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The present invention relates to a method of treating
hides and skins to prepare them for a subsequent conver-
sion into a dispersion of swollen collagen fibrils for
casing manufacture.

The collagen fibrils in bovine hides are arranged in
bundles to form collagen fibers that vary in length and
measure many thousand of Angstroms in diameter. Cow-
hide collagen fibers have been observed which measure
about 10,000 to 20,000 Angstroms in diameter in the de-
hydrated state but larger collagen fibers measuring as
much as 1,000 microns in diameter in their dehydrated
state are believed to exist. Each collagen fiber contains
hundreds or even thousands of fibrils, all bound together
by a sheath. The collagen fibers in turn are organized
into bundles of collagen fibers that are large enough to
be seen by the naked eye and form the familiar fibers
visible in hides of all sorts. For all practical purposes,
cowhide tissue is the commercially available raw material
from which collagen fibrils can be obtained.

Edible sausage casings may be manufactured by ex-
truding a mass of undegraded acid swollen collager fibrils
through an annular orifice to form a tubular casing which
can then be treated in a manner to dehydrate and deswell
the individual collagen fibril units, When the collagen
fibrils in the extruded casing lose their excess water of

hydration by air drying, they cohere to form a translucent -

hyaloid substance in which the boundary line between in-
dividual fibrils cannot be distinguished.

To make a dispersion of swollen collagen fibrils suitable
for extrusion, the hide must first be freed from all hair

and flesh, the hair follicles, epidermal layer, dermis and ¢

adnexial glands which consist of the sebaceous glands and
the sudorific glands. This upper portion of the hide has
been aptly designatetd the thermostat layer by Wilson,
since it contains those organs concerned with the regulation
of body temperature. These structures are made up of
proteins of the class known as keratin. The class of
protein known as collagen, on the other hand, is present
in that part of the hide lying beneath the thermostat layer,
known as the corium. In trying to separate the keratin
from the collagen without damage to the collagen, it is
important to recognize the differences in properties be-
tween these two kinds of protein. Both keratin and col-
lIagen can be destroyed by strong solutions of acids or
alkalies, but acids destroy collagen more readily than they

"do keratin and alkalies destroy keratin more readily than

they do collagen. For this reason, the separation has
previously been effected in alkaline solutions.

If a calf skin is immersed in a solution containing one
pound of caustic soda per gallon of water, the hair will
be quickly dissolved, but the true corium will not be
irreparably damaged for leather manufacture until after
the hair is gone. Nevertheless the method is a dangerous
one even in the manufacture of leather because strong
alkali will rapidly degrade collagen. The pH value of
such a solution is about 14.0. At this pH value, collagen
is hydrolyzed and destroyed although hair and epidermis
are more quickly destroyed.

Centuries ago, tanners discovered that a solution of
lime might be used to separate hair from skin without
much damage to the skin. The reason for this is that
lime has a limited saturability. If one pound of lime
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(calcium hydroxide) is put into a gallon of water, from
9%.4 to 98.5 percent of it will remain undissolved be-
cause the solution becomes saturated at about 0.006 pound
per gallon of water at boiling point and at about 0.015
pound per gallon of water near the freezing point. A
saturated solution of lime has a pH value of about 12.5.
It cannot be raised above this point by adding more lime
because the excess will not dissolve. ‘

Although lime treatment is quite suitable for leather
manufacture, lime should not be used to dehair hides if
the end product is to be an extruded casing. For although
lime aids in the removal of hair and the epidermis layer,
like most chemical reactions the liming of hides requires
judgment and some compromise because the reaction of
lime with keratin and collagen is not perfectly selective.
The liming of hides is a very complicated reaction chem-
ically which can effect the collagen fibrils that make up
the hide in at least three ways:

(1) By deamidation and the minor destruction of the
arginine residue resulting in an increase in free car-
boxylic groups.

(2) By breaking coordinate cross links between peptide
bonds of adjacent peptide chains. This can result also
in a greater up-take of cations, and .

(3) Calcium hydroxide has a specific effect on collagen
and a tendency to form complexes with hydroxy groups,
which probably is connected with its low degree of
ionization, its complexing power, and the bivalency of
the cation.

The effects noted above may contribute to the inability
of earlier workers in this field to produce edible sausage
casings using limed hides as a starting material.

