
THE UNIQUE 
PROPERTIES OF 
GELATIN IN 3D 
BIOPRINTING

How to select the right bioink to secure proper cellular characteristics 
and functionalities in engineered tissues: exploring the benefits of low 
endotoxin gelatins. 

Gelatin has long been a trusted excipient in the pharmaceutical industry. For 
advanced biomedical applications like in-body use, there are strict regulations for 
endotoxins levels of the final product (medical device) to avoid unwanted side-
effects. 
3D bioprinting is a very popular tissue engineering technology used in the field of 
regenerative medicine. In this whitepaper, we explore the benefits of using gelatin 
and in particular gelMA gelatin as a bioink in various 3D bioprinting technologies, 
and describe how the low endotoxin gelatins in the X Pure® assortment – a range 
of highly purified gelatins and modified gelatins – can help secure proper cellular 
characteristics and functionalities, and enable (bio)medical applications with low 
immunogenicity. 

By Jos Olijve, Scientific Support Manager, Rousselot Biomedical
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Introduction

After graduating in Biochemistry, Jos Olijve 
worked as a Researcher in the Department 
of Molecular Genetics at the University 
of Groningen. Since 2012, he has been 
responsible for the development of new gelatin-
based products and applications at Rousselot. 
Jos Olijve has published 15 patent applications 
and is the author/co-author of 12 scientific 
papers.

Jos Olijve, Scientific 
Support Manager, 
Rousselot

Tissue engineering is one of the most 

fascinating and trendsetting strategies for 

regenerative medicine. Its aim is to replace, 

repair or reconstruct injured tissue or organs. 

Engineered functional tissue, biological 

implants and cell based multi-organ models 

have attracted great attention for clinical, 

diagnostic and pharmaceutical research1,2. 

Despite the emergence of tissue engineering, 

no functional bio artificial organs have been 

created in a clinic to date. However, the 

complexity of the parameters that influence 

the formation of biological tissues has been 

comprehensively investigated. 

3D bioprinting has been promoted as a state 

of the art tissue engineering technology, 

used to fabricate biomimetic scaffolds 

that are structurally and functionally 

relevant. These 3D bioprinted scaffolds 

can support lineage-specific differentiation, 

intercellular communication between cells 

and their environment, and development 

into microstructures, such as capillaries, 

epithelia or organoids. All of this means that 

3D bioprinting offers a great technological 

platform for reconstructing hierarchical tissue 

structures with full cellular functionality within 

the construct.

Tissue engineering: a leading trend in 

regenerative medicine 
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Gelatin has a long history as a trusted excipient within 
the pharmaceutical industry, as it meets the highest 
standards of safety and regulatory compliance. It is 
produced by partially hydrolyzing collagen, the most 
abundant protein in the body and the most prevalent 
macromolecule in the extracellular matrix (ECM). 

Gelatins that are used in pharmaceutical applications 
are produced in the same way as gelatins used in food 
applications, i.e. by breaking down collagen into type A 
(acid process) or type B (lime process) gelatin. 

Due to a more extensive deamination of asparagine and 
glutamine in type B gelatin, the isoelectric point (IEP) 
of type B gelatin is lower (4.7-5.6) compared to type A 
gelatin (6.0-9.5)3. This property enables gelatin to be 
negatively or positively charged at neutral physiological 
pH. 

Another useful property is gelatin’s chemical versatility, 
which allows for a broad range of applications. The 
existence of amine, hydroxyl and carboxylate groups 
enables gelatin to be chemically modified at a molecular 
level to achieve the desired properties for specific 
applications. Moreover, the abundant presence of the 
cell recognition sequence Arginine Glycine Aspartic 
acid (RGD) facilitates attachment of cells to gelatin, 
promoting their spreading and proliferation. These cell 
matrix interactions are crucial for the organization of 
complex tissue4 (Figure 1).

gelatinBiomaterial
Figure 1.  
Graphical depiction of the mutual impact on the 
extracellular matrix and the cytoskeleton of cells during 
organization of tissues5.

