Collagen Films Obtained from Collagen Solutions
Characterized by Rheology
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Collagen is an important natural biopolymer, found in mammal’s body. It is the main structural protein in the
extracellular space in the various connective tissues. As the main component of connective tissue, it is the
most abundant protein in mammals. Its importance increased in last decades. Collagen has many applications
in medicine and cosmetics. The work presented in this paper shows one method to obtain collagen films
from collagen solutions. These collagen solutions were characterized by rheological measurements. The
preparation of the collagen films was performed in the presence of calcium and silicium salts, using glycerin
as plasticizer. The collagen was first solubilized and reconstituted, in order to maintain its initial properties.
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The collagen structure from the animal skin is similar to
the collagen found in the human'’s skin. Because of this
reason, the collagen obtained from the animal skin can be
used in medicine and cosmetics also [1-4].

The collagen protein is composed of a triple helix
structure, which generally consists of two identical chains
(al) and one additional chain that differs slightly in its
chemical composition (a2). The amino acid composition
of collagen is atypical for proteins. It has very high
hydroxyproline content. The most common motifs in the
amino acid sequence of collagen are glycine-proline-X and
glycine-X-hydroxyproline, where X could be any amino acid,
except glycine, proline or hydroxyproline. The collagen can
be obtained from the offal form the animal skin processing
[2,3].

In the form of elongated fibrils, collagen is mostly found
in fibrous tissues (skin, tendons, and ligaments). Collagen
is also abundant in other tissues, as corneas, cartilage,
bones, blood vessels, intervertebral discs, dentin, and
muscle tissues (collagen constitutes only 1-2% of muscle
tissues) [1-5].

The fibroblast is the most common cell that creates
collagen. Gelatin, which is used in food and industry, is
hydrolyzed collagen (the hydrolysis reaction is in this case
not reversible). As we mentioned before, because of its
roles in the body, nowadays collagen has many medical
uses and applications. It is used in treating complications
of the bones and skin. It is one of the most important
biopolymers from mammals’ body [2-4].

The collagen should be solubilized and reconstituted in
the presence of calcium and silicium salts, in order to
obtain stable films. Calcium and silicium [6] ions allows
the collagen reconstitution in vitro.

Because the collagen, as a natural biopolymer, has a
high molar mass and high rigidity [7], the obtained solution
will have a high viscosity, behaving as a viscoelastic
material, which presents mixed properties of viscosity (as
fluids do) and of elasticity (as solids do) [8].

The purpose of this paper is the obtaining the collagen
solutions and their rheological characterization, and the
preparation of the collagen films.
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Experimental part

For these experiments the lime bathing gelatin leather
splinter was used. The material was decalcified with 0.3%
HCI and 0.8% NH,CI in 300% fleet. In order to make the
product soluble it was previously treated with an alkaline
solution, for 24 h at 20°C, with 10% NaOH and 1M Na,SO
in 300% fleet, and then the material was washed Gntif
neutral pH.

After that, it was solubilized with acetic acid 1.5M (75%
from the necessary amount) and then with acetic acid
0.5M (the rest of 25% of the necessary amount). The final
pH of the collagen solution was around 3.5, having 3.6%
concentration.

The rheological behavior of collagen solutions with 0.8;
1.0; 1.5; 2.0; 2.5 and 3.0 % concentration in dry substance
was determined at 22°C with a Brookfield CAP2000+L
viscometer, according to ASTM D445,

All dilutions were made with acetic acid 0.5M.

Results and discussions

Rheology method was used to obtain the stable collagen
films. Rheology is a technique which study of the flow of
matter, primarily in a liquid state, but also as ‘soft solids’ or
solids under conditions in which they respond with plastic
flow rather than deforming elastically in response to an
applied force [9-13,16-20]. It applies to substances which
have a complex microstructure, such as muds,
suspensions, polymers and other glass formers (silicates),
as well as many foods and additives, bodily fluids (blood)
and other biological materials or other materials which
belong to the class of soft matter. [12,13,16-19]

It is well known that from the rheological behaviour,
fluids may be divided into Newtonian and non-Newtonian
ones [8,14,15].

