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METHOD OF FORMING COLLAGEN
DISPERSIONS

The present invention relates to a method of forming
a dispersion of collagen fibres and to dispersions so
formed.

Connective tissue is a composite of fibres and inter-
fibre material. As a specially relevant example, skin
contains a dense feltwork of collagen fibres, inter-
spersed with ground and cement substances. The fibres
could be worked apart were they not cemented to-
gether by these other components which have a physi-
cal and chemical nature different from that of collagen.

Collagen fibres themselves are exceptionally strong
and normally have only short range elasticity; interfibre
materials have a more gel-like nature. The composite
‘has properties which are commercially exploited in
such products as leather, sausage casings and catgut.
However, the irregular and variable shape of natural
stock is disadvantageous to its economic conversion
into desired products. Because of this it has been here-
tofore proposed to reduce the original shape to a pulp
or solution which can then be applied for reconstitution
into more suitable shapes. One widely used approach
has been to mill the composite tissue down to varying
degrees of fineness. Now it will be appreciated that this
treatment results in undifferentiated lumps which can
only be reaggregated as a conglomerate, the cohesion
of which will be limited to inter-lump adhesion. Fibres
no longer intercourse the whole structure, tying it to-
gether; the very much shortened fibres are now con-
tained essentially within the lumps. Useful articles have
been formed in this way, but the procedure is contrary
to the principles of fibrous fabric technology, wherein
it is known that a minimum staple length and overlap
is required for proper physical performance.

The present invention is aimed at obtaining longitudi-
nal separation of collagen fibres of a desired length so
that the desirable fibrous properties of the natural col-
lagen are retained while still producing a homogeneous
dispersion which can be satisfactorily formed into thin
films.

The present invention consists in a method of form-
ing a dispersion of collagen fibres, comprising the steps
of :

a. treating a collagenous material with an aqueous so-
lution of an alkali metal hydroxide having a con-
centration of from 0.25 molar to 2 molar, at a tem-
perature between the freezing point of the solution
and 30°C until the collagenous material has soft-
ened, and

b. mechanically dispersing the collagen fibres to sep-
arate the fibres from one another longitudinally.

The present invention further consists in collagen
fibre dispersions produced by this method.

The process according to this invention differs from
the prior proposals in that the process aims at produc-
ing a homogeneous dispersion of fibres of substantially
uniform staple length as opposed to the complete de-
struction of the fibres into fibrils or the comminution
of the fibres. The selection of the defined alkali treat-
ment conditions allows substantially complete separa-
tion of the fibres one from another thereby allowing the
formation of homogeneous dispersion substantially free
of fibre bundles.

The alkali metal hydroxide treatment should be con-
tinued for a period sufficient to ensure the breakdown

10

20

25

30

40

45

50

55

65

2

of the interfibrilar cement without being prolonged to
an extent likely to lead to breakdown of the fibres
themselves, a long period of treatment is acceptable if
excess treatment solution is removed after initial soft-
ening and the material stored under cool, moist condi-
tions. Simple experimentation will reveal to the skilled
worker the best treatment time for any particular com-
bination of collagenous material, alkali metal hydrox-
ide and temperature. The examples set out hereafter
described in detail the determination of the most suit-
able time for the alkali metal hydroxide treatment
under a given set of conditions.

The most preferred alkali metal hydroxides are lith-
ium, sodium and potassium hydroxides. It is preferred
that the hydroxide is present in an amount of from 0.4
to 0.9 molar.

The mechanical dispersion-of the collagen fibres is
preferably carried out with a mashing action which in-
cludes a downward bruising stroke and a lateral smear-
ing stroke to promote longitudinal separation of the
fibres. A clear distinction must be made between this
mashing or smearing step which achieves longitudinal
separation of fibres while maintaining their length and
conventional mincing processes using a mincer or col-
loid mill which results in transverse cutting of the fibres
with a resultant diminution in fibre length.

In a further embodiment of the invention dispersion
of the collagen fibres is achieved by extruding the col-
lagenous material through a narrow slit. The width of
the slot will determine the fibre size in the dispersion
and simple experimentation will determine the best slot
width. A slot width of 0.1 mm has been found suitable
for the dispersion of cowhide which has been treated
with calcium and sodium hydroxides. Prepassage
through a slot of 0.3 mm assists in achieving complete
dispersion, additionally the collagenous material may
be minced or diced prior to its extrusion through the
slots.

