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Development of a hydrocolloid bio-ink for 3D
bioprinting
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A new generation of bio-inks that are soft, viscous enough, stable in cell culture, and printable at low

printing pressures is required in the current state of 3D bioprinting technology. Hydrogels can meet these

features and can mimic the microenvironment of soft tissues easily. Hydrocolloids are a group of hydro-

gels which have a suitable gelling capacity and rheological properties. According to the literature, polysac-

charide-based hydrocolloids are used in the food industry, wound healing technologies, and tissue engin-

eering. Quince seed hydrocolloids (QSHs), which consist of mostly glucuronoxylan, can easily be obtained

from quince seeds by water extraction. In this study, the use of a QSH as a bio-ink was investigated. The

suitability of QSH for the printing process was assessed by rheological, uniformity and pore factor ana-

lyses. Appropriate printing parameters were determined and the characterization of the bioprinted QSHs

was performed by SEM analysis, water uptake capacity measurement, and protein adsorption assay. The

bioprinted QSHs had excellent water uptake capacity and showed suitable protein adsorption behaviour.

Analyses of the biocompatibility and cellular viability of bioprinted QSHs were conducted using NIH-3T3

fibroblast cells and the results were found to be high during short and long-term cell culture periods. It

was proved that QSH is a highly promising bio-ink for 3D bioprinting and further tissue engineering

applications.

Introduction

Bioprinting is an emerging methodology for the fabrication of
three dimensional (3D) tissue models in an automated way
with a desired shape, dimension, controllable pore size and
distribution.1–4 With these advantages, bioprinting overcomes
the limitations of biofabrication and allows the production of
3D tissue-like constructs with pre-programmed configurations,
biomaterials and/or cells.2,5–7 Bio-ink is one of the most impor-
tant components of the bioprinting process and has the
utmost importance in the success of bioprinting. However,
obtaining a high-performance bio-ink is still a challenging
endeavor for the research community. Bio-inks should be soft,
fluid, viscous enough to be easily printed during the printing
process, tough enough to maintain the printed pattern after
the printing process,8,9 and stable in cell culture media during
the culturing process.5 In addition, bio-ink materials should
be biocompatible and non-toxic since cells will be encapsu-
lated in them,10 where bio-inks should promote cell adhesion
and proliferation. Bio-inks are also supposed to be easily pro-
cessed, cost-effective, and commercially available.11 However,

it is observed that the materials used in bioprinting appli-
cations cannot provide all these features together.8

The development of new-generation bio-inks is an important
challenge that needs to be addressed in the field of tissue engin-
eering and 3D bioprinting. New-generation bio-inks are required,
which have the required viscosity features, physicochemical and
mechanical properties, high biocompatibility, easy and non-toxic
cross-linking, low cost, and high availability.12,13

Hydrogels mostly have these features as well as the ability
to mimic the microenvironment of soft tissues; therefore, they
are widely used as bio-ink materials in bioprinting
applications.11,14,15 Hydrocolloids are a group of hydrogels,
which have significant rheological and viscosity properties.16,17

Polysaccharide-based hydrocolloids are one of the biggest
classes of natural hydrocolloids that have biocompatibility,
biodegradability, and gelling features. With these advantages,
they are generally used in drug release,18–20 wound healing21,22

and tissue engineering applications as a scaffold material.23

Hydrocolloids are among the promising natural materials for
tissue engineering applications and the development of new-
generation bio-inks, with their water solubility, biocompatibil-
ity, high water retention capacity,24 biodegradability, anti-
inflammatory and antioxidant properties.25,26