It is an object of the present invention, therefore, to
remove the hair, epidermis layer, thermostat layer and
all keratin substances from fresh hides without denaturing
or adversely effecting the collagen fibrils that make up
the hide corium.

In accordance with the present invention, bovine hides
are dehaired in such a way that the corium is not adversely
effected for its subsequent use in the preparation of
swollen collagen fibrils for casing manufacture. This may
be accomplished by soaking the hide in a dilute aqueous
solution of a weak acid that has a dissociation constant
between 1.0X10-% and 1.0X10-3 in aqueous solutions.
That one should in this manner be able to facilitate the
removal of hair and epidermis without adversely effecting
the collagen fibrils that make up the corium is all the more
surprising in view of the known greater resistance of
keratin to acid attack.

While the present invention is not to be limited by any
particular theory, it is believed that the hairs are rendered
removable from the skin by the dilute acid treatment be-
cause the acid swells and softens the corium of the skin,
thus rendering the hairs removable from the follicles and
the epidermis removable from the collagen-containing
derma. Inasmuch as the subsequent treatment of the
corium to produce swollen collagen fibrils for casings in-

‘volves: further swelling with similar dilute solutions of

weak acids, the unhairing of the hides with such acid
solutions is not adverse to the subsequent treatment of
the corium and in some cases may contribute favorably
to such subsequent treatment.

VWeak organic acids which may be used in the practice

‘of the present invention are those having a dissociation

constant as indicated above among which may be named
acetic, lactic, formic and citric acids. Particularly pre-
ferred is acetic acid which has a dissociation constant at
25° C. of 1.75%X10-5, Stronger acids such as citric acid
may also be used but such acids result in a lower pH and
increased swelling of the fresh hides. Too much swelling
is a disadvantage since it results in a rigid, stiff hide that
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is difficult to pass through the rollers of the splitting and
dehairing machine.

The acidic aguecus solutions used may coatain from
3% to 5% by weight of the organic acids described above,
as required to give a pH of 2.3 to 3.7. At a.pH above
3.7 it is necessary to treat the hides with the acid solution
for a longer time and at a pH below 2.3 there is more
danger of degrading the collagen, The acidic dehairing
solution should be maintained at room temperature (about
70-75° ¥.) and the fresh hides are permitted to soak in
the acid bath with occasional agitation for 1G0 to 150
hours. The soaking time in the bath may, of course, be
reduced if the temperature of the bath is increased, but at
elevated temperatures there will be some loss of -the
collagen due to acid hydrolysis and degradation.

The hides after this acid treatment are run through a
defleshing machiné and scraped on both sides to remove
all hair epidermis and any adhering flesh.  The cleaned
corium so obtained is in a swollen condition because of
‘solvation that occurs during the acid treatment. This
swelling interferes with comminution and other mechani-
cal handling of the skin during the preliminary stages of
dispersing the collagen fibrils. It is necessary, therefore,
after removal of the hair and epidermis to carefully neu-
tralize and deswell the cleaned hide corium before pro-
ceeding further. ~During the  neutralization .stép ihe
cleaned hide corinm is soaked in a weak aqueous alkaline
bath at room temperature for about 12 hours. It'is im-
portant to control the temperature and pH of the neu-
tralizing bath to avoid alteration or degradation of the
collagen. Moreover, the alkaline bath should not con-
tain reagents, such as lime, or alkaline earth salts that
might form - an irreversible complex with the collagen.
The alkaline bath may be prepared by dissolving am-
monia-or a soluble salt of a strong base and a weak acid,
such as sodium bicarbonate, in water to give an alkaline
pH below 10.0. -Strongly alkaline agents must be avoided
with regard to the ultimate use of the corium because the
reagent used for neutralization and the unltimate pH of the
neutralized skin are of substantial importance as they
effect the subsequent condition of the acid swollen collagen
fibrils in the mass to be extruded.

Following the neutralization step the cleaned hide
corium is washed in water for-3 to 4 hours. . The hide
corium after neutralization and washing is in a deswollen
condition and may be subdivided, using conventional
grinding equipment, to a particle size that is readily dis-
persible in dilute acid solution.
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1t will be nnderstood that the foregoing general descrip- ‘

tion is exemplary and explanatory but does not restrict the
invention. - The process for dehairing fresh bovine hides
may be more fully understood from the following descrip-
tion and example. .