1.  Cell attachment onto  
a gelatin scaffold

2.  Cell migration through  
the gelatin scaffold

3. Tissue reorganization
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Despite the unique properties of gelatin, the 
use of traditionally manufactured gelatin in 
(bio)medical applications is challenged by the 
presence of endotoxins (lipopolysaccharides). 
Endotoxins are large, highly immunogenic 
molecules and present in the outer 
membrane of gram negative bacteria. They 
are highly heat resistant, which make them 
difficult to inactivate. When exposed to 
the immune system, endotoxins initiate an 
immune response, which can lead to tissue 
inflammation, increased sensitivity to other 
allergens, and in extreme cases even fatal 
shock6. Endotoxins mediate their effect via the 
inflammasome and the TLR4 receptor present 
on many cells, resulting in the release of pro 
inflammatory cytokines7,8.

Endotoxin
The FDA has imposed restrictions on endotoxin 
content for a number of medical devices. These are 
2.15 Endotoxin Units (EU) (or 0.06 EU/ml) for devices 
exposed to the central nervous system via cerebrospinal 
fluid, and 20 EU (or 0.5 EU/ml) for devices for 
peripheral applications that can be reached by the 
cardiovascular and lymphatic systems9. The European 
Pharmacopoeia, as well as its US and Japanese 
counterparts, also requests compliance to endotoxin 
limits for parenteral administered pharmaceuticals. 
Endotoxin limits for injectables have to be determined 
in relation to the body weight and have conventionally 
been set to 0.2 EU/kg if introduced into the spinal canal 
and 5.0 EU/kg if injected elsewhere10,11.

Offering many valuable functionalities such as gelation, 
crosslinking, controlled swelling and more, gelatin is an 
unrivalled asset to formulation. 

Responding to growing concerns linked to endotoxin 
contamination in biomaterials that are used for tissue 
engineering, Rousselot®, the leading gelatin producer, 
has developed X-Pure®, a range of highly purified 
gelatins for pharmaceutical and medical applications. 

Since X-Pure is highly purified without compromising 
the unique tunable and biocompatible characteristics of 
natural gelatin, these functionalities are highly suitable 
for sensitive biomedical applications as well. In addition, 
with less than 10 EU/g, X-Pure gelatins facilitate 
compliance with FDA specifications for endotoxin limits.

For 3D bioprinting and cell engineering applications, 
GelMAs (methacryloyl gelatins) are particularly popular. 

The X-Pure range also includes ultra-purified GelMAs. 
Low in endotoxins and other impurities, X-Pure GelMAs 
have a unique advantage over other standard market 
products due to their consistent molecular weight 
and degree of modification, thus guaranteeing stable 
mechanical properties.

All Rousselot’s X-Pure and modified gelatins are 
produced under GMP conditions.

X-Pure and X-Pure GelMA gelatins
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3D bioprinting is a biofabrication process that combines 
biomaterials with living cells to generate precisely 
controlled 3D cell models and tissue constructs. This 
technology facilitates the recapitulation of the delicate 
shapes and structures of targeted organs and tissues. 
Compared to traditional biofabrication methods, 
which require additional cell seeding procedures, 
encapsulation of the cells during 3D bioprinting 
allows for fine tuning of cellular attachment and the 
distribution of cells and biomolecules within the printed 
scaffold12. By optimally combining multiple cell types, 
growth factors and biomaterial compositions, highly 

complex and fully functional tissue constructs can be 
generated through self-organization and maturation. To 
achieve this, it is of critical importance to select suitable 
biomaterials for 3D bioprinting. These biomaterials 
should not only be biocompatible, but also have 
high water binding capacity and sufficient porosity 
to provide nutrient diffusion and cell migration13-15. 
Additionally, mechanical properties such as stiffness and 
geometry have a great impact on cellular functions. For 
example, hard and mineralized ECM is beneficial for the 
generation of bone constructs, whilst cartilage requires 
elastic hydrogels (Figure 2).

and bioinks3D Bioprinting

Bioinks can generally be described as formulations of biomaterials containing living cells that are suitable for 
processing into designed shapes by 3D bioprinting technology. Bioinks are mostly composed of multiple biomaterials 
that mimic the ECM that supports the biological behavior of living cells, spheroids or microtissues16. Important bioinks 
requirements are15,16:

•  Printing temperatures equal to or below physiological 
temperatures;

•  Tunable viscoelastic properties (viscosity, shear 
thinning and recovery time);

•  Rapid gelation to obtain high structural resolution and 
crosslinkage;

•  Suitable to support cell adhesion, proliferation and 
differentiation;

•  Containing bioactive components.

