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Abstract Nanofibrous gelatin scaffolds were prepared by
electrospinning from aqueous acetic acid and cross-linked
thermally by glucose. The effect of the amount of glucose
used as cross-linking agent on the mechanical properties of
gelatin fibres was studied in this paper. The elastic modulus
of gelatin fibres cross-linked by glucose was determined by
modelling the behaviour of the meshes during tensile test.
The model draws connections between the elastic moduli
of a fibrous mesh and the fibre material and allows eval-
uation of elastic modulus of the fibre material. It was found
that cross-linking by glucose increases the elastic modulus
of gelatin fibres from 0.3 GPa at 0 % glucose content to
1.1 GPa at 15 % glucose content. This makes fibrous gel-
atin scaffolds cross-linked by glucose a promising material
for biomedical applications.

1 Introduction

Low mechanical strength has been limiting the use of
fibrous gelatin in various applications, including biomedi-
cine. Glucose has many advantages (biocompatibility, non-
toxicity, cost-effectiveness) compared to widely used
chemical cross-linking agents like dialdehydes. However,
glucose alone has been reported to be a relatively inef-
fective cross-linking agent [1], mostly because the forma-
tion of glucose cross-links requires glucose molecules to be
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in their linear form [2], but normally over 99 % of glucose
molecules are in the closed ring form [3]. Nevertheless,
amino acids and reducing sugars react at high temperatures
through the Maillard reaction pathway, but the challenge
has been finding a way to preserve nanofibrous scaffold
structure during thermal treatment despite the low melting
point of gelatin. Preparation and mechanical characteriza-
tion of nanofibrous electrospun gelatin scaffolds thermally
cross-linked by glucose is described in this paper.

Interest in natural fibrous materials is continuously
increasing. The fibrous structure is important in various
applications including biomaterials design and many
technical applications. Several methods can be used to
fabricate fibrous materials, including phase separation,
self-assembly, surface patterning, interfacial complexation,
wet-, bio-, melt- and microfluidic spinning and electros-
pinning [4-6], the latter being simple, low-cost, flexible
and easy to scale up. Electrospun fibrous materials can be
used in various applications in the biomedical field (wound
dressing, tissue engineering, drug delivery and release
control), cosmetics, energy storage, filtration, protective
clothing, sensors, space applications, optoelectronics, and
in composite materials [7, 8].

Mechanical behaviour plays a key role in many appli-
cations. Stiffness of artificial substrate is known to influ-
ence cell growth, proliferation and differentiation [9, 10] in
tissue engineering applications. Strength and durability are
evident necessities in applications like filtering, protective
clothing and fabrics. Although different approaches have
been used to study mechanical properties of electrospun
meshes, exact characterization of properties of nanofibres
remains a challenge for many reasons. Random fibre ori-
entation, mechanical anisotropy resulting from lengthwise
orientation of polymer chains in electrospun fibres, the
orientation of macromolecules, fibre size and humidity
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greatly influence fibre properties [11-13]. Furthermore, the
stress—strain behaviour of electrospun fibres has been found
to be different from bulk material from which it was pre-
pared [14], making evaluation of fibre properties even
harder. A variety of approaches have been applied towards
mechanical characterization of nanofibres and scaffolds by
employing nanoindentation, bending tests, resonance fre-
quency measurements and tensile tests [15—-17]. Mechani-
cal properties of fibrous materials have been modelled at
micro- and macro-scale in various ways mostly based on
bending or tension testing, including direct calculation
from experimental data, approaches based on friction, finite
element analysis and analytical models [18] and using a
probability density function [19].

Gelatin is a protein derived by hydrolysis from collagen, a
naturally occurring protein most abundant in connective tissue.
Electrospun gelatin fibres are water-soluble and must be cross-
linked to make them insoluble and thus usable in practical
applications. Cross-linking decreases solubility by creating
chemical bonds between polymer chains. It has also been
shown to increase mechanical strength (e.g. elastic modulus
[20] and shear modulus [21]) of fibrous gelatin-based materials.
Cross-linking of gelatin fibres can be carried out by various
chemical methods [22-24], enzymatic [25] and physical [26]
means or a combination of these. Gelatin can also be cross-
linked thermally [27], although physical treatment generally
results in a low degree of cross-linking [28] and the use of cross-
linking agents can enhance the properties of the material much
further. However, most chemical cross-linkers are costly, more
or less toxic and even the safer ones have been found to have
negative effects, for example EDC has been shown to reduce
the ability of fibroblasts to proliferate [29].