Forty steer hides, fresh from the slaughter house, are
trimmed, fleshed, and placed in a drum bath with 3600
pounds of cold water (58° F.). The hides are drummed
for 30 minutes and the wash water is discarded. An aque-
ous acetic acid solution is prepared in a paddle vat by
adding to 3000 pounds of water at room temperature (70°
F.) 111 pounds (3.7% by weight) of acetic acid. The
washed steer hides are placed in the vat and the hides are
agitated intermittently to insure that all sections of the
hide surface comtact the acid solution. The pH of the
acetic solution: increases from - 3.2 to 3.5 after forty
hours and the conceniration of the acetic-acid in solution
at this timeé is 3.3% by weight.  Intérmittent agitation is
continued. and at the end of-90 hours the acid concentra-
tion has diminished to 2.1% by weight and the pH is 3.7.
The hides are allowed to soak in the vat for-five days and
five nights (120 hours) with occasional agitation to assure
uniform tréatment of all hides. ~After the acid treatment
the hides are scraped on both sides to remove- hair,
epidermis -and other undesirable matter.

The cleaned hide corium is then loaded into a large
drum having a capacity for forty hides and carefully
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neufralized by washing for four hours at a temperature
of 55-60° F. in a dilute alkaline solution containing
eighty pounds of sodium bicarbopate in 4,000 pounds of
water.. The total time required for neutralization in this
alkaline wash is approximately 12 hours.

The neutralized hide corium is next-washed in an over-
flow bath for 3 to 4 hours in order to remove the salts
formed during the neutralization step. The hide corium
affer this final wash is composed of substantially pure
colagen fibrils free of all hair follicles and other ex-
traneous matter. It may be comminuted and reswollen
io acid solution to form a homogeneous mass of swollen
collagen fibrils useful in the manufacture of extruded
collagen casings, as disclosed, for example, in United
‘States Patents Wo. 3,123,653 and No. 3,123,482,

Composites are prepared from five hides. The hide
composites are then cut into V2 to 4 square inch sections
and reduced to.pulp by three passes through a meat
grinder, each pass being a finer grind. The first and sec-
ond passes are through 18 and 8 millimeter holes, re-
spectively. - The final grind is through holes 1.5 milli-
meters in diameter. It is important during the grinding
process to keep the pulp below 20° C. This may be
dene by adding crushed ice to the hide sections as they
are fed to the grinder.

The ground pulp is next diluted with tap water at 16°
C. to give a smooth slurry containing 7.4% dry solids.
This sturry (125 parts) is then treated with 125 parts of a
2.4% lactic acid water solution using an inline mizer
to form a homogeneous mass of swollen colagen fibrils.
It is important during this acid swelling step also that the
temperature be maintained below about 25° C. The
mixture so obfained contains 3.7% hide solids and 1.2%
lactic acid. After the pulp is blended with acid, the mass
of swollen collagen fibrils is further dispersed in a suitable
homogenizer, fitted with a 2-stage valve and operated
with a 1500 p.si. drop per stage.. In the ultimate fluid
mass of swollen colagen fibrils so prepared the individual
fibrils are freed from the fiber bundles and fibers and re-
leased from the fiber sheaths. They take up all liguid
and swell from an original diameter of the order of 300
A. to 1080 A. to a freshly swollen (one day old) maxi-
mum diameter of the order of 15,000 A.

‘Other mixtures prepared in similar manner may con-
tain hide solids (in the above-described form of swollen
collagen fibrils) as low as about 3% and as high as abont
5%, the preferred concentration of hide solids being
about 4%.  If the concentration is less than 2.5% the
mixtore is so watery that coagulation after extrusion be-
comes virtually impossible, while a concentration exceed-
ing 6% requires very high extrusion pressures due to in-
creased viscosity and tends to fermation of tough casings.
The preferred concentration of lactic acid is about 1.2%
but may be as low as about 0.50%.

The fluid mass of swoilen collagen fibrils obtained by
the method above’ described is filtered through a 7-mil
filter -scréen to remove unswollen collagen and non-
colagenous materials, and then extruded in the form of a
-tube', preferably in such a-way as to impart some collagen
fibril - orientation transverse to the extrusion direction.
Tpe particular design and operation of the extruder con-
stitutes no essential part of the present invention, but it
has been found preferable:to utilize the action of the ex-
trl.xder. to- effect the maximum homogeneity of fibril dis-
tribution so as to impart substantial burst strength and
transverse tear strength to the tube and ultimae casing
while also effecting orientation ‘or alignment of fibrils or
masses of fibrils in the direction of extrusion, particularly
those adjacent the tube walls, thereby to achieve substan-
tial longitudinal or tensile strength as well.

