Supplementary Information
Table S1. Independent variables and coded levels used in the Box–Behnken design.
	Coded level
	A: Anthocyanin concentration (%)
	B: Pectin proportion
	C: Total polysaccharide concentration (%)

	−1
	0.05
	0.50
	2.0

	0
	0.10
	0.75
	2.5

	+1
	0.15
	1.00
	3.0
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Table S2. Box–Behnken experimental design and measured encapsulation efficiency of ASD-loaded hydrogel beads.
	Run
	Anthocyanin concentration (%)
	Pectin proportion
	Total polysaccharide concentration (%)
	Encapsulation efficiency (%)

	1
	0.05
	0.50
	2.5
	39.13

	2
	0.05
	0.75
	3.0
	44.63

	3
	0.10
	0.50
	2.0
	40.82

	4
	0.10
	0.75
	2.5
	50.51

	5
	0.10
	0.50
	3.0
	44.57

	6
	0.15
	0.75
	3.0
	50.69

	7
	0.15
	0.75
	2.0
	50.57

	8
	0.05
	0.75
	2.0
	44.20

	9
	0.10
	0.75
	2.5
	49.12

	10
	0.10
	1.00
	2.0
	46.79

	11
	0.10
	0.75
	2.5
	49.21

	12
	0.10
	0.75
	2.5
	50.57

	13
	0.15
	1.00
	2.5
	49.93

	14
	0.15
	0.50
	2.5
	49.05

	15
	0.10
	1.00
	3.0
	48.35

	16
	0.05
	1.00
	2.5
	47.28

	17
	0.10
	0.75
	2.5
	49.98




Table S3. Analysis of variance, model adequacy, and validation statistics for the quadratic response surface model.
A. Analysis of variance
	Source
	Sum of squares
	df
	Mean square
	F value
	p value
	Significance

	Model
	196.69
	9
	21.85
	31.81
	< 0.0001
	***

	A
	78.13
	1
	78.13
	113.72
	< 0.0001
	***

	B
	44.09
	1
	44.09
	64.17
	< 0.0001
	***

	C
	4.29
	1
	4.29
	6.25
	0.0410
	*

	AB
	13.21
	1
	13.21
	19.23
	0.0032
	**

	AC
	0.0240
	1
	0.0240
	0.0350
	0.8570
	ns

	BC
	1.20
	1
	1.20
	1.75
	0.2280
	ns

	A²
	1.37
	1
	1.37
	1.99
	0.2009
	ns

	B²
	36.90
	1
	36.90
	53.71
	0.0002
	***

	C²
	13.42
	1
	13.42
	19.53
	0.0031
	**

	Residual
	4.81
	7
	0.6870
	
	
	

	Lack of fit
	2.90
	3
	0.9665
	2.02
	0.2530
	ns

	Pure error
	1.91
	4
	0.4774
	
	
	

	Cor. total
	201.50
	16
	
	
	
	


Significance codes: *** p < 0.001; ** p < 0.01; * p < 0.05; ns, not significant.
B. Model adequacy and validation
	Statistic
	Value
	Statistic
	Value

	Standard deviation
	0.8288
	R²
	0.9761

	Mean response
	47.38
	Adjusted R²
	0.9454

	Coefficient of variation (%)
	1.75
	Predicted R²
	0.7550

	Adequate precision
	19.2623
	Predicted optimum EE (%)
	51.182

	Experimental EE at practical optimum (%)
	51.48 ± 0.57
	Relative deviation from predicted value (%)
	0.58


Practical optimum: 0.12% anthocyanin, pectin proportion 0.825, and 2.6% total polysaccharides. Values are reported as mean ± SD for the validation experiment.
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