Here, a polysaccharide-based hydrocolloid was obtained
from quince seeds and has been used as a new-generation bio-
ink in 3D bioprinting. The quince-seed hydrocolloid (QSH) has
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good gelling capability based on its high polysaccharide
content, which is mostly glucuronoxylan.27–29 The quince-seed
hydrocolloid, obtained by gelling the quince seed with water,
is a promising tissue scaffold material in terms of its mechani-
cal and physicochemical properties, as well as biocompatibil-
ity. According to the literature, there are a number of studies
that examine the mechanical and rheological properties of
quince seed hydrocolloids.30,31 Recently we have demonstrated
the capability of quince seed hydrocolloids as a tissue engin-
eering scaffold, which shows high biocompatibility and favors
3D tissue model formation.26 In this study, a new polysacchar-
ide-based hydrocolloid bio-ink from quince seed was used in
3D bioprinting and cell-laden formation. For this purpose, the
printability parameters of the water extracted QSH were ana-
lyzed to investigate the performance of the bio-ink.
Characterization and shape-fidelity analysis of the bioprinted
QSH construct were performed through analysis of linear and
pore regularity and SEM analysis. Besides, the bioprinted
hydrocolloid construct was investigated in terms of water
uptake and protein adsorption capacity. The use of QSH as a
bio-ink was evaluated using MDA-MB-231 GFP and NIH-3T3
fibroblast cell-printed constructs. Furthermore, the cell viabi-
lity and proliferation profiles of NIH-3T3 fibroblast cells were
investigated. Here, for the first time it is demonstrated that the
QSH has great potential as a bio-ink that is capable of provid-
ing a suitable microenvironment for 3D cell culture formation
and can be used for further bioprinting applications.

Experimental
Materials

An Axodual 3D-Bioprinter (AxolotlBio Systems) was used for
printing cell-laden constructs. Quince seeds were extracted
from quince fruits collected in the western side of Turkey.
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and
N-hydroxysuccinimide (NHS) were purchased from Sigma
Aldrich. Rhodamine B from Merck and fluorescein from Fluka
Analytical were used for the visualization of bioprinted con-
structs by fluorescence microscopy. For protein adsorption
assay, lyophilized powder bovine serum albumin (BSA) from
Sigma Aldrich and sodium dodecyl sulfate (SDS) from Bioshop
were purchased. Cell culture experiments were performed
using trypsin-EDTA (sterile-filtered, 0.25%, BioReagent), peni-
cillin–streptomycin (P/S), high glucose Dulbecco’s modified
Eagle’s medium (DMEM), phosphate buffered saline (PBS, pH
7.4 10×), fetal bovine serum (FBS) from Gibco and dimethyl
sulphoxide (DMSO) from Carlo Erba. MDA-MB-231 GFP cells32

and the NIH-3T3 mouse fibroblast cell line (ATCC®
CRL-1658™) were used for bioprinting studies. CytoCalcein
AM and Propidium Iodide dye (AAT Bioquest) were used for
cell viability and live/dead assays.

Bio-ink preparation

The quince seed hydrocolloid (QSH) was prepared as described
elsewhere.26 Briefly, to prepare 40 mg mL−1 QSH, 200 mg of

the outer shell of quince seeds was weighed and mixed with
5 mL of ultra-pure water including 100 µl of either fluorescein
or rhodamine B fluorescence dye, and gelation was completed
after 24-hour incubation at room temperature. 50, 60 and
100 mg mL−1 QSH were also prepared with 250, 300 and
500 mg quince seed shells, respectively. After the filtration step
to remove the remaining seed particles, hydrocolloids were col-
lected and stored at +4 °C until further use. Either rhodamine
B or the fluorescein dye was used to facilitate the easy visual-
ization of the bioprinted constructs.

EDC and NHS coupling methodology was applied for cross-
linking QSHs during bioprinting. This crosslinking method-
ology provided amide bond formation between the carboxylic
acid (–COOH) and amide (–CONH2) groups that are found in
the QSH structure.33 In order to achieve EDC–NHS coupling,
200 µl of EDC (0.4 M) and NHS (0.1 M) were added and hom-
ogenized in 1 mL of QSHs prior to bioprinting, and then the
obtained bio-ink mixture was printed immediately.

