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Abstract 

 

The research was focused on the characterization and modification of pectin-based nanofibers for the potential 

applications towards the biomedical field including bio-sensors, tissue-engineering, and drug delivery. Pectin is a 

polysaccharide that can be found in the skin and cell walls of different fruits and is biodegradable, biocompatible, 

and easily accessible. Ca-pectin and oligochitosan-pectin nanofibers have been successfully prepared. 

Characterization of the nanofibers’ surface charge through zeta potential was conducted, the measurement of the 

potential difference of a surface of a solid object immersed into a conductive liquid. The crosslinkers’ influence on 

the surface charge was also determined through the measurement of the zeta potential. The two crosslinkers 

investigated in this study were Ca2+ and oligochitosan. It is deemed favorable for the surface charge of the 

nanofibers to be positive in order to promote cell attachment, survival, and proliferation. In addition, tensile testing 

of the nanofiber scaffolds was investigated to ensure mechanical stability and measure its mechanical characteristics, 

such as Young’s Modulus, yield strength and ultimate tensile strength. This research shows the promise of pectin-

based nanofibers in biological applications, especially tissue engineering. 
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1. INTRODUCTION 

 

Electrospinning of nanofibers has become a widely studied for biomedical applications. Such applications include 

bio-sensors, tissue engineering and drug delivery.[1,2,5,6] Electrospinning is the process of creating nanoscale to 

microscale fiber scaffolds out of an electric force exerted onto a solution as it is being pumped out of a syringe 

needle, this electric force produces an electrically charged thread upon the electric force overcoming the surface 

tension of the solution.[6] In this study, the electrospinning of pectin-based nanofibers for biomedical applications 

was investigated.  



     Pectin is a polysaccharide that is found in the cell wall and skins of fruits. [7] (Figure 1) The consideration of such 

a material for production of nanofibers allows for the potential of more biocompatible fibers. However nanofibers 

are soluble in water. Hence it is critical to use certain chemicals in order to crosslink the fibers and hold them 

together while in water.[11] The different chemicals potentially used for such a process can be toxic to cells so it is 

ideal to use the most biocompatible chemicals as possible. With oligochitosan being biocompatible to the human 

body it fits to be used as a crosslinker. Research has been conducted to prove that the use of oligochitosan can be 

used as a crosslinker although more research was needed to determine if the characteristics of the nanofibers after 

being crosslinked with the oligochitosan fits for its purposed usage.  

 
Figure 1: Chemical Structure of Pectin 

     A positive surface charge is beneficial to human cells as it allows proliferation and developmental cell growth.[1-

3,5] This can be measured by measuring zeta potential which is the potential difference between an object and a 

conductive solution. This method relates primarily to the surface charge and would give the best results to identify if 

the nanofibers hold a positive surface charge.[3,8-10] 

     In terms of the ensuring the mechanical stability of the nanofiber scaffold after fabrication, the investigation of 

the conduction of tensile testing was sought as a feasible method. This method would help identify the Young’s 

Modulus, yield strength and ultimate tensile strength. This would further characterize the nanofibers mechanically 

and guide understanding towards better applications in use of its strength and durability. [4] There is also research 

being conducted on the fabrication of a mat of a specific shape. 

     The goal of this study is to characterize the pectin-based nanofibers upon being crosslinked and assure that they 

meet the needs for actual usage in biomedical applications. Such characteristics necessary are a positive surface 

charge of the nanofibers as well as mechanical stability within the scaffold after fabrication.  

 

2.  METHODOLOGY 

 

2.1 Materials 

Low methoxy pectin was acquired from Will Powder (Miami Beach, Florida). Polyethylene oxide (PEO), Pluronic® 

F127, and calcium chloride were purchased from Sigma-Aldrich (St. Louis, MO). Pharmaceutical grade 

oligochitosan was obtained from Zhejiang Golden-Shell Pharmaceutical Co. Ltd (Zhejiang, China).    

