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Abstract 
 

Human compatible organs are needed because there is a greater requirement for organ 

transplants than there is availability of organ donors. Even though the number of people in need 

of a transplant has been increasing the number of donors recovered remains the same. 

Biofabrication, including bioprinting, provides novel methods to print tissue containing the cells 

and a biomaterial scaffold. Advances in biofabrication is closing the gap between the number of 

people waiting for a transplant and those receiving one. This research focused on the use of a 

novel pectin-based bioink. Pluronic® F-127, the other component of the bioink, is used to obtain 

the desired shape during the initial bio-printing process at 37 ᵒC. In order for the pectin/Pluronic 

solution to maintain its structure at a lower temperature, e.g., 4 ᵒC, a cross-linker solution needs 

to be introduced to gel the pectin. The crosslinkers tested were Ca2+, oligochitosan, and Zn2+. 

The scaffold structural integrity after bioprinting was tested, determining the cross-linker Ca2+ to 

be the most effective. Moreover, the post-printing treatment of the scaffold using chitosan was 

also investigated to increase its surface charge property. Stability testing was conducted, during 

testing period all samples remained stable. The results of this research provide further insight 

into the process of bioprinting with a pectin-based bioink. 
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Introduction 
 

Within the field of health care there is a great need for organ donations. As of 2015 there are 22 

people who die each day due to the lack of available and compatible organs [1]. The number of 

people needing an organ transplant exceeds 119 thousand and every 10 minutes a person is 

added to the list [1]. The number of people donating organs is consistent, however the number of 

people needing a transplant is increasing, as shown in Figure 1. Bioprinting aims to bridge this 

gap by printing organs with biocompatible materials. This would greatly decrease the number of 



people waiting for an organ transplant and would allow for the patients specific needs to be met, 

especially when it comes to compatibility of the organ with their body. 
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Figure 1: The Number of Patients Waiting for Organs versus the Number of Donors Recovered                                                 

Data Source: https://organdonor.gov/statistics-stories/statistics.html 

Bioprinting is a form of additive manufacturing, or 3D printing that incorporates viable living 

cells. These cells can be printed on their own or within a scaffold material. The cells and 

scaffolds that are used to create the prints are called bioinks. Bioinks include polymers, ceramics 

and glasses, hydrogels, and integrative support materials [2]. Bioprinting can be done in many of 

the ways traditional additive manufacturing is done. Extrusion, inkjet, light, valve-based, and 

laser printing are some of the methods used to 3D print biological material [2, 4]. Bioprinting is 

used to produce three dimensional biostructures, which could be a piece of skin or an ear. The 

material must be some form of liquid before bioprinting and a stable structure afterwards. After 

the printing process the biostructure is incubated so that the cells can create connections and the 

structure can take on more of the cell properties [3]. While many methods currently exist for 

bioprinting, there are certain challenges to this process. One of these challenges is that many of 

the items that help the bioink become a stable structure, such as UV light, chemical cross-

linking, and high temperatures, can negatively impact the biologically active additives [4]. Thus 

there is a need for novel bioinks and printing methods. Ideally the materials used to create these 

structures should be biocompatible with mechanically biometric features [4].  

 

This work focuses on using hydrogel bioinks and extrusion printing, and is a continuation of 

research on the use of the novel bioprinting method pectin based bioink [5]. Pectin is a linear 

polysaccharide found in the peels of apples and oranges. Many similar successful bioinks use 

alginate, found in seaweed. However many people are allergic to alginate and alginate is more 

expensive and less readily available than Pectin. Pectin forms a hydrogel when treated with 

divalent cations, such as Ca2+ and Zn2+. This work also included Oligochitosan as a non-ionic 

crosslinker for pectin [5]. Oligochitosan is more biocompatible than its ionic counterparts. 

Maintaining the positive ionic state of the structure is important for the viability of cells within 

the structure. For the ionic crosslinkers post printing methods will be attempted to increase the 



ionic positivity, making it more suitable for tissue engineering applications. The Polysaccharide 

chitosan was tested to treat the ionic crosslinked gels post printing. Stability of the gels in post 

printing incubation was found, as a means determining the viability of the solution for use with 

cells. It is also important to utilize a novel printing method, as dual syringe method is time 

consuming. The goal of this experiment is to further the study of potential crosslinkers for the 

pectin based bioink, as well as to test novel bioprinting methods. The focus was of the work was 

the biocompatibility and stability of the bioinks though the printing, crosslinking and post 

printing processes. 

 

Materials and Methods 
 

2.1 Materials 
 

The Pectin in this experiment was acquired from Willpowder (Miami Beach, Fl) and Pluronic® 

F-127 was acquired from Sigma-Aldrich (St. Louis, MO). The oligochitosan (1kDa, 2kDa 15, 

2kDa 16, 5kDa) and the chitosan (50kD, 100kD, 150kD, 1000kD) were acquired from Golden-

Shell Pharmaceutical Co. (Zhejiang, China). Calcium Chloride, Zinc Chloride, and PEO were 

acquired from Sigma-Aldrich (St. Louis, MO). Dulbecco's Modified Eagle's medium (DMEM) 

was acquired from ATCC: The Global Bioresource Center (Manassas, VA) 

 

 

2.2 Software and Hardware 
The bioprinter used in this study was the BioBot 1. The extruder is run by pressure, through an 

air compressor. Syringes with rubber stoppers were used to hold the solutions that were to be 

extruded. The native BioBot software was used to execute the printing process. Repetier-Host 

and Slic3r were used to make various 3D files BioBot compatible. Solidworks was used to edit 

3D files and Thingiverse was used to obtain various printable files.  

