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Supplementary Fig. S1. Effect of SPI concentration on the tensile strength of SPI-GG composite films
The tensile strength increased significantly as SPI concentration increased from 3.0% to 5.0%, reaching a maximum value of 22.26 ± 0.31 MPa at 5.0% SPI. Further increases in SPI concentration resulted in a significant decrease in tensile strength.
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Values are expressed as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05).
Supplementary Fig. S2. Effect of GG content on the tensile strength of SPI-GG composite films
Tensile strength increased with increasing GG content, reached its maximum at 0.30% GG, and then decreased at higher GG contents.
[image: ]
Values are expressed as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05).
Supplementary Fig. S3. Effect of glycerol content on the tensile strength of SPI-GG composite films
Tensile strength reached its maximum at 25% glycerol and declined with further increases in glycerol content.
[image: ]
Values are expressed as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05).
Supplementary Fig. S4. Effect of heating temperature on the tensile strength of SPI-GG composite films
Tensile strength increased with heating temperature, peaked at 80 °C, and then declined at higher temperatures.
[image: ]
Values are expressed as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05).
Supplementary Fig. S5. Effect of heating time on the tensile strength of SPI-GG composite films
Tensile strength peaked after 30 min of heating and decreased with longer heating times.
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Values are expressed as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05).
Supplementary Fig. S6. Effect of pH on the tensile strength of SPI-GG composite films
Tensile strength increased up to pH 10.0 and then decreased as pH increased further.
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Values are expressed as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05).
Supplementary Fig. S7. Effect of ultrasonic treatment on the thickness of SPI-GG composite films
Film thickness decreased significantly after ultrasonic treatment, from 209.96 ± 2.54 μm to 198.87 ± 2.18 μm (p < 0.05), becoming comparable to that of the SPI film.
[bookmark: _GoBack][image: ]
Values are expressed as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05).

Supplementary Table S1. Levels and coded values of independent variables for the response surface experimental design
SPI concentration (A), GG content (B), glycerol content (C), and pH value (D) were selected for response surface optimization based on the single-factor experiments. Tensile strength was used as the response variable.
Table S1. Levels and codes of independent variables for the response surface experimental design
	Factor
	Symbol
	−1
	0
	+1
	Unit

	SPI concentration
	A
	4.0
	5.0
	6.0
	% (w/v)

	GG content
	B
	0.2
	0.3
	0.4
	% (w/v)

	Glycerol content
	C
	20
	25
	30
	% (w/w, based on SPI)

	pH
	D
	9.0
	10.0
	11.0
	-


Values are expressed as coded levels (−1, 0, +1).
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