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ORIENTED, TUBULAR FILM AND HEAT 
SHRINKABLE, PEELABLE BAG FOR 

WACUUM SKIN PACKAGING 

BACKGROUND OF THE INVENTION 

The present invention relates to packaging for products, 
Such as food products, that are initially enclosed under 
certain environmental conditions in a gas-impermeable, 
heat-shrunk bag. The bag includes an outer, gas 
impermeable portion that peelably delaminates (i.e., delami 
nates upon peeling) to expose an inner, gas-permeable 
portion, thereby causing a change in the environmental 
conditions within the package. More Specifically, the inven 
tion relates to Such packaging for fresh red meat and poultry 
products. 

Historically, large Sub-primal cuts of meat have been 
butchered and packaged in each Supermarket. This arrange 
ment has long been recognized to be inefficient and expen 
Sive. It would instead be preferable to butcher and package 
the meat at a central processing facility which benefits from 
economies of Scale, and then ship the packaged meat to 
individual Supermarkets or other retail outlets Such as is 
done, for example, with many poultry products. It is 
believed that central processing of meat would also lead to 
a higher quality, more Sanitary product with a longer shelf 
life than meat which is butchered and packaged in individual 
Supermarkets. 

Fresh red meat presents a particular challenge to the 
concept of centralized processing and packaging due to its 
oxygen-Sensitivity. Such oxygen-Sensitivity is manifested in 
the shelf-life and appearance (color) of a packaged meat 
product. For example, while a low-oxygen packaging envi 
ronment generally increases the shelf-life of a packaged 
meat product (relative to meat products packaged in an 
environment having a higher oxygen content), red meat has 
a tendency to assume a purple color when packaged in the 
absence of oxygen or in an environment having a very low 
oxygen concentration, i.e., below about 5% oxygen. 
Unfortunately, Such a purple color is undesirable to most 
consumers, and marketing efforts to teach the consumer 
about the acceptability of the purple color have been largely 
ineffective. When meat is exposed to a sufficiently high 
concentration of oxygen, e.g., as found in air, it "re-blooms” 
to a bright red color which most consumers associate with 
freshness. After 1 to 3 days of Such exposure, however, meat 
assumes a brown color which, like the purple color, is 
undesirable to most consumers (and indicates that the meat 
is beginning to spoil). 

Thus, in order to effectively butcher and package meat 
products in a central facility for distribution to retail outlets, 
the meat would desirably be packaged, Shipped, and Stored 
in a low-oxygen environment for extended Shelf-life, and 
then displayed for consumer Sale in a relatively high-oxygen 
environment Such that the meat is caused to re-bloom to a 
red color just before being placed in a retail display case. 
While in the retail display case, the meat product is desirably 
contained in a package which protects it from microbial and 
other contamination. In order to attain the maximum eco 
nomic benefit from centralized packaging, the package in 
which the meat product is displayed for consumer Sale is the 
Same package in which the meat product is initially pack 
aged and shipped from the central processing facility. AS can 
be appreciated, centralized butchering and packaging of 
fresh red meat presents a number of difficult packaging 
challenges. 
A variety of packages have been developed in an effort to 

overcome the foregoing challenges. One class of Such pack 
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2 
ages is known as “vacuum skin packaging,” in which a 
product to be packaged has traditionally been placed on a 
Supporting member, Such as a rigid or Semi-rigid tray, and 
essentially serves as a mold for a thermoformable film which 
is formed about the product and adhered to the tray by means 
of heat and differential air pressure. Virtually all of the air is 
evacuated from the interior of the package So that the film 
conforms very closely to the contour of the packaged 
product (see, e.g., U.S. Pat. Nos. Re. 30,009 (Purdue et al.) 
and 5,346,735 (Logan et al.), the disclosures of which are 
hereby incorporated herein by reference). When used to 
package fresh red meat products, it is necessary for both the 
film formed around the product and the Support member to 
present a barrier to the passage of gases therethrough, 
particularly Oxygen Such as is found in air, which are 
detrimental to the shelf or storage life of fresh red meat. The 
thermoformed film generally includes both a gas-permeable 
film in contact with the product and a Substantially gas 
impermeable film which is peelably adhered to the gas 
permeable film So that the gas-impermeable film may be 
peelably removed from the gas-permeable film, thereby 
allowing the meat product to re-bloom to the customer 
preferred red color, e.g., at retail, while Still being protected 
from dust, dirt, and other contaminates by the remaining 
gas-permeable film. 
While traditional vacuum skin packaging as described 

