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TEXTURED POROUS BARRIER TRANSFER CASING

Inventors:
Frank Rave
Jeremey Hinkle

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a multi-layered coextruded
thermoplastic food casing comprising at least one thermoplastic porous
absorbing layér comprising areas having a non-reduced average layer
thickness and areas having a reduced average layer thickness, a method for
producing said multi-layered coextruded thermoplastic food casing and use of
said multi-layered coextruded thermoplastic food casing for example as a
sausage casing, which food casings are able to transfer functional food
additives such as flavors or colors onto the enclosed foodstuff, especially in

the production of meat, cheese or fish products.

BACKGROUND ART OF THE INVENTION

__ [0002] In the production of meat products, smoke treatment has a long

tradition for taste and preservation reasons. In said tradition the smoking of
‘the products in smoking rooms or chambers is widely used. However, in such
a case the casings need to be permeable for the smoke, which means that the
casing has a low water vapor barrier so that the meat product can lose weight
during cooking and storage. To avoid weight loss during storage a secondary
packaging may become necessary. However, smoke deposits on the walls and
the ceiling of the smoking rooms can affect the appearance of meat products
in the following cooking cycle. To avoid these drawbacks of a smoke
treatment through a smoke-permeable casing, the inside of casings, which
offer a sufficient barrier to water vapor, has been coated or impregnated with
liquid smbke, but also with color solutions, e.g. solution on a caramel basis,

01 seasonings.

[0003] A special category of often smoke-treated meat products are products

which are stuffed into a net and cooked with the net on, stabilizing and
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shaping the product and giving the final product a textured appearance on its
surface. The final product is then sold packaged in a secondary package with
the net on th(; product or — for the convenience of the consumer — with the net
already stripped off at the producer. Even when the product is sold in slices,
the slices still show on the circumference a textured variation in color and -
depending on the degree of overstuffing the net — a more or less pronounced
waviness of the circumference, resulting from the meat product bulging
through the meshes of the net. The variation in color is coming from the
contact of the net with the product, so that in this contact pattern the access

for smoke to the surface of the product is reduced.

[0004] Nettings are available in different shapes, sizes and smoke colors.
The woven nets can be found e.g. as casing net, stockinette and elastic net.
The net 1s usually a seamless net stocking or a tube comprising meshes with
polygonal, circular or oval forms, and comprises fibers selected from the
group consisting of cotton, linen, viscose, polyamide, polyester, polyolefin,
cellulose and elastomers. US 4 883 677 disc_loses PVDC as the net material.
The patterns and variations in string-type offered are marketed with names

such as square or cube, diamond, smooth, rib, ripple, spiral or hex.

[0005] Often a net alone would not hold the meat product in place
sufficiently, or the net would adhere to the rmeat product in such a way, that
the surface of the meat product is damaged when the net is peeled off, leading
to unappealing appearance of the final product. Therefore, before stuffing or
“even during stuffing the meat product into the net, the meat product (such as
a ham) is typically encased in a wrapping, which may be edible if made from
collagen, modified cellulose or carrageenan, or inedible if made from fibrous
or plastic casings, cellophane or paper. If the wrapping is only an unsealed
film, the net prevents the film from opening.
[0006] An example of a fiber-reinforced film for use with a net is disclosed
m US 2010/0227164. Said film provides elasticity, permeability and
resistance properties of the film comprising a paper-reinforced alginate film
containing polyhydric alcohol, the film having peelability without residues
and offering after removal an optionally smoked food product with a clearly

visible net-like pattern thereon. However, the usage of this film - as any
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‘permeable wrapping - suffers from the above mentioned disadvantages of

weight loss during cooking and storage without secondary packaging.

[0007] To provide a packaging system that allows to perform this stuffing
process in a conventional stuffing machine, US 7 666 484 discloses a film,
curved onto itself along a longitudinal axis to form a cylinder, in which the
longitudinal side edges are overlapping to a certain extent in direct contact
with each other but not otherwise connected, shirred or wrinkled in the
manner of an accordion, that can have an internal support in the form of a
fube of a stiff material, and which can be externally coated by a separation
sheet and an also shirred tubular net. However, any usage of a combination
of net and casing is expensive and therefore only applied for highly valued
products. Another problem when developing a new meat item with a woven
net casing (whether fixed or elastic netting) is the difficulty how to

consistently obtain the required “net weight”

[0008] Regarding the combination of a net with a casing, WO 2007/090934
teaches the production of a composite shirred casing, comprising the steps of
pulling an outer casing over the inner casing, and optionally a net between the
inner and outer casings, or over the outer casing, and finally shirring the
composite casing thus obtaining a compact tube, which is cut to yield sticks.
The outer casing may be formed of a multilayer plastic casing, while the inner
‘casing may be a fibrous casing. Using two casings, further increases the

costs of the netted product.

[0002] DE 37 41 329 discloses a sausage casing made at least partially of
thermoplastic material, where the entire circumference of the casing shows
outwardly bulging deformations, which may be spherical in shape and
regularly spaced. Essential for the sausage casing described in DE 37 41 329
is that the casing is enclosed by an elastic net, whose mashes allow the
deformations to penetrate when the casing is stuffed. By providing an elastic
net on the outside of the casing, pressure is enacted on the casing so that
formation of bubbles inside the sausage can be avoided. The deformations
need to be embossed into the thermoplastic flat sheet, which then can be ¢.g.
sewn together to a tubular casing. An air-permeable embodiment is

envisioned to be suitable for dried sausages.
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[0010] To avoid the usage of a net without losing the net-like appearance of

the final product, EP 2 478 772 A discloses a casing being a tube-shaped
knitted stoékineti'e made of a single type of yarn (e.g. polyester fibers),
wherein the stockinette comprises zones of condensed stitches.  The
condensed stitches can adhere to each other by heat deformation, which in
addition may shrink the zones of the condensed stitches. To obtain these
zones, which have a reduced elasticity, the knitted stockinette is selectively
heated by pressing the flattened knitted stockinette between two heated

molds, each provided with a corresponding e.g. net-like pattern,

[0011] To ‘obtain a simulated netted surface appearance without actually
using a net and to retain the product juices within the cooked product, US 3
597 606 recommends forming a cooking cavity from a heat shrinkable film,
filling the cavity with meat product, closing the product-filled cavity with
another heat shrinkable material, cooking the formed meat product package,
and thereafter removing the package so that the three dimensional meat
product surface is retained and the juices are contained within the finished
product. In a following step the product could then be e.g. smoked or colored,
and finally resealed for resale. The mold, which forms the film into the
cooking cavity, has a simulated net retaining surface interior. The interior
r'ltopology of the mold shall be mirrored by the film, in which afterwards the
meat emulsion is cooked, receiving the shape of the film. Main disadvantages
of this proces‘s are the additional step for applying taste or color and the
shape of the final product, which _is not typical for the net application the

final product shall resemble.

[0012] All of the above cited teachings make use of permeable structures
and/or flat films, which need to be sealed by using one or more than one
casing and/or flat film, in order to produce a net-cooked meat product or a

meat product having an appearance of having been net-cooked.

[00i3] For a transfer of functional additives like liquid smoke or caramel
solutions onto foodstuff, several casing structures have been described. As
inner layers of the casing, some of these structures use hydrophilic materials,
which allow the absorbance of the functional additive into the material. For

example inner layers comprising starch were used. Other structures use as an
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inner layer a layer made of cellulose which will come into contact with the
foodstuff. In such a case, however, absorption of the liquid into the paper or
cellulose is obéerved. In case of a flat film, alternatively the desired
functional additive can be spraved, printed or scraped onto the surface. In
order to achieve a sufficient fixation, a drying step usually has to be carried
out before the flat film is formed into a tube and sealed. Upon transfer of the
functional additive onto the meat, the seal will be visible as a longitudinal

line of different color in longitudinal direction of the peeled food product.

[0014] The carrier film of these structures can be a fibrous layver, the major
disadvantage of which is a low water vapor barrier effect. During a cooking
process or stdrage of the product, the foodstuff loses part of i1ts water content
thus reducing the yield. For this reason plastic coated fibrous casings and
laminates comprising an outer plastic film and an inner paper or celiulose

film have been developed.

[0015] EP 0 992 194 A discloses a casing that consists of an impermeable
film with a joined inner lining consisting of fibers made of cotton or
cellulose, or woven, non-woven or knitted fabric, which is then impregnated

and sealed to a tube or bag.

. [0016] Another example of a food casing which is capable of transferring
food additives 1s described in US 2006/0003058 A, which teaches an at least
two-layered tubular food casing comprising an inner layer formed of a
thermoplastib organic polymer embedding a powdery organic filler such as
starch. The casings described in these two documents combine the
absorbance capacity of a material forming the inner layer and the barrier
properties provided by the outer (multi-layer) plastic films. However, such
cagsings are disadvantageous, because a multi-step production process for
preparing such coated or laminated casing structures is needed and/or a
possible mold growth on the inner starch, cellulose or paper layer and

breaking problems during cooking mav occur.

[0017] US 7 615 270 B2 discloses casings comprising an inner layer made of
hydrophilic materials, such as e.g. block-copolyether ester or block-
copolyether amide. Such casings suffer from the disadvantage that their

absorbance capacity for liquid substances is limited. In many applications,
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such an absorbance capacity is insufficient in order to provide the desired
effect onto the foodstuff. Furthermore, if liquid substance remains on the
casing surface, a non-uniform, unpredictable distribution and formation of
droplets upon opening of the tubular casing is likely and the transfer onto the

foodstuff shows a marble-like, non-uniform coloration of the foodstuff.

[0018] DE 101 24 581 A teaches a food casing wherein liquid smoke is
sprayed into the casing during shirring. As it takes a storage time of at least
5 days for the liquid smoke to migrate into the casing, the storage costs and

the “time-to-customer™ is high.

{0019] In general, the outer side of a casing is easily accessible for printing,
coating and impregnation. But, in the case of tubular barrier films the casing
needs to be turned inside out so that the treated surface will come into contact
with the foodstuff. EP 1 192 864 A teaches a step of coating or impregnating
the outer side of a casing which is stuffed into the bore of the strand so that it
can be turned inside out during stuffing. Thus prior to a stuffing of the strand
the treated outside surface of the casing can be contaminated during handling
processes. Another  drawback is that when the treatment
{coating/impregnation) is carried out by using a printing process, the edges
_are printed twice, which leaves two longitudinal lines of higher intensity on

the foodstuff after peeling off the casing.

[0020] In order to increase the absorbance capacity of the thermoplastic inner
 layer, formation of pores in that inner layer is desirable. Inner layers formed
of a thermoplastic material as disclosed in EP 1 164 856 Bl show a network
of interconnected interstices. Said inner lavers are made from a food grade
thermoplastic polymer with the interstices being formed by a non-
supercritical liquid pore-forming agent, which polymer optionally further
comprising an inorganic filler.

[0021] EP 1 911 352 Al and US 2009/214722 A1l disclose multi-layered
coextruded stretched thermoplastic food casings comprising at least one
porous inner layer, comprising at least one plastic material and at least one
filler and at least one pore-forming component of an oily pore-forming agent.
The porosity of the porous inner layer has an interconnected porosity such

that said innermost porous inner layer is able to absorb, retain, desorb and to
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transfer at least one transferable functional additive from the porous inner
layer to food encased in said casing. The casiilgs further comprise at least
one layer haviné a barrier effect for water vapor, in the case of US

2009/214722 A1l for water and/or oxygen.

[0022] EP 3 014 997 A1l describes a multi-layered oriented barrier casing,
whose inner layer has a porosity generated by (co)extruding a first polymer
- composition comprising a polymer and a supercritical pore-forming agent.
The porosity allows absorbing, retaining, desorbing and transferring at least
one transferable functional additive from said at least one porous inner layer

to food encased in said casing.

[0023] All of the above described casings, which are capable of absorbing a
high amount of transferable substance into the layer body by means of
hydrophilic  components or pores, intend to homogeneously transfer the
contained substance to the enélosed foodstuff. They are not able to tfransfer a
pattern onto the foodstuff surface, or to generate a textured surface, or to
produce a food product comprising an outside surface which resembles as
having been i1n contact with a net during its production. Even 1f the to be
transferred substance is printed in a pattern onto a flat film or onto the
__outside of a tubular casing, a textured surface of the final product is not
6btained and the above mentioned disadvantages of sealing and/or reversing,

render a printing step unfavorable.

[0024] EP O 738 471 A2 discloses a cellulose casing for stuffing meat
products, being of the kind comprising a tubular body of indefinite length
designed to receive the meat emulsion during the stuffing stage and to be
eliminated after the subsequent smoking, cooking and/or coloring stage,
characterized by being partially and continuously or discontinuously coated
with a proofing substance providing a barrier to the parssage of external
smokes and/or colorings and/or pigments to define a color contrast on the
surface of the meat product, once such smokes or colorings have been applied

and after the removal of the cellulose casing.

[0025] EP 1 955 596 A2 discloses a process of obtaining smoked food

products with marks, characterized in that it comprises the following steps:
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- printing proofing marks to water and smoke on the entire film or on a part

thereof,
- coating the food product with at least the printed part of the film,

- intense drying of the food product and film at a relative moisture of less

than 25%,

- smoking the food product and film under the same moisture conditions so as
to obtain areas on the food product surface in correspondence with the
posttion of the marks with a darker smoked color than that obtained on the

rest of the surface.

[0026] Both EP 0 738 471 A2 and EP 1 955 596 A2 use a process of smoking
the enclosed food product to create an image on the surface of the food
product. Therefore the casings need to be water vapor permeable, which

results in weight loss during the cooking step and the following storage.

[0027]

[0028] In DE 35 26 394 a casing for raw sausages is described, which is
made of a longitudinally sealed polyamide-based binder-free non-woven
fibrous web. The non-woven fibrous web is subjected to a partial compression
tfreatment in order to create rectangular compressed areas and non-compressed
'bars located in-between. As a consequence of the compression treatment, at
least the non-compressed bars of the grid formed remain permeable. The non-
woven fibrous web is not able to absorb and retain a functional additive in the
non-woven fibrous web (so as to prevent the functional additive from
travelling to the outside) and then transfer absorbed food additives onto the

enclosed foodstuff,

[0029] WO 2005/110713 A1 describes the uniform stretching of flat film to
achieve more uniform gauge thickness and improved mechanical properties.
The method involves extruding the thermoplastic extrudate in the form of a
web 1n 1ts molten state and locating differential speed rollers to chill the film
to 1ts solid state and stretching the film between the rollers to achieve a
stretched film having substantially uniform gauge. The porosity of the film is
created by stretching a layer or film, whose material comprises pore-forming

particles. The microporous film surface can be printed or provide nice hand
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feel. The chill roller may comprise an embossing metal roller to create cloth-
like surfaces, matt finish or other textures. However, the embossed geometry
can only be rele;tively small in dimensions as otherwise the stretching,
especially by using intermeshing rollers, results in a non-uniform stretching.
Thus, the embossing takes place before the stretching step, which creates the
micro-porosity.

[0030] EP 1 556 285 Bl discloses adhesive food wraps formed of an
embossed web material having embossed protrusions and valleys there
between wherein the valleys comprise an adhesive to which a second material
can be adhered. Said second material can be selected from the group
consisting of antimicrobial protection, food preservation, atmosphere
modification, odor elimination, product spoilage indication, nutrition and
dietary benefits, flavor enhancement, moisture absorption, enhancing
microwave cooking, heating, cooling, product insulation, and combinations

thereof.

[0031] Therefore, the object to be solved by the present invention is to
provide a multi-layered coextruded thermoplastic food casing having a high
strength, homogenous shirring and de-shirring ability, and excellent
capability of transferring food additives to the enclosed foodstuff, wherein
éaid thermoplastic food casing is able to transfer a design showing a stable
contrast and good durability on the foodstuff which can be formed of lfood
additive(s) transferred to the enclosed food, e.g. logos, marks, any artistic

design or a net-like pattern.

[0032] Further, it is an object of the present invention to provide a process

for preparing such an improved multi-layered coextruded food casing.

[0033] Furthermore, an object of the present invention is the use of the

casing-as a wrapping for meat and other foodstuff products.

SUMMARY OF THE INVENTION

[0034] According to the invention, there is provided a multi-layered

(cojextruded thermoplastic food casing comprising: at leasi one thermoplastic
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porous absorbing layer and at least one layer having a barrier effect for water

vapor and/or oxygen,

[0035] wherein the at least one layver having a barrier effect for water vapor

and/or oxygen has an average layer thickness in a range of from 5 to 60 pm
over the entire surface area, wherein the at least one thermoplastic porous
absorbing layer comprises as a main component at least one thermoplastic
polymer material selected from the group consisting of (co)polyamides and
(co)polyolefin.s, wherein the at least one thermoplastic porous absorbing layer
comprises areas hdving a reduced average layer thickness and areas having a
non-reduced average layer thickness, wherein the average layer thickness of
the at least one thermoplastic porous absorbing layer in areas having a non-
reduced average layer thickness is in a range of from 10 to 200 pum, wherein
the average layer thickness in areas having a reduced average layer thickness
is lower by 7 to 140 pm and is reduced by a range of from 30 to 85%
compared to the areas having a non-reduced average layer thickness of the at
least one thermoplastic porous absorbing layer, aqd wherein both areas having
a reduced average layer thickness and a non-reduced average layer thickness

comprise pores which are able to absorb a functional additive.

[0036] In a preferred embodiment the multi-layered (co)extruded
thermoplastic food casing comprises at least one thermoplastic porous
absorbing layer which comprises a (co)polyolefin as a main component, the
thermoplastic porous absorbing layer further comprising at least 5 weight-%
of a (co)polyamide based on the weight of the thermoplastic polymer material
used for forming the at least one thermoplastic porous absorbing lay'erl (not
including other additives such as pore-forming agents or functional
additives). The present inventors havé found that if the ai least one
thermoplastic porous absorbing layer comprises a {(co)polyolefin as a main
component and at least 5 weight-% of a {(co)polvamide, the properties of the
multi-layered (co)extruded thermoplastic food casing for example with

respect to adhesion of the food enclosed in the casing can be improved.

[0037] A multi-layered (co)extruded thermoplastic food casing according to

the present invention as defined above may generate on a surface of a

DRSHO13-US
10

Copy provided by USPTCO from the [FW Image Database on 07-03-2019




foodstuff — when enclesed in the food casing — a pattern which is formed by a

functional additive transferred onto the foodstuff.

[0038] The term “multi-layered (co)extruded thermoplastic food casing”
comprises tubular casings, which have been coexiruded by means of an
annular die, and flat films or cut-open tubular casings, which are sealed to
form a tubular casing, and bags made thereof. In a preferred embodiment the
multi-layered (co)extruded thermoplastic food casing is a seamless tubular

multi-layered coextruded thermoplastic food casing.

[6.039] According to the present invention the at least one layer having a
barrier effect for water vapor and/or oxygen and optionally other non-porous

layers — if present - may also be named as “bulk layers”.

[0040] The term “porous absorbing layer” comprises absorbing layers which
comprise areas having a reduced average layer thickness and areas having a
non-reduced average layer thickness, wherein the areas having a reduced
average layer thickness and the areas having a non-reduced average layer
thickness show different porosity levels over the inside surface of the casing
or may show larger pores in parts of the entire inside surface and smaller

pores in other parts of the at least one porous absorbing layer.

[0041] The term “absorb™ comprises absorbing and/or adsorbing of a
functional additive into and/or onto said at least one porous absorbing layer

at room temperature (25°C) and atmospheric pressure (1 bar).

[0042] The term “having a water vapor barrier effect” according to the
present invention means that the coextruded thermoplastic food casing shows
a water vapor transmission rate of 0.01 to 500 g/m*d, preferably 0.1 to 100
g/m’d, more preferably 1 to 20 g/m’d, even more preferably 1 to 10 g/m?d at
23°C and 85% relative humidity according to ASTM E398-03. -

[0043] The term “having an oxygen barrier effect” according to the present
invention means that the coextruded thermoplastic food casing shows an
oxvgen transmission rate through the food casing of the present invention of
30 ¢cm’/(m? d bar) or less, preferably of less than 20 em?/(m? d bar), often in
the range of 6 to 12 cm’/(m” d bar), sometimes of about 0.1 or about 1 to less
than 6 cm®/(m? d bar) when tested according to DIN 53380-3 at 23 °C and
50% relative humidity.