The presence of sugars can alter the conformation and
interactions of proteins, enable the Maillard reaction to
take place and has an effect on the cross-linking process
[30-32]. Thus, adding sugars to gelatin scaffolds could
help us to enhance mechanical properties of the fibres by
controlling the extent of cross-linking. Therefore, it is
necessary to study the effect of glucose cross-linking on
mechanical properties of electrospun fibres.

2 Materials and methods
2.1 Preparation of fibrous scaffolds

Gelatin type A from porcine skin, glucose and glacial
acetic acid were purchased from Sigma-Aldrich. Gelatin
was mixed with glucose so that various mixtures contained
0-15 % glucose. The mixtures were dissolved in 10 M
aqueous acetic acid to obtain 25 % solutions. Fibrous
scaffolds were prepared from these solutions by electros-
pinning. A syringe containing gelatin-glucose solution was
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mounted on a New Era Pump Systems NE-511 pump
operating at 6-8 pl/min. High voltage (17.5 kV) was
applied to metallic syringe needle using Heinzinger LNC
30,000 high voltage power supply. A grounded target was
placed at 14 cm distance from the needle tip. Fibrous
meshes were collected from the target after electrospinning
and stored for further treatment.

Fibrous glucose-containing gelatin scaffolds were cross-
linked by placing them in a preheated oven for 3 h. In order
to avoid thermal degradation of gelatin while ensuring
proper cross-linking [33] and to operate above melting
point and caramelization temperature of glucose, cross-
linking was carried out at 170-175 °C.

2.2 Scanning electron microscopy

The scaffolds were analysed by SEM before and after
cross-linking. Samples were dried using Leica EM
CPD300 critical point drier and covered with 5 nm layer of
gold using Polaron SC7640 sputter coater. Fibre diameters
were measured from 21,000 times magnified SEM images.

2.3 Tensile test

Electrospun scaffolds were cut into rectangular segments
and their dimensions and weight were measured. Smaller,
3 x 1.5 cm samples were cut out from these scaffolds,
fixed between clamps and subjected to tensile testing.
Tensile test was carried out using a self-built tensile testing
station (10 pm distance measurement accuracy) equipped
with Sauter FH100 force sensor. The samples were pulled
at 5 mm/h, elongation and force were recorded. The scaf-
folds were photographed during tensile test and the chan-
ges in their dimensions at given elongation were evaluated
using Adobe Photoshop CS2 software.

2.4 FTIR analysis

The scaffolds were analysed by FTIR before and after
thermal treatment. After drying in Leica EM CPD300
critical point drier, FTIR spectra between 400 and
4,000 cm™" were recorded using Bruker Vertex 70 spec-
trometer equipped with an attenuated total reflection (ATR)
accessory. The ATR spectra were converted to absorbance
spectra after baseline correction and normalized to a con-
stant penetration depth using OPUS software.

2.5 Modelling
2.5.1 Modelling of fibre deposition

The first step of tensile test simulation was creating a vir-
tual fibrous scaffold. This was done by simulating fibre
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deposition during electrospinning. The total length of fibres
per volume in the scaffold was calculated using the
dimensions, weight and fibre diameter measured before-
hand. Fibres were placed randomly one by one and layer by
layer to form a virtual scaffold until the calculated total
fibre length was reached. Based on SEM data, the fibres
were assumed to be straight and remain straight during
tensile test. It was observed from SEM images taken after
failure that fibres in the scaffolds tested before cross-link-
ing were pulled straight next to the ripping point and
considerable orientation of the fibres towards pulling
direction was detected away from the ripping point
(Fig. 1a). Scaffolds tested after cross-linking revealed very
little fibre orientation right next to the ripping point. Fur-
thermore, no increase in fibre orientation was observed by
SEM when the meshes were pulled only in the elastic
region of the strain and removed from the tensile testing
machine before ripping (Fig. 1b). This confirms the
assumption that cross-links form between individual fibres
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R

as well as between gelatin molecules in each fibre and
suggests that in the elastic region where deformation is
small the fibres do not slide on each other and friction does
not have to be taken into account when describing tensile
testing of cross-linked scaffolds.