E, Elasticity of microenvironnement

Figure 2.  Elastic properties of different tissues
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Gelatin in bioprinting
Gelatin is a versatile biomaterial that can be used in 
bioprinting to obtain biocompatible cell laden constructs 
with high structural resolution and shape14. It can be 
used in three main bioprinting technologies (Figure 3)14-

17:
- Inkjet based bioprinting,
- Laser assisted bioprinting,
- Extrusion based bioprinting.

Extrusion based bioprinting is the most widespread 
technology for the biofabrication of 3D cell laden 
constructs thanks to its low cost and medium to 
fast printing speed. The bioink is generally inserted 
in disposable plastic syringes and dispended either 
pneumatically or mechanically onto the receiving 
substrate. Extrusion bioprinters do not dispense 
small bioink droplets but whole filaments (~100-
500µm in diameter, Figure 5). The printing speed is 
generally slower compared to inkjet and laser assisted 
bioprinting, but it allows for higher cell loads and even 
the incorporation of spheroids13,15,16.

Depending on the bioprinting method or technology, 

and the type of tissue to be printed, bioinks with low 
or high viscosity can be used. For example, extrusion 
based bioprinting relies on  higher viscous bioinks, while 
inkjet printing and laser assisted technologies benefit 
more from low viscous solutions15,16. 
Gelatin’s versatile and tunable physicochemical 
properties allow the development of both high and 
low viscosity gelatin based bioinks. The gelling can be 
controlled by temperature, which facilitates optimization 
of the flow behavior during bioprinting.
To create bioprinted hydrogels with a good mechanical 
stability at physiological temperatures, gelatin needs 
to be crosslinked. Crosslinking of gelatin can be easily 
achieved chemically, for example with genipin or 
1-ethyl-3 (3-dimethylaminopropyl) carbodiimide, or 
enzymatically by using transglutaminase1,18-22. 

These crosslinking agents have been shown to be more 
biocompatible compared to the conventional crosslinker 
glutaraldehyde18,23. With these crosslinking methods, 
the stiffness, swelling and degradation rate of the 
gelatin based hydrogels can be fine tuned and precisely 
controlled18,23.
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Figure 3.  Gelatin can be used in different 3D bioprinting technologies
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The most extensively used and studied modification 
reagent to crosslink gelatin for bioprinting is methacryl 
anhydride (MA). MA modified gelatin is generally 
referred to as GelMA24,25. Modification is obtained 
through the derivatization of gelatin with MA, resulting 
in the modification of lysine and hydroxyl residues with 
MA and methacrylate side groups. The crosslinking 
of GelMA is initiated by radicals, which are generated 
by UV or blue light - depending on the photo-initiator 
used (Irgacure I2959 or LAP [lithium phenyl-2,4,6-
trimethylbenzoylphosphinate]) (Figure 4).
The ability to crosslink the material using UV or blue 
light also generates new possibilities to work with other 
methods of bioprinting, like digital light processing  
(DLP) or stereolithography (SLA) printing. These 
printing techniques are capable of printing with much 
higher resolution than extrusion printers, while also 
being able to print objects with a greater complexity. 