DRSHO19-US
11

Copy provided by USPTO from the IFW Inage Database on 07-03-2019




[0044] The term “a main component of said at least one thermoplastic porous
absorbing layer” according to the present invention means that at least one
thermoplastic pn'olymer material selected from the group consisting of
(co)polyamides and (co)polyolefins, is present in said at least one
thermoplastic porous absorbing layer in a weight ratio of at least 55 weight-
%, preferably at least 70 weight-%, more preferably at least 80 weight-%,
even more preferably at least 90 weight-%, most preferably in a range of from
90 to 95 weight-% based on the weight of the thermoplastic polymer material
used for forming said at least one thermoplastic porous absorbing layer (not
including - other additives such as pore-forming agents or functional
additives).

[0045] According to the present invention it was found that the areas having
a reduced average layer thickness and the areas having a non-reduced average
layer thickness of the at least one thermoplastic porous absorbing layer have a
different retaining capacity for a functional additive to be transferred to the
food enclosed by the food casing. According to the present invention the
term “retaining capacity” defines a capability of the areas having a reduced or
a non-reduced average layer thickness of the at least one thermoplastic pordus
absorbing layer to absorb and/or adsorb a functional additive into and/or onto
said areas of the at least one porous absorbing layer at room temperature
(25°C) and atmospheric pressure (1 bar). According to the present invention
the parameter “retaining capacity ratio” of the areas having a reduced or a
non-reduced average layer thickness of the at least one thermoplastic porous
absorbing layer is expressed by a ratio of the layer thickness of the at least
one thermoplastic porous absorbing layer in the respective area divided by the
layer thickness of the at least one bulk lay.er at the same location. In the food
casing claimed according to the present invention the “retaining capacity”
usually decreases with a decreasing layer thickness of areas having a reduced
average layer thickness of the at least one porous absorbing layer when
subjecting said areas of the at least one thermoplastic porous absorbing layer
to an embossing treatment according to the present invehtion. The “retaining
capacity” of areas having a reduced average layer thickness of the at least one

thermoplastic porous absorbing layer usually increases when subjecting the at
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least one thermoplastic porous absorbing layer to a thermoforming treatment
according to the present invention. In such a case the average layer thickness
of the at least or;e non-porous layer is reduced dependent on the draw ratio
applied, while the average layer thickness of the at least one porous absorbing
layer in the corresponding areas is reduced to a smaller extent, if the same
draw ratio is applied, because the pores in said areas become larger, thus not
reducing the average layer thickness of the at least one porous absorbing

laver in said areas to the same extent as in the at least one non-porous layer.

[0046] According to the present invention the areas having a reduced average
layer thickness are usually formed by applying a mechanical and/or thermal

treatment to areas of the at least one porous absorbing layer.

[0047] Furthermore, the term “mechanical and/or thermal treatment”
according to the present invention for example comprises an “embossing”

and/or “thermoforming™ treatment.

[0048] The term “embossing” according to the present invention refers to a
pfocess step with which an average layer thickness of the at least one porous
absorbing layer is reduced by locally applying a thermal and optionally
mechanical treatment to the surface of the at least one porous absorbing layer
so as to bring the at least one porous layer in a thermoplastic state. In order
to generate areas having a reduced average layer thickness by embossing,
semi-crystalline polymers need to be at temperatures around its melting
temperature or above. An embossing treatment according to the present
invention can be carried out without any actual physical contact With the at
least one porous absorbing layer, which is to be deformed. A thermal
treatment, e.g. by an appropriate laser, can have sufficient energy to
“emboss™ or form the desired texture into the at least one porous absorbing
layer, especially when the casing is an oriented casing and the porosity had
been at least partially generated by stretching, provided that pores which are
able to absorb a functional additive, remain in the areas having a reduced

average laver thickness.

[0049] The term “thermoforming” according to the present invention refers to
a process step with which an average wall thickness of specific areas of the

thermoplastic food casing is reduced while said thermoplastic food casing is
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in a viscoelastic state. In order to achieve a reduction of an average layer
thickness without fusing all the pores the thermoplastic material of said at
least one porous aiasorbing layer needs to be at temperatures above the glass
transition temperature, but below the melting temperature. When carrying-out
a thermoforming step, the layer thickness in the thermoformed areas is

reduced in contrast to the non-thermoformed areas.

[0050] The term “draw ratio” according to the present invention refers fo the
ratio. of the sﬁrface arca of a thermoformed arca after thermoforming in
relation to the surface area of the same area before thermoforming. If
according to the present invention an “embossing”™ step is carried out, the

draw ratio of the embossing step is equal to 1.

[0051] According to the present invention during formation of areas having a
reduced average layer thickness in the at least one thermoplastic porous
absorbing layer, the average layer thickness of the non-porous bulk layers is
only reduced in relation to the draw ratio applied to said areas (i.e. in
embossed areas the average layer thickness of the non-porous bulk layers is

not changed).

[0052] The tferms “reversing” and “inverting” according to the present
invention refer to a process of turning the casing inside out so that the outside
surface becomes the inside or food contact surface of the casing after the
re'versi"ng or inverting step.

[0053] According to the present invention the areas having a non-reduced
layer thickness of the at least one porous absorbing layer can be determined
by marking areas of highest thickness of said at least one porous absorbing
layer by means of carbon paper (e.g. Plenticopy 200 H by Pelikan Group
GmbH), which is attached to a flat glass plate by means of double-sided
adhesive tape, and moving across the flattened surface of the at least one
porous absorbing layer. Thereafter, within an area of at least 10 c¢cm?® of the
food casing to be analyzed the laye'r thickness of said at least one porous
absorbing layer is measured in at least 10 locations in marked (by me.ans of
said carbon paper) areas having a non-reduced layer thickness of said at least
one porous absorbing layer and in at least 10 locations in unmarked areas

having a reduced layer thickness of said at least one porous absorbing layer
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(wherein the 10 lowest thickness values measured must be used) by using a

thickness gauge or by using SEM microscopy, as described below.

[0054] As outlined above, according to the present invention it was
surprisingly found that a retaining capacity for a functional additive such as
liquid smoke in areas having a reduced average layer thickness clearly differs
from a retaining capacity for said functional additive in areas having a non-
reduced average layer thickness of the at least one porous absorbing layer so
that these areaé will transfer different amounts of such a functional additive
onto the enclosed foodstuff in said different areas. Furthermore, it was foun.d
that if the average layer thickness in said areas having a reduced average
layer thickness is reduced by a range of from 30 to 85% and by 7 to 140 pm
compared to said areas having a non-reduced average layer thickness, both
areasl will be able to transfer functional additive such as liquid smoke onto
the enclosed foodstuff in such a way that a visually verifiable and visually
acceptable contrast in the amount of functional additive being transferred can
be achieved and at the same time it can be ayoided that the amount of
functional additive absorbed/adsorbed desorbs or diffuses before being
transferred onto the foodstuff. If, however, the average layer thickness in said
areas having a reduced average .layer thickness is reduced by less than 30%
and/or less than 7 pm compared to said areas having a non-reduced average
layer ‘thickness, the difference in the amount of functional additive being
transferred is too low in order to achieve a visually verifiable contrast on the
foodstuff produced. If, on the other side, the average layer thickness in said
areas having a reduced average layer thickness is reduced by more than 85%
and/or more than 140 um compared to said areas having a non-reduced
average layer thickness,, functional additive cannot be retained so as to later
on transfer the functional additive onto the surface of the foodstuff to be
ireated (for example when said areas are formed in a thermal treatment such
as thermoforming), or the meat cling _ﬁroperties of the porous laver can be
deteriorated (for example in the areas of reduced layer thickness when

carrying-out an embossing treatment).

[0055] The average layer thickness of said at least one thermoplastic porous

absorbing layer of the food casing according to the present invention may
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also be determined by measuring the total thickness of the casing (as
outlined above at least at 10 locations) and subtracting the bulk layer(s)

thickness analyzed under the microscope as described below.

[0056] Surprisingly, according to the present invention it was found that if
the average layer thickness of said at least one porous absorbing layer in said
areas having a reduced average layer thickness is reduced by a range of from
7 to 140 pm compared to said areas having a non-reduced average layer
thickness, more preferable by 7 to 120 pm, even more preferably by 8 to 90
um, even more.preferably by 8 to 60 um, even more preferably by 15 to 60
pm, most preferably by 20 to 40 um, areas having a reduced layer thickness
provide an average layer thickness which is small enough so as to clearly
differlfrom the amount of functional additive which can be adsorbed and/or
absorbed by‘the surrounding areas having a non-reduced layer thickness, and
furthermore form a pattern of areas which creates a visually verifiable
contrast in the transferred amount of the functional additive onto the

foodstuff between areas of high and areas of low retaining capacity.

[0057] In a preferred embodiment of said multi-layered coextruded
thermoplastic food casing, the multi-layered coextruded thermoplastic food

casing is seamless and tubular.

[0058] In a further preferred embodiment of said multi-layered coextruded
th'ermc;plastic food casing according to the present invention it was found that
if the average 1ayer thickness of said at least one porous absorbing layer in
said areas having a reduced average layer thickness is reduced by a range of
from 30 to 80%, preferably 35 to 75%, more preferably 55 to 70% compared
to said areas having a non-reduced average layer thickness, both areas will be
able to transfer functional additive such as liquid smoke onto the enclosed
foodstuff in such a way that a visually verifiable contrast in the amount of

functional additive being transferred can be determined.

[0059] In a further preferred embodiment of said multi-layered coextruded
. thermoplastic food casing the average layer thickness of the at least one
thermoplastic porous absorbing layer is not limited to only 2 levels (reduced
and non-reduced), but also involves areas of intermediate average layer

thickness so as to create intermediate color shades on the enclosed foodstuff.
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An intermediate average layer thickness can for example be generated by
locally applying an embossing treatment at a given embossing temperature for
different em'bossirflg times in to-be-embossed areas of said at least one porous
absorbing layer, or by locally applying an embossing treatment at different
embossing temperatures for the same embossing times in to-be-embossed
areas of said at least one porous absorbing layer, or by applying locally
different draw ratios in thermoformed areas of said at least one porous

absorbing layer.

[0060] In a further preferred embodiment of said multi-layered coextruded
thermoplastic food casing, the difference in the average layer thickness
between areas having a reduced layer thickness and arecas having a non-
reduced layer thickness of said at least one thermoplastic porous absorbing

layer gives rise to the transfer of a net-like pattern on the enclosed foodstuff.

[0061] In a further preferred embodiment of said multi-lavered coextruded
thermdplastic food casing, the difference in the average layer thickness
between areas having a reduced layer thickness and areas having a non-
reduced layer thickness of said at least one thermoplastic porous absorbing

layer gives rise to the transfer of a logo pattern on the enclosed foodstuff.

[0062] In a further preferred embodiment of said multi-layered coextruded
thermoplastic food casing, the difference in the average layer thickness
between areas having a reduced layer thickness and areas having a non-
reduced layer‘thickness of said at least one thermoplastic porous absorbing
layer gives rise to the transfer of a pattern on the enclosed foodstuff,
resembling a “naturaily” inhomogeneous coloring of the surface consisting of

areas or pixels of different darkness.

[0063] In a further preferred embodiment of said multi-layered coextruded
thermoplastic food casinrg the difference in the average layer thickness
between areas having a reduced layer thickness and areas having a non-
reduced layer thickness of said at least one thermoplastic porous absorbing
layer gives rise to the transfer of a net-like pattern showing visible “bulges”

typical for a sausage cooked in a net.

[0064] During stuffing the at least one thermoplastic porous absorbing layer

is present on the inside of the multi-layered coextruded thermoplastic food
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casing, while the at least one further layer having a barrier effect for water
vapor and/or oxygen forms (an) outer layer(s) of the food casing. More than
one thermopllastic (porous absorbing layer can be present in the multi-layered
thermoplastic food casing according to the present invention so that they can
jointly provide areas of different average layer thicknesses and, thus,

retaining capacities of the casing.

[0065] The present invention further provides a method for producing a
multi-layered (co)extruded thermoplastic food casing as defined above,
comprising a st'ep of subjecting the multi-layered. (co)extruded thermoplastic
food casing to at least one mechanical and/or thermal treatment so as to
create on the inside surface of said at least one thermoplastic porous
absorbing layer areas having a reduced average layer thickness and areas

having a non-reduced average layer thickness as defined above.

[0066] In a preferred embodiment the present invention provides a method
for producing a multi-layered (co)extruded thermoplastic food casing as
defined above, comprising a step of subjecting the at least one thermoplastic
porous absorbing layer of the multi-layered (co)extruded thermoplastic food
casing to a - with respect to the at least one thermoplastic porous absorbing
layer - contactless heating via the outer layer. This includes heating up the
porous layer for example by using a laser, infrared rays or hot air, or by e.g.
heated l-materials actually physically touching the non-porous outer layer.
Surprisingly, said different areas as defined above can be generated without
damaging the outer layer(s) or causing cracks or breakages during stuffing or

cooking the stuffed casing.

[0067] In an alternative embodiment the present invention provides a method
for producing a multi-layered (co)extruded thermoplastic food casing as
defined above, comprising a step of subjecting the multi-layered (co)exiruded
thermoplastic food casing to at least one mechanical and/or thermal treatment
so to create on the outside surface of said at least one thermoplastic porous
absorbing léyer areas having a reduced average layer thickness and areas
having a non-reduced average layer thickness, then coating said outside

surface of said at least one thermoplastic porous absorbing layer with a
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functional additive, followed by an optional drving step and a subsequent

reversing step of turning the casing inside out.

[0068] In a further alternative embodiment the present invention provides a
method for producing a (co)extruded thermoplastic food casing as defined
above, comprising a step of subjecting the multi-layered (co)extruded
thermoplastic food casing to a mechanical and/or thermal treatment so as to
create on its outside surface areas having a reduced average layer thickness
and areas having a non-reduced average layer thickness, a subsequent
reversing step of turning the casing inside out, and a subsequent further step
of subjecting the coextruded casing to a further mechanical and/or thermal
treatment so as to stably form on its inside surface areas having a reduced
ave.rage layer lthickness and areas having a non-reduced average layer

thickness as defined above.

[0069] In a preferred embodiment the method for producing a multi-layered
(co)extruded thermoplastic food casing comprises a thermoforming step so as
to provide the enclosed foodstuff on its surface with a three-dimensional
pattern wherein said multi-layered (co)extruded food casing does not

comprise a net on 1ts outside surface.

[0070] A person skilled in the art is well aware of several different reversing

techniques, including a technique of reversing a shirred stick during stuffing.

'['0071] Impregnation with a functional additive can be done by spraying or
bathing while the food-contact-surface is still on the outside. In this case an
optional step of drying and/or curing the functional additive to immobilize
the functional additive on the surface can be carried out. As an alternative to
coating the food-contact surface present on the outside of the casing, the
casing can berreversed after a mechanical and/or thermal treatment of the
outside surface. When the food-contact-surface is at least one inner layer, it
can be 1mpregnated by use of internal coating techniques like “moving
bubble” betlween 2 pairs of nip reels or inside spraying e.g. during shirring.

[0072] The step of subjecting the (co)extruded casing to a mechanical and/or
thermal treatment comprises a step in which the layer thickness of areas of
said at least one porous absorbing layer is reduced by subjecting areas on the

surface of the at least one thermoplastic porous absorbing layer to an
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embossing and/or thermoforming step. Preferably the process of embossing is
carried out by heating these areas to temperatures above the glass transition
temperature (seeﬁ page 11), for example to a temperature which is 5 to 25°C
lower than the melting temperature of the thermoplastic material of the at
least one thermoplastic porous absorbing layer. The heating can be carried out
by contact methods (e.g. ultrasonic embossing) or non-contact methods (e.g.
by laser). The heating can be carried out from the opposite side of the casing,
as long as at least one of the outer layers has a high enough melting
temperature to withstand the heating without melting. If the embossing
temperature is below about 5°C below the melting temperature of the at least
one thermoplastic porous absorbing layer, contact methods allowing for a
mechanical treatment of the casing are needed so as to sufficiently reduce the
thickness of the at least one thermoplastic porous absorbing layer. Embossing
temperatures above the Vicat softening temperature of the at least one
thermoplastic porous absorbing layer are highly preferred so as to achieve a
stable reduction of the layer thickness of the at least one thermoplastic porous

absorbing layer.

[0073] According to the present invention the difference in the melting
temperatufe of the material of the at least one porous absorbing inner layer
and the melting temperature of the at least one layer having a barrier effect
for water vapor and/or oxygen, when the melting temperatures are measured
according to DIN EN IS0 11357-3, should be larger than 30 °C, preferably
largér than 40 °C, more preferably larger than 50 °C, most preferably more
than 60 °C.

[0074] Optionally the step of subjecting the (co)extruded casing to a
mechanical and/or thermal treatment further comprises a step of subjecting
the multi-layered (co)extruded thermoplastic food casing to a thermoforming
process, e.g. by a corrugator, so that bulges are formed, which allow the final
product to obtain a shape resembling e.g. a product which was cooked in a
net. By carrying out such a thermoforming step, in the areas treated the size
of the pores present in the at least one thermoplastic porous absorbing layer
of said multi-layered (co)extruded thermoplastic food casing can be increased

so as to further enhance the retaining capacity of the pores in said areas.
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[0075] The method for producing a multi-layered (co)extruded thermoplastic
food casing optionally further comprises a step of subjectiﬁg the multi-
layered (co)extruzled thermoplastic food casing to a mono-axial or bi-axial
orientation treatment prior to a step of forming at least one thermoplastic
porous absorbing layer comprising areas having a reduced average layer
thickness -and areas having a non-reduced average layer thickness. By
carrying out such an orientation step the size of the pores present in the at
least one thermoplastic porous absorbing layer of said multi-layered
(co)extruded thermoplastic food casing can be increased. If at the time of
thermeforming the food casing already had been subjected to a mono-axial or
bi-axial orientation treatment, the orientation degree must have been low

enough to further allow local orientation to the desired extent.

[0076] Furthermore, by subjecting said multi-layered (co)extruded
thermoplastic food casing to a mono-axial or bi-axial orientation treatment,
e.g. in a double- or triple-bubble process, the strength of the casing structure
can be further increased so that wrinkle-free and caliber consistent food
casings can be produced. Preferably the oriented c.asing should be annealed to
have low or no shrinkage in order to avoid shrinking in subsequent thermal
treatment steps, such as e.g. drying of an outside coating. This is especially
important when a thermal treatment step should be combined with an
orientation step, because released shrinkage will cause the film or tubular
casing to wrinkle, which makes it difficult to handle the casing in subsequent
stepsl. For example, the precise positioning of the casing in a thermoforming
tool may be difficult if the casing shrunk during a prior embossing step for
generating at least one thermoplastic porous absorbing layer comprising areas
having a reduced average layer thickness and areas having a non-reduced

average laver thickness.

[0077] Furthermore, in a preferred embodiment of the present invention the
polymer composition which forms the at least one thermoplastic porous
absorbing layer of the multi-layered coextruded thermoplastic food casing is a
polymer composition further comprising at least one hydrophilic component
and/or at least one pore-forming agent and optionally a filler and/or

optionally a nucleating agent.
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[0078] As according to the present invention the multi-layered food casing is
a thermoplastic food casing, disadvantages due to lamination with organic
substances can ine avolded and, thus, mold growth risks due to organic
substances such as paper, cellulose or starch can be prevented. If in a
preferred embodiment the multi-layered thermoplastic food casing is a
seamless multi-lavered coexiruded thermoplastic food casing, said tubular
multi-layered coextruded thermoplastic food casing does not comprise any
weakening seam or seal, so that an exact formation of the porosity pattern
comprising areas of high retaining capacity for a functional additive and areas

of low retaining capacity for a functional additive can be achieved.

[0079] According to the present invention it was surprisingly found that by
subjecting the multi-layered (co)extruded thermoplastic food casing to a
mechanical and/or thermal treatment, on the surface of the at least one
thermoplastic porous absorbing layer areas having a reduced average layer
thickness and areas having a non-reduced average layer thickness can be

formed.

[0080] Contrary to the food casings known in the art, the retaining capacity
of the at least one porous absorbing layer of the food casing according to the
present invention is locally different so that a pattern such as a logo or
picture or net of different retaining capacity can be formed on said at lcast
one thermoplastic porous absorbing layer which pattern, after ldading the
functional additive into/onto the inside surface of the at least one

thermoplastic porous absorbing layer, can be transferred onto the foodstuff.

