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1. Polyvinyl alcohol (PVA)
2. Food grade
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2. Scanning Electron Microscopy (SEM)
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Figure 1- Preparation of PVA/ Chitosan/ Sodium Caseinate solutions for electrospinning
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Table 1- Ranges of experimental variables (%) in electrospinning
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1. Fourier transform infrared spectroscopy (FTIR)
2. Thermogravimetric analysis (TGA)

3. Mixture
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Table 2- The diameter of electrospun nanofibers prepared from solutions with different polymeric ratios
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Figure 2- SEM images of nanofibers fabricated by different mixing ratios of PVA/Chitosan/Sodium Caseinate a (50-
0-50), b (60-10-30), ¢ (60-20-20), d (70-0-30), e (70-10-20), f (70-20-10), g (75-5-20), h (75-10-15), and i (80-10-
10), scale 1-2 um.
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Abstract

Background and objectives: Electrospinning is used to produce multi-compound nanofibers
with enhanced physicochemical properties. As a promising technology, it is considered the
most potent method for industrial development because of its humble mechanism and several
applicable polymers. The present study investigated electrospinning of three polymers including
polyvinyl alcohol, chitosan, and sodium caseinate to bring enhanced thermal resistance
nanofibers.

Materials and methods: First, the effect of operating factors including needle to collector
distance, polymer concentration, and high-voltage as critical conditions to produce nanofiber
were evaluated by performing various preliminary experiments. Then, based on the D-Optimal
mixture design (Design of experiments (DOE), Ver 10), electrospinning was carried out at a
distance of 12 cm, voltage of 16 kV, and a flow rate of 0.5 ml/h with different ratios of three
polymeric solutions (polyvinyl alcohol, chitosan, and sodium caseinate). The morphology and
diameter of nanofibers were investigated using scanning electron microscopy images.
According to the results, there samples were selected based on the differences in diameter size
(low, medium, and high). Therefore, the physicochemical properties of these samples along
with chitosan-free sample were investigated using X-ray diffraction (to determine
crystallographic structure), Fourier tranforms infrared spectroscopy (to observe chemical
changes), and thermogravimetric analysis (to determine the nanofiber's thermal stability).

Results: Nanofibers of polyvinyl alcohol / chitosan / sodium caseinate were successfully
electrospun with mean diameters in the range from 121 to 192 nm. The nanofibers code no. 622
(i.e. 60% polyvinyl alcohol, 20% chitosan and 20% sodium caseinate), code no.811 (i.e. 80%
polyvinyl alcohol, 10% chitosan and 10% sodium caseinate), and code no.721 (i.e. 70%
polyvinyl alcohol, 20% chitosan and 10% sodium caseinate) exhibited the highest to the lowest
size, respectively. The observed decrease of X-ray diffraction pattern peak intensity in
nanofibers was attributed to the sharp decrease in the semi-crystalline structure of polyvinyl
alcohol in combination with chitosan and sodium caseinate polymers as affected by the
formation of hydrogen bonds and crystalline-amorphous phase compatibility. The Fourier
transform infrared spectroscopy confirmed that all three polymers were fully dispersed in the
nanofibers. The thermogravimetric analysis results also showed that despite the higher initial
decomposition temperature of chitosan-free sample (Code n0.703: i.e. 70% polyvinyl alcohol
+30% sodium caseinate), this polymer may improve thermal stability over a wider temperature
range.
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Conclusion: Owing to the successful electrospinning and the appropriate physicochemical
properties of the nanofibers as with proper thermal resistance, it can be propounded to employ
chitosan, polyvinyl alcohol, and especially sodium caseinate electrospun nanofibers for
implementing in severe thermal circumstances and nanoencapsulation of bioactive compounds
(like the ones with hydrophobic nature).

Keywords: Electrospinning, Polyvinyl Alcohol, Chitosan, Sodium Caseinate, Physicochemical
Properties.
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