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Abstract 

The synthesis of hybrid fiber based on bovine bone gelatin combined with polyvinyl alcohol-

chitosan-oxidized sucrose (PVACOS) has been successfully carried out using the coaxial 
electrospinning technique. The presence of oxidized sucrose can improve the diameter and the 

tensile strength of hybrid fibers due to the formation of new covalent bonds. The combination of 

gelatin with PVACOS material aims to increase the strength of the hybrid fiber so that it has better 
tensile strength characteristics and improves the diameter of the resulting hybrid fiber. The 

characterization of the resulting material was tested using FTIR, SEM, EDX, XRD, and TGA. Based 

on FTIR analysis, there is an increase in absorption intensity in the 2900 cm-1 – 3000 cm-1 band, 
which indicates the occurrence of covalent bond interactions so that it can increase the bond strength 

between materials with the performance of crystalline materials. Apart from that, the morphological 

structure of the hybrid fibers was also investigated using scanning electron microscopy (SEM), and 
the resulting fiber diameter for Ge-Ch, Ge-Ch-PVA, Ge-PVACOS 3%, and Ge-PVACOS 5%, 

respectively, was 0.4049 µm. 0.3735 µm, 0.3388 µm, and 0.3206 µm. The tensile strengths of hybrid 

fiber for Ge-PVACOS 3% and Ge-PVACOS 5%, respectively, are 39.91935 N/m2 and 76.12507 
N/m2. Statistical tests show that the concentration of oxidized sucrose has a significant influence on 

hybrid fiber performance. The significance values for diameter and tensile strength are 0.0486 and 

0.0325, respectively. According to this performance, the Ge-PVACOS hybrid fiber is recommended 
as a material for advanced medical textiles. 
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1- Introduction 

Medical textiles are a significant and vital concern, considering that people need to use them, especially since the 

COVID-19 pandemic [1]. The need for medical supplies such as mask lining materials, surgical threads, bandages/gauze, 

hand scoops, and respirator air filters is increasing [2]. An example is a medical thread, which is very important, 

especially after surgery. Figure 1 shows that more research needs to be conducted on medical textiles. Based on a 

literature review for 2005–2024 using the keyword medical textiles, the authors found 590 articles. The trend is 

decreasing, so it is necessary to improvise research in the manufacture of medical textiles. Figure 2 shows the network 

visualization distribution of medical textile research topics. There is still very little research on medical textiles in the 

network visualization distribution, especially on characteristics. Characteristics here mean mechanical properties, 

diameter, and strength. 
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Figure 1. Distribution of Research on Medical Textiles 

 

Figure 2. Network Visualization 

 In Indonesia, 94% of the need for medical fiber is still imported from abroad, so innovation is needed to reduce the 

number of imports of medical thread [2]. Medical textile fibers must meet their characteristic requirements. Medical 

fibers' characteristics include mechanical properties, diameter, strength, non-toxic, non-allergic response, 

biocompatibility, biodegradability, good absorbency, accelerated wound healing, and good mechanical properties [3]. 

Research that has been carried out on materials that can be used to make medical textile fibers includes cow intestine 

[4], gelatin [5], alginate [6], sericin [7], cyclodextrin [8], triclocan [9], polydioxanone [10], nylon [11], polypropylene 

[12], and polyester polymer [13]. Among these materials, namely cow intestine, gelatin, and alginate, are sources of 

renewable materials. Cow intestines have more complex characteristics, so they are not recommended for suturing 

wounds or soft tissue lacerations. In addition, medical textile fibers from cow intestines partly cause itching and 

inflammation [14]. Alginate has syneresis properties, namely surface shrinkage due to the evaporation of water content, 

causing surface irregularities [15]. Gelatin has good absorption properties, plays a role in the blood clotting process, and 

can promote cell proliferation and attachment [16]. Making gelatin from beef bone was carried out by Fatimah et al. 

[17], with the operating conditions of soaking in a 5% HCl compound for seven days at a temperature of 70oC. This 

research resulted in a gelatin viscosity of 3.19 cP. Apart from that, making gelatin from frog bones, tuna bones, and 

chicken bones with the operating conditions studied includes the soaking time and type of extraction solvent used [18]. 