[0081] The at least one layer having a barrier effect for water vapor and/or
oxygen, when having a barrier effect for water vapor in the food casing
according to the present invention, assures a sufficient barrier effect so that
the to—be—transferred functional additives do not readily diffuse to the outside
of the casing, preventing contamination of the environment and machinery
during handling and processing. Furthermore, by using a food casing
compri_sing at least one thermoplastic porous absorbing layer as defined
according to the present invention weight loss during cooking and storage can
be greatly decreased in comparison to conventional casings made of f{ibers,

cellulose or collagen.
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[0082] Furthermore, with respect to the at least one layer having a barrier
effect for water vapor and/or oxygen, when having a barrier effect for water
vapor, the waterr vapor transmission rate of said ai least one layer having a
barrier effect for water vapor of the food casing according to the present
invention can be adjusted in such a way that some drying of the foodstuff’s

surface still can take place during drying phases of the cooking cycle.

[0083] Also an oxygen barrier effect of the at least one layer having a barrier
effect for wéter vapor and/or oxygen can be adjusted via adjusting the
composition of said at least one layer. In addition to polyvinylidenchloride
or -polyethylene vinyl alcohol, for example blends of polyamide and
polyethylene vinyl alcohol or polyamide resins having a barrier effect for
oxygen such as polyamide resins produced through polycondensation of meta-
xylylene diamine (MXDA) with adipic acid (e.g. Nylon-MXDé® from
Mitsubishi Gas Chemical Company) can be used so as to form at least one

layer having a barrier effect for water vapor and/or oxygen.

BRIEF DESCRIPTION OF THE FIGURE

[0084] Figure 1 represents a preferred embodiment of an embossed food
casing (1) according to the present invention comprising porous layer(s) (3)
and bulk layer(s) (4), the porous layer(s) comprising on the food contact side
(2) areas having a lower retaining capacity ratio (5) and areas having a higher
retai;ping capacity ratio (6), wherein the embossed areas having a lower
retaining capacity ratio have a reduced porous layer thickness (8) and the
areas having a higher retaining capacity ratio have a non-reduced porous layer
thickness (7).

DETAILED DESCRIPTION

[0085] A food casing according to the invention may be used as a packaging
for any type of food including but not limited to meat products, sausage
products, milk products, cheese products and dishes, unprocessed or
processed - especially to meat containing products like fermented sausages,
cooked-meat sausage (Kochwurst), scalded emulsion sausage (Brithwurst) like
frankfurters, cooked ham (Kochschinken), ham, pickled meat, smoked turkey
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breast and salt meat (Pokelware), vegetables, dairy products like cheese,
carbohydrates, soybean products as well as different mixtures or in any
desired appli.catior,i. The food casings according to the present invention may
be used in any desired form such as in the form of "endless" tubes, sections,
rings such as sausage rings, customized products such as shirred sticks or
bags, and the food casing according to the present invention can be empty,

stuffed and further processed if desired.

[0086] Food ié often processed, i.e. cooked in a plastic film package, for
example by at least partially immersing the package in hot water or placing
the package in a steam cabinet. The processed food package may then be
refrigerated until the processed food is prepared for a meal or is to be
consumed, or it is peeled and further packaged after portioning into pieces or
slices. During the cooking process e.g. of meat, for example, smoke or other
modifiers for color, flavor or fragrance diffuse into the food material. The
diffusion process takes longer if taking place at ambient temperatures only,

e.g. during a fermenting process or storage.

Transferable Functional Additives

[0087] The at least one transferable functional additive may be, for example
one or more of colorants such as caramel or paprika extract, flavorants such
as glutamates, fragrances such as terpenoids and/or any other desired food
additives. Many transferable functional additives can be effective as
different (such as two or three) types of transferable functional additives
selected from the group of colorants, flavorants and fragrances. For example

liquid smoke functions as a colorant, a flavorant as well as a fragrance.

[0088] A colorant, flavorant, fragrance and/or any other additive or any
combination thereof may be applied - in one of the possible embodiments - to
the casing in any desired way e.g. in a tube containing the liquid, dispersed,
dissolved or in any combination. The transferable functional additive can be
in a liquid mass which may preferably be distributed with the aid of a liquid
bubble such that the additfive may be moved or distributed or both. In such a
way, the content of the transferable functional additive may be directly

applied to a coextruded and optionally stretched casing. The transferable
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functional additive may be applied in its commercially available condition -
preferably in a liquid form, especially in a dissolved form, dispersed form or
in a dissolved and" dispersed form, e.g. in water - or in a modified condition.
More preferred, the functional additive is present in dissolved form in water.
It is typically applied onto the.food-contact surface of the casing, which is
the outside surface of the innermost of the at least one porous absorbing layer
e.g. by dipping, flooding, spraying or even by squeezing of the tube
containing the liquid mass. This can be effected e.g. with the aid of
squeezing rollers and distributing the liquid at least partially on the surface
of the inner layer of the casing e.g. with the aid of such squeezing rollers.
Preferably at least one of these compounds or a mixture containing at least
one of these compounds - preferably in a liquid form - may be absorbed,
charged, distribﬁted, incorporated, injected, applied as a film or coating or in
any combination thereof onto/in/into a film or food contact surface of the
casing. It is especially desirable that the additive(s) are provided onto/in/into
the at least one porous absorbing inside surface or onto/in/into parts of the at
least one porous absorbing inner layer of the multi-layered coextruded
thermoplastic food casing e.g. by the effect of capillary forces. The transfer
of these compounds/mixtures from the at least one porous absorbing inner
layer of the food casing to the food may occur via their interface. This is
particularly the case if the multi-layered coextruded thermoplastic food
casing is formed of non-polar polymers such as (co)polyolefins. If the
colorant, the flavorant, the fragrance and/or any other additive is polar in
nature, the transmission of such compound(s) may sometimes be nearly
complete or perhaps even complete, if the non-polar surface had been coated

with the polar functional additive,

[0089] In case the at least one porous absorbing layer is not an inner layer of
a tubular casing (1.e. it is the outer layer of a tubular casing, which will need
reversing later on, or a surface of a flat film), in addition to dipping,
flooding, spraying or showering, the application of the at least one
transferable functional additive can also take place via a printing process.
Also, if there are two or more transferable functional additives, they can be

applied independently of one another so that mixed patterns and/or a mixture
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of functional additives such as tastes can be transferred. For example, spices
can be applied only on areas of low retaining capacity or on areas of high
retaining capacitgz. The adhesion of the functional additive to the casings
surface can be increased by applying plasma or corona treatment to the
-casings surface prior to coating the casing with the functional additive, in the
case of a particulate functional additive, such as spices or herbs, by usage of
binders.

[0090] Preferably, this corona discharge treatment is conducted in such a way
that after the corona discharge treatment the wetting tension of the innermost
layer surface is 35 mN/m or higher, preferably 40 mN/m or higher, and more
preferably 50 to 60 mN/m, as measured by testing inks according to DIN ISO
8296 for the determination of the wetting tension of plastic films. The
conditions of the corona discharge are not limited and may be suitably
determined according to the type, thickness and feeding rate of the casing to
be processed. As the porosity influences the wetting tension to be provided,
the setting of the parameters of the corona treatment device should be done
with a casing having a non-porous inner layer having the same polymer
composition as the composition of the porous inner layer used according to

the invention.

[0091] The fluid or liquid of the at least one transferable functional additive
is préferably absorbed/adsorbed by pores contained in the at least one
thermoplastic porous absorbing inner layer. A casing according to the present
invention preferably has at least one thermoplastic porous absorbing inner
layer, but it is preferred in several embodiments that most of or all the other _
layers of the casing have low, nearly no or no porosity at all. It i1s preferred
that at lea.st one of the other layers shows high strength. If a casing has at
least one non-porous layer having a barrier effect for water vapor and/or
oxygen and at least one thermoplastic absorbing porous inner layer,. casings
which are able to transfer a functional additive to the enclosed foodstuff can
be formed. Such casings have sufficient strength, flexibility and/or barrier

effect for water vapor or gases like oxygen gas or both.

The at least one Porous Absorbing Layer
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[0092] The at least one porous absorbing layer comprising areas having a
reduced average layer thickness and areas having a non-reduced average layer
thickness co'mprisfes areas of high retaining capacity for a functional additive
and areas of low retaining capacity for a functional additive. Typically, at
least one porous absorbing layer is designed to absorb/adsorb and therefore to
immobilize the at least one transferable functional additive. The additive can
be in liquid form and after it is immobilized, it can be desorbed, mobilized
and transferred to food it is in contact with. A dominating mechanism can be
adhering or bonding of the additive to the surface, with only some absorption
into.the at least one porous absorbing layer. The immobilization of the at
least one transferable functional additive can be enhanced via drying and/or
curing.

[0093] In one embodiment the food casing according to the present invention
typically comprises at least one thermoplastic porous layer serving as the at
least one absorbing inner layer. Alternatively two, three or four or more
porous inner layers may form a group of porous inner layers, of which one is

the innermost porous layer whose surface is adjacent to the encased foodstuff.

[0094] In ancther embodiment_the food casing according to the present
invention comprises at least one porous absorbing layer serving as the
absorbing outer layer, when it is extruded. If such a preparation process is
used, the casing needs to be reversed at some point in the process in order to
prepare a rhulti-layered coextruded thermoplastic food casing according to the

present invention which can be subjected to a food stuffing step.

[0095] The at least one thermoplastic porous absorbing layer comprises as a
main component at least one thermoplastic polymer material selected from the

group consisting of {co)polyamides and (co)polyolefins,
[0096] Examples of said (co)polyvamides and/or (co)polyolefins are:

[0097] (Co-)Polyamides, such as homo-, co- or ter-polyamides, preferably
aliphatic (co-)polyamides, partially aromatic (co-)polyamides;
[0098] polyolefins, preferably polyethylenes, polypropylenes or copolymers

based on e.g. ethylene, propylene, or other -olefins, poly(iso)butene or any

5'3 mixture thereof.
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'[0099] In many embodiments, the multi-layered coextruded thermoplastic
food casing contains more than one thermoplastic organic polymer
componenté. Offen there are two or three, and sometimes c¢ven more than
three different thermoplastic polymers or even at least.two different
thermoplastic polymers which differ in at least one chemical group contained

therein. -

[00106]Thus, the at least one thermoplastic porous absorbing layer may

further comprise the following components:

[00101]vinyl copolymers like ethylene vinyl acetate copolymers, polyvinyl
alcohols, ethylene vinyl alcohol copolymers (EVOH) or any combination
thereof, which optionally is partially or totally saponified, such as ethylene
vinyl alcohol copolymers; polyvinylpyrrolidone, polystyrene,
polyvinylchloride, polyvinylfluoride or any combination thereof;

[00102]vinylidenechloride (co-)polymers (PVDC), e.g. copolymers of
vinylidene chloride with comonomer(s) such as vinyl chloride or

(meth)acrylate;

[00103](co-)polyesters of aliphatic, (partially) aromatic or aliphatic and
aromatic character e.g. polylactide, polycaprolactone, polycarbonate or (co-
ypolymers of aliphatic diols with aliphatic or aromatic dicarboxylic acid(s)
such as terephthalate(s), such as poly(butylenes glycol terephthalate):
'specifically polyhydroxyalkanoates or polylactic acids. .

[00104]In one preferred embodiment of the present invention polyolefins can
be used as thermoplaétic organic polymers, such as homopolymers of ethylene
or propylene and/or copolymers of linear alpha-olefins with 2 to 8 C-atoms,
preferably linear low density polyethylene, low density polyethylene, high
density polyethylene, homo-polypropylene, block-polypropylene and random
copolymers of propylene. In an even more preferred embodiment low density

and linear low density polyethylene can be used.

[00105]In another preferred embodiment of the present invention polyamides
can be used as thermoplastic organic polymers, such as homo-, co- or ter-
polyamides which can be produced from the corresponding monomers such as
caprolactam, laurolactam, omegaaminoundecan acid, adipic acid, azelaic acid,
sebacic acid, decandicarbonic acid, dodecandicarbonic acid, terephthalic acid,
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isophthalic acid, tetramethylendiamine, pentamethylendiamine,
hexamethylendiamine, octamethylendiamine and xylylendiamine. Preferred
polyamides. fo bc; used according to the present invention are homo- and co-
polyamides such as polyamide 6, polyamide 12, polyamide 66, polyamide
610, polyamide 612, polyamide MXD6, polyamide 6/66, polyamide 66/6,
" polyamide 6/12 and polyamide 6I/6T. In an even more preferred embodiment

polyamide 6 and polyamide 6/66 can be used.

[00106]Furthérmore, the thermoplastic organic polymer(s) to be used
according to the present invention to form the at least one thermoplastic
porous absorbing layer, may comprise additional hydrophilic components
such as a polyetherester copolymer, polyvinylalcohol, polyesterblockamide,
copolyetheresteramide or block copolymer polyether amide, or
polyvinylpyrrolidone so as to facilitate the water vapor transmission through
or into the matrix of the at least one thermoplastic porous absorbing layver,

thus helping to immobilize the functional additive after coating.

[00107]According to the present invention said at least one thermoplastic
porous absorbing layer comprises as a main component at least one
thermoplastic material selected from the group consisting of (co)polyamides
and (co)polyolefins, which i1s present in said at least one thermoplastic porous
absorbing layer in a weight ratio of at least 55 weight-%, preferably -at least
70 weight-%, more preferably at least 80 weight-%, even more preferably at
least 90 weight-%, most preferably 90 to 95 weight-% based on the weight of
the thermoplastic polymer material used for forming said at least one _
thermoplastic porous absorbing layer (not including other additives such as |

pore-forming agents or functional additives).

[00108]Furthermore, in a preferred embodiment said multi-layered
(co)extruded thermoplastic food casing comprises at least one thermoplastic
porous absorbing layer which comprises a (co)polyolefin as a main
component, said thermoplastic porous absorbing layer further comprising at
least 5 weight-% of a (co)polyamide based on the weight of the thermoplastic
polymer material used for forming said at least one thermoplastic porous
absorbing layer (not including other additives such as pore-forming agents or

functional additives).
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[00109]The at least one thermoplastic porous absorbing layer usually has — in
total — an average layer thickness of 10 to 200 pm, preferably 15 to 150 pm,
more preferébly iS to 130 pm, more preferably 20 to 120 um. The layer
thickness depends on the desired retaining capacity and the number of layers

available to achieve the desired retaining capacity.

- [00110]According to the present invention it was surprisingly found that a
retaining capacity for a functional additive such as liquid smoke in areas
having a redu-ced average layer thickness clearly differs from a retaining
capacity for said functional additive in areas having a non-reduced average
layer thickness of the at least one porous absorbing layer so that these areas
will transfer different amounts of such a functional additive onto the enclosed
foodstuff in séi_d different areas. Furthermore, it was found that if the average
layer thickness in said areas having a reduced average layer thickness is
reduced by a range of from 30 to 85% and by 7 to 14.0 um compared to said
areas having a non-reduced average layer thickness, both areas will be able to
transfer functional additive such as liquid smoke onto the enclosed foodstuff

in such a way that a visually verifiable contrast in the amount of functional

additive being transferred can be achieved and at the same time the amount of
functional additive absorbed/adsorbed does not desorb or diffuse before being
transferred onto the foodstuff. If, however, the average layer thickness in said

areas having a reduced average layer thickness is reduced by less than 30%

and/or less than 7 uym compared to said areas having a non-reduced average

layer thickness, the difference in the amount of functional additive being
transferred is too low in order to achieve a visually verifiable contrast on the
foodstuff produced. If, on the other side, the average layer thickness in said

areas having a reduced average layer thickness is reduced by more than 85%

and/or more than 140 pum compared to said areas having a non-reduced

average layer thickness, functional additive cannot be retained so as to later
on transfer the functional additive onto the surface of the foodstuff to be
treated (for example when said areas are formed in a thermal treatment such
as therrhofdrming), or the meat cling properties of the porous layer can be
i deteriorated (for example in the areas of reduced layer thickness when

- carrying-out an embossing treatment).
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[00112]Surprisingly, according to the present invention it was found that if
the average layer thickness of said at least one porous absorbing layer in said
areas havin'g a réduced average layer thickness is reduced by a range of from
7 to 140 um compared to said areas having a non-reduced average laver
thickness, more preferable by 7 to 120 um, even more preferably by 8 to 90
um, even more preferably by 8 to 60 um, even more preferably by 15 to 60
um, most preferably by 20 to 40 pm, areas having a reduced layer thickness
provide an average layer thickness which is small enough so as to clearly
differ from the amount of functional additive which can be adsorbed and/or
absorbed by the surrounding areas having a non-reduced layer thickness, and
furthermore form a pattern of areas which creates a visually verifiable
contrast in the transferred amount of the functional additive onto the

foodstuff between areas of high and areas of low retaining capacity.

f00112]In a further preferred embodiment of said multi-layered coextruded
thermoplastic food casing according to the present invention it was found that
if the average layer thickness of said at least one porous absorbing layer in
said areas having a reduced average layer thickness is reduced by a range of
from 30 to 80%, preferably 35 to 75%, more preferably 55 to 70% compared
to said areas having a non-reduced average layer thickness, both areas will be
able to transfer functional additive such as liquid smoke onto the enclosed
foodstuff in such a way that a visually verifiable contrast in the amount of

functional additive being transferred can be determined.

[00113]The average layer thickness of said at least one thermoplastic porous
absorbing layer of the food casing according to the present invention may
also be determined by measuring the total thickness of the casing (as
outlined above at least in 10 locations). and subtracting the bulk layer(s)

thickness analyzed under the microscope as described below.

[00114] According to the present invention the surfaces of the hollow spaces
and channels of the porosity of said at least one porous absorbing inner layer
are able to absorb/adsorb a transferable functional additive, to store it and,
subsequently, to release and to transfer it. In other words, when the

functional additive stored in the at least one porous absorbing inner layer
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comes in direct contact to the foodstuff when foodstuff is encased in the

' casing, the at least one functional additive is transferred to the foodstuff.

[00115]According to a preferred embodiment of the present invention the
porous structure of the at least one thermoplastic porous absorbing layer is
created by a supercritical pore-forming agent introduced into the molten
polymer or polymer mixture in the extruder designated to form the at least
one thermoplastic porous absorbing layer in such a way that a solution is
being generafed. In contrast, in most of the food casings known in the art the
hollow spaces (porous structure) or interstices of the at least one porous
absorbing layer are formed by using non-supercritical liquid pore-forming

agents such as hydrophobic oils or oily substances.

[00116]One benefit of using a supercritical pore-forming agent is that no
pore-forming agent will remain in the at least one porous inner layer after

extrusion of the polymer mixture.

[00117]Any of a wide variety of supercritical pore-forming agents such as
supercritical | nitrogen, supercritical oxygen, supercritical helium or
supercritiéal carbon dioxide, more preferably supercritical carbon dioxide or
supercritical nitrogen, even more preferably supercritical nitrogen may be
used as the supercritical pore-forming agent to be used according to the
present invention. Said supercritical pore-forming agent is introduced into
~the extruder and mixed with at least one first polymer (for forming the at
least one thérmoplastic porous absorbing layer) for example a thermoplastic
organic polymer so as to form rapidly a single-phase solution with the

polymeric material by injecting said pore-forming agent as a supercritical
fluid.

[00118]Usually, the supercritical pore-forming agent is introduced into said
polymeric material, which is designated to form the at least one porous
absorbing layer, via a port of an extruder. As outlined above, the supercritical
pore-forming agent to be used according to the present invention preferably is
selected from the group consisting of supercritical nitrogen and supercritical
carbon dioxide. In principle, other supercritical fluids such as supercritical
helium or supercritical oxygen can be used as well. However, even if the

supercritical point of such agents allows their usage, flammability, costs
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and/or health and environmental concerns may create disadvantages compared

to supercritical nitrogen or carbon dioxide. The supercritical peint of
nitrogen 1s at 34 bar and -147 °C, while the supercritical point of carbon
dioxide is at 72 bar and 31 °C. The concentration of the supercritical pore-
forming agent in the polymer mixture forming the at least one thermoplastic
porous absorbing layer is usually in a range of from 0.001 to 10 weight-%,
.. preferably in the range from 0.005 to 1 weight-%, most preferably in the
range from 0.01 to 0.5 weight-% based on the weight of the polymer mixture

forming said at least one thermoplastic porous absorbing layer.