Bioprinting

The cell-free bio-ink and cell-laden constructs were printed
using the Axodual 3D-Bioprinter (Fig. 1a), where SolidWorks
and Repetier Host software were used for designing and
slicing the constructs. Bioprinting of the QSH bio-ink was per-
formed by using a 25-gauge plastic dispensing tip on micro-
scope slides to allow easy visualization by fluorescence
microscopy (Fig. 1b). The constructs were bioprinted at room
temperature at 1.6 cm width and length, and the layer height
was 0.1 mm. The printing speed for perimeter and infill print-
ing was 10 mm s−1. The infill pattern was a grid structure for
square models and the infill density was 40% (Fig. 1c and d).
The grid structure was preferred as an infill pattern since
porous structures improve the cell viability by allowing oxygen
and mass transfer in tissue engineering applications.34 The
flow rate of the dispensed bio-ink was controlled by tuning the
printing pressure between 1.6 and 7.2 psi.

Both NIH-3T3 mouse fibroblast cells and MDA-MB-231 GFP
human breast cancer epithelial cells were used for cell-based
bioprinting studies. Cells were cultured and expanded in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin–strepto-
mycin (P/S). Cells were harvested, when 80–90% confluency
was obtained, using 0.25% trypsin-EDTA. Prior to bioprinting,
5 × 106 cells were added to 1 mL of QSH (100 mg mL−1) and
EDC–NHS. The cell–scaffold complexes were bioprinted with a
25-gauge plastic dispensing tip by applying pressure in the
range between 6.5 and 7.2 psi. Following the crosslinking of
the QSH, the cell-laden constructs were rinsed with PBS to
remove unreacted EDC–NHS and visualized by fluorescence
microscopy. The cell viability and proliferation analyses were
performed using the live/dead viability assay and visualized by
fluorescence microscopy for short-term (day 1–7) and long-
term (week 1–8). Cells on the QSH scaffolds were compared
with the 2D control group, which is maintained on tissue
culture polystyrene (TCPS).
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Printability analysis and characterization of the bioprinted
constructs

Optimization of the bioprinting parameters for the QSH bio-
ink was carried out using a linear filament model for varied
pressure values (1.6–7.2 psi) and QSH concentrations (40, 50,
60, and 100 mg mL−1), and the bioprinted constructs were
visualized by fluorescence microscopy (Zeiss Axio Observer).
The filament thicknesses were measured using Image J
Software (NIH). Square models with a grid structure were also
bioprinted and visualized for qualitative printability analysis.
The uniformity and pore factor were measured for quantitative
analysis using Image J, calculated using eqn (1) and (2),35,36

and the obtained data were plotted using OriginPro
(Northampton, MA) software. The results represent the mean
value of three individual data sets for each parameter and
formulation.

Uniformity Factor Uð Þ ¼ Length of the practical line
Length of the theoretical smooth line

ð1Þ

Pore Factor Prð Þ ¼ Peripheral lengthð Þ2
16� Pore Area

ð2Þ

Pores, corners, junctions, and cross-sections of the bio-
printed constructs were observed by scanning electron
microscopy (SEM; FEI Quanta 250 FEG). The pore angle of
grids for 1-layer deposition for each concentration and the
layer height of cross-sections for 2-, 3- and 4-layer deposition
of the QSH bio-ink (100 mg mL−1) were analyzed using ImageJ.

Rheological analysis of the QSH was performed to evaluate
the viscosity for each concentration. 40, 50, 60 and 100 mg
mL−1 QSH samples were examined using a Haake Viscotester
VT550 (Thermo Fisher Scientific) within 0–1000 s−1 shear rate
at a constant temperature (25 °C).37

The water uptake capacity of the bioprinted construct was
assessed by comparing the wet and dry mass before and after
immersion in PBS. Through this experiment, 100 mg mL−1

QSHs were bioprinted and crosslinked. These scaffolds were
dried out overnight in a desiccator and weighed. Then, they
were immersed in PBS for 0–24 h and then weighed. The water
uptake capacity was calculated using the formula ((Wt − Wd)/
Wd) × 100, where Wt represents the wet weight after immersion
in PBS and Wd represents the dry weight of scaffolds.