Research that uses the same variables includes gelatin from milkfish scales [19], poultry bones [20], camel skin [21], 

and buffalo skin [22]. The research gap in those studies can be concluded in Figure 3. 
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Figure 3. The Research Gap 

An alternative that can be used as a raw material for gelatin is cow bone, which is the primary source of material for 

making medical textile fibers. In cow bones, gelatin compounds can be further converted into material for making 

medical textile fibers [23]. Gelatin is obtained from the partial hydrolysis of collagen found in skin, muscles, mammal 

bones, fish bones, and chicken feet' skin. The main properties of gelatin are that it is biodegradable, biocompatible, and 

non-toxic. This is because gelatin is a natural ingredient that contains high levels of amino acids. The most dominant 

amino acid content as a parameter for determining gelatin quality is the content of proline, glycine, and hydroxyproline 

[24]. In addition, gelatin also contains other amino acids, such as glutamic acid, aspartic acid, arginine, proline, 

hydroxyproline, lysine, isoleucine, methionine, leucine, and valine. To bring out its antimicrobial properties, it is 

combined with compounds that have depolarizing activity on microbial cell membranes. Compounds that meet these 

criteria include chitosan [25] and alginate [16]. Zheng et al. [16] explained that chitosan and alginate contain active 

groups of amine compounds, but chitosan is more recommended because it is cheaper than alginate. 

Chitosan is a polysaccharide compound that can increase adsorption properties and is easy to biodegrade. Apart from 

that, chitosan compounds can also inhibit the growth of microorganisms due to the presence of primary and secondary 

hydroxyl groups. This causes the peptide chain to become hydrophobic, making it difficult for bacterial membranes to 

penetrate [26]. A study by Dinh et al. [27] proved that chitosan can inhibit bacterial growth in biocomposites. 

Research by Cao et al. [25] suggests that adding additional crosslinkers will increase fiber strength and the mechanical 

strength of the resulting material. Li et al. (2016) added compounds containing aldehyde or alcohol groups as crosslinkers 

in the fiber manufacturing process and had the effect of increasing mechanical strength. This is due to the increased 

strength of the hydrogen bonds formed [26]. Research on making fiber from gelatin with polycaprolactone (PCL) 

crosslinker has been carried out by several researchers. This research produces biodegradable fiber but has the weakness 

of being hydrophobic [28]. In some instances, this is acceptable, but in the manufacture of medical textile fibers, this is 

considered not good because it has a low water absorptivity [29]. Other research that has been carried out includes 

making gauze fibers from gelatin combined with alginate from seaweed [30], but there has yet to be studied about activity 

against microorganisms. To increase the tensile strength, it is mixed with chitosan, which allows it to increase the fiber 

strength [31]. Apart from using chitosan, it can also be done with polyvinyl alcohol (PVA). The PVA agent has the 

advantage of helping form fibers or fibrils. In PVA, there are hydroxyl groups that will facilitate the formation of covalent 

bonds. Besides adding PVA, carbohydrate derivatives can also form covalent bonds, helping the fiber formation process. 

Carbohydrate derivatives that can be used include oxidized sucrose with periodate. Sucrose has an aldehyde group and 

an alcohol group [19, 32] and is also very eco-friendly [33]. 

In this research, the combination of gelatin with PVACOS has been done well. Table 1 shows the structural formula 

of each material. Based on the characteristics and potential of this material, it is necessary to conduct a study to make 

medical fibers from a mixture of gelatin, chitosan, PVA, and oxidized sucrose. This process can be carried out using an 

advanced method through a coaxial electrospinning process. Several researchers do wet spinning, but it is less effective 

in forming fibers [34-38]. 

Coaxial electrospinning is a technology for making hybrid fiber/yarn with several advantages. The first is that mixed 

fiber/yarns with diameters up to nanosized are produced, namely less than 100 nm. In the world of textiles, nanosize is 

the size of fibers/threads with a diameter of less than 100 nm [39]. Second, hybrid fibers are produced, which include a 

large surface area, a structure with tiny pores, the possibility of forming three-dimensional materials, and a good level 

of elastic modulus. Third, hybrid fibers are produced with the thickness of the smallest size range, namely 0.04–2 

microns. Fourth, the tool is simple and more efficient. Research on synthesizing medical textiles using electrospinning 

still needs to be done. This can be illustrated in Figure 4, which explains that the synthesis of medical textiles using 

electrospinning is in the dark-density area and far from the yellow medical textile cluster. More research is needed on 

using coaxial electrospinning as a medical textile material application [40]. This can be seen in Figure 5, so it is necessary 

to conduct further studies on the application of coaxial electrospinning. 

