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2-Response Surface Methodology (RSM)
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1-Poly(vinyl alcohol) (PVA)
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Table 1. Actual and coded values of variables based on central composite design of PVA-CSO
nanocarrier
Variable/Level -0 -1 0 +1 +a
CSO concentration (%wt.) 5 10 15 20 25
Pump rate (mL/h) 0.5 1.625 2.75 3.875 5
Distanse between needle tip and collector (cm) 7.5 11.25 15 18.75 22.5
Applied voltage (kV) 10 15 20 25 30
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1-Central composite rotatable design (CCRD)
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Table 2. RSM design of actual/coded factors and experimental response of PVA-CSO nanocarrier

. . Pump rate Distanse  Applied voltage  Diameter
Run concentration (mL/h) (cm) (kV) (nm)
(%wt)

1 15 2.75 15 20 426.1
2 15 0.5 15 20 557.4
3 20 1.625 11.25 15 505.8
4 10 1.625 18.75 25 454.8
5 10 3.875 18.75 15 563.2
6 15 2.75 15 20 4229
7 15 2.75 15 20 424.8
8 15 2.75 7.5 20 473.3
9 10 1.625 11.25 15 475.7
10 20 1.625 11.25 25 492.9
11 20 1.625 18.75 15 491.3
12 10 1.625 11.25 25 468.1
13 20 3.875 11.25 25 557.4
14 20 3.875 18.75 25 546.5
15 10 1.625 18.75 15 452.6
16 15 2.75 22.5 20 445
17 15 5 15 20 726.2
18 15 2.75 15 20 427.7
19 10 3.875 11.25 15 591.6
20 20 3.875 18.75 15 608.2
21 15 2.75 15 20 4359
22 20 1.625 18.75 25 495 .4
23 25 2.75 15 20 510.1
24 15 2.75 15 20 428.2
25 15 2.75 15 10 534.3
26 5 2.75 15 20 447.6
27 10 3.875 11.25 25 545.4
28 20 3.875 11.25 15 618.3
29 15 2.75 15 30 481.6
30 10 3.875 18.75 25 508.3
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Pareto Chart of the Standardized Effects
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A CSO concentration (%wt,)
B Pump rate (mL/h)
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D Applied voltage (kV)
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Fig 1. Pareto chart evaluating the effects of process variables on the diameter (nm) of PVA-CSO
nanocarriers
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Fig 2. Independent effect of (A) CSO concentration (%owt.), (B) pump speed (mL/h), (C) distance (cm)
and (D) applied voltage (kV) on the diameter (nm) of the PVA-CSO nanocarrier
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Table 3. ANOVA for PVA-CSO nanocarrier Quadratic model

Source Sum of Squares df Mean Square F-value p-value
Model 1.451E+05 14 10365.43  522.64 <0.0001 significant
A-CSO concentration (wt.%) 6051.55 1 6051.55 305.13 <0.0001
B-Pump rate (mL/h) 45058.00 1 45058.00 2271.88 <0.0001
C-Distance (cm) 1528.01 1 1528.01 77.04 <0.0001
D-Applied voltage (kV) 4910.62 1 4910.62 247.60 <0.0001
AB 9.46 1 9.46 0.4768 0.5004
AC 296.70 1 296.70 14.96 0.0015
AD 38.75 1 38.75 1.95 0.1825
BC 90.73 1 90.73 4.57 0.0493
BD 2743.14 1 2743.14 138.31 <0.0001
CD 18.71 1 18.71 0.9432  0.3469
A? 4683.84 1 4683.84 236.16 <0.0001
B2 79405.73 1 79405.73 4003.73 <0.0001
C? 1818.62 1 1818.62 91.70 <0.0001
D? 11350.65 1 11350.65 57231 <0.0001
Residual 297.49 15 19.83
Lack of Fit 196.05 10 19.61 0.9664 0.5518 not significant
Pure Error 101.44 5 20.29
Cor Total 1.454E+05 29

F-value=0YY/18) coul I3 _sme bl L 51 Juke oS 3l
S syls Jlaa=l sy /) Les &S (gysba (p<e/ree)
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Table 4. Predicted optimal response conditions for PVA-CSO nanocarrier

Name Goal  Lower Limit Upper Limit Predicted Validated
A:CSO concentration (wt.%) is in range 10 20 11.422 12
B:Pump rate (mL/h) is in range 1.625 3.875 2.716 2.75
C:Distance (cm) is in range 11.25 18.75 16.431 15
D:Applied voltage (kV) is in range 15 25 23.702 25
Diameter (nm) minimize 422.9 726.2 420.626  422.8
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Nanocarriers, as advanced delivery systems for bioactive compounds,
play a pivotal role in enhancing stability, improving functionality, and
enabling innovative applications in food and packaging industries.
This study focuses on the fabrication and optimization of
biocompatible nanocarriers based on poly(vinyl alcohol) (PVA)
loaded with microwave-roasted Camelina sativa seed oil (CSO),
aimed at applications in smart food packaging. Electrospinning
combined with Response Surface Methodology (RSM) using a
Central Composite Rotatable Design (CCRD) was employed to
investigate the effects of key processing variables, including oil
concentration (5-25% w/w), applied voltage (10-30 kV), tip-to-
collector distance (7.5-22.5 cm), and pump rate (0.5—-5 mL/h), on the
nanocarrier diameter. The developed regression model showed a high
degree of fit, confirming strong correlations between the factors and
response (R?=0.998). Analysis of variance and Pareto chart indicated
that pump rate and CSO concentration significantly influenced fiber
diameter. Increasing CSO concentration led to thicker and more
uniform fibers, attributed to higher viscosity and reduced charge
density. These nanocarriers offer controlled release of bioactive
compounds and are promising candidates for use in active and
intelligent food packaging systems.
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