 

2.2 Electrospinning Setup 

The electrospinning apparatus consisted of the use of a 3mL syringe that would be filled up to about 1.5 to 2 mL of 

the pectin solution. This was controlled by a syringe flow pump (model R99-EMF, Linari Engineering, Valpiana 

Italy) which is set at 0.73 mL/hr. The voltage of the voltage generator (model HVG-M40-ANAL, Linari 

Engineering, Valpiana Italy) was set to 12kV and connected to the needle of the syringe to provide the electrical 

energy to transform the solution into nanofibers while being pumped out. Established at a measured 20 cm distance 

from the tip of the syringe is a stationary plastic collector plate which is covered in non-stick aluminum foil which is 

to be flat along the surface. All items in the set up are to be grounded to leave out any extraneous charges in the 

process. Ensure that the surface from the syringe pump to the collector is clean and free of any conductive materials 

as it would make the process run ineffectively. After setting up the electrospinning apparatus the final appearance of 

the setup should look as in Figure 2.  



 
Figure 2: Electrospinning Apparatus Setup 

 

 

2.3 Ca2+/Oligochitosan Treatment 

Upon collection the nanofibers were first soaked in ethanol (2 min), and then followed either by a 150mM calcium 

solution (2 min) or a 5 % (w/v) oligochitosan solution (2 min). The fibers were all then rinsed in deionized water 

then let too dry in an oven. 
 

2.6 Zeta Potential and Conductivity Measurement 

Different nanofiber samples were dissolved/suspended in deionized water solution (0.2% w/v) and analyzed by 

using a zeta potential analyzer (ZetaPALS; Brookhaven Instruments Corporation) 

 

2.7 Collection of Scaffold for Mechanical Testing 

The ideal process sought for conducting tensile testing on the nanofiber scaffold was to after proceeding with the 

electrospinning process take the aluminum foil and peel off the mesh scaffold and cut it into the shape and size of a 

tensile specimen. In order to properly do this, before beginning the electrospinning process we cut small windows 

through the aluminum foil so that after the we electrospun the fibers we were able to get underneath the thin scaffold 

and peel it off from the collector. 

 

3.0 RESULTS & DISCUSSION 

 

3.1 Zeta Potential/Conductivity of the Nanofibers 

Upon receiving result back for the measurements of one sample we came to find that oligochitosan did give the 

nanofibers a positive charge in which is preferable for cell attachment and proliferation. Figure 3 shows the  

nanofiber zeta potential and conductivity.  



 
Figure 3: Zeta Potential (left) and Conductivity (right) 

  

     As can be seen in the figure both the calcium treated and the untreated nanofibers showed negative zeta potential 

values. Also notice that when measuring the conductivity of the nanofibers the calcium treated fibers had the highest 

measurement. Ca2+ might disassociate from the nanofibers and disperse into the water heightening the conductivity 

and  not covering the all of the negative charges on the nanofibers. On the other hand, oligochitosan provides the 

exact desired results in order for the proper cell association with the nanofibers. 

 

3.2 Scaffold Collection 

Following the method of peeling the scaffolds off of the aluminum foil proved to be successful with obtaining 

portions of the electrospun fiber mesh scaffold. (Figure 4) Using this method we can further collect the scaffolds and 

apply them to tensile testing.  

 
Figure 4: Images of parts of scaffold after being peeled off of collector 

 

3.3 Future Directions 

Tensile tests will be conducted to further characterize the nanofibers mechanical stability and overall strength. 

Moreover creation of customizable 3-dimensional scaffolds that can further be applied to the biomedical field will 

be studied. Conducting these experiments will help further discovery for the better application of nanofibers and the 

advancement of the biomedical industry. 

 

4. CONCLUSION 

At this point it can be concluded that the use of oligochitosan is preferred in crosslinking pectin-based nanofibers. It 

disallows the solubility in water as well as provides a positive charge to the fibers to counteract the negative charge 

of the fibers after being elctrospun. This research holds plans to further characterizing the nanofiber’s mechanical 



stability as well as the creation of a 3-D scaffold in customizable shapes using the nanofibers. The continuing of this 

research shows the capabilities to elevate the usage and purpose of nanofibers within the biomedical field. 
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