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Abstract:

The invention relates to a biaxial stretch tubular film with five layers and which may be
shrunk and sealed, for the packaging and covering of meat, meat with bones or paste-like
foodstuffs and use thereof. Said tubular film comprises an inner layer made from a hot-
sealing polyolefin and/or modified polyolefin, a core layer made from polyolefin and an
outer layer made from at least one polyamide, whereby a further layer made from poly-

olefin and/or modified polyolefin 1s arranged between the inner layer and the core

layer and between the core layer and the outer layer.
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BIAXIAL STRETCH TUBULAR FILM WITH FIVE LAYERS FOR THE
PACKAGING AND COVERING OF MEAT WITH OR WITHOUT
BONES OR PASTE-LIKE FOODSTUFFS AND USE THEREOF

The invention relates to a biaxially oriented, at least five-layered, shrinkable and sealable
tubular film and to its use for the packaging and wrapping of meat, which may include

bones, and for pasty foodstuffs.

Packaging envelopes for meat with bones (bags usually consisting of a tubular film
sealed by the manufacturer at one end with a transversal seal seam) not only must be 1m-
permeable to oxygen and water vapor, so as to prevent spoiling or drying of the pack-
aged items, but are also required to withstand high mechanical stress during filling and
further steps of packaging following sealing of the bag, such as shrinking the envelope
onto the packaged items by heating, and during storage and shipping. In particular, there
is a risk of sharp bones piercing through the packaging envelope. Therefore, 1n addition
to any other properties important to packaging envelopes for meat, such meat packagings
must have good sealability, with absolute tightness of the seal seam even under load, as

well as high puncture resistance.

A bag arrangement for packaging meat with bones, consisting of shrinkable and heat-
sealable film wrappings, has already been described 1n US 6,004,599. To increase the
puncture resistance, two engaging bags are used, each one consisting of a three-layered
film. During use, the meat with bones, which is to be packaged, 1s successively packed 1n
two bags, so that the double wall thickness of one single bag 1s available to increase the
puncture resistance to protruding bones. The two bags are sealed at their bottoms, the
seal seam of the inner bag being provided with interruptions so as to allow removal of air
from the inner bag during final evacuation before sealing the outer bag which 1s longer

than the inner bag. However, this solution 1s cumbersome and costly.

CA 2,230,820 describes a puncture-resistant film bag produced from flat films sealed

one on top of the other, which bag is used for packaging bony meat and includes areas
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having a seven-layered film structure. The seven-layered film areas have a polyethylene
as outer heat-sealable layer, produced using e.g. a metallocene catalyst, followed by an
intermediate layer of polyamide, e.g. PA6/66, coated by means of a polyolefin-based ad-
hesion-promoting layer, said intermediate layer being followed by a core layer serving as
oxygen barrier and consisting of e.g. EVOH (ethylene-vinyl alcohol), followed by an-
other intermediate layer made of polyamide as above, and polyethylene as inner, heat-
sealable layer, produced using e.g. a metallocene catalyst, which 1s joined with the poly-
amide layer via a polyolefin-based adhesion-promoting layer. In this structure, the inner
and outer layers are used for heat-sealing and as a moisture protection for the core layer,
conferring stability to the overall structure. Likewise, the intermediate layers of polyam-
ide enclosing the core layer confer stability to the film, namely, puncture resistance, as
well as heat resistance. The film bag, which can be used for packaging meat with bones,
consists of two film sections made of a seven-layered film and placed one on top of the
other, which sections may merge at one of their contact edges, being joined with each
other at two other contact edges by heat sealing. The non-joined edges of said seven-
layered film sections lying one on top of the other form an opening extended by attached
thinner, three-layered film sections. The three-layered film sections are joined by heat

sealing to form a tube open at both ends, or joined with the opening of the seal-joined

seven-layered film sections to form a continuous film bag.

