Table S1. ANOVA Tables for Reduced Quadratic Models (Particle Size, PDI, Zeta Potential, and Encapsulation Efficiency) 
(a) Response 1: Particle Size (nm)
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value
	

	Model
	5068.09
	5
	1013.62
	76.45
	< 0.0001
	significant

	A-BSA
	83.85
	1
	83.85
	6.32
	0.0287
	

	B-RSV:BSA
	1272.60
	1
	1272.60
	95.98
	< 0.0001
	

	C-PC:BSA
	3256.24
	1
	3256.24
	245.59
	< 0.0001
	

	BC
	93.12
	1
	93.12
	7.02
	0.0226
	

	B²
	362.27
	1
	362.27
	27.32
	0.0003
	

	Residual
	145.85
	11
	13.26
	
	
	

	Lack of Fit
	145.85
	7
	20.84
	
	
	

	Pure Error
	0.0000
	4
	0.0000
	
	
	

	Cor Total
	5213.94
	16
	
	
	
	


R² = 0.9720; Adjusted R² ≈ 0.956
(b) Response 2: PDI
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value
	

	Model
	0.0116
	5
	0.0023
	48.64
	< 0.0001
	significant

	A-BSA
	0.0005
	1
	0.0005
	11.04
	0.0068
	

	B-RSV:BSA
	0.0046
	1
	0.0046
	95.30
	< 0.0001
	

	C-PC:BSA
	0.0041
	1
	0.0041
	86.53
	< 0.0001
	

	B²
	0.0021
	1
	0.0021
	44.41
	< 0.0001
	

	Residual
	0.0005
	11
	0.0000
	
	
	

	Lack of Fit
	0.0005
	7
	0.0001
	
	
	

	Pure Error
	0.0000
	4
	0.0000
	
	
	

	Cor Total
	0.0122
	16
	
	
	
	


R² = 0.9582
(c) Response 3: Zeta Potential (mV)
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value
	

	Model
	407.19
	6
	67.86
	28.14
	< 0.0001
	significant

	A-BSA
	19.53
	1
	19.53
	8.10
	0.0174
	

	B-RSV:BSA
	79.38
	1
	79.38
	32.92
	0.0002
	

	C-PC:BSA
	225.78
	1
	225.78
	93.63
	< 0.0001
	

	AB
	14.06
	1
	14.06
	5.83
	0.0364
	

	A²
	13.88
	1
	13.88
	5.76
	0.0374
	

	B²
	51.37
	1
	51.37
	21.30
	0.0010
	

	Residual
	24.11
	10
	2.41
	
	
	

	Lack of Fit
	24.11
	6
	4.02
	
	
	

	Pure Error
	0.0000
	4
	0.0000
	
	
	

	Cor Total
	431.30
	16
	
	
	
	


R² = 0.9441
(d) Response 4: Entrapment Efficiency (%)
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value
	

	Model
	702.91
	5
	140.58
	46.82
	< 0.0001
	significant

	A-BSA
	54.60
	1
	54.60
	18.19
	0.0013
	

	B-RSV:BSA
	310.00
	1
	310.00
	103.25
	< 0.0001
	

	C-PC:BSA
	181.45
	1
	181.45
	60.43
	< 0.0001
	

	B²
	131.23
	1
	131.23
	43.71
	< 0.0001
	

	C²
	19.52
	1
	19.52
	6.50
	0.0270
	

	Residual
	33.03
	11
	3.00
	
	
	

	Lack of Fit
	33.03
	7
	4.72
	
	
	

	Pure Error
	0.0000
	4
	0.0000
	
	
	

	Cor Total
	735.94
	16
	
	
	
	


R² = 0.9551

[image: ]
Figure S1. Diagnostic plots confirming the validity of the reduced quadratic models for (a) Particle Size, (b) PDI, (c) Zeta Potential, and (d) Encapsulation Efficiency. In each case: (i) normal probability plot of residuals (showing linearity, confirming normality), (ii) residuals versus predicted values (random scatter, confirming constant variance), and (iii) residuals versus run order (no trends, confirming independence).
image1.tiff
(a) Particle Size

" ii . . i .
@) Normal Plot of Residuals (i Residuals vs. Predicted (i) Residuals vs. Run
6.00 6.00
99
3 B 4.00 350413 a 4,00 350413 ?
90
70 2.00 o 2.004
- o
000de 5 o 2 0.00 2% A
20 . ) \/ i~|\[ ~ v Y
o
5] -2.00 Ll " -2.00
1]
_a.00 e 4,00 e
— — T T T T T T T T T L e e B s e s
-2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00 140 160 180 200 220 1 3 5.7 9 11 13 15 17
X: Externally Studentized Residuals X: Predicted . X: Run Number
Y: Normal % Probability Y: Externally Studentized Residuals Y: Externally Studentized Residuals
(b) Polydispersity index (PDI)
0] Normal Plot of Residuals (i) Residuals vs. Predicted (i) Residuals vs. Run
4.00 {35083 4.00 fzs0a13
99
s
903 2,00 a 2,00
70 - a
50 0,00 - 2 2 a | 000l A ‘/\ /'/\
20 - "t s v W \1
53 -2.00 -2.00]
1] a
-4.00 {35 _4.00 |2
' ! ! J ) J J ¥ T ! T ! ! ) L T T T T T T T T T
-3.00 -2.00 -1.00 0.00 1.00 200 3.00
X: Externally Str%egtizgdbﬁl_esiduals 02 022 D8d gideg 028 03 T35 i A, 13187
: Normal robabili . i i : Run Number
ity Y: Externally Studentized Residuals V: Externally Studentized Residuals
(c) Zeta potential (ZP)
) Normal Plot of Residuals (i) Residuals vs. Predicted (iii) Residuals vs. Run
6.00 6.00_
99 ]
4.00_Jzoms 4.00_l2ems
90 a
2.00| e = 2,00 /\
70 s '\ /\
50 0.00{ - - 0.00 e /\_
- ° 8 Ta ""*‘/\/ V\-/' b
20 -2.00 " = | 200
53
4,00 -0 2,00 _|-2oims
1]
-6.00 -6.00
200 100 000 100 200 300 : : ) ) . J L S AR A
X Ext\é/rr’{‘ally 'St?gest‘izgdbeig'siduals' -35 30 s predicted 2° -15 13 5 X éun 9Num1}ler13 15 17
- Normal % Probability Y: Externally Studentized Residuals Y: Externally Studentized Residuals
Entrapment Efficiency (%) (EE %)
U] Normal Plot of Residuals (i) Residuals vs. Predicted (iii) Residuals vs. Run
4.00 350413 4.00 350413
99
o
903 2,00 - 200
s
70
50 000l " o 0.00{2 ’.4 5 B
PE— j \/W
20 " e m s
- -2.00-
53 2,00 o
1]
a00_f _a.00 e
T T T T T T T T T T T T T v Y v v v v v v T
-2.00 _-1.00 200 3.0 65 70 90 95 T3 5 hun Rumper 2 7

000 = 1.00
X: Externally Studentized Residuals
Y: Normal % Probability

75 80 85
X: Predicted
V: Externally Studentized Residuals

X:
Y: Externally Studentized Residuals