The collagen solutions have a pseudoplastic behavior,
which corresponds to the Ostwald de Waele rheological
model [8,15,21]:

T=K.y" ()]
where:

T - cutting tension, dyne/cm?

y - cutting speed, s*

K - consistence coefficient

n - flow index , n<1
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Fig.1. Variation of the cutting tension with the cutting speed at
different collagen solution concentrations
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Fig.2. Logarithmic variation of the cutting tension with the cutting
speed at different collagen solution concentrations

Solutions concentration, ¢ % K n
08 765 0.351
= Table 1
1.0 15.69 0.282 VALUES OF K AND n PARAMETERS
15 39,01 0.203
20 75.92 0.195
23 9483 0.158
3.0 163.73 0.069

To determine the values for K and n from the equation
(1), the cutting speed was varied. Figure 1 presents the
cutting tension variation with the cutting speed, at different
concentrations of collagen solutions.

The rheological behavior of the pseudoplastic fluids can
be explained by the instantaneous change of their structure
through molecules slide depending on the tangential effort.
If the effort gets down, their structure remakes [8]. The
variation of the curves is similar to the non-Newtonian
pseudoplastic fluids [15]. By increasing concentration, the

cutting initial acceleration is more pregnant and the curves
showed a shoulder (more visible at higher concentrations).

At the maximum cutting speed (y = 437.4 s) at low
concentrations (1.5%) the value of T increases at small
variations of concentration. When concentration is varied
from 1.0 to 1.5% the cutting tension increases with around
1000 dyne/cm?. At higher concentration (2.5, 3.0 %) there
is practically no difference in T values.

1 107 [Pas]
c% 0.8 10 13 2.0 2.3 3.0
7 [571]
1.0 7.92 15.64 3018 7587 04 80 163.44
2.0 3.43 1035 36.30 46.91 37.61 0433
Table 2
3.0 4.16 7.11 2391 30.88 3752 3865 VALUES OF THE
DYNAMIC VISCOSITY
5.0 278 468 14.83 1945 2282 33.87 FOR THE COLLAGEN
SOLUTION

2.0 2.23 334 8.76 12.72 14.20 21.08
16.3 1.43 232 6.21 8.00 922 12.33
30.0 1.o9 1.67 412 5.2 6.12 7.63
30.3 0.81 1.06 2352 339 3.77 4.43
833 0.63 0.87 1.7 243 243 298
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Finding the logarithm of equation (1), a new equation
was obtained (2):
lgt =IlgK +nlgy @

Representing the variation Igt =f(lgy) we obtained
the dependencies from the figure 2.

The values of K and n can be calculated from these
dependencies. These obtained values of K and n are
presented in table 1.

Table 2 presents the values of the dynamic viscosity for
the collagen solution, calculated with the relation (3) [6]:

n=K.y" ®)

As it was previously mentioned in this paper, the collagen
films were obtained in the presence of calcium and silicium
salts, using glycerin as plasticizer (83% and 125% in dry
substance). Different amounts of calcium acetate (1 -
12%) and natrium silicates (0.1-0.5mL) were added to the
collagen solutions. The evaporation was realized in a forced
air current at room temperature. The collagen films should
be kept at a relative humidity of 65%, for 24 h, and then
they may be used. Depending on the concentration of the
ingredients, the elongation of the collagen film varied
between 12 to 64%.

Conclusions

The rheological behavior of the obtained collagen
solutions was studied. The collagen films were prepared
from these collagen solutions in the presence of calcium
and silicium salts, using glycerin as plasticizer. Different
amounts of calcium acetate and natrium silicates were
also added to the collagen solutions. For collagen film
preparation, the calcium and silicium salts could be also
used together. The evaporation was realized at room
temperature (25°C).

One important observation is that at high glycerin
amount, the elongation is bigger for all collagen films. The
films with longer elongation have a small breaking
resistance.

The offal utilization to recover the collagen from the
animal skin is very important for medical purposes. The
collagen has to be solubilized and then reconstituted in
order to maintain its initial properties. The collagen
solubilization has a real interest for theoretical studies as
well as for practical purposes.

The collagen solution has a pseudoplastic non-
Newtonian fluid behavior, which becomes more stressed
with concentration increase. Collagen behaves as a
tixotropic fluid. The driving resistance of the films is good
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at small amounts of calcium (above 10 mL, the film rigidity
increased). The optimal driving resistance was obtained
when adding 83% glycerin (in dry substance).
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