After filling the bag with the items to be packaged, the bag 1s sealed by sealing the thin,
i.e. three-layered film sections one on top of the other, the seven-layered film sections
being intended to form the puncture-resistant region of the bag. The above state of the art
not only suffers from the disadvantage of a complex process to produce the sealable bag
by sealing several film sections of different structure and different thickness one on top

of the other, but also fails to achieve the combination of a puncture-resistant film tube

with high seal seam strength. That 1s, sealing of the above film bag 1s effected in the re-
gion of the three-layered and thin-walled film sections formed adjacent to the puncture-
resistant seven-layered section of the film bag intended to receive the meat with bones.
Rather, such a film bag results in separation of the properties of puncture resistance -
provided by the seven-layered film - and sealing of the bag, namely, at the attached

three-layered thinner film sections.
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EP 0 987 103 Al discloses flat films of a symmetrical structure made up of five layers in
total in such a way that a core layer is enclosed on both sides by an adjacent layer which
in turn has identical polymers coated thereon as outer layers. Polyamide and polyamide
blends, e.g. polyamides based on hexamethylenediamine, m-xylylenediamine, sebacic
acid and adipic acid or blends with ethylene-vinyl alcohol copolymer, are used as core
layer. The layers enclosing the core layer consist of anhydride-grafted polyolefin,

namely, butene-based linear low-density polyethylene.

DE 43 39 337 Al discloses a five-layered, biaxially oriented tubular film for packaging
and wrapping pasty foodstuffs, e.g. sausages. In this tubular film, a core layer of polyole-
fin is surrounded on both sides by intermediate layers made of the same material, which
layers in turn are coated on both sides with an inner or outer layer made of the same
polyamide material. The inner and outer layers consist of at least one aliphatic polyamide
and/or at least one aliphatic copolyamide and at least one partially aromatic polyamide
and/or at least one partially aromatic copolyamide, the amount of partially aromatic
polyamide and/or copolyamide being from 5 to 60 wt.-%, relative to the total weight of
the polymer blend of partially aromatic and aliphatic polyamides and copolyamides.
Such a tubular film, produced by coextrusion, is provided with controlled shrinkability
by biaxial stretching and heat-setting. This structure is particularly suitable for wrapping
sausage, because the inner polyamide layer has good sausage meat adherence, the core
layer of polyolefin forms a water vapor barrier, and the outer polyamide layer both medi-
ates structural stability and represents an oxygen barrier separated from the packaged
item by the core layer in a moisture-proof fashion. On the one hand, the polyamide nner
layer is particularly advantageous as a result of its good sausage meat adherence and, on
the other hand, because the inner layer provides a joint of high seal seam strength upon
thermal fusion. To seal such a film, the sealing bar must be adjusted to a temperature of

at least 140°C as so-called sealing temperature.

More specifically, the tubular films described so far have disadvantageous technological
properties in that their strength is not sufficient to avoid piercing thereof by bones con-
tained therein together with meat. When packaging meat with bones there 1s a risk of
protruding bones piercing through the packaging film during or after shrinking the pack-

aging film onto the packaged item, e.g. by applying a vacuum to the tubular film. With
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bags produced using such tubular films, the strength of the seal seam is a crucial issue.
For example, when a piece of ham or meat drops out of a spout and into a bag made of a
plastic film and sealed at its bottom by a heat-seal seam, considerable strain - depending
on the weight - anises due to the product to be packaged dropping into the bag, possibly
giving rise to tearing of the heat-seal seam and complete opening of the bag at the bot-
tom thereof. Also, the heat-seal seam 1s exposed to extreme stress during subsequent
vacuum treatment and shrinking of the bags. Likewise, shipment and storage of the filled
bags involve high demands on the puncture resistance of the film and on the seal seam
strength. When using such tubular films, a general issue is to make sure that the tubular
films would be sealable by heat sealing in a simple manner, so that high seal seam
strength 1s achieved even 1n those cases where sealing must be effected through residues

of the items to be packaged, such as meat fibers, fat, water, blood, or skin residues.