The behaviour of the scaffolds during tensile test
depends on the interactions between the fibres. Non-cross-
linked fibres are relatively independent of each other, the
interactions between fibre segments that are in contact are
weak and all the fibres tend to change their orientation in
the direction of the applied force during tensile test.
Friction alone causes some resistance to fibre reorienta-
tion. In case of cross-linked fibres chemical bonds have
formed not only between polymer molecules inside each
fibre, but also at the interceptions of fibres. These
chemical bonds connecting individual fibres make the
mesh structure rigid and reorientation of a fibre caused by
the applied force becomes dependent on reorientation of
other fibres.

Fig. 1 a SEM images of non-cross-linked and b cross-linked gelatin scaffold after tensile testing. Images were taken at a distance of 100 pm
from the ripping point. ¢ 21,000 times magnified SEM image of a gelatin scaffold and d the virtual scaffold constructed by the model
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Tensile test was simulated for cross-linked scaffolds
only, because non-cross-linked scaffolds are water-soluble
and thus not usable in practical applications. Comparing
SEM images (Fig. 1c) with virtual meshes (Fig. 1d) con-
structed in the manner described above confirmed the
necessary similarity between the virtual and the real
scaffold.

2.5.2 Modelling of tensile test

Tensile test was simulated using virtual scaffolds con-
structed as described above. The goal of the simulation was
to obtain the elastic region of stress—strain diagram. Fibre
diameter d, elastic modulus E, a coefficient G (the value of
G is proportional to shear modulus) were used as constants
characterizing the material. Fibre material was considered
to be brittle so that Hooke’s law was valid in the whole
simulated region of the stress—strain diagram. At each
simulation step, a small increase was given to the length of
the sample. This causes stress in the fibres. The total tensile
force is equal to the sum of the forces resulting from all
fibres. Decrease in mesh width (neck formation) at larger
elongations is related to the strength of interactions
between the fibres. It was observed experimentally that the
change in shape (forming of neck due to decreased mesh
width) is related to glucose concentration in the fibres. The
more glucose the scaffolds contained (and therefore the
higher the extent of cross-linking) the smaller was the
decrease of sample width. Scaffolds containing 15 % glu-
cose did not form any neck during tensile testing. During
simulation the shape change of a piece of scaffold was
determined at each step. In this work we assumed that the
studied piece of scaffold remains rectangular during the
test. This assumption is strictly valid for central parts of the
mesh. However, if the dimensions of the scaffold piece are
chosen to be small and tensile test is simulated only in the
elastic region where deformation is also small, then the
approximation that the scaffold is rectangular describes
tensile testing accurately enough even in case of neck-
formation.

Figure 2 describes the scheme of the simulation. y-axis
is chosen so that it coincides with the direction of the
applied force (and scaffold elongation). Each step of the
simulation gives one point to the force—elongation diagram
and consists of the following parts. Firstly, a small increase
is given to the scaffold length, causing relative elongation
of the scaffold ¢,, while the width of the scaffold is kept
unchanged. This induces elongation and stress in each fibre
depending on the angle o; between the fibre and x-axis,
which in return causes normal stress o; in ith fibre. We
calculated normal stress using the equation g; = E¢;, where
E is the expected elastic modulus, ¢; is the relative elon-
gation of the ith fibre and «; is the angle between the ith
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Fig. 2 The applied force causes normal stress (c;) and tangential
stress (T;) in the ith fibre

fibre and x-axis. Increase in length of the scaffold causes a
change Ag; in the angle o;. The fibres tend to be oriented
towards the y-axis during tensile testing. It was taken into
account that the fibres are cross-linked and relatively strong
chemical bonds exist at the interceptions of individual
fibres. Thus the fibres do not slide on one another and the
structure is relatively rigid. Therefore torsion arises around
these interceptions. Generally, the shear stress (tangential
stress) 7; in a fibre at torsion is proportional to the torsion
angle. We calculated tangential stress using the equation
1, = GAo;, where G is a coefficient characteristic to the
fibre material and proportional to its shear modulus.

Evaluation of the coefficient G is based on the following
speculations. The ratio of the elastic modulus and the shear
modulus depends on the Poisson coefficient, i.e., the ratio
of the relative decrease of the specimen width to the rel-
ative increase of its length. The Poisson coefficient deter-
mines the change in volume of a material during tension,
and the relative change of the surface area in our tensile
test. Therefore we expected the E/G ratio to be connected
to the relative change in the dimensions and shape of the
scaffold during testing. Using the sample dimensions
evaluated from the images taken during experimental ten-
sile testing and comparing them to the dimensions calcu-
lated from the simulations at various E/G ratios, it was
found that the values of E/G varied between 1.0 (for
samples containing 15 % glucose) and 1.2 (for samples
containing no glucose).