Coaxial electrospinning is the process of making hybrid fiber by utilizing the influence of an electric field to produce 

a jet of electrically charged polymer solution or melt. Polymer hybrid fiber threads are formed because, in this process, 
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the solvent evaporates simultaneously. The principle of the mechanism for developing hybrid fiber by electrospinning 

is by pushing the polymer solution, which is given a high electric voltage using a syringe pump, so that droplets/drops 

of solution will form at the end of the spinneret capillary. Grains/drops of polymer solution that have been induced by 

an electric charge under the influence of an electric field will jump or move towards the electrode with the opposite 

charge while being accompanied by the process of evaporation of the polymer solvent so that only the polymer fibers 

are left on the collecting plate [41]. Several factors that can influence the characteristics of the hybrid fibers produced 

from the electrospinning process include solution concentration, viscosity, surface tension, electrical voltage, and the 

distance between the spinneret and the collector [39, 42]. 

Table 1. Material Composition Structural Formula PVACOS 

Materials Structure References 

Gelatin (Ge) 

 

Tyuftin & Kerry (2021) [35] 

Chitosan (Ch) 

 

Sathisaran & Balasubramanian 

(2020) [36] 

Polyvinil Alcohol (PVA) 

 

Nasseri et al. (2016) [37] 

Oxidized Sucroses (OS) 

 

Jalaja & James (2015) [38] 

 

Figure 4. Density Visualization of Medical Textile Research 
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Figure 5. Electrospinning Application [40] 

The concentration of the solution is built from the composition of the solution so that it will affect the characteristics 

of the hybrid fibers produced. The higher the solution concentration, the more molecular interactions may occur. This 

interaction with the effect of electrical induction will have the effect of limited molecular movement, so fiber formation 

will be slow. This goes hand in hand with the viscosity factor, or solution thickness. Viscosity shows the length of the 

chain and the number of molecules in the solution. The higher the viscosity value, the more chains form due to solution 

interactions [38]. This is thought to cause the movement of molecules affected by electrical induction to be slow. This 

slow molecular movement will make the attractive forces between molecules smaller. If the movement is slow, the 

solution at the end of the spinneret will clot. This clump prevents the formation of fibers above the collector. Another 

factor is electric voltage, which is the amount of electrical induction given to the solution to influence the molecular 

interactions of the solution and the formation of hybrid fibers. Suppose the applied electric voltage is too large. In that 

case, it can be expected that the chemical bonds between the molecules will be broken too quickly, so the fiber formation 

process cannot occur continuously. On the contrary, if the applied electrical voltage is too small, the fiber formation 

process will be slower, and fibers may not even form. Therefore, the electric voltage setting should be adjusted to the 

characteristics of the solution used [43]. Based on research on gelatin solutions, the electrical voltage should be between 

15 and 20 kV. The distance between the spinneret and the collector is 10 cm and 12 cm [44]. 

This research aims to study the effect of the composition of PVA and oxidized sucrose on the mechanical properties, 

diameter, and strength of the hybrid fiber produced. The independent variables used in this research include PVA 

concentration and oxidized sucrose concentration. The dependent variables sought in this research are the diameter of 

the hybrid fiber, the distribution of compound content in the hybrid fiber, tensile strength, crystallinity, and the thermal 

properties of the hybrid fiber. 

2- Material and Methods 

2-1- Material 

In this research, materials used include gelatin from beef bones, chitosan from Sigma Aldrich, polyvinyl chloride 

(PVA) from Sigma-Aldrich P1763-250G, sucrose from Merck, sodium periodate from Merck, ethanol from Sigma 

Aldrich, aquades. The equipment used includes a set of electrospinning tools, magnetic stirrer, TGA, Universal Testing 

Machine (UTM) for tensile testing tool model WDW-5 Class 1 serial number 201702016, XRD with the specification 

from Bruker D8 Advance, viscometer from Brookfield, multimeter from Zoyi ZT219 TRMS, scanning electron 

microscope (SEM EDX) from JEOL JSM-6360 and Fourier transform infrared spectroscopy (FTIR) from Shimadzu 

Japan. 