Increased puncture resistance of film wrappings used to package meat with bones has

been disclosed in the following papers:

From AU 199938013 Al, a bag for packaging meat with bones 1s known, which is said
to have 1improved puncture resistance. This bag consists of a three-layered film, the sur-
face of which 1s partially covered with an additionally applied piece of film. The film
material of the actual bag has a three-layered structure consisting of an inner heat-
sealable layer, an outer wear layer, as well as a core layer serving as barrier layer. The
barrier layer prevents permeation of oxygen and i1s made of e.g. EVOH or vinylidene
chloride copolymers (VDC) and VDC-vinyl chloride or VDC-methyl acrylate or a blend
thereof. The sealable mner layer consists of a blend of a copolymer of ethylene with
Cs-Cyo a-olefins as a first component with a melting point of from 55 to 90°C, e.g. poly-
ethylene produced using metallocene catalysts. In addition, an ethylene-a-olefin polymer
with a melting point of from 90 to 100°C, e.g. another polyethylene produced using a
metallocene catalyst, as well as another thermoplastic copolymer of ethylene and at least
one oc-olefin with a melting point of from 115 to 130°C are included as further compo-
nents of the inner layer. Additional polymers, especially ethylene-vinyl acetate copoly-
mer (EVA), are mentioned as further possible component of the inner layer. The wear

layer also consists of a mixture of non-functionalized polyolefins, such as low-density

polyethylene in mixture with EVA. The film section attached on the outside in a particu-
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lar area, which increases the puncture resistance in the particular area, essentially con-
sists of a low-melting polyolefin, e.g. polyethylene, a low-density polyethylene produced

using a metallocene catalyst, and another low-density polyethylene.

The tubular film in accordance with AU 199938013 Al suffers from the drawback that a
piece of meat with bones, which is to be packaged, must be oriented such that the bones
are directed towards the film section attached in a particular area, so as to prevent pierc-
ing of the non-reinforced area of the tubular film. Furthermore, the sealability is impaired

in those areas where the additionally applied film section increases the thickness of the

tubular film, because the heat transfer in this region has been changed as a result of the

additionally applied piece of film.

The application PCT/EP01/01066 published as/(WO'02/060265):, describes a multilayered,
preferably five-layered, biaxially shrinkably stretcned, sealable tubular film for packag-

ing and wrapping meat, meat with bones and pasty foodstuffs, which film has increased
seal seam strength even at low sealing temperatures, as well as high puncture resistance.
This tubular film has an inner layer comprised of at least one copolyamide and at least
one amorphous polyamide and/or at least one homopolyamide and/or at least one modi-
fied polyolefin, a middle polyolefin layer, as well as an outer layer comprised of at least
one homopolyamide and/or at least one copolyamide and/or at least one copolymer of
ethylene-vinyl alcohol and/or a modified polyolefin. Two intermediate layers are situated

between the inner layer and middle layer and between the middle layer and outer layer.

However, even the above sealable tubular film 1s found to require improvement. Namely,
it has been found that heat-sealing, especially at low temperatures, fails to work, 1.e. fails
to achieve a tight and mechanically tough seal seam in those cases where the inner layer
is soiled with adherent residues of blood, meat, skin and/or bone at positions which must

be heated for sealing.

The object of the present invention is therefore to provide a biaxially oriented, shrinkable
and sealable tubular film for packaging meat with bones which, in addition to low water

vapor and oxygen permeabilities, has high puncture resistance at lowest possible wall

thickness and also, good sealability. Good sealability implies the outstanding feature of
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achieving high seal seam strength at lowest possible sealing temperatures, even when
sealing 1s effected through soiled areas. Furthermore, a tubular film is to be provided
which exhibits the outstanding features of good imprintability of the outer surface, good

extrudability and easy opening of the folded film tube.

Although sealability of polyolefins has been known for quite some time, meat packages
including bones obviously have been considered to necessarily require designing the ac-
tual packaging envelopes by special means, such as reinforcing films or double wrap-
pings, m order to guarantee or ensure the required puncture resistance to protruding
bones. To date, no one had ever envisaged the use of "normal" packaging envelopes for
meat packages including bones, neither in case of multilayered ones, not to mention the
problem of seal seam tightness in case of soiling. With the tubular film according to the
Invention, it is possible to combine a comparably thin film with high seal seam tightness,

with no additional, complex reinforcing elements.