The second part of this simulation step takes advantage
of the calculated stresses g; and 7; to determine the change
in mesh width. We calculated x- and y-components of
normal and tangential stresses by o; = g;cos(%;), o =
oisin (o), Ti = T sin(e;), and 7, = 7;cos(e;). The y-
components of ¢; and 7; add up and their sum is balanced
by the applied force. The direction of the x-components of
o; and 1; is determined by the angle ;. The x-components
g, and 1;, of each fibre are directed at opposite directions.
The difference between their values is related to the change
in fibre orientation and the decrease in scaffold width.
Additionally, it gives rise to neck formation during testing.
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It must be mentioned that the sum of forces resulting from
the x-components of the stresses in all fibres is equal to
zero, whereas the difference between o, and 7;, in each
individual fibre contributes to neck formation. The sum of
y-components of the stresses in all the fibres is proportional
to the applied force, Fy = (nd*/4)Y"; (i + tiy). The
force causing the narrowing of the scaffold is caused by
the differences in stress components, F, = (nd*/4)
> |0 — Tix|]. Relative decrease of the mesh width, e,
follows from the equation ;—; = %, which gives

_ ., iloi—l
Yo+ )

Finally, the values of ¢, and &, were used to recalculate
fibre lengths, stress in the fibres, and the total force F,
stretching the scaffold. The force directly causing elonga-
tion of the sample was calculated as the sum of forces
determined for all fibres. In this way, tensile test was
simulated by firstly calculating new dimensions of the
sample, and secondly the force applied in the y-direction.
So, step by step, the force-strain diagram was generated.
Tensile test was simulated, adjusting the hypothetic elastic
modulus, until the elastic region of experimental tensile
test graph and the simulated tensile test graph overlapped.
The elastic modulus of the fibre material was found for all
glucose concentrations in this manner.

&

3 Results
3.1 Preparation of fibrous scaffolds

Fibrous gelatin scaffolds containing different amounts of
glucose were prepared by electrospinning. Fibres can be
produced by electrospinning gelatin from aqueous acetic
acid only when the concentration of acetic acid is suffi-
ciently high [34]. 10 M aqueous acetic acid was found to
be suitable for electrospinning all the mixtures of gelatin
and glucose used in this work, allowing problem-free
production of fibres using a wide range of process
parameters. Scaffolds were analysed by SEM. Fibres were
smooth and without beads. Maximum glucose content in
the fibres was kept at 15 %, because the scaffolds con-
taining more glucose became brittle and broke easily after
cross-linking. Fibre diameters were measured from 21,000
times magnified SEM images and averaged. Average fibre
diameters were strongly influenced by electrospinning
parameters (pumping speed, voltage, distance between
needle tip and collector, relative air humidity). For exam-
ple, the average fibre diameters of pure gelatin scaffolds
prepared using different process parameters varied between
280 and 575 nm. Therefore, the fibre diameters of every

sample used in tensile testing were measured individually.
The scaffolds were cross-linked thermally by glucose at
170-175 °C. In order to ensure proper cross-linking while
maintaining structural integrity of the mesh, the oven must
be heated to this temperature before inserting the meshes.
170-175 °C was the chosen temperature, because at too
low temperatures gelatin melts and the fibrous scaffold
structure is destroyed. Additionally, operating above
melting point and caramelization temperature of glucose
supports the cross-linking process. As a result, 50-110 pm
thick gelatin scaffolds cross-linked thermally by glucose
were successfully prepared. Length of fibre per volume and
porosity were calculated before tensile test. Porosity of the
scaffolds varied between 78 and 87 % and seemed to be
quite random. No correlation was found between scaffold
porosity and composition, but scaffolds consisting of fibres
with smaller diameters seemed to have higher porosity.
This indicates that porosity of the material is greatly
influenced by the randomness of electrospinning process.

3.2 Tensile test and simulation

Tensile tests were carried out for electrospun gelatin
scaffolds cross-linked by various amounts of glucose.
Force and elongation were measured during the test. A
short elastic region was found to be typical (Fig. 3a).
Considerable elongation was seen in the final part of the
diagram as the material was slowly ripped apart. Relatively
long experimentally determined plastic region was not
simulated, because structural changes contribute greatly to
the shape of this region and the approximation of straight
fibres is not valid any more, and the aim of this study was
to evaluate elastic properties of fibre material.

