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Abstract: 

The nanofibrous scaffold that mimics the extracellular matrix in structure has gained immense 

popularity, especially in the tissue engineering field, in the last decade. Several techniques have 

been utilized for fabricating nanofibrous scaffolds. Electrospinning is one of the most popular 

techniques to generate the nanofibrous scaffold, owing to processability, a wide variety of 

polymers and materials used, and affordability. This research aims to fabricate a smooth and 

uniform nonfibrous structure from poly (vinyl alcohol) and glycine aqueous solution. The effect 

of aqueous solution concentration and PVA to Gly different ratios on electrospinnability was 

investigated qualitatively utilizing scanning electron microscopy. Three different concentrations 

have been investigated 6 (w/v) %, 8 (w/v) %, and 10 (w/v) %, each one of these concentrations 

have been electrospun in different PVA to Gly weight ratios 4:1, 4:2, 4:3, and 4:4. The nanofibrous 

structure was attained with 8 (w/v) % and 10 (w/v) % with average fiber diameter in the range of 

232±66 nm to 591±186 nm. Therefore, the morphology of nanofibers was attributed to the effect 

of solution concentration, as well as was attributed to the electrospinning parameters including 

needle-to-collector distance, feeding rate, and applied voltage.   
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1. Introduction 

Poly (Vinyl Alcohol) (PVA) is one of the most synthetic biodegradable polymers used in 

biomedical applications. Contrary to other biodegradable polymers, PVA is water-soluble and 

insoluble in organic solvents; and only poorly soluble in ethanol [1]. PVA is a biocompatible, 

nontoxic, noncarcinogenic, non-immunogenic and inert polymer; owing to its hydrophilicity and 

hydroxyl group content [2,3]. Glycine (Gly) is the simplest amino acid and one of the most 

important elements in the human body since it is involved in the formation of protein. Furthermore, 

Gly is involved in the antioxidative reaction, cholesterol transport, and lipid metabolism; and it 

has been used as a nutrient to improve immunity, cardiovascular disease, prevent t issue injury, 

wound healing, and inflammatory diseases [4]. Gly can be crystallized into three polymorphic 

phases which are (α, β, and γ). Besides biocompatibility, biodegradability, renewable nature, 

affordability, and processability, it has a high shear piezoelectric coefficient and excellent 

mechanical properties [5]. 
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Tissue engineering is a multidisciplinary field that aims to use a combination of cells and scaffold 

to regenerate damaged tissue or organ. One of the methods that has been used to fabricate the 

scaffold, which provides a suitable environment for cells to grow, is electrospinning [6–8]. 

Electrospinning is a technique that uses the electrostatic force to generate a nanoscale/microscale 

fibrous scaffold with interconnected pores from polymer’s solution or melt. The generated 

electrospun nanoscale fibrous scaffold mimics the natural extracellular matrix (ECM) in tissue. 

For instance, bone tissue is composed of interconnected pores with high porosity, in order to 

facilitate vascularization and cell migration during bone regeneration [9–11]. 

In recent years, electrospinning has become the most popular technique to generate a nanoscale 

scaffold, due to its processability for both laboratory research production and industrial production. 

Furthermore, different two-and three-dimensional nanofibrous structures can be produced, for 

example, aligned nanofibers, tubular nanofibers, and coaxial nanofibers [12]. In this technique, the 

polymer fiber is generated at the tip of a needle and dragged to the metallic collector by an 

electrical force. In this respect, to overcome the surface tension of the polymeric solution and 

generate a “Tylor cone”, as shown in Figure 1, a distinct electrical field must be generated between 

the needle and the collector. During this process, the solvent evaporates before the polymer dry 

fiber accumulates at the collector. Different physical and chemical parameters, and ratios between 

solvent and solute have to be controlled in the electrospinning process [13]. Table 1 demonstrates 

different parameters that control the electrospinning process. 

 

 

Figure 1. Tylor Cone. 

 

 



Table 1. A list of electrospinning parameters that affect the final morphology of the polymer’s 

fiber [13]. 