According to the mvention, said object 1s accomplished by means of an at least five-layered,
biaxially oriented, shrinkable and sealable tubular film, the inner layer of which consists of
polyolefin and/or modified polyolefin. Said polyolefins are homopolymers of ethylene or
propylene and/or copolymers of linear a-olefins having 2 to 8 C atoms. Modified
polyolefins are copolymers of ethylene or propylene and optionally further linear a-olefins
having 3 to 8 C atoms with o,3-unsaturated carboxylic acids, preferably acrylic acid,
methacrylic acid and/or metal salts thereof and/or alkyl esters thereof, and/or graft
copolymers of a,B-unsaturated dicarboxylic acids, preferably maleic acid, fumaric acid,
itaconic acid, and anhydrides, esters, amides or imides thereof on polyolefins or polyolefin
copolymers. Said polyolefins and/or modified polyolefins are remarkable for their melting
temperatures of about 70 to 130°C, melt index of about 0.2 to 15 g/10 min (ISO 1133) and
density of about 0.86 to 0.98 g/cm’ (ISO 1183). The inner layer preferably consists of a
polyethylene produced using a metallocene catalyst. The core layer consists of polyethylene
or polypropylene and/or copolymers of linear a-olefins having 2 to 8 C atoms, preferably of
linear low-density polyethylene, high-density polyethylene, polypropylene homopolymer,
polypropylene block copolymer and polypropylene random copolymer. The inner layer has
a wall thickness between 5 and 20 um, and the core layer between 5 and 30 um. The outer

layer consists of at least one polyamide, preferably an aliphatic polyamide. Suitable homo-
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and copolyarmdes are well-known and can be produced from the corresponding monomers,
such as caprolactam, laurinlactam, w-aminoundecanoic acid, adipic acid, azelaic acid,
sebacic acid, decanedicarboxylic acid, dodecanedicarboxylic acid, terephthalic acid, iso-
phthalic acid, tetramethylenediamine, pentamethylenediamine, hexamethylenediamine,

octamethylenediamine, and xylylenediamine. The outer layer has a wall thickness between
10 and 55 pum.

Between the inner layer and the core layer, on the one hand, and between the core layer and
the outer layer, on the other hand, an additional layer is arranged in each case, which
consists of polyolefin and/or modified polyolefin. The polyolefins of each intermediate
layer are homopolymers of ethylene or propylene and/or copolymers of linear a-olefins
having 2 to 8 C atoms, e.g. linear low-density polyethylene, high-density polyethylene,
polypropylene homopolymer, polypropylene block copolymer and polypropylene random
copolymer. Modified polyolefins are copolymers of ethylene or propylene and optionally
further hinear a-olefins having 3 to 8 C atoms with o,B-unsaturated carboxylic acids,
preferably acrylic acid, methacrylic acid and/or metal salts thereof and/or alkyl esters
thereof, or approprnate graft copolymers of the above-mentioned monomers on polyolefins
or partially saponified ethylene-vinyl acetate copolymers which are optionally grafi-
polymerized with an a,B-unsaturated carboxylic acid and have a low saponification level, or
mixtures thereof. Furthermore, the modified polyolefins can be modified homo- or
copolymers of ethylene and/or propylene and optionally other linear a-olefins having 3 to 8
C atoms, which have monomers from the group of a,B-unsaturated dicarboxylic acids,
preferably maleic acid, fumaric acid, itaconic acid, or anhydrides, esters, amides or imides

thereof grafted thereon. The intermediate layers have a wall thickness between 3 and

25 um.

The 1nner layer preferably consists of LDPE with a high proportion of linear structures. For
example, these are low-density polyethylenes produced using a metallocene catalyst. These
LLDPEs are also referred to as metallocene LLDPEs or mLLDPEs.

In addition, conventional auxiliary agents such as anti-blocking agents, stabilizers, anti-

static agents or lubricants can be included in the tubular films. Such auxiliary agents are
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normally added 1in amounts of from 0.01 to 5 wt.-%. Furthermore, the film can be col-

ored by adding pigments or pigment mixtures.

The tubular films according to the invention are produced by coextrusion wherein the
material of each layer is plastified and homogenized in one single extruder, so that at
least five extruders in total are required in case of different layers. The primary tube is
formed by a five-layer extrusion head supplied separately with five streams of melt,
namely, in accordance with the desired layer thickness ratio. The primary tube is subse-
quently subjected to biaxial stretching and optional heat-setting. Heat-setting is a treat-

ment following stretching, thereby stabilizing the molecular orientation achieved during

stretching.

The tubular films of the invention have an overall wall thickness of from 30 to 100 um,

preferably from 40 to 90 um.