In order to compare the influence of E and the influence
of E/G ratio on the results, tensile test was simulated using
a wide range of values of E and E/G ratio. Typical results
of the calculated force—elongation diagrams are shown in
Fig. 3b, c. The applied force calculated from the model is
proportional to the number of fibres in a particular scaffold.
Therefore, the force is proportional to the total length of the
fibres in each scaffold. The total force applied to the
scaffold is also proportional to the cross-section area, since
the force contributions of fibres are multiplications of stress
and cross-section area TEd2/4, where d is the fibre diameter.
The diameter and the total length of the fibres as well as the
initial length and width of the mesh used in the calculations
were determined experimentally beforehand. It can be seen
(Fig. 3b, c¢) that the calculated applied force strongly
depends on the elastic modulus of the fibre material
whereas the dependence on the E/G ratio is rather weak.

Poisson’s ratio of the fibre material was determined
from the calculations presented in Fig. 4. As expected, it
increases with the E/G ratio, while at E = G it is equal to
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Fig. 3 Experimental tensile test (a) and simulation results demonstrating the effect of elastic modulus (b) and E/G ratio (c) on force—elongation

curve in the elastic region

0.3

0.2

Poisson’s ratio

0.1

—

1.5 2 2.5 3
E/G ratio

Fig. 4 Dependence between Poisson’s ratio and E/G ratio

zero—no decrease of the scaffold width is observed in this
case. These results are in accordance with experimental
observations. Pure gelatin scaffolds showed considerable
neck formation during tensile test, while the width of
scaffolds containing 15 % glucose did not change at all
during the test.

3.3 Elastic modulus
The elastic modulus of the fibre material was determined

for samples prepared using 0-15 % glucose. It was found
(Fig. 5a) that cross-linking by glucose considerably

increases the elastic modulus of gelatin fibres from about
0.3 GPa (0 % glucose) to 1.1 GPa (15 % glucose). Simu-
lation results were used to draw connections between the
elastic modulus of the scaffold and the elastic modulus of
the fibre material (Fig. 5b) at different E/G ratios calcu-
lated for a wider range of values of E. The analysis
revealed that the elastic modulus of the fibre material
exceeds the elastic modulus of the scaffold 8-9 times.
These results seem to be reliable, taking into account the
porosity and fibrous structure of the mesh.

3.4 FTIR analysis

FTIR was used to study the changes brought about by
thermal treatment of the scaffolds and to confirm cross-
linking. Intensity of the amide I band (peaks at 1,657, 1,640
and 1,631 cmfl, mainly C=0 vibrations [35]) increased
and in case of glucose-containing scaffolds intensity of
peaks at 1,081 and 1,035 cm™! (mainly CO vibrations
overlapping with other vibrations in glucose [36])
decreased considerably after thermal treatment of the
scaffolds (Fig. 6). These changes were the greater the more
glucose the scaffolds contained (in case of pure gelatin
scaffolds the increase of the intensity of the amide I band
was the only major change in spectrum). This suggests that
the main reaction occurring during thermal treatment of

Fig. 5 a The effect of glucose
concentration on elastic 0fp A
modulus of gelatin fibres;
b Dependence between elastic = st
modulus of the fibre material 2
and elastic modulus of the Z 6l
scaffold M

44

0 5

% glucose
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Fig. 6 FTIR spectra of the scaffolds before and after thermal
treatment

glucose-containing scaffolds is indeed the Maillard reac-
tion. Lesser changes were detected at 3,285, 3,077 cm ™!
(OH and NH vibrations), 2,939 and 2,879 cm™! (CH,
asymmetric and symmetric vibrations respectively), 1,562,
1,547 and 1,535 cm™! (the amide II band, mainly NH
bending) [37].