2-2- Methods 

 Synthesis of oxidized sucrose (OS); 

Oxidixed sucrose prepared by weighing 3 g of sucrose which dissolved in 50 ml of distilled water (0.01 mol), 

then oxidized with 0.02 mol NaIO4 (0.416 g) and left in the dark for 6 hours. 

 Synthesis and Production process for making hybrid fiber using coaxial electrospinning; 

To Produce hybrid fiber using a set of coaxial electrospinning as shown in Figure 6. The schema for coaxial 

electrospinning can be seen in Figure 7. The specifications of the electrospinning tool include one syringe with a 

size of 10 mL and a needle diameter of 0.8 mm. The distance between the noodles and the drum collector is 6 cm, 

with a flow rate of 1 mL/hour. The diameter of the collector drum is 20 cm. The process is carried out under 

operating conditions at room ambient temperature, using a fixed electric current of 6 mA for 6 hours. 
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Figure 6. Flowchart of methodology 

 

Figure 7. Design of Coaxial Electrospinning 

 Hybridfiber Characterization: 

Surface Morphology and Determining the Diameter of Hybridfiber 

To determine the morphology and fiber diameter, a SEM tool from JEOL-JCM 7000 Kyoto, Japan, was used. To 

measure fiber diameter, use ImageJ software. 

Fourier Transform Infrared Spectroscopy (FTIR) 

The existence of new functional groups and the changing of chemical structure formed from the reaction of the 

materials used Fourier transform infrared spectroscopy (FTIR). The resolution of over a range of 4000 cm-1-500 

cm-1. The FTIR spectroscopy sample was prepared by cutting the HF sample with a size of 2 × 2 cm, then pelleted 

with KBr and scanned at 25oC. The variation of main groups of the HF molecule with different solutions was 

characterized by FTIR spectroscopy Shimadzu, IRSpirit, from Kyoto, Japan. Measurements were performed at 

room temperature and relative humidity of less than 40%. 

Thermal analysis (TGA) 

The thermal behaviors of webs are observed by thermogravimetric analysis (TGA) throughout a temperature 

range between 1000C-5000C. 

X-Ray Diffraction XRD analysis 

XRD analysis was carried out by placed in the test sample holder. The diffractometer voltage used is 40 kV and 

the current is set at 15 mA. The scanning angle with 2θ is 5o to 50o, and the scanning speed is 1o/min, the scanning 

frequency is 0.01/1o [40]. 
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Data Processing and Analysis 

The data obtained were assessed for tensile strength, Young's Modulus, mass, thickness, sample diameter, 
elemental composition, presence of functional groups, sample decomposition percentage at various temperatures, 
and crystallinity properties. Data processing used Design of Experiment and SPSS software. 

3- Result and Discussion 

 Production of PVACOS hybridfiber 

PVACOS hybrid fiber provides good performance results. The results of measuring the diameter distribution of the 
hybrid fiber are shown in Figure 8. Based on Figure 8, it can be seen that the diameter of the material containing 
PVACOS is smaller than that without PVACOS. It is close to nano size, so it has the potential to become a nanomaterial. 
Material containing 5% PVACOS composition has an average hybrid fiber diameter of 0.32 µm, while 3% PVACOS 

has a hybrid fiber diameter of 0.33 µm. As a comparison, the ge-Ch-PVA composition produces an average diameter of 
0.3752 nm, while the ge-ch composition has a diameter of 0.40495 nm. This shows that the PVACOS combination can 
reduce the size of the material so that it is very effective as a medical thread material. If a medical thread has a small 
diameter, it will be easier to absorb in the body, thereby helping the cell proliferation process. This phenomenon can 
also be carried out by nanometer-sized materials [45-48]. Figure 8 shows that the higher the OS concentration, the better 
the uniformity of the hybrid fiber, and the presence of beads also becomes smaller or disappears. This performance is 

essential to apply, especially in the medical world. 