[00119]In addition, optionally the at least one porous absorbing layer may

comprise a filler. Preferably, said filler is an inorganic filler. In a preferred
embodiment said filler — if used - is selected from silica(s) such as quartz,
fused quartz, cristobalite, diatomaceous earth, silica sol, silica gel,
precipitated or pyrogenic silica or any combination of these silica types, talc,
calcium carbonate(s), barium sulfate, alumina(s), aluminum hydroxide(s),
magnesium hydroxide, titania, zirconia, silicate(s) preferably precipitated Ca-
, Al-, CaAl-, NaAl-silicates, as mica(s), kaolin, wollastonite or any
combination of these silicates, NaCl or any combination between substances
of these .different substance groups. Such fillers are preferably added in a
fine particulate form, although other forms like gel etc. can be used if

-desired.

[00120]In a more preferred embodiment the filler is selected from silicates,
carbonates, or hydroxides known to a person skilled in the art. Most widely
used 1s talc or calcium carbonate. Preferably, the filler(s) used has/have an
average grain size in the range from 0.02 to 12 pm, more preferred in the
range from 0.05 to 8 um, often in the range from 0.2 to 5 pm. Such filler(s)
may also improve retaining of the at least one transferable functional additive
in/into/onto the at least one porous inner layer. Preferably, the at least one
porous absorbing layer is able to carry the at least one transferable functional
additive. Typically the filler is added in an amount of from 0.1 to 19 weighi-
%, preferably from 0.1 to 15 weight-%, most preferably from 0.2 to 12

weight-%, based on the weight of the polymeric material used to form the at
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least one thermoplastic porous absorbing layer comprising pores which can
absorb and retain' at least one transferable functional additive.

[00121]Furthermore, optionally the at least one thermoplastic porous
absorbing layer may comprise a nucleating agent. According to the present
invention the nucleating agent may be selected from the group consisting of

carbonates (e.g. sodium bicarbonate), hydrazine derivatives (e.g. 4,4°-0xibis

. (benzenesulfonylhydrazide)), azo compounds (e.g. azodicarbonamide),

semicarbazides, tetrazoles, nitroso compounds and/or citric acid and
derivatives thereof. If at least one of the at least one porous absorbing layers

contains polypropylene, the nucleating agent can be a B-nucleating agent.

[00122]In a preferred embodiment of the present invention in the multi-
layered (co)extruded thermoplastic food casing according to the present
invention (ie., after its production) the at least one thermoplastic porous
absorbing layer consists of polymer and optionally a filler and/or optionally a
nucleating agent (in other words in such a case the at least one thermoplastic
porous absorbing layer does not comprise any one of the below mentioned

“conventional” pore-forming agents).

[00123]Alternatively and/or in addition, in the multi-layered (co)extruded
thermoplastic food casing according to the present invention (i.e., after its
production) the at least one thermoplastic porous absorbing layer of the food
casing according to the present invention may comprise liquid pore-forming
agents selectéd from the group consisting of the following pore-forming
agents: |
1. mineral oils
2. vegetable oils such as peanut oil, soybean oil, sun-flower oil, rape-oil, olive-
oil or any combination thereof,
3. esters of natural fatty acids,
4. synthetic fatty acid esters of glycerin, such as glycerin monolaurate, glycerin
monooleate, glycerin dioleate, glycerin trioleate or any combination thereof,
5. mono- or diglycerides of fatty acids, which optionally have becen reacted to
¢sters with any organic acid e.g. like acetic acid, lactic acid, citric acid or
biacetyl tartaric acid or any combination thercof or any combination of
substances within the different chemical groups,

6. polyglycerol esters of fatty acids,
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7. alkyl polyglucosides,
esters of saccharose,

9. sugar glycerides,

10.sorbitan fatty acid esters such as sorbitan monostearate, sorbitan tristearate,
sorbitan monolaurate, sorbitan monooleaie, sorbitan monopalmitate or any
combination thereof,

11. polyexyethylene-sorbitan fatty acid esters such as Polysorbat® 20
(polyoxyethylene-(20)-sorbitan monolaurate), such as Polysorbat® 40
(polyoxyethylene-(20)-sorbitan monopalmitate), such as .Polysorbat 60
(polyoxyethylene-(20)-sorbitan monostearate), such as Polysorbat® 65
(polyoxyethylene-(20)-sorbitan  tristearate) or like Polysorbat® 80
{polyoxyethylene-(20)-sorbitan monooleate),

12.C12- to C18-fatty alcohol ethoxylates,

13. Pore-forming liquids bascd on glycerin or lecithin such as viscous oil-like,
but more polar liquids for example compounds on the basis of glycerin,
lecithin or any combination thereof, and

14.glycolic compounds such as polyethylene glycol, propylene glycol ester
especially of natural fatty acids like oleic-acid, lauric acid, stearic acid,

palmitic acid or any combination thereof.

[00124]Usually, the at least one thermoplastic porous absorbing layer
contains a locally varying porosity in the range of from 0 to 90% by volume,

~ depending on the desired pattern on the surface of the sausage.

[00125]If more than one thermoplastic porous absorbing layer is included in
the casing, the porosity may preferably be varied from layer to layer,
especially 1n such way that the innermost or the second innermost porous

layer of all said inner porous layers has the highest porosity.

[00126]Nevertheless, the group of all porous absorbing layers of a casing
usually shows a locally varying porosity in the range of from 0 to 90% by
volume, depending on the desired pattern on the surface of the sausage.

[00127]The pore diameters of the pores and porosity channels in the at least
one thermoplastic porous absorbing layer may preferably be in the range from
0.01 to 2000 pm, often in the range from 0.05 to 1200 pm. Preferably, the at
least one thermoplastic porous absorbing layer of the food casing has pore

channels predominantly having diameters in the range from 0.02 to 1000 pum,
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more preferred in the range from 0.1 to 800 um, as calculated via the numbers
of well visible pores and their smallest diameter in the plane of the surface
under a scanningfelectron microscope (SEM) or on SEM photographs. Often,
the pore size distribution of the pores of the at least one thermoplastic porous
absorbing layer shows a pore size distribution that has two, three or four
peaks. The average diameter d50 of the pore diameter distribution in the at
least one thermoplastic porous absorbing layer may preferably be in the range
from 0.1 to 500 pm, more preferred in the range from 0.5 to 400 um or from 1
to 300 um, most preferred in the range from 1.5 to 200 pm or from 2 to 150
pm. In many embodiments, the d95 data of the pore diameter distribution in
the at least one thermoplastic porous absorbing layer may preferably be in the
range from 10 to 3500 um, more preferred in the range from 20 to 3000 um or
from 30 to 2400 pm, most preferred in the range from 40 to 1800 pm or from
50 to 1400 pm or from 60 to 1000 pm.

[00128]The porosity of the different layers of the food casing according to
the prese;nt invention may be measured on cross-sections of casings or films
prepared with a cryo-microtome. The measurements of the (total) porosity
may be performed under a scanning electron microscope (SEM) or on SEM
photographs, e.g. with the aid of measurement lines counting the number of
points or measurement lengths for the porosity in relation to the total number
of points respectively length of the total measurement length. According to
the present invention the porosity is the sum of the interconnected porosity
(pore channels etc.) and of the closed porosity (closed pores). The ratio of
the interconnected porosity to the closed porosity may vary in broad ranges.
Depending on the pore size the interconnected porosity may be measured
according to the mercury pressure peﬁetration method with the aid of
adequate high pressure equipment. However, in cases, which involve larger
pore sizes, the absorption/adsorption capacity of the porosity formed cannot
be adequately determined by the evaluation of cross-sections or the mercury
pressure penetration method. In these cases the porosity can be easier
deternﬁned by measuring the total wall thickness of the at least one inner or
outer porous layer using a thickness gauge and determining the free volume

via subtraction of the non-porous volume of said at least one layer which was
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extruded. For the non-porous volume the layer thicknesses of barrier layers
in the final casings are evaluated by light microscopy. Knowing the extruded
volume for eve;y individual layer via the rotations per minute of its melt
pump, the layer thickness of the outer non-porous layer(s) is calculated by
dividing the thickness of all barrier layers by their extruded volume per
minute and multiplying by the extruded volume of the outer layer. The
porosity 1s calculated using the ratio of the thickness of the at least one
porous absorbing layer when non-porous to the layer thickness of the porous
layer(s), resulting from the difference between average layer thickness and

the sum of all thicknesses of the barrier layers.

[00129]The at least one thermoplastic porous absorbing layer is preferably
able to absorb/adsorb the at least one transferable functional additive such as
liguid smoke at least within the areas of high retaining capacity within a
contact time e.g. of up to 15 to 25 s at 20 °C and at atmospheric pressure

when assuming a layer thickness of the at least one thermoplastic porous

absorbing layer as being in the range from 10 to 200 pm, in an amount of
preferably in the range from 1 to 100 g/m? |, more preferably in the range from
5 to 90 g/m® or from 10 to 80 g/m”, most preferred in the range from 15 to 70
g/m’ espécially of liquid smoke of the product “Hickory Teepak Alkalized
Smoke” by Kerry Ingredients & Flavours or of the product "SmokEz
Cherrywood Poly2515" by Red Arrow. With these liquid smokes, coafing
weights of functional additive of more than 0.3 g/m? per pm porous absorbing
layer thickness, more preferably more than 0.4 g/m? per um porous absorbing
layer thickness, most preferably more than 0.5 g/m? per um porous absorbing
layer thickness can be obtained. Depending on the composition of the at least
one thermoplastic porous absorbing layef and of the functional additive, the
absorption of a functional additive into the at least one thermoplastic porous
absorbing layer may take longer than 15 to 25 s, e.g. several minutes, hours
. or even days.

[00130]The compositions and other properties of more than one layer of the at
least one thermoplastic porous absorbing layers within one casing may differ
b between an innermost absorbing layer and one or more other absorbing

.‘- layer(s), although they may be partially or totally identical if desired.
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[00131]If there is preseht at least one additional porous absorbing layer
adjacent to the innermost porous absorbing layer contacting the foodstuff, the
at least one adciitional porous absorbing layer can increase the amount of
functional food additive, which can be absorbed/adsorbed by the casing,
and/or it can improve the adhesion of the adjacent layers, which may show
less adhesion if the additional porous absorbing laver were not present. A
typical example is a porous absorbing layer based on modified polyolefin as
an adhesive Iayer between a non-porous layer based on polyamide and an

innermost porous absorbing layer based on polyolefin.

[00132]In a preferred embodiment as the thermoplastic organic polymers of
an absorbing layer comprising polyamide and polyolefinic components or of
an additional absorbing layer between the innermost absorbing layer and an
adjacent barrier layer there may be used copolymers of ethylene or propylene,
more preferably linear alpha-olefins with 3 to 8 C-atoms with alpha-beta-
unsaturated carboxylic acids, more preferably acrylic acid, methacrylic acid
and/or their metal salts and/or their alkylester or corresponding graft-
copolymers of the above-mentioned monomers onto polyolefins or partially
saponified ethylene/vinylacetate-copolymers, which are optionally graft-
pelymerized with an alpha-beta-unsaturated carboxylic acid and have a low
degree of saponification, or their blends. Furthermore, modified polyolefins
such as modified homo- or copolymers of ethylene and/or propylene and
optionally further alpha-olefins with 3 to 8 C-atoms, which contain grafted
monomers such as alpha-beta-unsaturated dicarboxylic acids, preferably
maleic acid, fumaric acid, itaconic acid or their acidic anhydrides, acid
esters, acid amides or acid imides can be used according to the present
invention. Most preferred are polyolef.ins which contain grafted maleic
anhydride, because grafted maleic anhydride groups provide an adhesive
function so that blends of polyamide and polyolefin components are
compatibilized or delamination of e.g. polyamide-based and polyolefin-based

layers can be avoided.

The layer having a barrier effect for water vapor
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[00133]Usually the at least one layer having a barrier effect for water vapor
1s predominantly’made of a thermoplastic polymer. A layer having a good
barrier effect fo; water vapor renders the casing to have a water vapor
transmission rate of 0.01 to 500 g/m°d, preferably 0.1 to 100 g/m*d, more
preferably 1 to 20 g/m’d, even more preferably 1 to 10 g/m*d at 23 °C and
85% relative humidity according to ASTM E398-03. If the food casing
according to the invention shows a water vapor transmission rate of 20 g/m?*d
or less, then the encased foodstuff does not easily lose its moisture and the
encased meat products stay [resh for extended time periods. When at leasi
one layer showing a barrier effect for water vapor 1s present within the multi-
layered coextruded food casing, especially for sausages, the exudation of
meat juice originating from the food through the casing wall is efficiently

prevented.

[00134]Said thermoplastic polymers to be used for the at least one layer
having a barrier effect for water vapor are typically the same thermoplastic
polymers as those mentioned above. 1In a preferred embodiment said
thermoplastic polymers to be used are selected from the group consisting of
polyolefins, copolymers comprising ethylene and/or propylene and/or linear
alpha-olefiﬁs with 3 to 8 C-atoms, copolymers to be used for an optional
adhesive layer as described below, polyamides (homo-, co- or ter-
polyamides), thermoplastics having an oxygen bairier effect and
(co)polyesters  Mixtures of these thermoplastic polymers can be used as well.
Where necessary, compatibilizers known to a person skilled in the art can be
added to the thermoplastic polymer. Compatibilizers can for example be
selected from the group consisting of copolymers of ethylene and vinyl
acetate (EVA), ethylene and acrylic acid (EAA), ethylene and methacrylic
acid (EMAA), ecthylene and methyl acrylate (EMA), ionomers and/or
anhydride modified polyolefins.

[00135]The water vapor barrier properties may be provided by using at least
one pQIyolefin layer. These layers typically predominantly comprise organic
polymers based on polyethylene, polypropylene, polybutylene, copolymers
containing units of ethylene, of propylene, of a-olefin preferably with 4 to 8

carbon atoms, of dienes and/or any combination of these units or amy
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combination of such organic polymers. Even functionalized vinyl monomers
like vinyl acetate, (meth)acrylic acid and (meth)acrylic acid ester may be
possible co—unifﬁ for the copolymers. The more preferred copolymers are
those comprising C2/C3 or C2/C8 polyolefin copolymers or a combination of

these.

[00136]Furthermore, the at least one layer having a barrier effect for water
vapor may additionally contain a dye, a fine-grained pigment or both which
may be used for the coloring and/or for the UV protection of such casings.
The at least one layer having a barrier effe(_:t for water vapor, therefore, may
optionally be colored. Also slip and/or anti-blocking additives may be added,

if the layer is a surface layer.

[00137]The compositions and other properties of more than the at least one
layer having a barrier effect for water vapor within one casing are
independent one from the other, although they may be partially or totally

1dentical.

[00138]Often, the at least one layer having a barrier effect for water vapor
has a good adhesion to an adjacent porous absorbing layer so that there is no
necessity .to add an adhesion promoter to the material of the at least one layer
having a barrier effect for water vapor or to include an adhesion layer
between those layers. But, it may be preferred in some embodiments that the
at least one layer having a barrier effect for water vapor includes at least one
adhesion pro‘moter, especially, if there is a layer having an oxygen barrier
effect or another functional layer adjacent which doés not comprise (an)

adhesion promoter(s).

[00139]Additionally, the layer having a . barrier effect for water vapor can
provide strength, printability and/or protection against external damage. The
barrier properties furthermore prevent the absorbed/adsorbed substance from

migrating to the outside of the casing during cooking and storage.

[00140]The layer thickness of the at least one layer having a barrier effect for
water vapor which may comprise (an) adhesion promoter(s) can have a
thickness of 1 to 15 pum, preferably 2 to 10 um, more preferably 3 to 5 um. If
the casing according to the present invention is subjected to a thermoforming-
?ﬁ_ +treatment, the above-mentioned thickness is the minimum thickness in the
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thermoformed areas after the treatment. The starting casing needs to be

thicker to compensate the thinning during thermoforming.

[00141]The layer thickness of layers having a barrier effect for water vapor
can be in a range of from 5 to 60 pm, depending on the required strength,
barrier and/or puncture/tear resistance to be achieved. If the casing according
to the present invention is subjected to a thermoforming-treatment, the above-
mentioned thickness is the minimum thickness in the thermoformed areas
after the treatment. The starting casing needs to be thicker to compensate the .

thinning during thermoforming.

The layer having an oxygen barrier effect

[00142]According to the present invention a layer having an oxygen barrier
effect can be ﬁresent. Such a layer having an oxygen barrier effect means a
layer which is a good barrier for oxygen or other gases or both and shows
preferably an oxygen gas transmission rate (OTR) through the food casing of
the present invention of 30 cm*/(m” d bar) or less, preferably of less than 20
em’/(m? d bar), often in the range of 6 to 12 c¢m’/(m”> d bar), sometimes of
about 0.1 or about 1 to less than 6 cm’/(m’ d bar) when tested according to
DIN 53380-3 at 23 °C and 50% relative humidity.

[00143]Suitable plastic materials for forming such layers include ethylene
vinyl alcohol copolymers (EVOH)., which may optionally be partially or
totally saponified, or vinylidene chloride copolymers (PVDC), for example
with vinyl chloride or (meth)acrylate as comonomers or a mixture of these.
These polymers may be admixed with additives, such as softeners or other
~organic polymers, e.g. copolyamides and/or ionomers.  Therefore, the
compositions for the manufacture of a layer having an oxygen barrier effect
as well as the composition of the formed léyer having an oxygen barrier effect
may consist essentially of the above mentioned components, if desired. The
compositions and other properties of more than one layer having an oxygen
barrier effect within one casing are independent from one another, although

they may be partially or totally identical.

[00144]Optionally, the food casing according to the present invention further

comprises at least one adhesive layer which will be described in more detail
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below. Said optional at least one adhesive layer can be in ditect contact with
a layer having an oxygen barrier effect on at least one side of the layer having
an oxygen barrier effect, especially if the adjacent layer is not a layer

comprising an adhesion promoter.

[00145]The layer thickness of a barrier layer having oxygen barrier effect can
be in a range of from 1 to 20 pm, preferably 2 to 15 um, more preferably 2 to
10 ym. If the casing according to the present invention is subjected to a
thermoforming-treatment, the above-mentioned thickness is the minimum
thickness in the thermoformed areas after the treatment. The starting casing

needs to be thicker to compensate the thinning during thermoforming.

[00146]If the multi-layered coextruded thermoplastic food casing according
to the preseht invention is to be used for fermenting products and/or cheese, .
the permeability for gases such as oxygen may be desired and, thus, a layer
having an oxygen barrier effect may have a larger OTR than mentioned above

or may not be present at all.

Optional adhesive layer

[00147]In some cases the layers having a barrier effect for water vapor and/or
the layers having an oxygen barrier effect of the casing according to the
invention do not adhere sufficiently to each other and/or to other laver(s)
when they are coextruded without ahy adhesive layer in between or without
any layer having a high enough content of at least one adhesion promoter or
without both. Good adhesion may be achieved, for example, if at least one
intermediate adhesive layer is generated between neighbouring layers of at
least one other type. Such an adhesive layer providing suitable adhesion
properties may predominantly contain grafted copolymers, linear copolymers
or both types of copolymers. These copolymers may comprise more than one
or even more than two different monomer types, for example ethylene units,
propylene units, (meth)acrylic acid units, (meth)acrylic acid ester units, vinyl
acetale units, maleic anhydride units or any combination of these. More
| preferred are maleic anhydride grafted polyethylenes (LDPE-g-MAAA,
.-'- HDPE-g-MAA, LLDPE-g-MAA and the like), cthylene-acrylic acid ester
: copolymers, ethylene-vinyl acetate copolymers (EVA) or any combination of
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these. All these polymeric substances may be present alone or in combination
in anyone of the adhesive layers. Furthermore, the adhesive layer may
additionally conlain any further organic polymers like polyethylene, any
pigments, any other additives or any combination of these. Therefore, the
compositions for the manufacture of an adhesive layer as well as the
composition of the formed adhesive layer may consist essentially of the above
mentioned substances if desired. The compositions and other properties of
more than one adhesive layer when more than one adhesive layer is present in
one casing according to the invention are independent one from the other,
although they may be partially or totally identical. The intermediate adhesive
layer(s) may be omitted if there is a high enough adhesion between
neighbouring layers as it often occurs for example between polyamide layers
and some typels of ethylene vinyl alcohol copolymers (EVOH) layers or if any
adhesive promoter is admixed into the composition of the adjacent layers e.g.

a layer having a barrier effect for water vapor and/or an oxygen barrier effect.

[00148]Typically, the adhesive layer contains at least 50% by weight of at
least one substance that has adhesive properties. Often, its content 1s at least
60% by weight, more preferred at least 70% or 80% by weight, sometimes at
least 90%_ by weight, in most cases even up to 100% by weight. By the
adequate selection and use of at least one adhesion promoter for the adhesive
layer, an excellent adhesion between the adjacent layers is generated.
Thereby, adhesion of parts of the casing or parts at least of the inner layer to

the food can be minimized or prevented.