26,38

The total adsorbed protein amount on the bioprinted con-
structs was determined by the bicinchoninic acid (BCA)
(Pierce™, Thermo Scientific) assay. To investigate the protein
adsorption capacity of the scaffold material, 0–2000 µg mL−1

stock protein solutions were prepared by solubilizing bovine
serum albumin (BSA).39,40 After immersion of QSHs into
protein solutions, the adsorbed BSA was solubilized from QSH
scaffolds with SDS, and the absorbance values were measured
using a UV/Vis Microplate Spectrophotometer (Fisher
Scientific™ accuSkan™ GO) at 562 nm. The obtained results
were plotted using OriginPro Software.

Statistical analysis

Linear and pore regularity analyses were performed using 3
datasets and expressed as mean value ± SD. The pore angle

Fig. 1 (a) General view of a 3D-bioprinter, (b) printhead system, (c) 3D bioprinted constructs (scale bar: 500 µm), and (d) conditioned constructs in
cell media.
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and layer height measurements were also performed using 3
images obtained by SEM observation. Rheological analysis,
water uptake capacity determination and protein adsorption
assay were performed using 3 datasets, and the results are
given as mean value ± SD.

Results and discussion
Printability analysis

Printability of the QSH bio-ink was assessed by printing linear
filament models at a pressure range of 1.6–7.2 psi for
40–100 mg mL−1 QSH concentrations. Dispensing pressure is
one of the important bioprinting parameters including feed
rate, concentration and extruder diameter.41 To achieve print-
ability, the dispensing pressure should overcome the surface
tension of the bio-ink material. To investigate the printability
pressure versus hydrocolloid concentration, screening that pro-
duces regular, irregular, thick, and unextrudable filaments was
performed as shown in Fig. 2. 40 mg mL−1 QSH bio-ink
formed regular filaments in the range 1.2–2.0 psi, and above
2.0 psi, the filament became thicker and irregular (Fig. 2a).
Also, 50 mg mL−1 QSH formed regular filaments between 3.0
and 4.5 psi, and below this range unextrudable and thicker
filament structures were obtained (Fig. 2b). 4.0 and 5.0 psi
pressure values are appropriate for bioprinting of regular fila-
ment structures when 60 mg mL−1 QSH was used (Fig. 2c).
After 5.0 psi, an increase in pressure resulted in a thicker fila-

ment, which is in correlation with the literature. Previous bio-
printing studies showed that a pressure increment thickens
the lines/filaments.42,43 100 mg mL−1 QSH was uniformly bio-
printed between 6.8 and 7.2 psi (Fig. 2d). As expected, the vis-
cosity is increased with increasing concentration, and
increased viscosity leads to increased printing pressures
(Fig. 2e); however, it favors the biofabrication of regular linear
structures and filaments.44,45 Higher viscosity is a more pre-
ferred parameter for bioprinting applications, since it results
in higher printing stability and ultra-controllability on printed
filaments.45 In addition to qualitative assessment of printabil-
ity, quantitative analysis was also performed to obtain the opti-
mized pressure value. The width of the bioprinted filaments
was visualized by fluorescence imaging and analyzed using
Image J (Fig. 2f).