The mvention will be 1llustrated by way of examples:

The mechanical and technological properties of the tubular films according to the inven-
tion were determined with respect to seal seam strength and damaging energy, using a
penetration test. The relative damaging energy 1s the quotient of damaging energy and

wall thickness.

To determine the seal seam strength, each tubular film was welded inside at a right angle
to the machine direction, using an SGPE 20 laboratory welding apparatus from W. Kopp
Verpackungsmaschinen. The temperature of the sealing bar was 100 to 140°C and the
time of sealing 1 s. Strips 25 mm 1n width were taken from the welded tubular films in
such a way that the weld seam was at a right angle to the length of the strip. The strip
samples were stretched on a tensile testing machine from Instron Company at a stretch-
ing rate of 500 mm/min until breaking of the weld seam occurred. The resulting maxi-

mum force will be referred to as seal seam strength.

To determine the influence of soiling on the inside of the tubular film on the seal seam

strength, fresh beef was cut into slices, placed in the tubular film, and pressed manually
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on the two opposite inner surfaces of the tubular film for a few seconds. A new slice of
beef cut immediately prior to placing 1n the tubular film was used in each test. The piece

of meat was subsequently removed, and heat-sealing was performed.

The damaging energy was determined following DIN 53 373, but deviating from that, a
hardened cylindrical form A pin 3 mm in diameter, according to DIN EN 28 734, was
used as impact body and the testing rate was 500 mm/min.

Example 1:

A five-layered tubular film according to the invention was produced by plastifying and
homogenizing the individual polymers of the different layers in five extruders. Accord-
ing to the desired single wall thickness ratios, the five melt streams were fed into a five-
layer extrusion head and formed into a primary tube. The primary tube had a diameter of
66 mm and a mean overall wall thickness of 0.62 mm. This primary tube was subse-
quently subjected to biaxial stretching and heat-setting. For stretching, the primary tube
was heated to 111°C using infrared radiation and stretched at a surface stretch ratio of
9.7. The biaxially stretched tube was heat-set, flattened, and wound up. The mean overall
wall thickness of the tube was 70 um, and the flat width was 350 mm.

The layers of the five-layered film tube thus produced had the following polymers with

single wall thicknesses as indicated:

1. Outer layer: Polyamide 6/66, Ultramid C 35 from BASF AG, 40 um

2. Intermediate layer: Modified polyethylene, Admer’NF 478 E from Mitsui
Chemicals Inc., 6 um

3. Core layer: Polyethylene (LLDPE), Dowlex 2049E from DOW
Chemical Company, 12 um

Modified polyethylene, Surlyd%1652 from DuPont de
Nemours GmbH, 6 um

5. Inner layer: Polyethylene (nLLDPE), Luflexen 18PFFX from Basell
Company, 6 um

4. Intermediate layer:

* Trade-Mark
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Luflexen 18PFFX has the following properties:
Density 0.921 g/cm’

Melt index 1.0 g/10 min

Melting point 118°C

The determined seal seam strengths were as follows:

Sealing temperature | Seal seam strength | Seal seam strength

No soiling With soiling
(N/25 mm)

140 109
120
TR B B

The damaging energy was 840 mJ, and the relative damaging energy was 11.0 J/mm.

Example 2:

A five-layered film tube was produced by plastifying and homogenizing the mndividual
polymers for the different layers in five extruders. According to the desired single wall
thickness ratios, the five melt streams were fed into a five-layer extrusion head, formed
into a primary tube, and subjected to biaxial stretching and heat-setting. The primary
tube initially produced had a diameter of 66 mm and a mean overall wall thickness of
0.63 mm. It was heated to 113°C using infrared radiation and stretched at a surface
stretch ratio of 9.6. The biaxially stretched tube was heat-set, flattened, and wound up.

The mean overall wall thickness of the tube was 70 um, and the flat width was 352 mm.

The layers of the final tube consist of the following polymers with single wall thick-

nesses as indicated:
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Polyamide 6, Durethart B4OF from Bayer AG, 30 um
Modified polyethylene, Surlyn 1652 from DuPont
de Nemours GmbH, 7 um
Polyethylene (LDPE), Lupolen 1804 H from Basell
Company, 15 pm
Modified polyethylene (EAA), Primarcor*1320 from Dow
Chemical, 7 um |
de Nemours GmbH, 11

Surlyn 1705 has the following properties:
Density 0.95 g/cm’

Melt index 5.5 g/10 min

Melting point 87°C

The following seal seam strengths were determined:

Sealing temperature | Seal seam strength | Seal seam strength
(°C) No soiling With soiling
(N/25 mm)

The damaging energy was 720 mJ, and the relative damaging energy was 10.3 J/mm.