[00149]Often, at least one adhesive layer is a good barrier for water vapor,
but in many embodiments an adhesive layer can be the only barrier for water
vapor in the food casing. If there is another layer in the casing that is a
barrier for water vapor as defined above, there may perhaps not be any

adhesive layer.

Optional additional functional layer

1 [00150]According to the present invention the food casing of the invention
' may optionally further comprise one or more additional functional layer(s).

| The optional additional functional layer(s) preferably contain(s) at least 50%
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by weight of (co-)polyamide(s), often at least 60% by weight, more preferred
at least 70% or at least 80% by weight, sometimes even at least 90% by

weight, sometimes even at least 95 % or even up to 100% by weight.

[00151]Such an additional functional laver may contain one, fwo oI even
several different aliphatic polyamides, aliphatic co-polyamides or both as
well as optionally a content of partially aromatic polyamides, partially

aromatic co-polyamides or both.

[00152]Examples of the (co-)polyamides to be used for the optional
additional functional laver are:

- aliphatic Polyamides: PA6, PA66, PA1l, PA12;

- aliphatic co-polyamides: PA4/6, PAG/66, PAG/69, PAG6/9, PAG/10, PA6/12,
polyether amides, polyester amides, polyether ester amides, polyamide
urethane.s, poly(ether-block-amides);

- partially aromatic polyamides: PA6-1 (I = isophthalic acid), Nylon-MXD-6
{(polycondensate of m-xylylenediamine and adipic acid);

- partially aromatic co-polyamides: PA6-1/6-T, PA6/6-1 (I = isophthalic acid,
T = terephthalic acid). ’

[00153]Especially preferred components are PA6, PA66, PA 12, PA6/66,
Nylon-MXD-6 or PA6-1/6-T or any combihation thereof. Especially preferred
mixtures contain at least two different substances of these components. The
amount of partially aromatic (co-)polyamides may preferably be not more
than 40% by weight in relation to a single additional functional layer, more

preferred not more than 25 % by weight.

[00154]Additionally, the at least one additional functional layer may contain
any other organic polymeric material such as olefinic copolymers such as
ethylene-(meth)acrylic acid copolymers (EMAA), ionomeric materials derived
from or related to EMAA, ethylene vinyl alcohol copolymers (EVOH), even
water-soluble or hot water-soluble synthetic organic polymeric materials like
polyvinyl alcohols (PVA) which all may optionally be partially or totally
saponified, polyvinyl pyrrolidone (PVP), polyvinylpolypvrrolidone (PVPP),
copolymers of vinylaicohols with propene-1-0l, polyalkylene glycols,
copolymers of vinyl pyrrolidone with at least one -olefinic unsaturated
monomer unit, polymeric materials of N-vinylalkylamides or (co-)polymers of
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acrylic acid, of acrylamide or of acrylic acid and acrylamide or any

combination of all of these substances.

[00155]The amount of the at least one other organic polymeric material of the
at least one additional functional layer that is not a (co-)polyamide, is
‘preferably less than 50% by weight in relation to the content of solids and
effective compounds of the composition to be used for a single additional
functional layer as well as in relation to the material of a single additional
functional layer, more preferred not more than 40% by weight, but often at

least 0.1 % by weight.

- [00156]Furthermore, the optional additional Ffunctional layer(s) may
optionally contain at least one fine-grained pigment, at least one additive like
a lubricant, -an anti-blocking agent, a light stabilizer or any combination of
these.  Therefore, the compositions for the manufacture of an optional
additional functional layer as well as the composition of the generated
additional functional layer can consist essentially of the above mentioned

substances if desired.

[00157]The compositions and other properties of more than one additional
functional layer within one casing are independent from each other, although

they may be partially or totally identical.

[00158]The optional additional functional layer(s) may have a layer thickness
of 2 to 40 um, preferably 3 to 30 pm, more preferably 4 to 20 um. The
thickness depends on the effect the layer shall provide, for example it may
contribute to the strength and barrier effect of the final casing structure. If
the casing according to the present invention is subjected to a thermoforming-
treatment, the above-mentioned thickness is the minimum thickness in the
thermoformed arcas after the treatment. The starting casing needs to be

thicker to compensate the thinning during thermoforming.

[00159]Optionally at least one additional functional Jayer can be positioned
as an outermost layer without direct contact to the at least one thermoplastic
porous absorbing layer. In this case for example the additional functional
layer may provide a good printability.

[00160]In order to obtain casings with good printability, polyamides or
._ polyester such as polyethylene terephthalate (PET) can be used as materials
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for the functional additional layer, Especially the use of polyethylene
terephthalate re’sults in high gloss. In addition, the high melt temperature of
PET may broad,én the range of applicable embossing temperatures, which is
limited by the difference between the melting temperature of the polymer of
the at least one thermoplastic porous absorbing layer and the melting
temperature of the ‘at least one layer having a barrier effect for water vapor

and/or oxygen.

[00161]The layer thickness of a functional additional layer showing good
printability can be in a range of from 3 to 40 um. If the casing according to
the present invention is subjected to a thermoforming-treatment, the above-
mentioned thickness is the minimum thickness in the thermoformed areas
after the tréat.ment. The starting casing needs to be thicker to compensate the

thinning during thermoforming.

[00162]0ptional layer additives and the order in which layers are arranged if

desired.

[00163]1f any.layer except for an optional adhesive layer should contain at
least one adhesion promoter (i.e. a substance having adhesive properties), the
content of the at least one adhesion promoter in this layer 1s preferably up to
50% by weight, more preferred up to 40% by weight, often up to 30 or 20%
by weight, sometimes up to 10% by weight. Suitable adhesion promoters

include preferably organic polymeric materials of adhesive behavior.

[00164]In some embodiments, the at least one layer having a barrier effect for
water vapor and/or oxygen contains at least one adhesion promoter which may
be present in an amount as mentioned above. In some embodiments, it is
preferred that the at least one layer having a barrier effect for water vapor
and/or oxygen which layer comprises a content of at least one adhesion
promoter is in direct contact to the at least one porous absorbing layer, which
means that there is no adhesive layer between the at least one layer having a
barrier effect for water vapor and/or oxygen and the at least one porous

absorbing layer.

[00165]In one preferred embodiment the at least one layer having a barrier
effect for oxygen is present in the food casing of the present invention. If the

food casing of the invention has a barrier effect for oxygen and perhaps even
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additionally for some other gases, the enclosed food may be preserved for a

longer time.

[00166]In one further preferred embodiment the food casing according to the
invention comprises at least one layer with a barrier effect for oxygen and at
least one layer with a barrier effect for water vapor, wherein in some
embodiments both of these effects may be present in the same layer(s). In
some embodiments, especially the at least one layer having a barrier effect
for water vapor or the optional adhesive layer (HV) or any combination
thereof may show a barrier effect for oxygen, which is sufficient for the
application. However, often polyolefins will not offer a high enough barrier

effect for oxygen in non-fermenting sausage applications.

[00167]The casings according to the invention can further contain additional
processing aids like anti-blocking agents, slip agents, stabilizers and/or anti-
statics. Their content in the composition is usually in a range of 0.01 to 5

weight-%, based on the total weight of the casing.

[00168]The coextruded thermoplastic food casing according to this invention
can be a flat film, which is sealed to a tube latest at the point of stuffing, a
sealed flat film or a seamless tubular casing. In addition, the coextruded
thermoplastic food casing can be a laminate comprising mono- and/or multi-

layer films which are laminated before a thermoforming step.

[00169]The multi-layered coextruded thermoplastic food casing according to
the invention may be a plastic film which comprises 2, 3, 4, 5, 6, 7, 8,9, 10,
11, 12 or more than 12 layers. Said at least one porous absorbing inner layer
is able to transfer the at least one transferable functional additive from at
least one absorbing inner layer to the food. Preferably, the food casing has at
least one layer which has a barrier effect for water vapor and/or oxygen.
There may be even 2, 3, 4 or even more than 4 layers having a barrier effect

for water vapor and/or oxygen.

[00170]In case that the areas having a reduced average layer thickness and
the areas having a non-reduced average layer thickness of the at least one
porous absorbing layer are generated by an embossing treatment, it is
essential that at least one layer having a barrier effect for water vapor and/or

'A‘- oxygen has a higher melting temperature than the thermoplastic material of
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the at least one porous absorbing layer so that the porosity of the at least one
porous absorbing layer can be modified without damaging the at least one
fayer having a b‘ﬁrrier effect for water vapor and/or oxygen, for example by
using an embossing tool, which is heated to a temperature high enough to
melt the at least one porous absorbing layer but not to melt the at least one

layer having a barrier effect for water vapor and/or oxygen. The difference

between the melting temperature of the material of the at least one porous

absorbing inner layer and the melting temperature of the material of the at
least one layer having a barrier effect for water vapor and/or oxygen, with the
melt temperatures being measured according to DIN EN 1SO 11357-3, should
be larger than 30 °C, preferably larger than 40 °C, more preferably larger
than 50 °C, most preferably more than 60 °C.

[00171]In case that the areas having a reduced average layer thickness and
the areas having a non-reduced average layer thickness of the at least one
porous absorbing Ilayer are generated in a thermoforming process, the
materials of the different layers need to be selected so as to avold that the

necessary thermoforming-temperature results in a closing' and/or fusing of the

pores of the at least one porous absorbing inner layer or in a melting of an
outer layer, so that the integrity of the coextruded casing is maintained

throughout the thermoforming process.

[00172]According to the present invention the food casing of the present
invention may consist of at least 2 layers (one porous absorbing inner layer
and one barrier layer), but can comprise 10 or more layers. Many different
multilayer struc.tures are possible. More preferred, a casing according to the

invention comprises two, three, four, five or seven layers, even more

preferred five or seven layers as shown below. The following abbreviations
in the denomination of the layer-types are used:
- pal: porous absorbing Layer

- BL: Bulk Layer with barrier effect, adhesive effect and/or additional

function

[00173]Where necessary, the following abbreviations are used to describe

material-subtypes:
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- A optional adhesive material

- B material having a water vapor barrier effect, for example a material
formed of polyolefin

- C material having a water vapor barrier effect, for example a material
formed of polyamide

- D:  optional material having an oxygen barrier effect

- E: optional polyethylene terephthalate material

[00174]The letters can be followed by numbers defining layers of the same
material-(sub)type, whose composition may be different, but it can also be the

same composition for two or more layers of the same material-(sub)type.

[00175]The general structure of the casing according to the invention is from
food contact side to outside:

pal/.../BL/...
[00176]The structure can be extruded as a tubular casing with the at least one
porous absorbing layer on the inside or on the outside If the porous
absorbing structure is on the outside, the casing has to be inverted at some

point in the process before or latest while being stuffed with the foodstuff,

[00177]The bulk layer BL can have adhesive properties (subtype A), water
vapor barrier properties (subtypes A, B and C), oxygen barrier properties (C-
and D-layers) and/or optimized printing properties (C- and E-layers) as

needed in the application of the casing.

[00178]Consequently preferred structures are as follows, but they are not
limited to those listed:
2 layefs: pal-B1l / BL-B2

paL-A / BL-C

pal-Cl / BL-C2

3 layers: pal.-B1 / BL.-A / BL-B2
pal-B / BL-A / BL-C
pal-A / BL-C1 / BL-C2

pal-C1 /BL-A / BL-C2

| 4layers:  pal-Bl/BL-B2/BL-A / BL-C

L DRSHO19-US
49

Copy provided by USPTO from the [FW Image Database on 07-03-2019




!
i
{
|

palL-Bl / paL-B2 / BL-A / BL-C
palL-Cl / BL-C2 / BL-D / BL-C3

5 layers:  paL-Bl/BL-B2/BL-Al / BL-C / BL-A2
paL-B1 / pal-B2 / BL-B3 / BL-A / BL-C
paL-B1/ BL-Al/BL-B2 / BL-A2 / BL-C
palL-B / BL-A / BL-CI / BL-D / BL-C2
palL-C1/ BL-C2 / BL-Al / BL-C3/ BL-C4
paL-C1/ paL-A / BL-B / BL-A / BL-C2
palL-C1 / palL-C2/ BL-C3 / BL-A / BL-C4

6 layers: pal-B1/BL-B2/BL-A/BL-C1/BL-D/BL-C2
pal-Bl /pal-B2 /BL-A /BL-Cl1/BL-D/BL-C2
péL-Bl /BL-B2 /BL-Al1/BL-C/BL-A2/BL-E

7 layers: palL-Bl /pal-B2 /BL-B3/BL-A/BL-Cl1/BL-D/BL-C2
palL-Cl/BL-Al/BL-C2/BL-D/BL-C3/BL-A2/BL-E

8 layers: palL-B1./ BL-B2 / BL-Al1/BL-C1/BL-D /BL-C2/BL-A2/BL-E
paL-C1/BL-C2/ BL-Al1/BL-C3/BL-D/BL-C4 /BL-A2/BL-E

9 layers: palL-C / BL-Al / BL-B / BL-A2 / BL-C1 / BL-D / BL-C2 / BL-A3 /
BL-E
paL-C / pal-A/ BL-B/BL-Al1/BL-Cl1/BL-D/BL-C2/BL-A2/BL-

[00179]Especially if the at least ome bulk layer BL comprises only
compositions based on polyamides .(BL-C) and other hydrophilic
thermoplastic polymers, the casing can be permeable to water vapor without
allowing the substances absorbed into the at least one porous absorbing
layer(s) pal to migrate to the outside of the casing, contaminating people or
machinery during handling and processing. Obviously, with the number of
layers, the possible combinations increase, and thus the listed siructures can

only give a small selection of possible structures.
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[00180]In a more preferred embodiment the following structures are
preferred: '
5 layers: Porou‘s absorbing inner layer / bulk layer having barrier effect /
adhesive layer / bulk layer having barrier effect / bulk layer having barrier effect,
Porous absorbing inner layer / adhesive layer / bulk layer having barrier
effect/adhesive layer or bulk layer having barrier effect / bulk layer having barrier
effect,
Porous absorbing inner layer / absorbing layer optionally having adhesive effect /
bulk layer having barrier effect / adhesive layer / bulk layer having barrier effect,
such as

‘palL-B1/BL-A1/ BL-B2 !/ BL-A2 / BL-C

paL-B / BL-A /BL-C1 / BL-D / BL-C2

paL-B1/paL-B2 / BL-B3 / BL-A / BL-C

palL-C1/ BL-C2 / BL-A1/ BL-C3 / BL-C4

pal-Cl / paL-Al /BL-B / BL-A2 / BL-C2

palL-Cl1/ palL-C2/BL-C3/ BL-A /BL-C4
and
7 layers: Absorbing inner layer/absorbing layer . optionally having adhesive
effect/bulk layer having barrier effect/bulk layer having adhesive effect/bulk layer
having barrier effect/bulk layer having barrier effect/bulk layer having barrier
effect,
Absorbing inner Iayer/adhesive. layer/bulk layer having barrier effect/bulk layer
having barrier effect/bulk layer having barrier effect/bulk layer having adhesive
effect/bulk layer having functional effect, such as

pal.-Bl /paL~].372 / BL-B3 / BL-Al/ BL-C1/BL-D / BL-C2

paL-Cl1/BL-Al/BL-C2/BL-D/BL-C3/ BL-A2 /BL-E.

[00181]The smaller the number of layers in the casing according to the
invention, the more care has to be taken that there is at least one layer
generating sufficient streﬁgth and flexibility. This may require that the at
least one layer having a barrier effect for water vapor and/or oxygen has no or
nearly no pores and may perhaps be thicker. As the at least one porous inner
layer is weakened because of its pores and as its strength is strongly reduced
if there are larger pores or well-connected interstices or both, a good

adhesion of the at least one porous inner layer to the adjacent outer layer(s)
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and a sufficient strength of at least one of the non-porous layers is of

importance.

[00182]Formation of a patterned retalning capacity on at least one

thermoplastic porous absorbing layer

[00183]In order to generate at least one porous absorbing inner layer (or outer
layer, if the food casing is reversed after the treaﬁnent) comprising areas
having a reduced average layer thickness and areas having a non-reduced
average layer thickness, said at least one porous absorbing layer of the food
casing may be subjected to a mechanical and/or thermal treatment such as an

embossing and/or thermoforming step.

[00184]1n order to form for example a net-like design of a functional additive
transferred onto a foodstuff enclosed in the food casing according to the
present invention, the layer thickness of said at least one porous absorbing
layer is reduced in areas which should have a reduced average layer thickness
by a range of from 7 to 140 pm and a range of 30 to 85% compared to said
areas having a non-reduced average layer thickness. More preferable the
layer thickness of said at least one porous absorbing layer is reduced in areas
which should have a reduced average layer thickness by 7 to 120 pm, even
more preferably by 8 to 90 um, even more preferably by 8 to 60 um, even
more preferably by 15 to 60 pm, most preferably by 20 to 40 pum, so that
areas having a reduced layer thickness are formed wherein the amount of
functional additive which can be adsorbed and/or absorbed differs compared
to the surrounding areas having a non-reduced layer thickness. When doing
s0, a pattern of areas is formed which creates a significant difference in the
transferred amount of the functional additive onto the foodstuff between areas

of high and areas of low retaining capacity.

[00185]Furthermore, in order to form for example a net-like design of a
functional additive transferred onto a foodstuff enclosed in the food casing
according to the present invention the layer thickness of said at least one
porous absorbing layer should be reduced in areas having a reduced average
layer thickness by a range of from 30 to 85%, preferably by 30 to 80%, more
preferably 35 to 75%, even more preferably 55 to 70% compared to said areas

having a non-reduced average layer thickness, so that a pattern of areas is
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formed on said at least one porous thermoplastic layer which is able to
transfer functional additive such as liquid smoke onto the enclosed foodstuff
in such a way that a visually verifiable contrast in the amount of functional

additive being transferred can be determined.

[00186]An embossing treatment may include continuous methods using
cylinders or nip reels having the desired net-like surface or logo as a
male/positive and heated relief on their surface as well as discontinuous
methods such as hot-stamping by e.g. hot stamping plates. Usually, the
coextruded food casing according to the present invention does not have to be
pre-heated. Instead, the casing is passed through a pair of metal shafts having
a male/positive and heated image on the surface thereof corresponding for
example to a net-like paitern. The embossing tool needs to be heated to the
temperature, in which upon contact of the tool with the casing the
thermoplastic polymer of the matrix of the at least one to-be-embossed porous
absorbing layer is close to its thermo-plastic state or even in the melt state.
(Co)Polyamide-containing layers should be dry to avoid formation of
humidity gas bubbles. This way of embossing e; non-inflated casing can be
done especially in case that the at least one porous absorbing layer is an outer

layer of the — later reversed — casing at the time of embossing.

[00187]In case that the at least one porous absorbing layer is the inner layer
of a tubular casing at the time of embossing, it needs to be avoided that the
ermbossing treatment seals the ca.sing together. Surprisingly, it can be
sufficient to leave an air cushion between the embossing nip reels, 1.e. to not
have an anvil to emboss against; and still obtain the desired texture in the at
least one porous absorbing layer, especially when the casing is an oriented
casing. If the texture design 1s to covér the entire circumference of the
casing, the design can be distributed to the clichés of 2 consecutive pairs of
nip reels, the pairs being set up perpendicular to each other, squeezing the
inflated casing just enough to have every location of the casing’s
circumference get into contact with at least one of the reels once, when

passing through the set of nip reels.

[00188] Another method to emboss a diamond-shaped net onto a tubular casing

is to guide the inflated casing through 2 counter-rotating rings of larger
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diameter than the diameter of the inflated casing. The rotating rings each are

equipped with'a number of radially positioned heated pins or nozzles

releasing a hot air jet, the diameter of pins or nozzles equaling the varn-width

of the desired net-pattern and the distance between the pins or nozzles when
affecting the inflated casing equaling the mesh-width of the desired net-

pattern.” ' !%

[00189]Alternatively the effect of the embossing treatment, namely the local

reducing of the porosity of the at least one porous absorbing layer, can be |
substituted by other contact or non-contact methods, which create enough
heat in the. at least one porous absorbing layer to effectively reduce the

porosity therein. Such a method can be for example a laser treatment or — g

depending on the design — one or several jet streams of hot air, drawing the |!V‘
design onto the casing.