4 Discussion

The model used in this work describes mechanical
behaviour of fibrous cross-linked or otherwise intercon-
nected materials and allows simulating tensile test in the
elastic region. Remaining in the elastic region is related to
the approximation that the fibres in the concerned part of a
scaffold are straight during tensile test and do not slide on
each other. This assumption is only valid if there are
chemical bonds present at fibre interceptions. In case of
gelatin scaffolds, the fibres must be cross-linked to make
them insoluble and observations considered above indicate
that chemical bonds appear between individual fibres dur-
ing cross-linking. On a large scale, electrospun fibres are
deposited in spirals, but considering the fibres to be straight
is a good approximation because of the cross-links at fibre
interceptions and the fact that the model operates in the
elastic region. In any case, it is the elastic region that is of
importance in most applications. However, for brittle fibre
materials with no plastic deformation one may determine
the maximum normal and tangential stresses to simulate
the formation of stress—strain curve for a scaffold. Per-
forming such simulations showed that failure of the fibres
one by one leads to plastic deformation of a scaffold.
Tensile test was simulated for a small part of a scaffold
and this part was assumed to remain rectangular during the
simulation. Such assumption is exactly valid for all parts of
the scaffold, if the width of the sample does not change
during the test. Considerable neck-formation was observed
in case of pure gelatin and non-cross-linked scaffolds,
leading to the conclusion that forces affecting the edges of
the rectangular parts of the scaffold do not remain parallel

to the force applied to the sample during the test. Friction at
the sample fixation point creates a force perpendicular to
the applied force. Therefore, the accuracy of the model is
the better the less neck-formation is observed. It remains to
be clarified whether the model can also be applied to non-
cross-linked scaffolds.

One of the challenges in the field of mechanical char-
acterization of electrospun materials is achieving compa-
rability. Cross-linking has been shown to increase elastic
modulus of electrospun gelatin, but values determined by
different authors vary a lot. Comparing the results is dif-
ficult not only because different techniques are used to
characterize mechanical properties of nanofibres, but also
because various cross-linking agents are used. For exam-
ple, cross-linking gelatin by glutaraldehyde has been
shown to increase the elastic modulus of electrospun gel-
atin mesh up to 21 MPa [38], whereas cross-linking by
genipin has been shown to increase the elastic modulus of
gelatin fibres up to 990 MPa [39]. Two major aspects that
could cause possible errors were observed while carrying
out the experimental part of this work. Firstly, porosity of
the samples prepared from the same solution using the
same electrospinning parameters varied up to 10 % simply
because of the randomness of electrospinning process. The
simulation revealed that the variations in mechanical
properties caused by random fibre placement are in the
same order of magnitude. Secondly, the randomness of
porosity coming from casual orientation of the fibres
inherent to electrospinning causes randomness of scaffold
thickness. Mechanical stress is calculated by dividing force
by cross-section area. Therefore, the non-uniform thickness
of the scaffold causes errors in determining the cross-sec-
tion area of the sample, which in return causes errors in
determining the stress. These errors can be somewhat
lessened by calculating the total length of the fibres per
volume. In this case, the applied force can be presented as
the function of the cross-section area of the fibres, and the
fibre diameters can be measured quite accurately by SEM.

FTIR analysis confirmed the assumption that the major
reaction occurring during thermal treatment is the Maillard
reaction. Gelatin and glucose in the scaffolds react with
each other, but this alone does not prove the formation of
cross-links between gelatin molecules. However, if cross-
links wouldn’t have formed, then it would be hard to
explain the increase in elastic modulus of the material.
Therefore FTIR analysis coupled with tensile test and
modelling results suggests that the presence of glucose
increases the extent of cross-linking of gelatin scaffolds
during thermal treatment.

Compared to other previously used cross-linking agents,
glucose is not only biocompatible and non-toxic, but also
relatively cheap. The whole process of producing cross-
linked and thus insoluble and durable fibrous scaffolds
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described in this work uses only natural substances and
easy, cost-effective methods.

5 Conclusions

Nanofibrous gelatin scaffolds containing up to 15 % glu-
cose were prepared by electrospinning from aqueous acetic
acid. At higher glucose concentrations the scaffolds
become unpractically brittle after thermal treatment. The
scaffolds were thermally cross-linked by glucose, which
proved to be an effective cross-linking agent. Mechanical
properties of the material were evaluated by tensile test and
modelling. The model simulates deposition of fibres during
electrospinning and tensile test of fibrous meshes in order
to evaluate the elastic modulus of electrospun materials and
is effective when applied to cross-linked scaffolds with
bonds between both polymer molecules and at fibre inter-
ceptions. Adjusting glucose content in gelatin fibres gives
us control over the elastic modulus of the fibre material in a
wide range. Cross-linking by glucose increases the elastic
modulus of gelatin nanofibres from 0.3 GPa at 0 % glucose
content to 1.1 GPa at 15 % glucose content.
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