Solution Parameters Process Parameters Environmental Parameters 

Viscosity 
Concentration 
Conductivity 

Dielectric constant 
Surface tension 

Charge of jet 
Solvent type 

Polymer type 

Polymer molecular weight 
Polymer solubility 

Boiling point 

Voltage 
Flow rate 

Shape of collector 
Needle gauge  

Distance 
Angle  

Motion 

Humidity 
Temperature 

Airflow 

 

Although electrospinning of PVA with Glycine has been reported in the literature [14], the electrospinning 

parameters including polymer molecular weight, solution specific concentration, flow rate,  and specific 

spinning voltage were not specified. Furthermore, the optimization process was not proved by scanning 

electron microscopy figures. Therefore, in this research, the PVA polymer was electrospun with Gly, and 

optimization of the processing parameters was performed to attain beadles nanofibrous structure.   

2. Materials and Methods 

2.1. Materials 

Poly (vinyl alcohol) Mw 85,000-124,000, 99+% hydrolyzed was purchased from Sigma-Aldrich. 

Glycine ≥99% pure in the form of white powder was purchased from Sigma-Aldrich. Triton-X 

100 was purchased from Merck (Germany). Pure water used in the solution preparation was 

attained in the laboratory with a water purification system using the reverse osmosis technique. 

2.2. Electrospinning 

The PVA/Gly solution was prepared in three different concentrations, which are 6 (wt/v 

)%, 8 (wt/v) %, and 10 (wt/v) % in 10 ml pure water. Each one of these concentrations was 

prepared in different PVA: Gly weight ratios, which are 4:1, 4:2, 4:3, and 4:4 as demonstrated in 

Table 2. The solution was completely dissolved utilizing a magnetic stirrer for two hours in 85-

90oC. Thereafter, a single jet commercial electrospinning apparatus (Inovenso NE200, Istanbul, 

Turkey) was utilized to fabricate the nanofibers. The fibers were collected onto a flat metallic 

collector covered with aluminum foil on top. In order to electrospin the PVA: Gly, the solution 

was fed through a 21-gauge needle (inner diameter =0.8mm), and the flow of the solution was 

controlled by an infusion pump. 

Optimization of different concentrations and ratios of the electrospinning process was conducted 

under different process parameters until the one that generates electrospinning with continuity is 

chosen. For electrospinning process variables, the applied voltage from 10KV to 20KV (in a step 

of 2.5KV), a flow rate of 5µl/min, 10µl/min, and 15µl/min, and collector-to-needle distance of 

7cm, 10cm, and 15cm, have been tried. Twelve samples were collected in the dissector before 

further use. 



Table 2. Electrospun PVA and Gly different concentrations, ratios, and weights. 

Concentration 

(w/v) % 

(PVA: Gly) 

Weight ratio 

PVA 

(g) 

Gly 

(g) 

6% 4:1 0.48 0.12 

4:2 0.4 0.2 

4:3 0.34 0.26 

4:4 0.3 0.3 

8% 4:1 0.64 0.16 

4:2 0.53 0.27 

4:3 0.46 0.34 

4:4 0.4 0.4 

10% 4:1 0.8 0.2 

4:2 0.67 0.33 

4:3 0.57 0.43 

4:4 0.5 0.5 

  

2.3. Characterization 

The morphology of electrospun fibers was characterized using Image Scanning Electron 

Microscopy (Zeiss EVO 15LS, Germany). The average fiber diameter, average pore size and 

porosity values were calculated using ImageJ Launcher software program, USA.    

3. Results and Discussion 

The common solvent that has been widely utilized in the literature to electrospin PVA is pure water 

[15,16]. Therefore, in this study pure water is used to make PVA: Gly solution. However, the 

water’s high surface tension prevented the formation of electrospinning fibers. In order to control 

the formation of beads and spraying instead of fiber formation, a surfactant was needed. The 

surfactant has been introduced in the polymer’s solution to decrease the surface tension and 

stabilize the electrospinning jet, and consequently overcome the beaded nanofibers problem [17]. 