[00190]Embossing the grid into at least one thermoplastic porous absorbing ,
layer is a preferred surface treatment according to the present invention. !|‘
[00191]M0difying the retaining capacity of the food casing in a patterned I
manner can also be achieved by a defined local stretching of the at least one
porous absolrbing layer in a thermoforming process, thus opening the porosity '!W;:j

of said at least one porous absorbing layer and thinning the at least one non-

porous layer. For example, carrying out a local stretching during ‘m
thermoforming the casing by a draw ratio of surface arca after thermoforming |
to surface afea prior to thermoforming of e.g. 3, then coating the casing’s
entire surface with the same amount per surface area of a functional additive
and then — in an annealing step - allowing the stretched areas to shrink back

by e.g. 30% in both machine direction and transversal direction doubles the

available amount of transferable functional additive in the thermoformed and

then annealed areas in comparison to the non-thermoformed areas, because

after annealing the coated thermoformed area is reduced by 51%. To obtain a
surface having a patterned retaining capacity which will give rise to a
formation of a net-like pattern on the enclosed food, the retaining capacity

difference between the areas having a reduced average layer thickness and the

areas having a non-reduced average layer thickness of the food casing should

‘be at least 10%, preferably by at least 40%, most preferably by at least 70%.
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[00192]Another preferred method for preparing a multi-layered coextruded
thermoplastic food casing comprising at least one porous absorbing layer
comprises areaé having a reduced average layer thickness and areas having a
non-reduced average layer thickness, makes use of a thermoforming process.
Thermoforming locally stretchesr the casing and increases the retaining
capacity as described above so that at least one porous absorbing layer
comprising areas having a reduced average layer thickness and areas having a
non-reduced average layer thickness is obtained. The thermoforming of
tubular casings can be carried out by using specifically designed molds in
corrugator lines. For thermoforming a flat film comprising at least one
porous absorbing laffer comprising areas having a reduced average layer
thickness and areas having a non-reduced average layer thickness,
conventional thermoforming lines can be used on the casing according to the

present invention.

[00193]Prior to thermoforming, the casing is usually pre-heated to a
thermoforming temperature of the casing. If the food contact surface is the
outside surface at the time of thermoforming, the area of the bulges need to
be mech;m-ically stretched, e.g. by so-called plugs, inwards against the air
pressure of the inflated casing. If the food contact surface is the inside
surface, the area of the bulges will be pneumatically stretched into the
thermoforming mold, optionally sucked into the thermoforming mold by
vacuum. In both cases, the process of thermoforming a tubular casing requires
a control of the air pressure inside the inflated casing. Depending on the
position of the thermoforming step in the process, the air pressure control can
be achieved through the inflated straight or de-reeling starting casing,
through the inflated straight or reeled final casing and/or by maintaining the

air pressure between movable nip-reels,

[00194]Considering that the cooking process is taking place at temperatures,
at which the shrink of stretched areas can be released, for achieving a bulged,
e.g. net-like pattern on the foodstuff it is advisable to stretch the casing in
thermoforming and/or to anneal the casing in such a way that complete

reversing of the deformation during cooking is avoided. This can include the
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use of moveable heated molds, which allow a relaxation of internal tensions

under mold constraint.

[00195]The above-mentioned methods of for example embossing and
thermoforming can also be combined so as to produce a multi-layered
coextruded thermoplastic food casing comprising on the inside surface of the
at least one thermoplastic porous absorbing layer comprising areas having a
reduced average layer thickness and areas having a non-reduced average layer
thickness which layer forms for example a net-like pattern with light-colored

grid-lines and bulges on the enclosed foodstuff,

[00196]The coextruded thermoplastic food casing according to this invention
can be a flat film, which is secaled at the latest at the time of stuffing, a sealed
flat film or.a tubular casing. For convenience, if the casing is a flat film or a
cut-open tubular film, the steps of embossing and/or thermoforming the food
contact surface and the coating step with the functional additive can be done
before sealing the film to a tube. The sealing can be done e.g. by heated tool
welding or preferably by ultra-sonic welding, but depending on the materials
used in the structure any other known sealing method can be used, including
gluing.

[00197]As outlined above, the present invention further provides a method for
producing a multi-layered coextruded thermoplastic food casing as defined
above, said food casing comprising at least one porous absorbing layer and at
least one layér having a barrier effect for water vapor and/or oxygen, wherein
said at least one porous absorbing layer comprises areas having a reduced
average layer thickness and areas having a non-reduced average layer
thickness, wherein the average layer thickness of said at least one porous
absorbing layer in areas having a non-reduced average layer thickness is in a
range of from 10 to 200 pm and wherein the average layer thickness in areas
having a reduced average layer thickness is lower by 7 to 140 pm and reduced
by a range of from 30 to 85% compared to said areas having a non-reduced
average layer thickness, said method comprising the steps of:

- extruding the thermoplastic food casing,

- optionally subjecting the food casing to an orientation step followed by am

annealing step if desired,
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- subjecting the at least one thermoplastic porous absorbing layer of the optionally
preheated casing to an embossing and/or thermoforming step followed by an
annealing step if"desired,

- coating the at least one porous absorbing layer with a transferable substance

followed by a drying step if needed.

[00198]If the at least one porous absorbing layer is on the outside, the method
includes a step of reversing the casing. If the at least one porous absorbing
layer is on the outside, an external coating is advisable, which needs to take
place before reversing. Then an optional thermoforming step should take
place before the coating in order to achieve the darkening effect described
above. In principle the reversing can take place before thermoforming and
internal coating. Generally the reversing needs to take place before or during

shirring or at the latest before stuffing.

[00199]Usually, the method for producing a multi-layered thermoplastic food
casing comprises a step of preparing at least two different thermoplastic
compositions each comprising at least one organic polymeric material so as to
generate at least two different layers by co-extrusion that will be combined at

high temperature so as to form a multi-layered thermoplastic food casing.

[00200]Before the co-extrusion the thermoplastic compositions usually are
softened or softened and thereafter at least partially molten and then passed
through an arrangement of extruders connected to heated annular multilayer
die having at least as many ring-like channels as needed for the different
heated compositions. The melt of the extruders is supplied according to the
desired ratio of the layer thicknesses of the different layers. When leaving the
die, the extruded food casing solidifies on cooling to a primary multi-layered

casing comprising at least two layers well adhering to each other.

[00261]111 a preferred embodiment the coextruded food casing thereafter may
be at least locally mono-axially or bi-axially stretched e.g. with the aid of an
air-cushion between two squeezing rollers. During the stretching, the
thermoplastic material of the casing is oriented and the casing gains a back-
shrinkage (which may be gradually reduced by heat setting) so that the casing

is in a tight and well-rounded condition even after use by a "fill-and-cook-in"
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procedure. During this stretching, the number and/or the volume of the pores

may increase.

[00202]Thereafter, the stretched multi-layered film may pass through a
further heating zone so as to carry out a heat-setting treatment, wherein the
casing is usually stabilized by an entrapped air-bubble. Thus, the potential of
thermal shrinkage may be reduced to low values as needed for practical

application as food casing.

[00203]1In order to create at least one porous absorbing layer comprising areas
having a reduced average layer thickness and areas having a non-reduced
average layer thickness, the different techniques described above can be used
also in combination. Althoﬁgh in principle a cold mechanical treatment of the
surface of the at least one porous absorbing layer of the casing can be carried
out, according to the present invention it is advisable to assure that the casing
is warmed to a sufficiently high temperature in order to avoid damage of the
casing during the process of creating a patterned retaining capacity in the at

least one porous absorbing layer.

[00204]In the case of thermoforming in order to locally increase the retaining
capacity of the surface of said at least one porous absorbing layer, suitable
temperatures should be at least above the glass transition temperature of the
matrix-forming component. Therefore, pre-heating steps prior to a
mechanical {reatment step may be preferred. If the at least one porous
absorbing layer shall be subjected to heat treatment in order to locally reduce
the retaining capacity of the surface of said at least one porous absorbing
layer, the femperature of such a local heat treatment is preferably above the
melting temperature of the matrix-forming material of the said at least one

porous absorbing layer.

[00205]0ne preferred technique to locally reduce the average layer thickness
of the surface of said at least one porous absorbing layer is an embossing or
hot-stamping treatment, which can take place between plates or cylinders,
which have male/positive engravings corresponding to the target design on

their surface.

[00206]The embossing treatment results in reducing the average layer

thickness at the embossed areas of the at least one porous absorbing layer.
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This can take place as a cold deformation, but is more preferably achieved by
using a hot embossing treatment, which partially fuses pores of the at least
one porous abs;)rbing layer. In this later case the at least one layer having
barrier properties should have a higher melting temperature than the matrix
material of the at least one porous absorbing layer to-be-molten. This allows
for the at least one transferable functional additive to be only absorbed in
arcas having an open porosity. The at least one porous absorbing layer
treated in this way can be on the outside of the casing, which process
thereafter also includes a reversing step to end up with the at least one porous
absorbing layer in contact with the enclosed foodstuff, or on the inside of the
casing, allowing for external or internal coating, respectively. Again, on the
final sausage the grid remains uncoated, giving the appearance as if being
formed by a ﬂet-cooked smoked product. After the embossing step, optionally
a thermoforming step can follow, in which the — optionally additionally pre-

heated — casing is formed by a mold or metal-grid.

[00207]The local manipulation of the at least one porous absorbing layer can
also be carried out by other contact or non-contact techniques of applying an
energy to the at least one porous absorbing layer without affecting or
destroying the other layer(s). For example a heated, optionally low-tack
coated metal grid can be applied to the surface of the at least oné porous
absorbing layer. Lasers can also be used to manipulate the retaining capacity
of the at least one porous absorbing layer. Either the laser beam is directly
applied to the surface of the at least one porous absorbing layer, thus melting
the porous layer, or the laser light penetrates the laser-transparent non-porous
outer layer(s) before converting the energy into heat in the non-laser-
transparent absorbing layer. If the at leaét one porous absorbing layer is the
inner layer, the heat treatment needs to take place in an inflated state so that
the opposing sides of the inmer layer of the tubular casing do not seal
together. If the casing is treated in a non-tubular state or with the at least
one to-be-fused porous absorbing layer on the outside, additional techniques

commonly used for sealing films may be used.

[00208]Especially for casings having at least one porous absorbing outer

layer (which need to be reversed at a later step before stuffing) a patterned
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retaining capacity can be formed by embossing. Thereafter, the embossed
surface can be printed with the at least one transferable functional additive.
The valleys oflthe embossed grid shall not get into contact with the printing
cylinder so that on the final sausage the grid remains uncoated, giving the
appearance of a net-cooked smoked product. After embossing grid-like
pattern ‘onto the at least one thermoplastic porous absorbing layer, optionally
a thermoforming step can be carried out, in which the — if necessary —

additionally pre-heated casing is formed by a mold, so that bulges are created.

[00209]Also if the at least one porous absorbing layer is at least one
absorbing inner layer, a step of embossing a grid may be carried out. The at
least one porous absorbing layer is disturbed and therefore during internal
coating the embossed areas of the grid do not absorb a functional additive.
The effect can be enhanced, if the retaining pattern is additionally formed by

a thermoforming process.

[00210]In case the embossing is supported by clevated temperatures (¢.g. as
during hot-stamping), it is essential that the tubular casing internally does not
stick together. While this can be avoided by a high enough melting
temperature of the inner layer in relation to the embossing temperature if the
at least one porous absorbing layer is outside, the sticking of the inner layer
to itself may be a limiting factor for the use of heated embossing if the at
least one porous absorbing layer is inside. For the latter case, pressing the
air-inflated Casing against a suitably patterned and heated mold or grid will
allow to locally reduce the retaining capacity of the surface of said at least
one porous absorbing layer, as the heat will be conducied through the outer

layers to the at least one porous absorbing inner layer.

[00211]The thermoforming step can be an additional step, taking place
together with the embossing of a pattern or can be omitted if embossing is
considered to be adequately effective for creating the desired retaining
capacity pattern on the at least one porous absorbing layer. If the
thermoforming step is a part of texturing the casing, it may take place in
vacuum-aided molding devices (such as borrugators) known by the persons
skilled in the art or with masks (e.g. metal grids) which allow a deformation

.through the openings in the mask. Depending on the diameter of the molds of
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the corrugator, the casing can be oriented in the same step as the
thermoforming. Optionally the corrugator can be fed with an already oriented
casing, if the casing still is sufficiently thermoformable, because it was not

stretched to its maximum area orientation ratio before.

[00212]A combination of thermoforming molds with impulse heated wires at
the location of the grid can join the 2 steps of fusing the grid pattern and
thermoforming the bulges in one mold. After preheating the casing to
thermoforming temperature, the casing is inflated against the mold in which
first the Vacﬁum—supported thermoforming takes place and then the grid is

fused while the casing is in the mold.

[00213]The thermoformed bulges offer additional surface to be coated by the
at least one functional additive. As the at least one porous absorbing layer is
porous, the porosity is further increased by the stretching process while being

thermoformed, generating high retaining capacity.

[00214]The net-design is characterized by the area ratio of grid-area to non-
grid area, by the thickness-ratio of embossed: thickness to non-embossed

thickness and by the draw ratio of the bulges.

[00215]The coating step is typically carried out separately from the extrusion
process in order to maintain flexibility in production. However, it is also
possible to carry out an outside coating process together with the extrusion,
embossing, thermoforming and/or annealing steps in an in-line process if the
at least one porous absorbing layer is accessible, 1.e. is outside in the case of

a tubular casing.

[00216]In a preferred embodiment the food casing of the present invention,
which shall take up the at least one transferable functional additive, the
coating of the outside surface takes place with printing or spraying techniques
or by immersing the casing into a bath. Typically, a separate drying step is
not necessary if the dosage is adequate. Nevertheless, a drying step, which at
the. same time may serve as an annealing step if the heat stability of the
functional additive is high enough, may be helpful to immobilize the at least
one transferable functional additive, Drying can take place by conventional
drying technologies like hot air, infrared or other means, including air-blades.

While usuvally air-blades will be set-up in such a way that they are not
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blowing off the coating, they may be helpful for blowing off surplus coating

from low retaining capacity areas or oversaturated locations If the air-blade
“is making use of cold air, annealing is not possible, but also shrink will not

be released.

[00217])If annealing is desired to reduce the shrinkage of the casing and of the
thermoformed areas, an annealing step can be introduced assuring that the
casing is heated up to the annealing temperature under sufficient tension to
not lose the geometrical properties. The thermoformed and coated areas
shrink back during drying, so that these areas now have a higher amount of
functional additive per area than the non-thermoformed areas, resulting in

e.g. different color intensity of the surface of the final food product.

[00218]Alternatively, the casing of the present invention, which after
embossing and/or thermoforming shall take up the at least one transferable
functionai additive, may be transferred through two pairs of squeezing rollers
arranged one after the other, where there may be located a bubble of liquid
containing the composition containing the at least one transferable functional
additive which is preferably a solution or a suspension of said at least one
transferable functional additive. This impregnation by a moving bubble is
possible when the embossed and optionally thermoformed casing with an
outside porous absorbing layer has been reversed or the at least one porous
absorbing layer is already an inner layer of a tubular casing or an embossed,

optionally thermoformed sealed flat film.

[00219]When internally coating a casing having a thermoformed pattern of
areas having a reduced layer thickness by a moving bubble between pairs of
nip reels, the flattened thermoformed areas of reduced layer thickness may
trap liquid, which is not being squeezed out of the casing. In this case it is
advisable that the at least one porous absorbing layer does not have time to
become saturated by the at least one transforable functional additive while
being between the pairs of nip reels so that the trapped liquid may be
absorbed td some extent by the at least one porous absorbing layer during the
following storage of the impregnated casing. This absorption of the liguid
functional additive can be increased by using the aforementioned hydrophilic

components in the recipe of the layers in contact with the functional additive.
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In addition, the amount of entrapped liquid is reduced if the bubble is
vertically between the 2 nip reels with the casing moving upwards, so that
under gravity surplus liquid is flowing out of the thermoformed areas back

into the food additive reservoir.

[00220]When outside coating via dipping is applied or inside coating via
moving bubble is carried out, the coating homogeneously covers the surface
of the casing having a pattern of areas having a reduced layer thickness and
areas having a non-reduced layer thickness. In contrast, spraying from the
outside or spraying from the inside during shirring usually will not supply the
functional additive according to the specific locally varying retaining
capacity, if the nozzles are not specifically pulsed and positioned for the
needs of the desired retaining capacity pattern or if the sprayed amount is less

than the amount the total retaining capacity of the casing can retain.

[00221]1f the impregnation with the at least one transferable functional
additive takes place before the thermoforming process but after the
embossing/melting step, the thermoformed areas will comprise less additive
per surface area of the at least one porous absorbing layer so that on the final
food stuff said areas will be less coated by transferable functional additive
per area. The color difference between high retaining capacity areas and low
retaining capacity areas, which becomes visible on the surface of the sausage,
depends on the degree of modifying the porosity of the at least one porous
absorbing layer in the embossing/melting step.

[00222])The final food casings according to the invention usually have a
locally differing total thickness, depending on the treatment applied onto the
at least one thermoplastic porous absorbing layer, in the range of from 10 um
to 230 pum, preferably in the range of 20 to 180 um, more preferably in the
range of 30 to 150 um.

[00223]Optionally the casing can be shirred with conventional technology as
known to the person skilled in the art. Alternatively the usage from the reel,
in sections or as bags is possible as well. '

[00224]If the food casing shall be sealed, e.g. to create tubular casings or
bags, the food contact layer is formed of a heat-sealable thermoplastic

material. If a cut-open tubular film or a flat film shall be sealed to a tube, the
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layer sequence needs to reflect the needs of the seal to be achieved, i.e. the
surfaces to be sealed need to have been formed of a heat-sealable
thermoplastic n&aterial. Laminated film or cast film can be composed of layers
with reduced width in comparison to other layers of the film structure, so that
e.g. outer layer(s) can be sealed directly to each other in an overlap seal, e.g.
by means of ultrasonic welding. Alternatively, if the outer layers of an
embossed flat film cannot be overlap-sealed with a stripe, the film can be
laminated to a heat sealable film for turning the flat film into a tubular casing
to then seal an additional stripe of the same heat sealable material onto the

overlap or with the edges of the film in an edge-to-edge position..

[00225]Based on the above properties a coated or impregnated food casing
according to the invention can be stuffed with foodstuff, especially with meat
products like sausage or ham emulsion or processed cheese or fish products,
and transfer the coloring or flavoring functional food additives onto the

foodstuff during cooking and/or storage.

[00226]The invention will now be described using examples of embodiments

and comparative examples, but without limiting the scope of the invention.

Examples
[00227]The non-oriented casing of comparative example C1 was produced on

a blown film extrusion line with 5 extruders, using the following raw

materials:
- PE: polyethylene: LLDPE 1004 YB by ExxonMobil
- tie: | modified polyolefin: Admer NF 518E by Mitsui Chemicals
- PA6: polyamide: 80% Tarnamid T30 by Zaklady Azotowe

20% PA 61/6T Grivory G21 by EMS

[00228]The tubular casing was made by plasticizing and homogenizing the
PE, tie and PA6 in the respective extruders as described in table 1 below, the
first layer mentioned being the one in contact with the foodstuff. Polyamide
based layers had melt temperatures of around 240°C and polyolefin-based
layers and adhesives (= tie) of around 220°C. The 5 melt-flows were

coextruded into a tube by using a S-layer head at 240°C in which the
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individual flows were joined in guantitative ratios according to the desired
layer thickneés of the individual layers and extruded through an annular die.
The bubble Wa; air-cooled via the internal air and a cooling ring on the
outside. The inside surface of the casing was corona-treated to have a wetting
tension of 40 mN/m. The flat width of the tubular casing was 160 mm. The
layer thicknesses of the layers from inside to outside were 15 ym PE, 7 ym
tie, 20 um PA, 7 pm tie and 15 pm PA. In a next step the casing was
internally coated with the functional additive Hickory Alkalized Smoke by
Kerry Ingredients & Flavours using a vertical “moving bubble” between 2
pairs of nip reels, allowing a contact time of 120 s. The pressure of the upper

squeezing reel pair was 2 bar.

