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350 18.75 23.5943 1 50 0 +2 0 0 1
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Pareto Chart of the Standardized Effects

(response is Diameter (nm), a = 0.05)
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Fig 1. Pareto chart evaluating the effects of process variables on the diameter (nm) of Ver-PVA nanocarriers
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Fig 2. Independent effect of (A) PVA ratio (%ov/v), (B) pump speed (mL/h), (C) distance (cm) and (D) applied voltage
(kV) on the diameter (nm) of the Vpr-PVA nanocarrier
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Fig 3. 3D/contour plots of the multiple interaction effect of PVA ratio— pump rate on the diameter of the Vpr-PVA
nanocarrier

6.09484  23.3806

23.5048 Diameter (nm)

>
i
g
o

C: Distance (cm)

6.09484 o ~
23.3806 37.8729 523652 66,8575 81.3498 95.8421

A: PVA (%v/v)

Ver-PVA Jola g5l (yiogil) yhad i alold — PVA Cund Bl wa s piiSod p 1 19015/ gamaw sl lag0i —£ JSWS
Fig 4. 3D/contour plots of the multiple interaction effect of PVA ratio — distance on the diameter of the Ver-PVA
nanocarrier
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Fig 8. SEM image of Ver-PVA nanocarrier with 20000x magnification in optimal electrospinning conditions and
nanocarrier diameter distribution histogram
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Abstract

In this research, an electrospinning apparatus was used to fabricate a composite nanocarriers based on
Vigna radiata L. protein (Vpr) and polyvinyl alcohol (PVA) polymer. For modeling and optimization using
the response surface method (RSM) with input variables including PVA polymer ratio (35-65%w/w), pump
rate (0.5-1.5 mL/h), distance between needle tip and collector (10-20 cm) and applied voltage (12.5-25 kV)
were used. Central composite design (CCD) was used to implement and analyze the model, and
morphological analysis by scanning electron microscope (SEM) confirmed the electrospinning optimization
results. The results of the properties of the Vp-PVA nanocarrier’s solution including viscosity (20.99 cp),
electrical conductivity (254.18 uS/cm) and surface tension (38.14 mN/m) were determined. The optimal
conditions for the production of Vp-PVA functional nanocarriers with the predicted diameter - verified 332.9
- 345.7 nm, including the concentration of 52.5%w/w PVA ratio, 1 mL/h, pump rate, 13.5 cm distance
between the tip of the needle and the collector, 20 kV applied voltage was evaluated. SEM analysis confirmed
that the Vpr-PV A nanocarriers at the optimum point without beads have homogeneous, smooth and normally
distributed surfaces. According to the results of this research, Vigna radiata L. protein showed the potential
to produce uniform and porous nanofibers and use as a nanocarriers of bioactive compounds.
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