   
(a) (e) 

   
(b) (f) 

   
(c) (g) 

   
(d) (h) 

Figure 8. SEM Image of Morphology (a) hybridfiber Ge 3%-Ch 5% (b) hybridfiber Ge 3%-Ch 5%-PVA 7% (c) 

hybridfiber Ge 3%-Ch 5%-PVA 7%-OS 3%; (d) hybridfiber Ge 3%-Ch 5%-PVA 7%-OS 5%; (e-h) Presented the 

diameter distribution of hybridfiber corresponding to image (a), (b), (c), and (d) respectively. 
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The morphological structure for the Ge-PVACOS 3% composition has a discontinuous texture and beads. This is 

because the solution does not have enough force to evaporate, so it cannot form fibers when it reaches the drum collector. 

The diameter is around 0.3388 µm or about 338 nm. The average diameter resulting from this synthesis is 338 nm. The 

distribution of diameter distribution is relatively uneven, still random. The SEM EDX results are also presented in Figure 

9. The distribution of each component is shown in Table 2. 

  

Ge-Ch Ge-Ch-PVA 

 

Ge-PVACOS 

Figure 9. SEM EDX Composition of Hybridfiber Material 

Table 2. Distribution of Elements C and O 

Material 
Element 

%Mass C %Mass O %Mass Na %Mass F Total 

Ge-Ch 41.92±1.46 55.18±3.47 2.90±0.72 - 100.00 

Ge-Ch-PVA 45.31±1.04 54.10±2.46 0.59±0.24 - 100.00 

Ge-PVACOS 38.09±1.01 33.76±1.85 - 28.16±2.07 100.00 

Table 2 shows that oxygen atoms, namely 55%, dominate the material resulting from Ge-Ch electrospinning. The 

PVACOS hybridfiber material has a relative composition: C atoms of 38.09 ± 1.01, O atoms of 33.76 ± 1.85, and F 

atoms of 28.16 ± 2.07. The addition of oxidized sucrose shows a significant effect, including improving mechanical 

properties without changing the structure of the nanofibers formed, increasing thermal strength, non-toxic properties, 

and increasing bacterial inhibition. In the coaxial electrospinning process, parameters such as solution composition, 

solution concentration, flow rate, electric current, voltage, and distance of the spinneret to the collector drum have an 

essential influence. This will affect the diameter and gaps between the resulting hybrid fibers. 

 Mechanical Characterization 

The combination of gelatin material with PVACOS provides excellent performance. This increases the tensile 

strength characteristics of the hybrid fiber. Periodic oxidation sucrose (OS) is a good crosslink agent. The OS agent 

experienced increased binding intensity with gelati. The NH2 amine group in gelatin bonds with oxidized sucrose (OS) 

in the hydroxyl group. Figure 10 shows the crosslinking process of gelatin with oxidized sucrose, while Figure 11 shows 

the results of the FTIR spectrum of pure sucrose compounds with sucrose that have been oxidized with periodate. The 

absorption intensity at a wavelength of 1718 cm-1 illustrates that there are cytotoxic residual substances. This is produced 

from the remaining oxidized sucrose that does not successfully crosslink with PVACOS. This phenomenon occurs 

because the solution medium is still too dilute, so there is still a lot of distilled water solvent, and it cannot crosslink 

perfectly with oxidized sucrose. 
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Figure 10. Crosslink Mechanism of Gelatin with OS [38] Figure 11. Comparison Of FTIR Spectrum of Sucrose 

and OS [38] 

The tensile strength test will provide limits on the physical characteristics that are allowed when using hybrid fiber. 

In Indonesia, the permissible tensile strength value for medical textiles is between 19.5 MPa to 87.1 MPa. In this research, 

one of the objectives of using OS is to increase the tensile strength of hybrid fiber. Based on the study, the tensile strength 

value was obtained, as shown in Figure 12. 

 

Figure 12. Tensile Test Behaviour of Hybrid fiber 

Figure 12 explains the stress-strain strength of hybrid fiber materials with different OS concentrations and voltages. 

Young's modulus strength is summarized in Table 3. Hybrid fiber materials number 1 to number 3 have relatively weak 

tensile strength, while numbers 4 to 5 have tensile strength values by permitted medical textile standards. Hybrid fiber 

material number 6 has a tensile strength value that exceeds medical textile standards. An increase in the voltage used 

tends to increase the tensile strength. Increasing the OS concentration will increase the crosslink strength of the PVACOS 

hybrid fiber material, resulting in a higher tensile strength. 

