetric analysis (TGA), differential

scanning calorimetry (DSC), and mechanical testing. The results indicated that the preparation methods of the three silk
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fibroin aqueous solutions exerted only a minor influence on the structure and properties of the freeze-thaw-derived porous
scaffolds. All scaffolds exhibited interconnected porous architectures and a stable Silk I conformation. However, the scaffold
derived from the calcium chloride-formic acid-based silk fibroin solution showed a higher S-sheet content and superior
compressive mechanical properties.

Key words: calcium chloride-formic acid solvent system; silk fibroin aqueous solution; freeze-thaw method; porous

scaffold material; Silk I structure
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Fig. 1 Morphology of porous scaffold materials
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Fig. 2 Porosity of porous scaffold materials
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Fig. 3 XRD spectra of porous scaffold materials
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Fig. 4 FT-IR spectra of porous scaffold materials
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Table 1 Secondary structure relative content of porous scaffold materials
Relative content/%
Post-processing Solution

f-Sheet Random coil a-Helix S-Turn

CaCl,-EtOH-H,0 31.62 29.93 10.81 17.82

Air-drying LiBr-H,0 31.98 29.87 9.98 17.91

CaCl,-FA 33.25 28.63 10.02 18.01

CaCl,-EtOH-H,0 32.09 28.99 9.87 18.12

Soaking in water, then air-drying LiBr-H,0 32.17 29.05 10.12 17.93
CaCl,-FA 34.67 28.31 10.06 17.11

CaCl,-EtOH-H,0 3543 27.33 10.77 17.25

Soaking in ethanol, then air-drying LiBr-H,0 35.69 27.45 10.68 17.31
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Fig. 5 Thermal analysis curves of porous scaffold materials
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