It is highly desirable that the collagenous material is
initially subjected to a pretreatment with an aqueous
solution of an alkaline earth metal hydroxide, prefera-
bly calcium hydroxide or strontium hydroxide or mix-
tures thereof, until the collagenous material is pene-
trated by, and preferably saturated with the alkaline
earth metal hydroxide. It has been found that this pre-
treatment serves to restrain and control the swelling of
the fibres such that the network cohesion of the collag-
enous material may be more readily eliminated without
parallel destruction of individual fibre integrity.

The alkaline earth metal hydroxide has a further ad-
vantageous effect in that it substantially reduces the
slipperyness of the collagenous material after it has
been treated with the alkali metal hydroxide. While a
certain slipperyness of the fibre surface is desirable in
that it facilitates the longitudinal separation of the
fibres during mashing the presence of the alkaline earth
metal ions tempers this character and facilitates main-
tenance of the material to be mashed between the
mashing surfaces of the mashing machine. A balance
may thus be achieved between the desirable separation
of the fibre and the ease of transmission of shear forces
to the fibres to effect the separation.

The pretreatment with the alkaline earth hydroxide
has also been found to assist in the prevention of any
tendency for the individual fibres to break up under the
mashing beyond that earlier obtained by mincing or
dicing. Any breaking up of the individual fibres would
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produce an undesirable variation in fibre length; in car-
rying out the present invention conditions under which
fibre break up occurs are to be avoided.

If desired the step of treating the collagenous mate-
rial with an alkali metal hydroxide and/or the step of
severing the collagenous material into discrete particles
may proceed the final mashing step by a period of time
which may be up to as long as several months. This
storage of the partly treated collagen may be used to
impart special characteristics to the fibres in the result-
ing dispersion.

The severing of the collagenous material into discrete
particles may advantageously be achieved either by
mincing or by dicing the collagenous material. The size
of the discrete particles will determine the staple length
of the fibres in the dispersion produced in the mashing
step. It is thus very desirable to ensure that the dicing
or mincing is carried out as evenly as possible to ensure
a uniform staple length of the fibres in the resulting dis-
persion.

It has been found that particles having a side length
or major diameter of between 3 and 10 mm are pre-
ferred. Particles of this size will result in a dispersion of
fibres of a suitable length for use in the production of
sausage casings and other collagenous articles such as
sutures and racquet strings. Collagenous particles of
the size described may be obtained either by dicing the
collagenous material with appropriately spaced knives
or by mincing the material through the coarse plate,
e.g. % inch diameter holes, of a mincing machine.

It is preferred that after mashing of the fibres the dis-
persion is treated to remove excess alkali. The removal
of the alkali should be effected in such a manner that
further swelling of the fibres is avoided; this in essence
means that water availability must be severely limited.
A number of ways are available for achieving removal
of the excess alkali; however one or other of the follow-
ing processes is preferred.

a. The dispersion may be washed with saturated so-

dium sulphate.

b. Pulverised solid acids, such as adipic, citric, or tar-
taric acids, or the addition of acid salts such as so-
dium dihydrogen phosphate or sodium dihydrogen
citrate, or buffer mixtures may be added to the
fibre dispersion while mixing the dispersion, as in
a dough mixer. If desired small quantities of water
may be added to the mix to adjust the texture of the
dispersion.

c. liquid acids such as hydrochloric acid, acetic acid,
or lactic acid in concentrated form may be applied
to the dispersion as a mist spray.

d. carbon dioxide under pressure may also be used.
This procedure is particularly appropriate to the
requirements of the applicant’s copending patent
application entitled ‘A method for the formation
of articles from collagenous material.” Ser. No.
395,943, filed Sept. 10, 1973

e. the alkali metal hydroxide may be leached from
the dispersion by solvent leaching using aliphatic
alcohols. A mixture of four parts by volume of rec-
tified spirit and one part by volume of water has
been found to neither increase or decrease the
water content of the fibres while effectively leach-
ing the alkali from the dispersion.