Comparative Example 1:

A five-layered tubular film was produced as in Example 2, in which case the outer layer,
core layer and intermediate layers were identical, but the mner layer contained a large

amount of polyamide.

The layers of the final tube have the following polymers, with single wall thicknesses as

indicated;

* Trade-Mark .

[ A U
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1. Outer layer: Polyamide 6, Durethan B40F from Bayer AG, 30 um

2. Intermediate layer: Modified polyethylene, Surlyn 1652 from DuPont
de Nemours GmbH, 7 um

3. Core layer: Polyethylene (LDPE), Lupolen 1804 H from Basell
Compan

4, Intermediate layer: Modified polyethylene (EAA), Primarcor 1320 from Dow
Chemuical, 7 pm
5. Inner layer: Blend of 90% polyamide 6/12, Grilon CF6S from EMS-

Chemie with 10% ionomer resin, Surlyn 1652 from Du-
The determined seal seam strengths were:

Pont de Nemours GmbH, 11

Sealing temperature | Seal seam strength | Seal seam strength

With soiling
(N/25 mm)

No soiling

The damaging energy was 630 mJ, and the relative damaging energy was 9.0 J/mm.
Comparative Example 2:

Commercially available Boneguard*bags, Cryovae*TBG from Sealed Air Corporation,
are an example of bags for packing meat with bones according to the prior art. For rein-
forcement, these bags are provided with a reinforcing film on both outer surfaces, which
has a wall thickness of 130 um and is applied by means of adhesion. The bag material it-
self has a wall thickness of only 60 um, resulting in an overall thickness of 190 um in
that area which has the reinforcement film adhered thereon. The penetration test to de-

termine the damaging energy was effected in this area.

The seal seam was placed in the area having no additional reinforcing film on the bag,

and the following values were determined:

* Trade-Mark
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Sealing temperature | Seal seam strength Seal seam strength
(°C) No soiling With soiling
(N/25 mm) (N/25 mm)
140 36 16
120 35 9
| 100 20 0

The damaging energy was 710 mJ, and the relative damaging energy was 3.7 J/mm.

Even at a sealing temperature of only 100°C, the inventive tubular films according to
Example 1 and Example 2 afford high seal seam strengths of 90 and 46 N/25 mm, re-
spectively, in the absence of soiling, while the film of Comparative Example 1 could not
be sealed at this temperature, and the film according to Comparative Example 2 achieved
a seal seam strength of only 20 N/25 mm. When sealing at 100°C through a soiled area,
seal seam strengths of 8 and 11 N/25 mm, respectively, which 1s acceptable for practical
use, can only be achieved by the tubular films according to the invention, while the tubu-

lar films of both comparative examples could no longer be welded at this temperature.

In conclusion, the examples demonstrate that a combination of good puncture resistance
and good sealability or weldability, in the presence or absence of soiling, exists only in
the tubular films according to the invention, which can also be seen 1n a relative damag-

ing energy of more than 10 J/mm and a high seal seam strength at sealing temperatures
of only 100 and 120°C.
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CLAIMS

1. An at least five-layered, biaxially oriented, shrinkable and sealable tubular film for

packaging and wrapping meat, meat with bones, or pasty foodstuffs, wherein the

tubular film consists of:

(a) an inner layer of at least one heat-sealable polyolefin and/or modified

polyolefin,
(b) a core layer of polyolefin,
(c) an outer layer of at least one polyamide, and

(d) two intermediate layers arranged between the inner layer and the core

layer and between the core layer and the outer layer, respectively.

2. The tubular film according to claim 1, wherein the inner layer consists of

homopolymers of ethylene or propylene and/or copolymers of linear a-olefins

having 2 to 8 C atoms.

3. The tubular film according to claim 2, wherein the polyolefins of the inner layer
consist of linear low-density polyethylene, high-density polyethylene,
polypropylene homopolymers, polypropylene block copolymers or polypropylene

random copolymers.