Table 3. Tensile Test Result 

No. Type of Sample 
Elongation at 

Break (%) 

Ultimate 

Strength (MPa) 

Modulus 

Young (N/m2) 

Mass of 

Hybridfiber (mg) 

Thickness 

(µm) 

1 Ge-PVACOS 3% 22 kV 4.84 0.502318 9.635331 0.3368 14.2380 

2 Ge- PVACOS 3% 20 kV 3.724 0.795025 4.684127 1.1356 55.9047 

3 Ge- PVACOS 3% 18 kV 0.916 0.225241 4.066758 0.9392 55.2809 

4 Ge- PVACOS 5% 18 kV 9.9 0.248 39.91935 1.0826 45.8285 

5 Ge- PVACOS 5% 20 kV 28.516 0.374594 76.12507 0.7986 69.8973 

6 Ge- PVACOS 5% 22 kV 95 0.790659 120.153 1.0643 50.8095 

Research by Khanlou et al. [48] suggests that increasing the concentration of the polymer solution will provide 

excellent and smooth hybrid fiber formation performance. This performance will decrease if the flow rate and voltage 

of the polymer are increased. This will cause many beads to occur, affecting the thickness of the hybrid fiber. Increasing 

the number of beads has the effect of increasing the thickness of the hybrid fiber. Compared with research conducted by 
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Ahmadipourroudposht et al. [49], the voltage-produced a hybrid fiber with almost the same thickness, namely 45 kV. 

Meanwhile, this research displays a lower voltage, namely 22 kV, making it more economical.   

 FTIR and Thermal Characterization 

Determination of the most dominant structure or functional group in hybrid fiber is determined using FTIR. This 

coaxial electrospinning process can produce strong fibers depending on the concentration of the solution. The tendency 

is that the higher the concentration, the stronger the hybrid fiber will be. This is characterized by increased absorption 

or absorption intensity in FTIR. 

 

Figure 13. FTIR Absorption of PVACOS Hybridfiber 

The crosslinking of gelatin with chitosan or PVA produces different absorption if not crosslinked with PVACOS. 

The primary amino groups of proteins, namely lysine, and hydroxyproline, will undergo a crosslinking reaction with the 

aldehyde groups of oxidized sucrose by forming Schiff bases. Oxidized sucrose can provide better performance intensity 

for hybrid fibers, especially those containing protein. This event is shown in the resulting absorption band in Figure 13. 

The broad absorption band in the wavelength area of 3500 cm-1-3200 cm-1 is the absorption band for the O-H stretching 

group or hydrophilic/hydroxyl group. This gives the resulting fiber material an excellent opportunity to dissolve in water. 

At 1720 cm-1-1730 cm-1 absorption, there is C=O stretching absorption, which is accompanied by the appearance of 

peaks at 1637 cm-1 and 1530 cm-1, where this is C=O stretching absorption in Amide I and N-H bending together with 

C-H stretching of Amide II. At an absorption of 838 cm-1, there is a C-O group in the amorphous state. There is a decrease 

in intensity at 1637 cm-1, possibly breaking the C=C double bond, which is substituted with a C-H bond. This is shown 

in the absorption band 2900 cm-1-3000 cm-1, which experiences an increase in absorption intensity. 

The crystallinity structure of the helical structure of the hybrid fiber was also determined using XRD. This is shown 

in Figure 14a. The sharp absorption peaks at 2θ=21.2o and 2θ=24.3o indicates high crystallinity. The electrospinning 

process causes this increase in crystallinity; as the time of the fiber formation process increases, the presence of solvent 

will decrease, and the thickness of the material will increase so that the level of crystallinity will be higher [46]. Another 

reason is that the electrical voltage increases when new crystal growth occurs. This triggers the formation of new crystals, 

characterized by the production of new peaks [47]. 