With respect to the mashing and neutralisation of the

dispersion two great advantages accrue from the use of
this invention in conjunction with the applicant’s co-
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pending patent application referred to above. Firstly
the dispersion does not have to be completely neutral-
ised, nor does it have to be acidulated; the handling of
the dispersion is facilitated by washing at an alkaline
pH. Secondly any residual incomplete fibre separation
at the mashing stage or moderate re-entanglement at
neutralisation can be accommodated at a later stage
due to the lubricating action of the propylene glycol al-
ginate added to the dispersion in the course of the pro-
cess described in the said patent application. The sepa-
ration of the fibres may be increased by subsequently
re-extruding the mixture through a slot of the dimen-
sions referred to above. It will be appreciated that in
order to avoid weak spots in the final product, a facility
for complete fibre separation and smooth relative mo-
tion at reshaping must be available.

Following neutralisation, or substantial neutralisa-
tion, conventional fibre handling techniques may be
used with the proviso that elevated temperatures
should be avoided if preshrinking of the fibres is to be
avoided. The dispersion may conveniently be washed in
an appreciable volume of water and drained on a rela-
tively coarse screen, i.e. having holes of a diameter of
the order of 1 mm., under an applied squeezing pres-
sure. The fibres may be washed sufficiently to remove
soluble salts and fine particulate matter, such as insolu-
ble calcium salts, to produce clean approximately neu-
tral collagen fibres of essentially uniform staple length.

The washed preparation formed by this process may
be applied directly to, or may be heat contracted for,
the process of the applicant’s copending patent appli-
cation. Alternatively excess water may be removed by
solvents or by fat-liquoring followed by air drying. If
solvent drying is used the most preferred solvents are
acetone, methyl ethyl ketone and ethanol. The solvent
drying is also preferably followed by air evaporation to
leave white, pure, stable, collagen stable fibres which
are readily rewettable. The air dried preparations are
stable, however, it is necessary to store water-wet fibres
under refrigeration.

The process according to this invention may be ap-
plied to any connective tissue i.e. collagen containing
raw material, irrespectively of whether it has been
dried out for storage and shipment or whether it has
been maintained in the wet state. Skin corium is pre-
ferred because of its content of long strong fibres; ten-
don is normally in short supply and presents no particu-
lar advantages; ossein i.e. the connective tissue of bone,
does not yield long fibres and if this material is used it
would be necessary to use a washing retention screen
finer than that described above.

Hereinafter described by way of example only are ex-
amples of the process according to the present inven-
tion.

EXAMPLE I

Salted hide was washed free from salt, limed with an
excess of unsharpened lime for four days, unhaired and
fleshed. Aliquots of the corium were immersed in a def-
inite but not large excess (to allow for fluid uptake by
the tissue) of 3% and of 2% solutions of sodium hydrox-
ide, and left at ambient room temperature (daytime
temperature around 26°C). In two days the 3% level
was found to be a little over-softened; the 2% level re-
quired five days for treatment. In each case the soft-
ened material was drained, the grain removed for sepa-
rate examination, and the corium split put through a
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mincing machine using a coarse plate, (3 inch diame-
ter holes). The mince was carefully mashed with an im-
pact/smearing action to free and separate the fibres,
the grain membrane being similarly treated separately.
The mash was placed into a dough-mixer and whilst
mixing, sufficient pulverised solid sodium dihydrogen
phosphate to achieve neutralisation was dusted in so as
to progressively dissolve. After neutralisation the mix
was diluted with cold water and the wash-extract re-
moved by squeezing the pulp in nylon stocking; all of
the fibre was retained by the pressure-expanded mesh,
thus demonstrating the absence of finely broken-up
fibre material. The dilution/wash process was repeated
once more to yield clean, white, essentially neutral, dis-
crete collagen fibres of essentially uniform length. The
grain material produced was satisfactory but predomi-
nantly of shorter fibre length. All samples yielded good
tissues when processed according to the applicant’s co-
pending patent application Ser. No. 395,943; however,
for good quality films from grain membrane it is essen-
tial that all of the hair shall have been removed, other-
wise the stubs will appear as foreign inclusions.