In this respect, 0.5 ml of Triton X-100 has been added to the PVA: Gly aqueous solution [18]. 

We initially present the results of electrospinning 6 (wt/v) % concentration of PVA: Gly in four 

different ratios, with the needle feeding rate 10 µl/min, needle-to-collector distance 10 cm, and 10 

kV voltage. As shown in Figure 2, that at 6 (w/v) % concentration the fibers produced contained 

beads for all different ratios. Based on literature studies, the solution concentration affects on 

solution viscosity, and therefore the formation of uniform fibers because the critical chain 

entanglement is attained [19]. Therefore, the solution concentration 6 (w/v) % is not enough for 

electrospinning of PVA with Glycine. 

 At 8 w/v % concentration, the feeding rate and needle-to-collector distance were the same only 

the applied voltage was 11.5 kV. The bead formation was decreased significantly as shown in 

Figure 3. In the 4 :1 PVA to Glycine weight ratio, the fibers were bead-less, although some melt-

down exists.  According to Akduman and Kumbasar [20], the formation of melt-down is due to 

the insufficient needle-to collector distance, which causes incomplete solvent evaporation. 



Moreover, they showed that the raised feeding rate may cause a melt-down electrospun fibers. 

Therefore, in order to reduce formation of membrane-like surface instead of nanofibers either the 

needle-to-collector distance increased, or the feeding rate is decreased. The resulted average fiber 

diameter of the 4:1 PVA to Glycine weight ratio was found 346±125 nm as shown in Figure 4. 

Furthermore, the average pore size and porosity were calculated using ImageJ software and found 

to be 3.52±1.23 µm and 55%, respectively.  

For the same concentration 8 (w/v) %, the electrospun fibers of PVA to Glycine weight ratios 4:2, 

4:3, and 4:4 produced beaded fibers. In this regard, the formation of smooth fibers with no beads 

is determined by a balance between surface tension and viscoelastic force. The viscosity of the 

polymer’s solution increases with increasing concentration [21]. In this study, the aqueous solution 

contains PVA and Glycine but the bead formation is mainly affected by the concentration of PVA 

in the solution. As shown in Table 2 that the PVA amount is less in 4:2, 4:3, 4:4 weight ratios, due 

to this the beads on string have formed in these ratios.   

 

 

Figure 2. The SEM images of 6 (w/v) % concentration of PVA and Glycine electrospun mats in 
different PVA: Gly weight ratios (4:1, 4:2, 4:3, and 4:4), different marker bars are shown for 

each ratio (10 µm-left, 1µm right). 

 



 

Figure 3. The SEM images of 8 (w/v) % concentration of PVA and Glycine electrospun mats in 
different PVA: Gly weight ratios (4:1, 4:2, 4:3, and 4:4), different marker bars are shown for 

each ratio (10 µm-left, 1µm right). 

 

 

Figure 4. The SEM image of 8 (w/v) % concentration of PVA:Gly in 4:1weight ratio (marker 

bar=1 µm)(Left), frequency distribution and average diameter histogram of the electrospun mat 

(Right). 



As the concentration of PVA and Glycine aqueous solution increased, absence of beads was 

observed. In 10 (w/v) % concentration, the electrospinning parameters (collector to needle distance 

and feeding rate) were the same, but the applied voltage was 12.5 kV. No beads formation was 

observed and smooth and uniform fibers were obtained as indicated in Figures 5 and 6.  For 

instance, the average fiber diameter in 4:1 PVA to Glycine weight ratio was 591±186 nm and the 

porosity and average pore size were 65% and 30±11.18µm, respectively. Whereas, fibers in 4:2 

weight ratio were highly uniform with 232±66 nm average diameter, 53% porosity, and 

2.688±1.74µm average pore size.  