A preferred form of exfruder utilizing the action of
-counter-rotating discs which facilitate -a  homogeneous
‘and ‘non-oriented distribution of fibrils, especially within
the interior of the casing walls, is shown and described in
United States Patent No. 3,122,788,
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In accordance with the invention the extruded fluid
mass of swollen collagen fibrils leaves the orifice of the
extruder in the form of a tubular body of watery fluid
travelling preferably upwardly into a dehydrating or co-
agulating bath which surrounds the orifice of the extruder
and extends upwardly therefrom. The initial coagulating
bath into which the extruded tubular body immediately
passes is preferably in the form of a vertical column of
liquid constituting a housing surrounding and extending
upwardly from the extruder crifice. A portion of this
liquid flows upwardly within the extruded tubular body,
passing between the extruded body and an internally dis-
posed over-flow or return tube. The flow rate within the
extruded body is quite slow, to avoid pressures and veloci-
ties harmful to the delicate extruded body, and may be,
e.g., about 1 gallon per hour. Another portion of the
coagulating liquid flows upwardly in the housing outside
the extruded tubular body and returns through an external
overflow drain for recirculation. The flow rate of said
outside column of liquid may be relatively rapid, e.g.,
about 2 gallons per minute.  Thus the inside and outside
of the tubular body are initially bathed in upwardly flow-
ing columns of a coagulating liguid.

It should be noted that the density of the extruded
tubular body as it comes from the extruder orifice is sub-
stantially less than that of the coagulating salt solution
into which it passes. Accordingly the tendency of the
extruded tubular body is to rise and travel naturally up-
wardly in the coagulating liquid. This phenomenon fa-
cilitates the starting up of the extruder and the mainte-
nance of the desired upward travel of the tubular body
with the exertion of a minimum of external forces there-
upon. This action occurs at that stage in the treatment
of the tubular body when it is weakest and most fragile
and possesses virtually no integrity of its own.

After reaching the top of the liquid housing, the tubu-
lar body is passed into and through an extended bath of
the coagulating liquid for a total coagulating exposure of
about 6 minutes, although this time may be as short as
about 3 minutes. The means and apparatus for accom-
plishing this transfer and subsequent conditioning opera-
tions will be hereinafter described in detail. This co-
agulating treatment is the first conditioning step applied
after extrusion of the tubular body. The extended co-
agulating bath itself is preferably an aqueous ammonium
sulfate solution containing about 40% ammonium sulfate
adjusted to a pH substantially higher than that of the acid-
swollen collagen material, e.g., a pH of about 7.0, with
some suitable alkaline material such as sodium or am-
monium hydrozide. The coagulating liguids in the verti-
cal housing above the extruder and in said extended bath.
are of the same aforesaid composition. The purpose
served by these coagulating baths is primarily to replace
the water in the extruded tubular bedy by ammonium
sulfate solution, thereby coagulating and giving tempo-
rary form and integrity to the tubular body so that it may
be handled in the subsequent conditioning operations.

. The tubular body, when it passes from the extrusion
nezzle or orifice, has a wall thickness determined by the
annular space between the internal and external extruder
tubes forming the orifice. In a preferred embodiment of
the imvention the external diameter of the inner extrusion
tube is preferably about .75 while the radial distance
between the exterior of said inner tube and the interior
wall of the external tube is about .014”. Thus the
tubular body referred to will have an initial wall thick-
ness of about .014” (14 mils) and this thickness will be
substantially maintained throughout most of the liquid
conditioning treatments as hereinafter described. Ulti-
mately, in accordance with the invention, the dried tubu-
lar body will be reduced to a wall thickness of the order
of .001"” (1 mil), but the initial inner diameter of about
75" will be preserved. These dimensions are given by
way of example and are not limiting, but to illustrate the
relatively great reduction in wall thickness required and
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achieved by practice of the invention. The casing diam-
eter of about .75 is typical of casings used for fresh
pork sausages.