[00229]The Comparative Example C2 was produced like Comparative
Example C1, but the PE layer was made porous by the addition of a foaming
agent. The layer in contact with the foodstuff had the following composition:

- P1: Porous I: 95 weight-% LLDPE 1004 YB by ExxonMobil
05 weight-% Ecocell H1 by Clariant

[00230]The layer thicknesses of the layers from inside to outside were 15 pm
(not expahded solid content) P1, 7 um tie, 20 um PA, 7 um tie and 15 um PA.
Upon leaving the head, the foaming agent increased the thickness of the layer
of P1 to an average of 69 uym. The inside surface of the casing was corona-
treated with the same intensity as C1, but because of the porosity the surface
tension cannot be evaluated by testing inks. In a next step the porous casing
was coated with the functional additive Hickory Alkalized Smoke by Kerry
Ingredients & Flavours using a vertical “moving bubble” between 2 pairs of
nip reels, allowing a contact time of 120 s. The pressure of the upper

squeezing reel pair was 2 bar.

[00231]Example 1 according to the invention is made using the uncoated

Comparative Example C2 as the original casing and reversing it to have the

porous layer on the outside. The flattened tubular casing was embossed for 15
s at 80 bar hydraulic pressure in a hydraulic cylinder of diameter 45 mm
between 2 fluroethylene polymer (PTFE-)coated embossing tools of 280 mm

length and 250 mm width, the tools heated to a temperature of approximately
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130 °C, 1.e. above the melting temperature of the porous polyolefin-based
food contact layer, but below the melting temperature of the polyamide layer,
and capable of?embossing a grid of thickness 1 mm and square-shaped mesh-
width 17 mm by melting the grid pattern into the porous 'layer. After the
embossing, the thin-embossed grid areas had less opacity in comparison to the
porous mesh areas. The embossed casing was reversed again and coated with
the functional additive Hickory Alkalized Smoke by Kerry Ingredients &
Flavours using a vertical “moving bubble” between 2 pairs of nip reels,
allowing a contact time of 120 s. The pressure of the upper squeezing reel

pair was 2 bar.

[00232]Example 2 according to the invention is made using the uncoated
Comparative Example C2 as the original casing. The casing was frimmed
along one edge to have an opened flat width of 270 mm. The porous side of
the opened casing was embossed for 15 s at 80 bar hydraulic pressure in a
hydraulic cylinder of diameter 45 mm by one PTFE-coated embossing tool of
280 mm length and 250 mm width, the tools heated to a temperature of
approximately 130 °C and capable of embossing a grid of thickness 1 mm and
square-shaped mesh-width 17 mm. The film was positioned with respect to the
tool so that 10 mm on both edges of the opened film were not embossed. After
the embossing, the thin-embossed grid areas had less opacity in comparison to
the porous mesh-areas. The embossed film with the to-be-thermoformed
porous square-shaped areas was pre-heated by infra-red heating onto the non-
embossed side to a thermoforming température of approximately 100 °C. In a
thermoforming station, while the film was held in place by the upper and
lower thermoforming molds’ matching grid patterns, the square-shaped areas
were drawn by vacuum in the lower mold and air pressure in the upper mold
homogeneously into the cavities of the lower mold, which had the shape of —
in the direction perpendicular to the plane of the film — overstretched bulges
(depth of 10 mm), thus stretching the embossed square-shaped areas by a
draw ratio of around 3 to 4. After the thermoforming, the depth of the bulges
was reduced by infra-red heating to around 3 to 4 mm. In a next step the
embossed and thermoformed film was coated with the functional additive

Hickory Alkalized Smoke by Kerry Ingredients & Flavours by spraying,
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flooding the horizontal embossed and  thermoformed film for 1 min. To

remove surplus liquid, the film passed a cylinder and was guided upwards in a
45°-angle for ﬁl min, air blades on the downside of the film preventing that
the functional additive is getting onto the downside of the film. After passing
a sleeve-covered cylinder with the sleeves negative bulge-topology matching
the film’s thermoformed topology, the coated, now horizontal film was dried
in an air stream of 80 °C. The drying was stopped when the functional
additive was dry enough to pass the next step. Finally the film was sealed to
a tube with the coated side inwards using a 30 pum thick band of Tarnamid
T30 (which is a polyamide 6), being sealed to the PA-layer of the non-
overlapping non-embossed and non-thermoformed edges of the film by 2
longitudinal ultrasonic welding seams of 1 mm width, havihg sufficient seal
strength to éurvive the cooking cycle. The casing of Example 2 did not have

to be reversed before stuffing.

[00233]The oriented casing of Comparative Example C3 was produced on a
double-bubble tubular film extrusion line as a 3-layer structure with 3 single-

screw extruders, using the following raw materials:

- P2:  Porous 2: Compound A as described below

- tie: modified polyolefin: Bynel 50E571 by Du Pont

- PA6: polyamide: 80% PA 6 Ultramid B 36 SL by BASF
20% PA 61/6T Grivory G21 by EMS

[00234]The Compound A, which is used in P2, was compounded using the
following raw materials: ‘

- 63 weight-% polypropylene: MTEGRITY PP100 by M. Holland Company

- 19 weight-% soybean oil: refined IP Ph. Eur. 8.0 by Gustav Heess GmbH

- 8 weight-% glycerin: 99,5% Distilled Glycerine/Pharma grade by Preol, a.s.

- 10 weight-% silica: Hi-Sil ABS-D by PPG Industries
[00235]For the preparation, in a heatable stirring kettle at a temperature of 50
°C the oil and the giycerin were mixed before adding the silica and mixing
until the mixture had become floatable crumbles. These crumbles and the
polypropylene were compounded using a ZSK 25 by Werner & Pfleiderer,
having 25mm-screws with a length to diameter ratio of 50. The compound was

homogenized at 250 rpm at temperatures of 170 to 230°C and exited the
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compounder through a 2 x 3.5 mm diameter sirand die with an output of 12

kg/h. The white strand then was cooled down in a water bath and chopped into

granules.

[00236]The tubular casing of Comparative Example C3 was made by
plasticizing and homogenizing the raw materials in the respective single-
screw extruders as described in table 1 below, the first layer mentioned being
the one in contact with the foodstuff. Polyamide based layers had melt
temperatures of around 255°C and polyolefin-based layers and adhesives (=
tie) around 240°C. The 3 melt-flows were coextruded into a primary tube by
using a 3-layer head at 255°C in which the individual flows were joined in
quantitative ratios according to the desired layer thickness of the individual
layers and extruded through an annular die. The primary tube was quickly
cooled down to about 20 °C and then heated up to about 80°C to be orientated
in an area ratio of 9.24:1. In a further heating zone the generated casing was
. heat-set so that the thermal shrinkage amounted to 12%. In the 3-layer casing
the layer thickness of the outer layer (A) was 42 pm, the layer thickness of
the adhesive layer (HV) was 4 um, and the layer thickness of the inner layer
(P) was 34 um. The shrinkage of the casing after 15 min in water of 80°C was
20% 1n rhachine direction and 19% in transversal direction. The flat width of
the tubular casing was 160 mm. In a next step the casing was coated with the
functional additive SmokEz Cherrywood Poly2515 by Red Arrow using a
vertical “moving bubble” between 2 pairs of nip reels, allowing a contact time

of 300 s. The pressure of the upper squeezing reel pair was 2 bar.

[00237]Example 3 according to the invention is made using the uncoated
Comparative Example C3 as the original casing. To melt the grid pattern into
the porous layer, the casing was inflated for 3 s by air pressure of 0.4 bar
between 2 FEP-coated embossing tools, which were heated to 165 °C and 20
mm apart, each embossing tool of 280 mm length and 250 mm width being
capable of embossing a grid of thickness 1 mm and square-shaped mesh-width
17 mm by melting the grid pattern into the porous layer. Where the casing
came into contact with the embossing tools, the casing had a reduced opacity,
showing that the porosity partially collapsed when the matrix fused. In a next

step the thermally treated casing was coated with the functional additive
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. >

SmekEz Cherrywood Poly2515 by Red Arrow usinga vertical “moving
bubble” betwgen 2 pairs of nip reels, allowing a contact time of 300 g The

pressure of the upper squeezing reel pair was 2 bar,

[00238]The oriented casing of Comparative Example C4 was produced on a
double bubble tubular film extrusion line as a 5-layer structure with 5 single-
screw extruders, using the following raw materials:
- P3: Porous 3: 73 weight-% Flexirene CL 10U by Polimeri Europa
27 weight-% LLDPE-based masterbatch with

40 weight-%  talc by Performance

Compounding

6.356 g/h Nitrogen 4.0 (99,99 %) by Linde Gas
- tie:  modified polyolefin: Admer NF 518E by Mitsui Chemicals
- PE: polyehtylene: Flexirene CL 10U by Polimeri Europa
- PA6: polyamide: 95% PA 6 Akulon F136C by DSM

05% PA 61/6T Grivory G21 by EMS

[00239])The fubular casing of Comparative Example C4 was made by
plasticizing and homogenizing the raw materials in the respective single-
screw extruders as described in table I, the first layer mentioned being the
one in contact with the foodstuff, Polyamide-containing layers had meit

temperatures of around 250°C and polyolefin-based layers and adhesives (=

" tte) around 230°C. The dosing system for the injection of the supercritical

pore-forming agent nitrogen was linked to the extruder feeding the porous
inner layer. The 5 melt-flows were coextruded into a primary tube by using a
S-layer head at 250°C in which the individual flows were joined in
quantitative ratios according to the desired layer thickness of the individual
layers and extruded through an annular die. The primary tube was quickly
cooled down to about 20 °C and then heated up to about 80°C to be orientated
In an area ratio of 8.0:1. In a further heating zone the generated casing was
heat-set so that the thermal shrinkage after 1 min in water at 80 °C amounted
to 15% in both directions. In the 5-layer casing the layer thickness of the
polyamide outer layer was 30 um, the layer thickness of the tie layers was 2.5

um each, the layer thickness of the polyethylene core layer was 10 um and

. the layer thickness of the inner layer (P3) was 55 pum. The flat width of the
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tubular casing was 160 mm. In a next step the casing was coated with the
functional additive Hickory Alkalized Smoke by Kerry Ingredients &
Flavours using{r a vertical “moving bubble” between 2 pairs of nip reels,
allowing a contact time of 120 s. The pressure of the upper squeezing reel

pair was 2 bar.

[00240]Example 4 according to the invention is made using the uncoated
Comparative Example C4 as the original casing. To melt the grid pattern into
the porous layer, the casing was inflated for 10 s by air pressure of 0.2 bar
between 2 Teflon-coated embossing tools, which were heated to 130 °C and
20 mm apart, each embossing tool of 280 mm length and 250 mm width being
capable of embossing a grid of thickness 1 mm and square-shaped mesh-width
17 mm by melting the grid pattern into the porous layer. Where the casing
came into contact with the embossing tools, the casing had a reduced opacity,
showing that the porosity partially collapsed when the matrix fused. In a next
step the thermally treated casing was coated with the functional additive
Hickory Alkalized Smoke by Kerry Ingredients & Flavours using a vertical
“moving bubble” between 2 pairs of nip reels, allowing a contact time of 120

s. The pressure of the upper squeezing reel pair was 2 bar.

[00241]The oriented casing of Comparative Example C5 was produced as C4,
but using the following raw materials for the porous layer:
- P4:  Porous 4: 75 weight-% Admer NF 518E by Mitsui Chemicals
‘ 05 weight-% LLDPE-bascd masterbatch with
40  weight-%  talc by  Performance
Compounding
20 weight-% PA 6 Akulon F136C by DSM
7.718 g/h Nitrogen 4.0 (99,99 %) by Linde Gas
[00242]In the 5-layer casing the layer thickness of the polyamide outer layer
was 30 um, the layer thickness of the tie layers was 2.5 pm each, the layer
thickness of the polyethylene core layer was 10 um and the layer thickness of
the inner- layer (P4) was 65 pm. The casing was coated with the functional
additive Hickory Alkalized Smoke by Kerry Ingredients & Flavours using a
vertical “moving bubble” between 2 pairs of nip reels, allowing a contact time

of 120 s. The pressure of the upper squeezing reel pair was 2 bar.
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[00243]Example 5 according to the invention is made using the uncoated
Comparative Exafnple C5 as the original casing and treating it as Example 4
except for usil;g the embossing tools at a temperature of 150 °C. The
thermally treated casing was coated with the functional additive Hickory

Alkalized Smoke by Kerry Ingredients & Flavours using a vertical “moving

- bubble” between 2 pairs of nip reels, allowing a contact time of 120 s. The

pressure of the upper squeezing reel pair was 2 bar. |

[00244]Thus, for comparison purposes the original casings of the examples |
were coated .and evaluated without previously submitting them to a thermal
embossing and/or thermoforming step. Comparison example C1 is the ‘
comparison example C2 without chemical foaming agent in the food contact
layer; comparison example C2 is the original casing of example 1 and 2;
comparison example C3, C4 and C5 are the original casings of example 3, 4 |

and 5, respectively.

[00245]Table 1 gives an overview of the examples prepared.

SAMPLE EVALUATION

[00246]The examples were characterized using the following evaluation
methods:

- Total Wall Thickness of an area having a non-reduced average layer

thickness of the at least one Porous absorbing Layer (TWT n-r PL)

[00247]The non-treated areas of the casing are the areas having a non-reduced
average thickness of the at least one porous absorbing layer. If the casing is
only embossed., the non-treated areas of the casings of the invention have a
higher opacity than the treated areas, so that these areas can be visually
detected and marked against a light source such as an X-ray viewer or another
contrasting background. If the casing is printed on the outside surface of the
outer bulk layer, the printing inks may need to be removed by an adequate
method, e.g. by applying a solvent to the ink. Along the circumference of the
casing 10 locations with the visually highest opacity were marked on the
outside surface of the outermost bulk layer with a permanent marker, marking
the locations having a non-reduced layer thickness to be analyzed. No pair of

the 10 locations is in the same line in machine direction. In addition, when
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the topology of the surface allows it, the 10 locations of the area having a

non-reduced layer thickness shall each be chosen in such a way that in the
direction of tﬂe extrusion line an embossed area is close enough to have both
areas, 1.e. with non-reduced and with reduced layer thickness, cut in one thin-
section for the analysis of the bulk layer thickness at this location. After
storing the sample for 1 day at the testing conditions of 23°C and 50% r.h.,
the total wall thickness at these 10 locations is measured according to DIN
53370:2006-11 method F (for embossed films) by means of a thickness gauge,
having a measurement surface diameter of 8 mm and a contact pressure of 20
kPa. As the porous layers may show viscoelastic deformation under pressure,

the reading after 1 second of coniact is taken as the total wall thickness.

[00248]If the casing is thermoformed, the thermoformed areas can be noted as
areas leaving the plane of the film when the opened tubular casing is placed
with its outside surface of the at [east one porous absorbing layer flat against
a flat surface. Depending on the pore dimensions of the non-treated casing,
the thermoformed areas can have a higher opacity or a lower opacity than the
non-treated areas of non-reduced layer thickness. The areas of non-reduced
layer thickness, to be marked for evaluation of the total wall thickness, are
selecte.d from the locations of highest opacity, which are in the plane of the

film, i.e. are not thermoformed.

[00249]As the thickness gauge as described above with a tip of 8 mm may not
be suitable for the thickness measurement of a non-treated location within
thermofo.rmed areas, in case that the casing is thermoformed, the areas having
a non-reduced layer thickness are being made accessible — after storing the
sample for 1 day at the testing conditions of 23°C and 50% r.h. — by cutting 5
mm wide stripes with the marked locations contained in the stripes. By means
of a thickness gauge with contact force 0,5 N according to DIN 53370:2006-
11 method P the total wall thickness of an area having a non-reduced average
layer thickness of the at least one porous absorbing layer is measured. As the
porous layers may show viscoelastic deformation under pressure, the reading
after 1 second of contact is taken as the total wall thickness.

- Total Wall Thickness of an area having a reduced average layer thickness of

the at least one Porous absorbing Layer (TWT r PL)
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[00250]When the casing is embossed, the embossed arcas of the casing are
areas of reduced average layer thickness of the at least one porous absorbing
layer. Generalfy speaking, the embossed arcas of the casings of the invention
have a lower opacity than the non-treated areas, so that these areas can be
visually detected and marked against a light source such as an x-ray viewer or
another contrasting background. If the casing is printed on the outside surface
of the outer bulk layer, the printing inks may need to be removed by an
adequate method, e.g. by applying a solvent to the ink. 10 locations of least
visual opacity, i.c. highest transparency, are selected for measurements,
considering the above mentioned closeness to the locations of non-reduced
average layer thickness of the at least one porous absorbing layer. In the case
of an embossed casing it is advisable to start the selection of to-be-evaluated
locations in the areas having reduced average layer thickness of the at least
one porous absorbing layer and then select neighboring locations of non-
reduced average layer thickness of the at least one porous absorbing layer in

machine direction.

[00251]If the area of embossing according to this invention is too small for a
measurement according to DIN 53370:2006-11 method F (for embossed
films), then the evaluation shall take place under a light or optical microscope

as described below for the determination of the bulk layer(s) layer thickness.

[00252]In case that the casing has been thermoformed, the total wall
thickness of the areas of reduced average layer thickness of the at least one
porous absorbing layer are determined — after storing the sample for 1 day at
the testing conditions of 23°C and 50% r.h. — along the longest thermoformed
contour of 10 different thermoformed areas a 5 mm wide stripe 1s cut. By
means of a thickness gauge with contact force 0,5 N according to DIN
53370:2006-11 method P and scanning with multiple measurements for the
lowest total wall thickness, the location of the lowest total wall thickness of
the area of high retaining capacity is determined and the total walil thickness
measured. As the porous lavers may show viscoelastic deformation under
pressure, the reading after 1 second of contact is taken as the total wall

thickness.

DRSHO1S-US
73

Copy provided by USPTO from the IFW Inage Database on 07-03-2019




- Bulk Layer(s) Layer thickness at locations of non-reduced and reduced layer

thickness of the at least one Porous absorbing Layer (BL LT n-r PL and BL

LT r PL, }espectively)
[00253]All locations of liayer thickness measurements are marked on the non-
porous outside surface of the casing with a permanent marker, so that the
same location can be evaluated under a light or optical microscope in a
suitable magnification and contrast. The thickness of the at least one mon-
porous layer (% bulk layers ) at the locations marked for the determination of
the layer thickness was determined on 20um-thick thin-sections, cut with a
RM 2245 microtome by Leica and analyzed with a BX51 microscope by

Olympus, using a magnification of 10x40 in light transmission mode.

[00254]In case that the casing cannot be cut without separation of the thin-
section, a cryo-microtome may be helpful and/or the sample may be embedded
in curing resin prior to cutting.
- Porous Layer(s) Layer thickness at locations of non-reduced and reduced
layer thickness of the at least one porous absorbing layer (PL LT n-r PL and
PL LT r PL, respectavely) ‘
[00255]The layer thickness of the at least one porous absorbing layer is
determined as the difference between the total wall thickness of the casing at
the analyzed location (TWT n-r PL and TWT r PL, respectively) and the
thickness of the at least one bulk layer (BL LT n-r PL and BL LT rPL,

respectively) at the same location.

[00256]For one average thickness of the at least one thermoplastic porous
absorbing layer in the area of non-reduced or reduced layer thickness, the
average of the PL WT values, determined for the 10 areas each of non-
reduced and of reduced layer thickness By embossing and by thermoforming,
respectively, were separately calculated. If the casing was embossed and
thermoformed, the smallest average layer thickness of the at least one
thermoplastic porous absorbing layer is taken and used for calculating the
difference of the average layer thickness of the at least one thermoplastic
porous absorbing layer in areas having a non-reduced average layer thickness
and areas having a reduced average layer thickness of the at least one

thermoplastic porous absorbing layer.
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- Retaining Capacity Ratio (RCR)
[00257|For thEE retaining capacity ratio of each evaluated location, the ratio of
the layer thickness of the at least one porous absorbing layer, calculated as
the difference between total wall thickness and bulk layer(s) layer thickness,
over the thickness of the at least one bulk layer at the same location is

calculdted.