 

2.3 Methods 
A novel pectin based bioink was used in this study. The bioink consisted of a solution of 3% 

Pectin and 20% Pluronic® F-127. All tests occurred on a heated plate at 37ᵒC, body temperature. 

The bioink and the corresponding printing method were developed previously and are described 

in "Novel Bioprinting Method Using a Pectin Based Bioink." [5]. 

 

2.3.1 Printing Process 

The Pectin/Pluronic® F-127 solution is printed layer by layer onto a tinfoil dish that is heated to 

37ᵒC. This creates a thermal hydrogel, due to the gelling properties of Pluronic® F-127. 

However layers are not in direct contact with the heat do not gel, so a solution, warmed to 37ᵒC, 

is added, to continue gelling top layers, as shown in Figure 2.  For material to stay gelled the 

warmed solution must also contain a crosslinker for Pectin.  

 

https://www.atcc.org/


 

2.3.2 Crosslinker Testing  

 

Crosslinkers bond with pectin to create a stable hydrogel. Various molecules were tested as 

potential crosslinkers. Methods of adding the crosslinker solutions to the Pectin/Pluronic® F-127 

solution were tested before the printer was used. All solutions were placed in plastic syringes 

with a 24 gauge nozzle. The crosslinkers tested were oligochitosan, Ca2+ (150mM), and Zn2+ 

(10mM). Three different types of 5% oligochitosan solution were tested: 1kDa, 2kDa, and 5kDa 

oligochitosan.  

 

2.3.3 Dual Syringe Printing Process 

 

To further explore oligochitosan as a crosslinker. The Pectin/Pluronic® F-127 solution and 

crosslinker solution is printed in alternating layers onto a tinfoil dish that is heated to 37ᵒC. The 

first few layers gel due to the heat. The next layer is a crosslinker solution to gel the pectin. The 

crosslinkers tested were Ca2+ (150mM) and oligochitosan (5% 2kDa). Both solutions viscosity 

was increased with 4% PEO solution in a 3/1 ratio (crosslinker solution to PEO solution).  

 

2.3.4 Hydrogel Modification  

 

The hydrogels of the Pectin/Pluronic® F-127 solution and the crosslinker Ca2+ are created using 

the mid-print soaking method. After being thoroughly washed with nano pure water each of 

these hydro gels are soaked for five minutes in one of three chitosan solutions (50kD, 150kD, 

and 1000kD). After the chitosan residue is washed off with nano pure water. Fourier transform 

infrared spectroscopy (FTIR; Nicolet TM 6700 (Thermo Fisher Scientific)) was employed to study 

the chemistry of hydrogels.  

 

2.3.5 Stability Testing 

 

Hydrogels treated with one of the three chitosan solutions were weighed and placed in DMEM. 

A hydrogel without chitosan treatment was used as a control. The weight of each hydrogel was 

obtained at intervals of time. 

 

Results  

 

The mid-print soaking method worked well, creating a distinct printed object. The layering 

method however tended to separate the layers of the print. The Ca2+ and the Zn2+ solutions 

created hydrogels with the Pectin/Pluronic® F-127 solution, as shown in figure 3A. However, 

Oligochitosan failed to serve as a crosslinker, as demonstrated Figure 3B. The post printing 

Figure 2: Schematic of Bioprinting Process [5] 



process with chitosan integrated into the Ca2+ hydrogels successfully created stable hydrogels, as 

in Figure 4. The FTIR indicated that chitosan had been crosslinked into the scaffold, as shown in 

Figure 5. The stability of the hydrogels was tested in DMEM over five days and the percentage 

of original mass remained over 80% for all hydrogel samples, as shown in Figure 6. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

When using Pectin/Pluronic® F-127 solution as a bioink the method of mid-print soaking is the 

way to create the viable prints as layer printing does not create a single distinct object. Ionic 

crosslinkers Ca2+ and Zn2+ create stable hydrogels. Oligochitosan crosslinked pectin is soft and 

does not maintain its shape. This is likely caused by the large structure of oligochitosan and the 

different process in which oligochitosan bonds to pectin compared to the ionic bonds of Ca2+. 

Post treatment of hydrogels using chitosan was found to increase the suitability for tissue 

engineering applications. During the testing period in DMEM all samples remained stable. It is 

found that Pectin/Pluronic® F-127 solution is a viable bioink and is capable of creating the 

scaffold structure necessary for use in biomedical applications, such as organ printing.  

Figure 3A: Stable Calcium Treated 

Hydrogel 
Figure 3B: Instable Oligochitosan 

Treated Hydrogel 

Figure 4: Chitosan Soaked 

Hydrogels 

Figure 5: FTIR Results Showing Presence of 

Chitosan 

Figure 6: Percentage of Mass of Hydrogels left after Being Placed in 

DMEM 
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