As a second conditioning step the concentration of
coagulating salt in the coagulated tubular body is substan-
tially reduced, thereby to facilitate the hardening action

ereinafter described. In the preferred embodiment of
the invention, hardening is effected by treatment with
alum and it has been found that such treatment is effec-
tive only when the concentration of ammonium sulfate in
the tubular body has been substantially reduced, yet a
sufficient amount thereof retained pro tem to avoid undue
softening and weakening of the coagulated tubular body.
Accordingly the tubular body is pre-washed for a period
of about six minutes in a much diluted water solution of
ammonium sulfate (e.g., about 4% to 18%) similarly
adjusted to pH of about 6.5.

In accordance with the invention, a third conditioning
step constitutes a hardening of the coagulated casings by
reaction of the collagen therein to alum. For this pur-
pose the pre-washed coagulated tubular body is immersed
in and treated with a solution containing, e.g., about 6%
alum [NHAI(SO,)5:24H,01, 1% citric acid and 4%
ammonium sulfate. The contact time is about six min-
utes and this alum hardening solution is mainfained at
pH 4.3.

This hardening treatment is sometimes called “tan-
ning,” but the primary purpose is to effect a hardening of
the casing so as to make it resistant to water, which is not
the case with collagen coagulated with ammonium sulfate.
Without such hardening action the application of water
to the tubular body coagulated with ammonium sulfate
would reduce it to a formless gel. In other words the
coagulation with ammonium sulfate is essentially a tem-
porary step after which a more permanent hardening ac-
tion is effected by treatment with alum. More detailed
descriptions of the alum treatment with various examples
thereof are given in United States Patent No. 3,123,481.

The fourth conditioning step, in accordance with the
invention, involves removal of the ammenium sulfate
salt ‘which has remained in the tubular body after the
pre-wash- and alum hardening ‘steps. This excess am-
monium sulfate as well as any excess alum in the tubular
body are removed by a prolonged washing of the tubular
body in tap water, e.g., for about twenty minutes, pref-
erably using two or more changes of water.

The fifth step in the conditioning of the tubular body is
called a plasticizing operation. This procedure involves
essentially two steps, one of which is the application of a
humectant such as glycerine which preserves the softness
of the material after drying and helps in rehumidifying it.
This plasticizing material also prevents cracking and other
effects consequent upon undue drying. As an example,
the plasticizing bath may contain 3.6% glycerol, 20 parts
per million formaldehyde and 0.1% sodium bicarbonate.
‘The dwell time in this bath is about five minutes.

Concomitantly with the plasticizing step, carboxy-
methyl-cellulose (CMC) is preferably included in the
plasticizing bath and applied thereby to the tubular body.
For this purpose, about 0.33% CMC is added to the bath
and the glycerol concentration. is preferably increased to
about 4.8%. A more detailed description of the com-
position of this combined plasticizing and CMC bath and
variations thereof are given in United States Patent No.
3,123,483. The application of CMC has the effect of
partially drawing out water from the tubular body and
thereby reducing its thickness. In the example here
given, the thickness reduction is from the original 14 mils
to about 10 mils. Moreover, as described in United
States Patent No. 3,123,483, the application of CMC im-
proves the wet-strength of the casing before drying be-
cause of the proportionate increase in solid content.
Moreover, it increases the burst-strength of the ultimate
casing, thereby improving its propertics during stuffing
and cooking. . '
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As the next or sixth conditioning step in the method,
the hardened, plasticized and partially solidified tubular
bwy is dried by hot air currents. For this purpose the
casing is inflated by blowing air into and through the
length thereof as it passes into a drying chamber whlle at
the same time warm axr is blown over and around the
exterior. This drying air is at approximately 80° C. and
8% relative humidity and the casing is subjected to such

treatment until the wall thickness of the tubular body has

been reduced to about 1 mil in the example under dis-
cussion. In accordance with the invention, great-care is
taken during -this,step to prevent expansion or siretching
of the air-inflated casing beyond the internal diamster im-
parted to it by the extrusion, e.g., 75 inch in the example
given. The achievement of suitable drymg can be deter-
mined by visual inspection, the dried casing tube being
translucent, while .the presence of moisture is indicated
by a whitish, opaque color.

During the drying operation or immediately thereafter,
an albumin powder may be blown into and through the
infiated casing or otherwise applied, as more particularly
described in United States Patent MNo. 3,123,480. Also
after drying the dried tube may be partially re-humidified,
by application of moist air, to avoid -brittleness or
cracking.