EXAMPLE 11

Matched samples of dried limed splits (an article of
commerce) were immersed in an excess of each of 1%,
2, 4, 6, 8, 10, 20 and 30 percent sodium hydroxide at
day air temperatures around 20° 22°C. The results to-
gether with those of the previous example will indicate
the general pattern of alkali concentration response.
After one day in the 30% solution the splits had lost a
1ot of surface material into solution, but the centre ma-
terial remaining was very hard; i.e. there was maximal
(surface) erosion of the material with no penetration
beyond the erosion interface. The 20% sample was sim-
ilar but less extremely affected.

Still after 1 day, the 10% level material was reason-
ably well swollen (i.e. due to some penetration) and
was jellied at the edges together with fine material dis-
persed in the solution, but with still hard substance at
the centre of the splits. The 8% level : swollen, slushy
on the outside with some breakup, some pieces soft in
the centre but others in about equal proportion still
firm there. Thus solution penetration and material
swelling was replacing material erosion and dispersal as
the alkali concentration was reduced. '

At the 6% level, the splits were swollen, the cut edges
were fragmenting but going to jelly on the exterior of
one specimen only. 4: % : with the cut edges showing
some fragmentation; firm in the centre but tending to
soft on the outside.

2% : not much swollen, but still uniformly firm.

1% : little swollen; hard; i.e. at this level, no swelling,
and no erosion.

The splits treated at the 2% level were found to be
sufficiently softened after 5 days, those at the 1% level
not even after 10 days.

For further processing, the splits softened with 2%
sodium hydroxide for 5 days were drained, minced and
mashed as in Example I. The excess alkali was removed
by macerating the pulp with two successive aliquots of
a mixture of four parts of rectified spirit together with
one part of water followed by pressing out of the fluid.
For a third maceration the spirit : water mix was acidu-
lated with acetic acid. Finally the fibrous pulp was dis-
persed in water for washing essentially as in Example
L
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EXAMPLE HI

Sodium hydroxide has a molecular weight of 40, that
of lithium hydroxide monohydrate is 42, i.e. the differ-
ence is negligible for practical purposes. Limed hide
and dried limed splits were exposed to 1%, 2% and 3%
solutions of lithium hydroxide monohydrate in the
manner previously applied using sodium hydroxide.
Daytime temperatures were around 20°C. As with so-
dium hydroxide, adequate softening was achieved at
the 3% level, essentially in two days, whereas the 2%
level required five days, at which time the 1% level was
still much too firm.

The molecular weight of potassium hydroxide is 56,
hence in order to achieve molecular concentration
equivalent to sodium hydroxide with this alkali the so-
dium hydroxide figures have to be multiplied by 1.4. Of
course in actual practice all concentrations are deter-
mined by analysis, and since for example potassium hy-
droxide pellets are never 100%, further weight adjust-
ments are made on the analysis basis. Dried limed splits
were immersed in potassium hydroxide solutions of
equivalent alkali concentration to that of 1%, 2% and
3% sodium hydroxide. On this occasion the daytime air
temperature was around 26°C. The following pattern of
response was observed:

Interval Alkali Concentration Level
Lower Middle Top

1 day not swollen, swollen, little swollen, some
firm softening softening

2 days now swelling, softened oversoft
some softening

3 days softening oversoftened breaking up

4 days still insuffic-

iently softened

The accelerating effect of the higher temperature will
be apparent.

EXAMPLE IV

Salted hide was washed free from excess salt and im-
mersed in water carrying an excess of strontium hy-
droxide. After 4 days the hide was removed, unhaired
and fleshed. The corium had swelled more than is nor-
mal with the use of calcium hydroxide (lime). Next the
corium was cut up into suitably matched pieces one set
of which was retained in strontium hydroxide as con-
trols; the others were dispersed into aliquots of 1%, 2%
and 3% sodium hydroxide of sufficient volume to cover
the material well but not excessively. Daytime tempera-
tures were around 22°C. After one day’s exposure, hide
swelling had increased in line with sodium hydroxide
concentration, none were sufficiently softened. From
then on the softening pattern was as follows:

Interval Control 1% level 2% level 3% level
2 days firm some noticeably good
softening softened condition
3 days firm  softness fairly soft thoroughly
increasing softened; no
material
breakup
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EXAMPLE V