The rheological analysis results of QSH are given in Fig. 2g.
As expected, an increase in concentration led to an increase in
the viscosity of hydrocolloids. QSH obeys the power-law model.
Consistency coefficients for this model were calculated using
the viscosity and shear rate; they were 19.34 ± 2.64, 28.11 ±
3.53, 34.95 ± 4.92, and 164 ± 17.17 for 40, 50, 60 and 100 mg
mL−1 QSH, respectively, which indicated the apparent incre-
ment in viscosity at 100 mg mL−1. The viscosity for 100 mg
mL−1 was around 150 Pa s when the shear rate was 1 s−1, and
this value is in the appropriate range (3 × 10−2–6 × 104 Pa s) for
extrusion-based bioprinting.11,46

After optimizing printing parameters, the assessment of
QSH printability was further controlled by printing complex

Fig. 2 Printability analysis images as line models of (a) 40, (b) 50, (c) 60, and (d) 100 mg mL−1 using a 25G dispensing tip (scale bar: 200 µm); (e)
summarizing plot for printability analysis of 40, 50, 60, and 100 mg mL−1 QSH at varied pressures, (f ) width vs. pressure graph for each concentration
at varied pressure values and (g) rheological analysis of 40, 50, 60, and 100 mg mL−1 QSH between 0 and 1000 s−1 shear rate.
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3D models with grid infill. For qualitative analysis, junctions,
pores, and channels were visualized by fluorescence
microscopy. When 40 mg mL−1 QSH and 1.6 psi dispensing
pressure were used, square-shaped pores, uniform channels,
and sharp junctions were obtained compared to higher-
pressure values of the same concentration (Fig. 3a). 50 mg
mL−1 QSH provided good square-shaped pores, regular lines,
and sharp junctions when 3.0 psi was used; however the regu-
larity of the pores diminished with increasing pressure
(Fig. 3b). 60 mg mL−1 QSH revealed regular pores, uniform
lines, and sharp junctions when 4.0 psi was used. On the
other hand, higher-pressure values disrupted the regular
shape of pores and formed thickened lines (Fig. 3c). 6.5 and
6.8 psi were the optimum dispensing pressure values for
100 mg mL−1 QSH. Above these pressure values, square-

shaped pores started to lose their uniformity and regularity,
and also lines were thickened (Fig. 3d).

For quantitative analysis of printability, uniformity and
pore factors were measured and calculated using eqn (1) and
(2). The uniformity did not significantly change between
1.6 psi and 2.4 psi for 40 mg mL−1 QSH; however, there was an
important alteration at 3.0 psi (Fig. 3e). 50 mg mL−1 QSH
showed linear uniformity when 3.0 psi was used, and above
3.0 psi the linear uniformity diverged from 1.0. 60 mg mL−1

QSH showed appropriate linear uniformity, which is around
1.0 at 5.0 psi and above. For 100 mg mL−1 QSH, similar linear
uniformity was obtained which was close to 1.0 for all pressure
values varying between 6.5 and 7.2.

Furthermore, the pore regularity was calculated using the
peripheral length and pore area. All pore regularity factors

Fig. 3 Bioprinted constructs (a) 40 mg mL−1 QSH between 1.6 and 3 psi, (b) 50 mg mL−1 QSH with 3.0, 3.5, 4.0 and 5.0 psi, (c) 60 mg mL−1 QSH
between 4.0 and 7.0 psi, and (d) 100 mg mL−1 at 6.5, 6.8, 7.0, and 7.2 psi and fluorescence microscopy images of corners, pores, and junctions
(scale bar: 200 µm), (e) uniformity and (f ) pore factor for each concentration calculated using their fluorescence microscopy images.
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were bigger than 1.0. However, that closer to 1.0 was the
optimum and the most appropriate pressure value for each
concentration is 1.6 psi for 40 mg mL−1, 3.0 psi for 50 mg
mL−1, 5.0 psi for 60 mg mL−1, and 6.5 psi for 100 mg mL−1

QSH (Fig. 3f). These results quantitatively confirmed the
optimal dispensing pressure values, which were optimized
qualitatively in the previous step according to Fig. 3a–d.
Overall, it was confirmed that all optimized bio-ink formu-
lations and optimized dispensing pressure values were suit-
able for the biofabrication of regular and uniform 3D struc-
tures. Further studies were conducted using optimum para-
meters as 6.5–7.2 psi for 100 mg mL−1 QSH.