The dried casing tube may then be subjected fo auto-
matic shirring and shirred lengths severed to form casings
adapted to be stuffed on automatic stuffing machines.. As
a final step, prior to stuffing but after shirring; the casing
is preferably subjected to a heat-curing treatment, = This
treatment comprises storage for about eight hours at a
rising temperature bringing the casing material from
room temperature to about 80° C. It is then maintained

at 80° C. for some sixteen hours more, which completes -

the heat curing thereof.

Other weak water soluble organic acids SLCh as form-c'

acid, citric acid, butyric acid, and lactic acid may be sub-
stituted for the acetic acid in the specific example de-
scribed above.

What is claimed is:

1. In a process for making a mass of swollen collagen
fibrils suitable for extrusion from fresh undehaired animal
hide the improvement which comprises:

immersing fresh undehaired animal hide in a dilute

agqueous solution of an acid having a dissociation

constant in"aqueous solution between 1.0310-5 and

1.0 1073,

soaking the hide in said acid solution until the epidermal
layer and thermostat layer of said h1de are swollen
and softened;

removing the hide from the acid solution and scrap-

ing the hide on both sides to remove from the hide
corium all hair and flesh, the hair follicles, epidermal
layer, dermis and adnexial glands which consists of
the sebaceous glands and sudorific glands;

treating the dehaired and defleshed hide corium so ob-

tained with 2 dilute aqueous alkaline solution to
neutralize residual acid present and . deswell the
corium;

washing the cleaned hide corium with water;

comminuting the cleaned hide corium; and,’

reswelling the comminuted corium in acid solution to

form a homogeneous mass of swollen collagen fibrils,
all of the above steps being carried out at tempera-
tures below 25° C.

2. The process of claim 1 in which the aqueous acid
solution is an acetic acid solution.

3. The process of claim 1 in which the aqueous
alkaline’ solution is a solution of the salt of a strong
base and a weak acid. )

4, The process of claim 1 in which the aqueous. acid
solution is a lactic acid solution.

5, The. process .of claim 1 which the aqueous acid
solution is a butyric acid solution, '
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6. The process of claim 1 in which the aqueous acid
solution is-a citric acid solution.
7. The process of claim 1 in which the aqueous acid
solution has a pH greater than 2.3 and less than 3.7.
8. A ‘process of producing swollen collagen fibrils for
extrusion into edible sausage casings comprising the steps

“of:

Immersing fresh undehalred hide in a dilute aqueous
solution of an acid having a dissociation constant in
aqueous solution between 1.0Xx10-% and 1.0X10-%

Soaking the hide in said acid solution until the epi-
“dermal layer and thermostat layer of said hide are
swollen and softened;

Removing the hide from the acid SOhlthI‘l and remov-
ing from the hide corium ail hair and flesh; the hair
follicles, epidermal layer, dermis and adnexial glands
which consist of the sebaceous glands and the
sudorific glands;

Treating the dehaired and defleshed hide corium so
obtained with a dilute aqueous alkaline solution to
neutralize residual acid present and deswell the
corium; -

Comminuting thn neutralized and deswelled corium,
and

Subjecting the commmuted corium to the swelling ac-
tion of an aguecus solution of an acid having a
dissociation constant between 1.0X10—% and
1.03¢ 103, whereby a mass of swollen collagen fibrils
is obtained;.

all of the above steps being carried out at temperatures
below 25° C.

9. In the method of producing a tubular collagen cas-

ing, the steps of:

immersing fresh undehaired -animal hide in a dilute
aqueous solution of an acid having a dissociation
constant in agueous solution between 1.0X 10—5 and
- 1.0X 10-3;

soaking the hlde in sa1d acid solution until the epidermal
layer and thermostat layer of said hide are swollen
and softened;

removing the hide from the acid solution and scraping
the hide on both sides. to remove from the hide
corium all hair and fiesh; the hair follicles, epidermal
layer, dermis and adnexial glands which consist of
the sebaceous glands and the sudorific glands,

treating ‘the - dehaired and defleshed hide corium so
obtained with a dilute aqueous alkaline solution to
neutralize residual acid present and deswell the
corium;

washing the ‘cleaned hide corium wlth water;

comminuting the cleaned hide corium and reswelling
the comminuted. corium in acid solution to form a
homogeneous mass of swollen collagen fibrils;

extruding the homogeneous mass of swollen collagen
fibrils to form a continuous, fragile tubular body;
applying a coagulant to said tubular body;
" hardening the coagulated body;

washing coagulant from -the hardensd body;.

maintaining substantially the same wall thickness in
said tubular body throughout the aforesaid steps of
coagulating, hardening and washing said body; and,

drying said body.