Ossein was prepared from the shaft bones of sheep
legs and each shaft cut along its length to allow removal
of the fatty integument to the marrow canal. The corre-
sponding leg tendons were cut away and their enclosing
sheaths removed. Matched samples of ossein, and of
tendon were prepared, half of which wer limed for 4
days, the remaining half being stored under distilled
water in the body of a refrigerator. Surface lime was re-
moved from the limed samples and the matched sets of
limed vs unlimed, ossein and tendon distributed into
aliquots of 1%, 2% and 3% sodium hydroxide. Daytime
air temperatures were around 25°C. The results are

given in the table.
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5. A method as claimed in claim 1 in which the col-
lagenous material is severed into discrete particles by
mincing or dicing.

6. A method as claimed in claim 1 in which the alka-
line earth metal hydroxide is selected from the group
consisting of calcium hydroxide and strontium hydrox-
ide.

7. A method as claimed in claim 1 in which the col-
lagenous dispersion is at least substantially neutralized
after being mechanically dispersed.

8. A method as claimed in claim 7 in which the neu-
tralisation is effected by a method selected from the
group consisting of:

EXAMPLE V - TABLE

Exposure SODIUM HYDROXIDE CONCENTRATION
Interval
1% 2% 3%
Material Unlimed Limed Unlimed Limed Unlimed Limed
I day: Ossein  hard. hard. hard. a little swel- Swollen, some- swollen,
ling and soft- what softened,  softened.
ening. slippery.
2 days: hard. a little firm. softening. softened; soft; well
swollen. swollen and swollen but
breaking up in  not break-
liquor. ing up in
liquor.

3 days: hard. hard. softening softened. — —_

1 day: Tendon soft, trans- soft, good softened conditioned; a  very swollen, satisfac-
parent slippery. condition. but extre-  bit slimy. sloppy. tory con-

mely slip- dition; a
pery. little slip-
. pery.

2 days: partly softened mashable, mashable;  easily mash- very soft, slightly
fibres not eas- fibres sep- fibres able; fibres easily dis- oversoft,
ily separable. arable. swollen. defined. persed; frag- samples dis-

menting in crete in
liquor. liquor.
I claim: a. washing with a saturated solution of sodium sul-

1. A method of forming a dispersion of collagenous
fibres, comprising the steps of

a. treating a collagenous material with an aqueous so-

lution of an alkaline earth metal hydroxide and an
alkali metal hydroxide to reduce the cohesion be-
tween the fibres, the alkali metal hydroxide having
a concentration of from 0.25 to 2 molar and the
treatment being carried out at a temperature be-
tween the freezing point of the mixture and 30°C;

b. severing the collagenous material into particles

containing fibres of a fibre length between about 3
and about 10 mm, and

c. mechanically dispersing the collagen fibres to free

the fibres from one another substantially along
their whole length and substantially without further
reduction of the fibre length.

2. A method as claimed in claim 1 in which the me-
chanical dispersion of the collagen fibres is achieved by
mashing.

3. A method as claimed in claim 1 in which the alkali
metal hydroxide is chosen from the group comprising
lithium hydroxide, sodium hydroxide and potassium
hydroxide.

4. A method as claimed claim 1 in which the alkali
metal hydroxide is present in a concentration of 0.4 to
0.9 molar.
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phate.

b. addition of a pulverised solid acid, acid salt or buf-

fer mixture

c. application of a mist spray of a concentrated liquid

acid,

d. application of carbon dioxide under pressure

e. solvent leaching

9. A method as claimed in claim 7 in which the col-
lagenous dispersion is dried after being neutralised.

190. A method as claimed in claim 9 in which the dis-
persion is dried by washing in a solvent selected from
the group consisting of acetone, methyl ethyl ketone
and alcohol, and air drying.

11. A method as claimed in claim 1 in which the col-
lagenous material is skin corium.

12. A dispersion of collagen fibres formed by a
method according to claim 1.

13. A collagenous article formed by the cohesion or
adhesion of the collagen fibres of a collagenous disper-
sion as claimed in claim 12.

14. A method as claimed in claim 1 in which the me-
chanical dispersion of the collagen fibres is achieved by
extrusion through a restricted aperture.

15, A method as claimed in claim 9 in which the dis-
persion is dried by fat liquoring followed by air drying.

* * *
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