Characterization of the bioprinted constructs

In this study, the EDC–NHS coupling methodology was
implemented for crosslinking the bioprinted QSHs. Addition
of EDC–NHS solution to QSH lowered the viscosity of the gel
and for this reason, the required bioprinting pressure
decreased for each concentration. The bioprinting of the QSH
with EDC–NHS crosslinking was completed in 15 minutes
and the scaffolds were incubated in ultra-pure water. Fully
crosslinked constructs were analyzed by SEM, where pores
and junctions were imaged (Fig. 4a). The pore angle was then
analyzed using ImageJ for each sample. The regular pore

Fig. 4 SEM analysis results for (a) 40, 50, 60, and 100 mg mL−1, (b) 100 mg mL−1 (1-, 2-, 3-, and 4-layer) (scale bar: 1 mm), (c) pore angles, and (d)
layer heights of 2-, 3-, and 4-layer 100 mg mL−1 QSH.

Paper Biomaterials Science

6712 | Biomater. Sci., 2022, 10, 6707–6717 This journal is © The Royal Society of Chemistry 2022

Pu
bl

is
he

d 
on

 0
6 

O
ct

ob
er

 2
02

2.
 D

ow
nl

oa
de

d 
by

 I
zm

ir
 Y

uk
se

k 
T

ek
no

lo
ji 

on
 1

2/
12

/2
02

2 
11

:5
9:

38
 A

M
. 

View Article Online

https://doi.org/10.1039/d2bm01184k


angle should be 90° according to the scaffold design. The
uniformity of pores increased with the increase in concen-
tration. With increasing viscosity, the pore angle of the
scaffold was close to 90° (Fig. 4c). An increase in concen-
tration, and hence in viscosity, resulted in regular shape and
pores in which collapse and deformation were not
observed.41

For further assessment of printability, multi-layer forms of
100 mg mL−1 QSHs were bioprinted and analyzed by SEM
(Fig. 4b). The layer heights were measured from cross-sectional
images (Fig. 4d), and they were around 21 µm, 22.5 µm, and
30 µm respectively for 2-, 3-, and 4-layer forms of 100 mg mL−1

QSH.
In tissue engineering, water uptake capacity is an impor-

tant parameter for scaffold design, and it can be controlled
by varying the crosslinking density and percent porosity.47

The water uptake capacity of 100 mg mL−1 QSH scaffold was
measured by weighing the scaffold before and after 0–24 h
immersion in PBS. As expected, the water uptake capacity of
QSH linearly increased with the incubation time until 1 h
(Fig. 5a), and then swelling equilibrium was reached between
5 and 7 h. After 7 h, partial deswelling around 7.5% was
observed. At the equilibrium point, QSH held 20.2 times
more water than its own mass when immersed in PBS for 7 h,
while 18.3 fold was reached after 24 h immersion in PBS,
which is a remarkable water uptake capacity for
hydrogels.48,49

Since protein adsorption is generally ensured by cell
adhesion,50 protein adsorption analysis was performed using
the BCA assay to test the cell adhesion capability for 3D cell
culture. Briefly, 100 mg mL−1 QSHs were bioprinted and cross-
linked by EDC–NHS, and then they were immersed in BSA
solutions (25–2000 µg mL−1); after incubation, the adsorbed
proteins were solubilized by SDS. The amount of adsorbed
protein on the bioprinted QSH increased with the increase of

protein concentration and reached a maximum at 225 μg mL−1

(Fig. 5b).