 

 

Figure 5. The SEM image of 10 (w/v) % concentration of PVA:Gly (marker bar=1 µm and 

10µm), and frequency distribution and average diameter histogram of the electrospun mat for 4:1 

PVA to Glycine weight ratio (up) and 4:2 PVA to Glycine weight ratio (down) 

 

Moreover, an average diameter of 414±156nm and 270±78nm were obtained from electrospinning 
PVA and Glycine in 10 (w/v) % of 4:3 and 4:4 PVA to Glycine weight ratio, respectively. 

According to Figure 6, no beads can be observed only melt-down in 4:3 PVA to Glycine weight 
ratio was observed, owing to the insignificant needle to collector ratio or insignificant feeding rate 
which cause incomplete solvent evaporation [20]. The porosity and average pore size of 4:3 and 

4:4 weight ratios, were 42%, 5.942±3.9µm, and 65%,4.418±1.94µm, respectively. In 10 (w/v) % 
concentration of PVA and Glycine electrospinning a very small average fiber diameter of 

approximately 200nm was attained, and smooth and uniform fibers can be fabricated.    

 



 

Figure 6. The SEM image of 10 (w/v) % concentration of PVA:Gly (marker bar=1 µm and 

10µm), and frequency distribution and average diameter histogram of the electrospun mats for 

4:3 PVA to Glycine weight ratio (up) and 4:4 PVA to Glycine weight ratio (down) 

4. Conclusion  

The nanofibrous electrospun structure with a high surface-to-volume ratio is ideal for biomedical 

applications including scaffolds and drug delivery. Even though the effect of solution parameters 

including viscosity, and surface parameters including needle-to-collector distance, applied voltage, 

and feeding rate have been studied deeply, several basic mechanisms that control nanofibrous 

formation are not completely understood. 

In this study, the formation of PVA and Glycine aqueous solution electrospun nanofibrous 

structure was achieved with concentration of 10 (w/v) %.  Among lower concentrations, only 8 

(w/v) % concentration with 4:1 PVA to Glycine weight ration nanofibers could be attained. The 

average nanofibers diameter that could be fabricated was in the range of 232±66 nm to591±186 

nm. 

References 

1.  Halima, N.B. Poly(Vinyl Alcohol): Review of Its Promising Applications and Insights into 

Biodegradation. RSC Adv. 2016, 6, 39823–39832, doi:10.1039/C6RA05742J. 

2.  Yanjiao, J. Poly(Vinyl Alcohol) for Biomedical Applications. Master, Martin-Luther-

University Halle-Wittenberg: Germany, 2009. 

3.  Paradossi, G.; Cavalieri, F.; Chiessi, E.; Spagnoli, C.; Cowman, M.K. Poly(Vinyl Alcohol) 

as Versatile Biomaterial for Potential Biomedical Applications. J. Mater. Sci. Mater. Med. 2003, 

14, 687–691, doi:10.1023/A:1024907615244. 



4.  Wang, W.; wu, Z.; Dai, Z.; Yang, Y.; Wang, J.; Wu, G. Glycine Metabolism in Animals 

and Humans: Implications for Nutrition and Health. Amino Acids 2013, 45, doi:10.1007/s00726-

013-1493-1. 

5.  Seyedhosseini, E. Piezoelectricity and Ferroelectricity in Amino Acid Glycine , 2015. 

6.  Jun, I.; Han, H.-S.; Edwards, J.R.; Jeon, H. Electrospun Fibrous Scaffolds for Tissue 

Engineering: Viewpoints on Architecture and Fabrication. Int. J. Mol. Sci. 2018, 19, 

doi:10.3390/ijms19030745. 

7.  Basar, A.O.; Sadhu, V.; Turkoglu Sasmazel, H. Preparation of Electrospun PCL-Based 

Scaffolds by Mono/Multi-Functionalized GO. Biomed. Mater. Bristol Engl. 2019, 14, 045012, 

doi:10.1088/1748-605X/ab2035. 

8.  Turkoglu Sasmazel, H.; Özkan, O. Advances in Electrospinning of Nanofibers and Their 

Biomedical Applications. Curr. Tissue Eng. 2013, 2, 91–108, 

doi:10.2174/22115420113029990007. 