[00258]From the 10 RC values each per area having a non-reduced average
layer thickness, area having a reduced average layer thickness by embossing
and/or area having a reduced average layer thickness by thermoforming, the
respective  average RCR value is calculated. The Retaining Capacity
Difference (RCD) between areas of high retaining capacity and areas of low
retaining capacity was calculated as the absolute difference between the
highest average RCR value and the lowest average RCR value and given as
the Retaining Capacity Difference of the example in % of the average
retaining capacity ratio of the areas having the lowest average retaining
capacity ratio of the sample.
- Coating weight

[00259]The coating weight was evaluated by measuring the weight of porous
layer internal tubular casing (i.e. example 2 sealed uncoated) before and after
impregnation with liquid smoke (depending on example with smoke type
Hickory Teepak Alkalized Smoke by Kerry Ingredients & Flavours or with
SmokEz Cherrywood Poly2515 by Red Arrow). 1000 mm casing length was
cut, the average flat width was calculated from 3 measurements with a ruler
to 0.5 mm at both ends and in the center of the piece, and the weight was
measured on a scale (for a maximum weight of 420 g with d = 0.001 g by
Satorius). Then the casing was closed on one end with adhesive tape and
filled with the liquid smoke, so that — during flat horizontal storagé on a table
— the entire inside surface was in contact with the liquid smoke for 2 min or 5

min, as was the contact time in the preparation of the sample. After emptying

the casing, the adhesive tape at its end was removed, the piece was taped to a

carrier film and squeezed out by a pair of nip reels at a pressure of 2 bar,
After squeeze-out the piece was removed from the carrier film and weighed

again. The coating weight in g/m? was calculated as the difference of the two
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welght measurements per surface area of the casing as given by casing length

times twice the average flat width.

[00260]For one value of the coating weight, 3 measurements were carried out

and the average value was calculated.

- Bulge height
[00261]For the determination of the bulge height of the final un-pecled
sausage a caliper ruler with d = 0.1 mm was used. 5 slices of 50 mm width
were cut from the cooked and cooled sausage. The core of each slice was cut
out circulafly in such a way, that a cylindrical ring of approximately 5 mm
thickness plus the depth of possible bulges and 50 mm width remained. The |
ring was cut open and was placed flat onto a table surface. A rectangular o
cuboid-shaped glass plaie of 10 ecm x 10 ¢m x 1.3 mm (weight = 31 g) was ‘
placed across at least 3 bulges and the distance between the base between two il
bulges and the upper surface of the glass plate was measured with the calliper
ruler. The bulge height is the measured distance minus the thickness of the |
glass plate. 2 locations per slice were measured, and from the 10 y
measurements one average value was calculated. :

- Additive barrier h
[00262]For the evaluation of the additive barrier, the surface of the cooked
unpeeled sausage was wiped off with a white paper cloth. Any transfer of
functional additive through the casing was noted. “Outside clean” means that
a color change of the white paper cloth was visually not detected.

- - Surface pattern after cooking |

[00263]Bologna-type sausages were prepared by stuffing meat emulsion into |
the impregnated sample material, cooking the sausages in a cooking chamber | |
at 76°C for. 2 hours and cooling them down over night to 3 °C in a cooling
chamber. The transferred pattern of functional additive on the surface of the |i
peeled final sausage was visually evaluated as visibility of a lighter grid N
pattern versus darker non-grid areas on a scale from 0 (= grid pattern not iy
visible) via 1 (=grid pattern slightly visible) and 2 (=grid pattern well visible)
to 3 (=grid pattern strongly visible).

[00264|Table 1 shows the results of the evaluated properties.
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Example Treatment Tnput Averages reduced PL LT Averages non-red. PLLT Differences Coating Kitchen Test
T|BL LT PL LT|RCR PL coating |bulze .. . _pattern
: R H‘ Eott el ISR GERINE SR RN rinid Antitel el FEnty CETRCFY S v ... e i .- ......... AR
# mH.EEHm o reat-mert . L e PL RCD weight [height additive barmer
in/core/out - pim m m - Hm % % (g |mm
C1| PEfie/PAGH/PASG 0,30 67 52) 151 028 1] 5 5 2o bulees foutside clean 0
C2] plitie/P Abitic/PAG 1.46 123 53 70| 133 3 4 B 20)no bulees joutside clean 0
1] plie/PAGHE/PAG 0,69 125 50 75 149 42 56] 115 19110 bulges |outside clean 1
0.70

2lplitie/P A6/te/P A6 2 124 49 75 154 4] 55 157 29, 2,1 tside 3

pliRPAG/E ¥ A Th o, 9 sl sy 1 . outside clean
C3 pitie/PAG yes Jyes  |mo Jala} - PP LIS 76 44 34 071 81 48 33] 069 ) [ 2 10{no bulges Joutside clean 0
3 p/tic/PAG yves [ves lyes  |Inc lEon &4 43 18] 041 82 48 34 0,70 16| 46 74 1no bulzes Jowtside clkean 2
C4) pitie/PEAE/PAG | ves [yes |mo 10 100,  |poe 93 43 52 122] 105 43 571 120 5 9] 1 34}no bulges |outside clean 0

L)
4] p3/oe/PEARPAG | ves |ves ves  |oo Erh, S8 44 14 033 107 47| 60 1,27 45 76 286 330 bulees |outside cloan 3
C5| piftie/PE/tie/PAS | ves yes  Jnp no 110 45000 105 43 62] 143] 115 47 68 145 6] 9 1 28|no bulges Jotside clean 0
3| pd/tie/PEfie/PAG | yes [ves yes no Eitily, 65 45 200 045  11s 46 n_.c_ 1353 30) 71 236 MW_uc bulges |outside ckan 3
TABLE 1: EXAMPLE STRUCTURE AND EVALUATION
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[00265]The samples of comparative example C1 and C2 did not show bulging

nor a net pattern. In C1 the little smoke remaining inside the coated casing
transferred 1n very irregular light stripes as most of the liquid smoke was
squeezed out by the nip reels and the remaining liquid moved to folds, from
where the liquid transferred to the meat. C2, C3, C4 and.CS transferred the

smoke homogeneously, without showing a net pattern.

[00266]On the contrary, the examples according to the invention show a good
additive transfer, not allowing the transferable functional additive to migrate
to the outéide. Most importantly, there is a distinct difference in color
between the darker non-grid areas and the brighter color of the grid location.
Comparing Example 4 and 5, the Example 5 showed more cling to the sausage

surface upon peeling than Example 4.

[00267] After cooking, the thermoformed bulges of example 2 still had height
remaining to help enhance the resemblance of a sausage product cooked in a
net. The resulting porosity increase and the liquid smoke retained in the
bulges did achieve a significant darkening of the sausage surface in the non-

grid areas over the embossed grid areas.

[00268|The examples according to the invention could be stuffed and cooked
without breakages. The examples accordmg to the invention showed a
~ homogeneous intense transfer of the functlonal additive in the non-grid areas,
leaving the grid lighter in contrast to the unsatisfactory or non-patterned
transfer o‘f the comparative examples. The coating weight was not
significantly changed by the embossing/fusing treatment for creating the grid

in examples 1, 3, 4 and 5.

[00269]The examples according to the invention show a good to excellent
local retaining capacity for liquids. Depending on the raw materials used and
the realized deformation, the retaining capacity can be defined in a wide

range.

[00270]As described above, alternatively hydrophilic substances can be
incorporated into the barrier layers to increase the water transmission of the
casing according to the invention or they can be incorporated into the at least
one porous absorbing layer to increase the absorption of the transferable

functional additive.
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[00271]To sum up, the examples show that the casings according to the
invention combine retaining capacity, transfer capability, non-permeability to

the functional additives, selective coloration and texture typical of a net-

cooked product, versatility in the pattern design, and reliable mechanical

properties.
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Claims:

1. A7 multi-layered (co)extruded thermoplastic food casing
comprising:

at least one thermoplastic porous absorbing layer; and

at least one layer having a barrier effect for water vapor and/or oxygen,

wherein said at least one layer having a barrier effect for water vapor
“and/or oxygen has an average layer thickness in a range of from 5

to 60 pm over the entire surface area,

wherein said at least one thermoplastic porous absorbing iayer
comprises as a main component at ledst one thermoplastic
_polymer‘ material selected from the group consisting of
(co)polyamides and (co)polyolefins,

wherein said at least one thermoplastic porous absorbing layer
comprises areas having a reduced average layer thickness and

areas having a non-reduced average layer thickness,

wherein the average layer thickness of said at least one thermoplastic
porous absorbing layer in areas having a non-reduced average

layer thickness is in a range of from 10 to 200 pum,

wherein the average layer thickness in areas having a reduced average
layer thickness is lower by 7 to 140 pm and is reduced by a range
of from 30 to 85% compared to said areas having a non-reduced
average layer thickness of the at least one thermoplastic porous
absorbing layer, and

wherein both areas having a reduced average layer thickness and a non-

reduced average layer thickness comprise pores which are able to

absorb a functional additive.

2. The multi-layered (co)extruded thermoplastic food casing
according to claim 1, wherein said multi-layered (co)extruded thermoplastic
food casing comprises as an inner layer said at least one thermoplastic porous
absorbing layer which comprises a (co)polyolefin as a main component said

(co)polyolefin, wherein the surface of an innermost thermoplastic porous
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1

absorbing layer of said at least one porous absorbing layer is adjacent to food

to- be enclosed therein, said thermoplastic porous absorbing layer further
comprising a£ least 5 weight-% of a (co)polyamide based on the weight of the
thermoplastic polymer material used for forming said at least one
thermoplastic porous absorbing layer, wherein the at least one thermoplastic

porous absorbing layer comprises a filler in an amount of 0.1 to 15 welght-%.

3. The multi-layered (co)extruded thermoplastic food casing
according to claim 1, which is a seamless, tubular multi-layered coextruded
thermoplastic food casing comprising the thermoplastic polymer material in
said at least one thermoplastic_ i)orous absorbing layer in a weight ratio of at
least 55 weight-% based on the weight of the thermoplastic polymer material

used for forming said at least one thermoplastic porous absorbing layer.

4. The multi-layered (co)extruded thermoplastic food casing
according to claim 1, wherein the average layer thickness of said at least one
poTous abso'rbing layer in said areas having a reduced average layer thickness
is reduced by 10 to 90 um and 35 to 75%, preferably by 15 to 60 ym and 40

to 70%, compared to said areas having a non-reduced average layer thickness.

5. The multi-layered (co)extruded thermoplastic food casing
according to claim 1, wherein the average layer thickness of said at least one
thermoplastic porous absorbing layer in areas having a non-reduced average
layer thickness is in a range of from 15 to 130 um, and wherein the average
layer thickness in areas having a reduced average layer thickness is lower by
& to 60 pm and is reduced by a range of from 55 to 70% compared to said
areas having a non-reduced average layer thickness of the at leasi one

thermoplastic porous absorbing layer.

6. The muIti-layéred (co)extruded thermoplastic food casing
according to claim 1, wherein the at least one thermoplastic polymer material
selected from the group consisting of (co)polyamides and (co)polyolefins, is
present in said at least one thermoplastic porous absorbing layer in a weight

ratio of at least 80 weight-%, based on the weight of the thermoplastic
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polymer material used for forming said at least one thermoplastic porous

absorbing layer.

7. The multi-layered (co)extruded thermoplastic food casing
according to claim 1, wherein the porosity of said at least one porous
absorbing layer has been generated by coextruding a polymer composition

comprising a supercritical pore-forming agent.

8. ‘The multi-layered (co)extruded thermoplastic food casing
according to claim 1, wherein the food casing is free of any non-supercritical

pore-forming agent.

9, The multi-layered (co)extruded thermoplastic food casing
according to claim 1, wherein as thermoplastic material a (co)polyamide is

used.

10. The multi-layered (co)extruded _thermoplastic food casing
according to claim 1, wherein said at least one thermoplastic porous

absorbing layer is free of any liquid pore-forming agent.

I11. A method for producing a multi-layered (co)extruded
thermoplastic food casing as defined in claim 1, comprising a step of
subjecting the (co)extruded casing to a mechanical and/or thermal treatment
SO as to create in the said at least one porous absorbing layer a patterned
retaining capacity, followed by a coating step and an optional drying step and
an optional subsequent reversing step of turning the casing inside out if the at

least one porous absorbing layer had been on the outside.

12, The method for producing a multi-layered (co)extruded
thermoplastic food casing according to claim 11, further comprising a step of
subjecting the coextruded or laminated casing in the state of a flat film to at
least one inechanical and/or thermal treatment so as to create on 1ts at least
one porous absorbing layer a patterned retaining capacity, coating this food

contact side with a functional additive followed by an optional drying step
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and a subsequent sealing step to create a tubular casing with the coated

functional additive inside.

13. The method for preparing a multi-layered (co)extruded
thermoplastic food casing according to claim 11, further comprising an
embossing step, which takes place in the thermoplastic state of the material of
the food contact layer to create a textured surface on the food contact surface

of the (co)extruded thermoplastic food casing.

14 The method for preparing a multi-layered (co)extruded
thermopla:stic food casing according to claim 11, further comprising the step
of subjecting the multi-layered (co)extruded thermoplastic food casing to a
mono-axial or bi-axial orientation treatment prior to a step of forming a

textured surface on the food casing.
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Abstract

[00272]The p}esent invention provides a multi-layered coextruded thermoplastic
food casing comprising: at least one thermoplastic porous absorbing layer; and at least one
layer having a barrier effect for water vapor and/or oxygen, wherein the at least one layer
having a barrier efféct for water vapor and/or oxygen has an average layer thickness in a
range of from 5 to 60 um over the entire surface area, wherein the at least one thermoplastic
porous absorbing layer comprises as a main component at least one thermoplastic polymer
matenal selected from the group consisting of (co)polyamides and (co)polyolefins, wherein
the at least one thermoplastic porous absorbing layer comprises areas having a reduced
average layer thickness and areas having a non-reduced average layer
thickness, wherein the average layer thickness of the at least one
thermoplastic porous absorbing layer in areas having a non-reduced average
layer thickness is in a range of from 10 1o 200 um, wherein the average layer
thickness in areas having a reduced average layer thickness is lower by 7 to
140 um and is reduced by a range of from 30 to 85% compared to the areas
having a non-reduced average layer thickness of the at least one thermoplastic
porous absorbing layer, and wherein both areas having a reduced average
layer thickness and a non-reduced average layer thickness comprise pores

which are able to absorb a functional additive.
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Attorney Docket Number | DRSH019-US ‘
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | TEXTURED POROUS BARRIER TRANSFER CASING

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Gffice in electronic Tormat using the Elecironic Filing System (EFS) or the ‘
document may be printed and included in a paper filed application.

| Secrecy Order 37 CFR 5.2; |

O Portions or all of the a'pplication associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) ‘
Inventor Information:
Inventor {1 Remove ‘
Legal Name
'_ Prefix| Given Name Middle Name Family Name Suffix
~|[ JFrank Raue | I
3| Residence Information (Select One) US Residency ¢ Non US Residency Active US Military Service
fcity ('@ruhe T I Country of Residence ! ,EE T 31 !
Mailing Address of Inventor: |
i ‘ Address 1 ' lauprechtstr. 19
| Address 2
City risruhe State/Province | [
¥ Postal Code | fre137 Countryi | PE
| Inventor 2
4 Legal Name
1 [ Prefix| Given Name ‘| Middie Name Family Name Suffix
; v Heremey _ Hinkle ]
§ Residence Information (Select One) e US Residency (O Non US Residency Active US Military Service
City | Blue Earth State/Province N Country of Residencd | s
]
PMailing Address of Inventor:
| § Address 1 8465 125th St,
B Address 2
City Blue Earth State/Province | h/lN
Postal Code 56013 Countryi l }JS
All Inventors Must Be Listed - Additional Inventor Information blocks may be
] : generated within this form by selecting the Add button.
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Application Data Sheet 37 CFR 1.76

Title of Invention | TEXTURED POROUS BARRIER TRANSFER CASING

Enter either Customer Number or complete the Correspondence Information section below. |
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number . 4222 i
| Email Address patents@mer-ip.com | AddEmail |  [Remove Emall
‘ . |
~ § Application Information: i
| Title of the | nvention EXTURED POROUS BARRIER TRANSFER CASING i
Attorney Docket Number| [DRSH019-US Small Entity Status Claimed [ ] :
| Application Type onprovisional - !
Subject Matter Lility _ -
| Total Number of Drawing Sheets (if any) 1 Suggested Figure for Publication (if any) | 1

Filing By Reference: |

FOnly complete this section when filing an application by reference under 35 US.C. 1 11(c}and 37 CFR 1.57(a). Do not complete this section if ‘
application papers including a specification and any drawings are being filed, Any domestic benefit or foreign priority information must be u
provided in the appropriate section(s) helow {i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority information®).

: For the purposes of a filing date under 37 CFR 1.53{b), the description and any drawings of the present application are replaced by this 'l
freference to the previously filed application, subject to conditions and requirements of 37 CFR 1 57{a).

) 3 Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country o |
. filed application

" § Publication Information:
; | [ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

33 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the

subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

[Representative information should be provided for all pracfitioners having a power of attorney in the application. Providing
g s information in the Application Data Sheet does not constitute & power of attorney in the application (see 37 CFR 1.32).
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to a callection of informaticn unless it contains a valid OMB control number.

Attorney Docket Number | DRSHO019-US
Application Number

Under the Paperwork Reduction Act of 1995, no persons are required to respond

Application Data Sheet 37 CFR 1.76

Title of Invention | TEXTURED POROUS BARRIER TRANSFER CASING

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 US.C. 119(e), 120, 121, 365(c), or 386(c) or indicate

National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 11%(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status -

. _ Filing or 371(c) Date
Application Number - Continuity Type Prior Application Number (YYYY-MM-DD)

v

Additional Domestic Benefit/National Stage Data may be generated within this form
. Add
l by selecting the Add button.

!Foreign Priority Information:

¥ [This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet |
 (constitutes the clairn for priority as required by 35 U.S.C. 1 19(b) and 37 CFR 1.55. When priority is claimed to a foreign appiication g
that is eligible for retrieval under the priority document exchange program (PD)()I the information will be used by the Office to
automatically attempt refrieval pursuant fo 37 CFR 1.55(i){1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)

¥} Additional Foreign Priority Data may be generated within this form by selecting the
Add button. :

\ 5.; Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
“JApplications

s
1

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March .
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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. Attorney Docket Number | DRSH019-US
Application Data Sheet 37 CFR 1.76

Application Number

| Title of Invention | TEXTURED POROUS BARRIER TRANSFER CASING

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see

paragraph A in subsection 1 below) and the European Patent Office {(EPO) access to any search results from the instant
application (see paragraph B in subsection 1 belaw).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or bath in subsection 2 bejow.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

{A. Priority Document Exchange (PDX]} - Unless box A in subsection 2 (opt-out of authorization) is checked, the
jundersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office

{JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign inteilectual property office

l varticipating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the

linstant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search

_results from the instant patent application when a European patent application claiming priority to the instant patent
applicaﬁon is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPQO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a

opy of search results from the instant application without delay in a European patent application that claims priority to
he instant application. '

|2 Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)
A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant

| | application-as-filed. if this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to fransmit to the EPO any search results from the instant patent

application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
Bpplication in accordance with 37 CFR 1.14.
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Attorney Docket Number | DRSH019-US
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | TEXTURED POROUS BARRIER TRANSFER CASING

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assig_nment recorded by the Office.

Applicant ]1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 GFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the maiter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are aiso the applicant should be

identified in this section.

@ Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor: F

If the Applicant is an Organization check here. X

Organization Name l\flscofan SA

Mailing Address Information For Applicant:

Address 1 Berroa no 15 4a planta

Address 2 Poligoni Industrial Berroa

'City ajonar, Navarra State/Province

Countr)) L .Pastal Code 31192
Phone Number Fax Number

Email Address

3| Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does hot substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Assignee [

Compilete this section if assignee information, including hon-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.

Prefix " Given Name Middle Name Family Name

=
L d

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1
Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button,

ubsection 2 of the “Authorization or Opt
Iso be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
ntity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
atent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
ower of attormey (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

yMatthew J. Curran, Reg. No. 71,094/ Date (YYYY-MM-DD)| 2018-08-06
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Privacy Act Statement

The Privacy Act of 1974 (PL.93-5 79) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 US.C. 2(b)(2);: (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent 2nd Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 US.C. 552) and the Privacy
Act (5U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of

Information Act requires disclosure of thase records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations,

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the indiviclual has requested assistance from the Member with respect to the subject matter of the record,

4. Arecordin this systemn of records may be disdosed, as a routine use, to 2 contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intel lectual Property Organization, pursuant to the Patent CooperationTreaty.

6. Arecordin this system of records may be disclosed, as a routine use, to znother federal agency for purposes of National Security review (35 L.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(d)). :

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practicas and
programs, under authority of 44 U.5.C. 2904 and 2506. Such disclosure shail be made in accordance with the GSA regulations governing inspection of

" Tecords for this purpose, and any other relevant {i.e, GSA or Commerce) directive. Such disdlosure shall not be used to make determinations about
individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 US.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclosad, subjact ta the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a viclation or potential violation of law or reguiation,
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