  

(a) (b) 

Figure 14. (a) XRD graph of PVACOS 5% 20 kV, (b) TGA graph of PVACOS 5% 20 kV 
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TGA analysis was carried out to determine the characteristics of PVACOS hybrid fiber regarding temperature. The 

results are shown in Figure 14b. In the initial material heating stage, there is a mass loss or decomposition of around 

9.8132%. This is likely the remaining solvent remaining in the material. At a temperature of 250oC-320oC, there was a 

sharp decrease in material decomposition, namely around 58.981%. This decrease in composition is because, at this 

temperature, the covalent bonds and hydrogen bonds formed are broken. This split is followed by a loss of mass of the 

elements contained in the material. Considering that the main composition of this hybrid fiber is dominated by organic 

molecules, in the temperature range of 200oC-350oC, it will experience a melting process. In the temperature range 

between 400oC-500oC, there is a decrease in the percentage of mass decomposition because the percentage of elements 

has been relatively reduced very much at temperatures below 500oC. 

 Statistical Analysis 

ANOVA analysis was carried out to determine the effect of each parameter. The results of the ANOVA analysis were 

obtained based on statistical analysis, as shown in Table 4. Based on the ANOVA analysis, all the variables used had a 

significant influence. This is shown from the results of the p-value, namely <0.05. 

Table 4. Results of ANOVA analysis 

No. Source Sum of Squares Mean Square F-value p-value R2  

1. Young’s Modulus 1677.13 186.35 4.36 0.0325 0.8487 significant 

2. Mass Hybridfiber 1.16 0.1289 3.83 0.0451 0.8313 significant 

3. Thickness 3711.46 1237.15 3.45 0.0486 0.4431 significant 

To determine the influence of each variable on the output, graph plotting was carried out, and a graph was obtained, 

as shown in Figure 15a. Based on Figure 15a, it can be seen that if the voltage is increased, the tendency for Young's 

modulus to improve will be higher. The flow rate of the electrospinning treatment will affect the formation of beads. If 

the flow rate is too large, the solution will form beads more quickly, which will influence the material's thickness so that 

the material does not form hybrid fibers. A spinning solution concentration that is too high will affect a high viscosity 

so that the hybrid fiber material has better uniformity, good tensile strength, and high thickness. Increasing the voltage 

and OS concentration for Figures 15b and 15c will provide a relatively high hybrid fiber thickness. This, of course, 

depends on the length of the electrospinning process. 

Figures 16a to 16c illustrate that the diversity of variables used performs well for the hybrid fiber produced. The 

normal probability plot and residual plot help explain the validity of the collected data. The residuals fall in a straight 

line, which indicates that the data are acceptable and also that the data are following a normal distribution. 

(a)  (b)  

(c)  

Figure 15. Plotting Graph (a) Young's Modulus (b) Mass Hybridfiber (c) Thickness of hybridfiber 
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(a) (b) 

 

(c) 

Figure 16. Plotting Graph of Diagnostics Normal Distribution(a) Young's Modulus (b) Mass Hybridfiber (c) Thickness of 

hybridfiber 

4- Conclusion 

This research has successfully modified medical textile materials using the coaxial electrospinning method. The 

coaxial electrospinning process is one of the appropriate methods for building hybrid fiber materials. The operational 

conditions of this coaxial electrospinning include syringe size 10 mL, needle diameter 0.8 mm, distance between 

collector and syringe 6 cm, flow rate 1 mL/hour, diameter of collector drum 20 cm, at ambient temperature, electric 

current 6 mA for 6 hours. In this research, we studied the effect of gelatin composition with PVACOS on the resulting 

hybrid fiber material. The review was carried out to investigate the performance of diameter, tensile strength (Young's 

Modulus), thickness, and mass produced.  

Based on this research, it was found that to increase the performance of hybrid fiber as a medical textile material, 

which includes diameter and tensile strength (Young's Modulus), it is necessary to modify gelatin with PVACOS 

material. In this research, the best hybrid fiber diameter was 320 nm when the gelatin composition with PVACOS was 

3%, 7%, 5%, and 5% with the voltage conditions used in electrospinning, namely 18 kV to 20 kV. The same conditions 

also produce good tensile strength, namely between 39.9 to 76.1 N/m2. The thickness and mass made under these 

conditions are 69.89 µm and 0.79 mg, respectively. Physically, the resulting material shows good crystallinity as 

indicated by XRD performance, which provides absorption at 2θ=21.2o and 2θ=24.3o. The ANOVA test revealed that 

the hybrid fiber polymer concentration significantly influenced diameter, tensile strength, and thickness. These findings 

will provide a good contribution as a prototype medical textile material. 
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