Various modification degrees of GelMA are available, 
which provides a versatile and modular toolbox to tailor 
the mechanical and physical properties of gelatin based 
bioinks and bioprinted hydrogels. A higher modification 
degree reduces the intermolecular interactions between 
gelatin, resulting in reduced viscosity and gelling25. 
The decrease in viscosity and corresponding low shear 
stress of the bioinks are favorable for cell survival 
during printing24,26. 
An optimum MA modification degree is postulated 
at about 0.35 mmol methacrylic groups per gram of 
gelatin, which is equal to 100% lysine modification25,27. 
Besides the degree of MA modification, the inherent 
physical gelation of the gelatin before crosslinking will 
also increase the stiffness of hydrogels28. Typically, 
there is an inverse relationship between stiffness and 
water uptake of crosslinked hydrogels3,29,30.

methacryloyl (GelMA)Gelatin

Figure 4. 
Methacrylamide modification of gelatin (a), 
purification (b) and the mechanism of 
chain growth in the radical crosslinking of 
gelatin methacryloyl after UV exposure in 
the presence of a photo initiator (c).
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Figure 5. 
 Live dead staining of primary human 
adipocytes encapsulated in GelMA 
hydrogels cured for 1 2 3 minutes  
and cultured for 1 (a-b-c) and 5 days 
(d-e-f).

1.  In the syringe the gellan chains 
(blue) form a temporary network 
with GelMA (red) and induce a gel 
like viscosity; 

2.  As it is dispensed through the 
needle, the temporary network is 
broken up by shear. The polymer 
chains align, which results in a 
reduced viscosity; 

3.  Directly after removal of shear 
stress, the temporary GelMA gellan 
gum network is restored and the 
printed filament solidifies instantly 
to create high fidelity structures. 

Cells stay viable during the photo induced crosslinking 
and cell recognition sites are maintained, making 

GelMA an ideal biocompatible material for bioink 
formulation2,24,31-34 (Figure 5). Another advantage of 

GelMA based bioinks is their versatility for combining 
with other materials to improve the printability and 
biocompatibility of bioinks. Polysaccharide additives 
such as gellan gum, can be used to optimize the 
rheological properties of GelMA based bioinks (Figure 
6). Gellan gum GelMA bioinks have thixotropic 
properties due to the reversible charge interactions 
between gelatin and gellan gum. These charge 
interactions are disrupted, and the molecules can be 

aligned to provide a low viscous solution, which is 
important to secure a high cell viability. An increase in 
viscosity is achieved after printing, since the charge 
interactions between GelMA and gellan gum are 
restored15,26. The GelMA based bioinks can further 
be combined with other ECM components such as 
proteoglycans, hyaluronic acid, growth factors, etc. to 
obtain a biocompatible 3D printed biomatrix28,31,32,35.

Figure 6. 
Schematic representation of 
shear thinning and yield stress 
in plotting GelMA/gellan gum 
based bioink.
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An interesting development in the field of bioinks 
are the so called ‘sacrificial bioinks’, which are 
very popular for building suitable models, for uses 
such as drug screening, among others35-36. These 
‘sacrificial bioinks’ offer temporary support for 
cells and are also widely used to fabricate complex 
geometries to create vasculature networks within 
a structure35-37 (Figure 7). When combined with 
other matrix biomaterials, these bioinks can be 
dissolved and removed after printing35. Ideally, 
a ‘sacrificial biomaterial’ offers high print fidelity, 
cytocom-patibility and is easy to remove. Gelatin is 
intensively used as sacrificial material, for instance, 
in combination with GelMA and endothelial cells for 
the fabrication of blood vessels. In this way, hollow 
channels are fabricated with an increased supply of 
oxygen and nutrients, which enhance cell viability in 
bioprinted structures38. 

Gelatin-based bioinkssacrificial
Figure 7.  

Hydrogel with vascular network established using 
sacrificial bioink.
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3D bioprinting is already a powerful technology 
used in tissue engineering and pharmaceutical 
developments39-40. This technology will 
further develop and expand to address more 
complex problems in regenerative medicine. 
As a favorable biomaterial for 3D bioprinting, 
gelatin is widely used as a bioink material 
due to its tunable physicochemical and 
biological properties. However, the purity of 
gelatin is essential to secure proper cellular 
characteristics and functionalities in the 
engineered tissue that will ultimately be 
transplanted into the body to restore the 
damaged tissue. With X-Pure® and X-Pure 
GelMA, low endotoxin gelatins are now 
available to accelerate clinical translation of 
developments and technologies that are still in 
the R&D phase such as 3D bioprinting.