3D Cell Culture and Viability Analysis

Bioprinting of cells into hydrogels is a trending technique
since the biocompatibility and convenience of hydrogels
provide sophisticated models and constructs. 3D cell bio-
printing application gives similar microenvironments
physiologically.51 For this reason, the bioprinting ability of
cells into hydrogels is important. Cell viability during this
bioprinting process is the key point and can be kept under
control by tuning the bioprinting pressure and diameter of
the nozzle.52 For 3D bioprinting MDA-MB-231 GFP contain-
ing QSH (100 mg mL−1) bio-ink was prepared prior to bio-
printing. Bioprinting of the bio-ink was performed at various
pressure values, and then channels, junctions and pores
were analyzed by fluorescence microscopy (Fig. 6a and b).
According to the literature, the cell viability was significantly
reduced when the bioprinting pressure was high.52 Also, an
increase in pressure disrupts pore, channel, and junction
uniformity and causes an increase in the number of
dead cells. Therefore, the bioprintability of concentrated
QSH at a low pressure, such as 6.5 psi, provided an advan-
tage as a bio-ink.

For cell viability and biocompatibility assessment of the
QSH, NIH-3T3 cells were cultured on QSH scaffolds for a short
(Fig. 7) and long time (Fig. 8). Cell viability and proliferation
assays on the QSH scaffolds were carried out and controlled by
the live-dead assay. During 3D culturing (Fig. 7 and 8), the
QSH promoted cells to form spheroids which is also supported
by previous reports.26 Compared to the QSH, cells proliferated
over each other in the 2D control group. On day 1 smaller 3D
cellular structures were observed, and later on day 5 and day 7
they started to associate and fuse to form larger 3D cellular
structures (Fig. 7a–c). Relative cell viability was calculated

Fig. 5 (a) Water uptake capacity and (b) protein adsorption results of 100 mg mL−1 QSH.
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using short-term live-dead images. Fig. 7d shows superior cell
proliferation and viability which is higher than 95% for the
QSH. High cell viability and proliferation were observed even

for 8 weeks culture time (Fig. 8), indicating the biocompatibil-
ity and suitability of the QSH as a promising bio-ink in the
field of tissue engineering.

Fig. 6 Fluorescence microscopy images of GFP MDA-MB-231 cell bioprinting with 100 mg mL−1 QSH using a 25G dispensing tip. (a) The general junc-
tion, pore, and corner view with cells (scale bar: 200 μm) and (b) the images of GFP cells in bioprinted QSHs at a higher magnification (scale bar: 100 μm).

Fig. 7 Short-term cell viability images of NIH-3T3 cells on bioprinted QSH scaffolds (a) day 1, (b) day 5, and (c) day 7 (scale bar: 100 μm); (d) relative
cell viability results (green: live cells, red: dead cells).
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Conclusions

In the present study, a hydrocolloid obtained from quince seeds
was studied as a bio-ink in 3D bioprinting applications. To
achieve this goal, printability analysis through linear, pore regu-
larity, and SEM analysis, water uptake capacity determination,
and protein adsorption capacity analyses were performed. In
addition, the biocompatibility of the QSH bio-ink was evaluated
by cell proliferation and viability analysis. At the end, the appro-
priate concentration of the QSH and the optimal printing
pressure were determined to be 100 mg mL−1 and 6.5 psi,
respectively. The required printing pressure was consistent with
the suitable cell bioprinting pressure in the literature.53 The
water uptake capacity of the QSH was 20.2-fold its own weight
and was higher rather than other hydrogels that are used for
soft tissue engineering.48,49,54 In addition, the fast and easy

gelling feature of the QSH and the ability to be crosslinked with
a non-toxic methodology are the promising features of the QSH
as a bio-ink. Furthermore, short and long-term cell culture
studies demonstrated that the QSH has excellent biocompatibil-
ity and its high viability has been observed for 8 weeks. The
development and characterization of a new-generation bio-ink
from the QSH were studied for the first time, and this novel bio-
ink is a promising scaffold material in scaffold-based tissue
engineering and 3D bioprinting applications.
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