16. In a method of producing coliagen  casings, the

:steps of:

- immersing fresh undehaired animal hide in a dilute
agueous sclution of ‘an acid having a dissociation
constant in aquecus solution between 1.0 10~5 and
1.0 10-3;

soaking the hxde in said acid solution until the epxdermal
layer and thermostat layer of said hide are swollen
and softened;

removing the hide from the acid solution and scraping
the hide on both sides to remove from the hide
corium all hair and flesh, the hair follicles, epidermal
layer, dermis and adnexial glands which consist of
the sebaceous glands and the sudorific glands;
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treating the dehaired and defleshed hide corium so ob-
tained with a dilute aqueous alkaline solution to
neutralize residual acid present and deswell the
corium;

washing the cleaned hide corium with water;

comminuting the cleaned hide corium and reswelling
the comminuted corium in acid solution to form a
homogeneous mass of swollen collagen fibrils;

extruding the homogeneous mass of swollen collagen
fibrils to form a continuous, fragile, tubular body;

applying a coagulant to said tubular body;

hardening said body in the wet state; and,

drying said hardened body by passing it through a
drying chamber and subjecting it therein to heated
currents of air while maintaining the drying body in
the form of a tube by inflation with air under pres-
sure and controlling the pressure of said inflating
air so as to maintain the inner diameter of the tube
substantially the same as that at which it was ex-
truded in the wet state.

11. In the methoed of producing a tubular collagen

casing, the steps of:

immersing fresh vndehaired animal hide in a dilute
aqueous solution of an acid having a dissociation
constant in aqueous solution between 1.0X 105 and
1.0 10-3;

soaking the hide in said acid solution until the epidermal
layer and thermostat layer of said hide are swollen
and softened;

removing the hide from the acid solution and scraping
the hide on both sides to remove from the hide
corium all hair and flesh, the hair follicles, epidermal
layer, dermis and adnexial glands which consist of
the sebaceous glands and the sudorific glands;

treating the dehaired and defieshed hide corium so ob-
tained with a dilute agueous alkaline solution to
neutralize residual acid present and deswell the
corium;

washing the cleaned hide corium with water;

comminuting the cleaned hide corium and reswelling
the comminuted corium in acid solution to form
a homogeneous mass of swollen collagen fibrils hav-
ing a collagen solids content in the range of more
than 2.5% and less than 6% by weight;

extruding the homogeneous mass of swollen collagen
fibrils to form a continuous, fragile, tubular body;

applying a coagulant to said tubular body;

hardening the coagulated body;

washing coagulant from the hardened body;

maintaining substantially the same wall thickness in
said tubular body throughout the aforesaid steps of
coagulating, hardening and washing said body; and,
drying said body,

while maintaining the internal diameter of said body
substantially equal to that at which it is extruded.
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12. In the method of producing a tubular collagen cas-

ing, the steps of:

immersing fresh undehaired animal hide in a dilute
aqueous solution of an acid having a dissociation
constant in aqueous solution between 1.0 10-5 and

1.0X10-3;

soaking the hide in said acid solution until the epidermal
layer and thermostat layer of said hide are swollen
and softened;

removing the hide from the acid solution and scraping
the hide on both sides to remove from the hide
corium all hair and flesh, the hair follicles, epidermal
layer, dermis and adnexial glands which consist of
the sebaceous glands and the sudorific glands;

treating the dehaired and defleshed hide corium so ob-
tained with a dilute aqueous alkaline solution to
neutralize residual acid present and deswell the
corium;

washing the cleaned hide corium with water;

comminuting the cleared hide corium and reswelling
the comminuted corium in acid solution to form a
homogeneous mass of swollen collagen fibrils having
a collagen solids content in the range of more than
2.5% and less than 6% by weight;

extruding the homogeneous mass of swollen collagen
fibrils to form a continuous, fragile, tubular body;

immersing said body in a solution of ammonium sulfate
to coagulate the collagen therein;

immersing the coagulated body in an alum solution to
harden the body and render it resistant to softening
by water;

water washing the hardened body;

immersing the washed, hardened bedy in a plasticizing
solution; and,

drying said bedy.
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