9.  Ozkan, O.; Sasmazel, H.T. Antibacterial Performance of PCL-Chitosan Core-Shell 

Scaffolds. J. Nanosci. Nanotechnol. 2018, 18, 2415–2421, doi:10.1166/jnn.2018.14378. 

10.  Surucu, S.; Sasmazel, H.T. DBD Atmospheric Plasma-Modified, Electrospun, Layer-by-

Layer Polymeric Scaffolds for L929 Fibroblast Cell Cultivation. J. Biomater. Sci. Polym. Ed. 2016, 

27, 111–132, doi:10.1080/09205063.2015.1111717. 

11.  Surucu, S.; Turkoglu Sasmazel, H. Development of Core-Shell Coaxially Electrospun 

Composite PCL/Chitosan Scaffolds. Int. J. Biol. Macromol. 2016, 92, 321–328, 

doi:10.1016/j.ijbiomac.2016.07.013. 

12.  Dong, Y.; Liao, S.; Ngiam, M.; Chan, C.K.; Ramakrishna, S. Degradation Behaviors of 

Electrospun Resorbable Polyester Nanofibers. Tissue Eng. Part B Rev. 2009, 15, 333–351, 

doi:10.1089/ten.TEB.2008.0619. 

13.  Berton, F.; Porrelli, D.; Di Lenarda, R.; Turco, G. A Critical Review on the Production of 

Electrospun Nanofibres for Guided Bone Regeneration in Oral Surgery. Nanomater. Basel Switz.  

2019, 10, doi:10.3390/nano10010016. 

14.  Isakov, D.; Gomes, E. de M.; Bdikin, I.; Almeida, B.; Belsley, M.; Costa, M.; Rodrigues, 

V.; Heredia, A. Production of Polar β-Glycine Nanofibers with Enhanced Nonlinear Optical and 

Piezoelectric Properties. Cryst. Growth Des. 2011, 11, 4288–4291, doi:10.1021/cg2009336. 

15.  Aci̇K, G. A Comprehensive Study on Electrospinning of Poly (Vinyl Alcohol): Effects of 

the TCD, Applied Voltage, Flow Rate and Solution Concentration. J. Turk. Chem. Soc. Sect. Chem. 

2020, 609–616, doi:10.18596/jotcsa.741452. 

16.  Rianjanu, A.; Kusumaatmaja, A.; Suyono, E.A.; Triyana, K. Solvent Vapor Treatment 

Improves Mechanical Strength of Electrospun Polyvinyl Alcohol Nanofibers. Heliyon 2018, 4, 

e00592, doi:10.1016/j.heliyon.2018.e00592. 



17.  Zheng, J.-Y.; Zhuang, M.-F.; Yu, Z.-J.; Zheng, G.-F.; Zhao, Y.; Wang, H.; Sun, D.-H. The 

Effect of Surfactants on the Diameter and Morphology of Electrospun Ultrafine Nanofiber 

Available online: https://www.hindawi.com/journals/jnm/2014/689298/ (accessed on 9 February 

2021). 

18.  Nascimento, M. Influence of Triton X-100 on PVA Fibres Production by the 

Electrospinning Technique. Fibres Text. East. Eur. 2013, 21, 39. 

19.  Shenoy, S.; Bates, W.; Frisch, H.; Wnek, G. Role of Chain Entanglements on Fiber 

Formation during Electrospinning of Polymer Solutions: Good Solvent, Non-Specific Polymer-

Polymer Interaction Limit. Polymer 2005, 46, 3372–3384, doi:10.1016/j.polymer.2005.03.011. 

20.  Akduman, C.; Kumbasar, E.P.A. Electrospun Polyurethane Nanofibers. Asp. 

Polyurethanes 2017, doi:10.5772/intechopen.69937. 

21.  Liu, Y.; He, J.; Yu, J.; Zeng, H. Controlling Numbers and Sizes of Beads in Electrospun 

Nanofibers. Polym. Int. 2008, 57, 632–636, doi:10.1002/pi.2387. 

 