4, The tubular film according to claim 3, wherein the inner layer consists of at least

one polyethylene produced using a metallocene catalyst.

5. The tubular film according to claim 1, wherein the inner layer comprises modified

polyolefins, said modified polyolefins being:
(a) copolymers of (1) ethylene, propylene or further linear a-olefins having 3 to

8 C atoms with (i1) o, B-unsaturated carboxylic acids, metal salts or alkyl esters of

said a, B-unsaturated carboxylic acids, and/or

(b)  graft copolymers of a, B-unsaturated dicarboxylic acids, or anhydrides,

esters, amides or imides of said a, B-unsaturated dicarboxylic acids, on polyolefins

or polyolefin copolymers.
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The tubular film according to claim 5, wherein the a, P-unsaturated carboxylic

acids consist of acrylic acid or methacrylic acid.

The tubular film according to claim 5 or 6, wherein the «, P-unsaturated

dicarboxylic acids consist of maleic acid, fumaric acid or i1taconic acid.

The tubular film according to claim 1, wherein the inner layer consists of a
polyolefin and/or modified polyolefin with a melting point of 70-130°C, a density
of 0.86-0.98 g/cm’ and a melt index of 0.2-15 g/10 min.

The tubular film according to any one of claims 1 to 8, wherein the core layer

consists of homopolymers of ethylene or propylene and/or copolymers of linear a-

olefins having 2 to 8 C atoms.

The tubular film according to claim 7, wherein the polyolefins of the core layer
consist of linear low-density polyethylene, high-density poly-ethylene,
polypropylene homopolymers, polypropylene block copolymers or polypropylene

random copolymers.

The tubular film according to any one of claims 1 to 10, wherein the intermediate

layers consist of polyolefins and/or modified polyolefins.

The tubular film according to claim 11, wherein the polyolefins are homopolymers

of ethylene or propylene and/or copolymers of linear a-olefins having 2 to 8 C

atoms.

The tubular film according to claim 11, wherein the modified polyolefins are:

(a) copolymers of (i) ethylene, propylene or further linear a-olefins having 3 to
8 C atoms with (i1) a, B-unsaturated carboxylic acids, metal salts or alkyl esters of

said a, 3-unsaturated carboxylic acids, and/or
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(b)  graft copolymers of a, B-unsaturated dicarboxylic acids, or anhydrides,
esters, amides or imides of said a, B-unsaturated dicarboxylic acids, on polyolefins

or polyoletin co-polymers.

The tubular film according to claim 13, wherein the a, B-unsaturated carboxylic

acids consist of acrylic acid or methacrylic acid.

The tubular film according to claim 13 or 14, wherein the a, B-unsaturated

dicarboxylic acids consist of maleic acid, fumaric acid or itaconic acid.

The tubular film according to any one of claims 1 to 15, wherein the outer layer
consists of a homopolyamide and/or copolyamide produced from caprolactam,
laurinlactam, w-aminoundecanoic acid, adipic acid, azelaic acid, sebacic acid,
decanedicarboxylic acid, dodecanedicarboxylic acid, terephthalic acid, isophthalic
acid, tetramethylenediamine, pentamethylenediamine, hexamethylenediamine,

octamethylenediamine, or xylylenediamine monomers, or combinations thereof.

The tubular film according to any one of claims 1 to 16, wherein the tubular film

has been subjected to coextrusion and biaxial stretching.

The tubular film according to any one of claims 1 to 17, wherein the tubular film

has been subjected to coextrusion, biaxial stretching and subsequent heat-setting.

The tubular film according to any one of claims 1 to 18, wherein the tubular film

has a wall thickness of from 30 to 100 um.

The tubular film according to any one of claims 1 to 18, wherein the tubular film
has a wall thickness of from 40 to 90 um.

Use of the tubular film according to any one of claims 1 to 20, for packaging and

wrapping meat, meat with bones, or pasty foodstuffs.
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A bag, wherein said bag 1s produced from a tubular film according to any one of

claims 1 to 20, by welding or sealing the inner layer on itself.

Use of the bag produced according to claim 22, for packaging and wrapping meat,

meat with bones, or pasty foodstuffs.
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