above has proven to be advantageous for many packaging 
applications, difficulties in peeling the gas-impermeable film 
from the gas-permeable film can occur when the packaged 
meat product has a relatively high profile or is relatively 
bulky, Such as, e.g., fresh beef roasts, in comparison with 
Smaller cuts of meat Such as Steaks. For Such high-profile 
meat cuts, a different type of "re-bloomable' package has 
been developed in which the meat product is first placed into 
a gas-permeable pouch and then the interior of the pouch is 
evacuated and the pouch is Sealed closed. The Sealed gas 
permeable pouch with the meat product therein is next 
placed into an Outer, gas-impermeable pouch, and a Second 
Vacuum and Sealing Step is performed to enclose the gas 
permeable pouch within the gas-impermeable pouch. When 
it is desired to display the meat product for customer 
purchase at retail, the outer pouch is opened and the inner, 
gas-permeable pouch is placed in a display case after the 
meat product has re-bloomed (by virtue of oxygen contact 
with the meat via the gas-permeable inner pouch). While 
Such a package avoids the peeling difficulties attendant with 
Vacuum-skin packaging of high-profile meat cuts, other 
problems are encountered. It is desired for the inner pouch 
to be tightly contoured to the Surface of the meat product. 
This is both for aesthetic reasons and to minimize purge, i.e., 
unsightly juices from the meat which otherwise collect 
between the meat Surface and interior Surface of the inner 
pouch. It has been found, however, that the Second vacuum 
Step causes the inner pouch to assume a looser fit about the 
meat product, thereby allowing purge to accumulate 
between the meat product and pouch. Not only is Such a 
condition commercially unacceptable from an aesthetic 
Standpoint, but the amount of time that the meat product 
stayed in bloom was found to decrease from the normal 
three-day period to approximately one day. Moreover, from 
a packaging Standpoint, the two-step vacuum and Sealing 
operation is an unacceptably long and cumberSome process. 

Accordingly, there is a need in the art for a re-bloomable 
package for high-profile meat products which avoids the 
foregoing Shortcomings of coventional packages. 

SUMMARY OF THE INVENTION 

That need is met by the present invention, which provides 
a heat-shrinkable bag comprising a multilayer, coextruded, 
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oriented, tubular film, the film comprising an inner, gas 
permeable portion and an outer, Substantially gas 
impermeable portion peelably adhered to the inner portion at 
a peel force ranging from about 0.001 to about 2.5 pounds/ 
inch. The inner and outer portions of the film define an 
interface therebetween, and each of the inner and outer 
portions preferably include a layer disposed at the interface 
Selected to peelably Separate from one another when the bag 
is Subjected to a peel force that falls within the foregoing 
range. 

In accordance with another aspect of the invention, a 
package comprises a product enclosed in a heat-shrunk bag, 
the bag being formed from a multilayer, coextruded, 
oriented, tubular film as described above. 

In accordance with another aspect of the invention, a 
method for making a package comprises the Steps of 

a. providing a multilayer, coextruded, oriented, tubular 
film as described above and having two open ends, 

b. Sealing closed one of the two open ends of the tubular 
film to thereby form a bag; 

c. placing a product, Such as fresh red meat or poultry, into 
the bag, and 

d. Sealing closed the other open end of the tubular film to 
thereby enclose the product within the bag. Preferably, the 
bag is Subsequently heated Sufficiently to cause it to Shrink 
about the contour of the product. 
Where the product is a fresh red meat or poultry product, 

the inner portion of the package is preferably evacuated of 
air to enhance the shelf-life of the product. An advantageous 
feature of the invention is that, since the tubing from which 
the bag is formed comprises an outer, gas-impermeable 
portion that is integral with the inner, gas-permeable portion, 
only one evacuation Step is needed to remove air from within 
the package. This avoids the above-described difficulties of 
using a two-pouch packaging System that requires two 
Separate evacuation procedures. At the same time, Since the 
outer, gas-impermeable portion of the package is peelably 
removable from the inner, gas-permeable portion, a fresh red 
meat or poultry product can be displayed for consumer 
purchase while in a State of re-bloom by Simply removing 
the gas-impermeable portion. In this manner, the meat 
product can be shipped, Stored, and displayed in the same 
package without the need for repackaging. 

DEFINITIONS 

As used herein, the term “film” refers to a thermoplastic 
material, generally in sheet or web form, having one or more 
layers of polymeric or other materials which may be bonded 
together by any Suitable means well known in the art, e.g., 
coextrusion, lamination, etc. A film can be a monolayer film 
(having only one layer), or a multilayer film (having two or 
more layers), and is preferably Substantially transparent. 
As used herein, the term “layer” refers to a discrete film 

component which is coextensive with the film and has a 
Substantially uniform composition. In a monolayer film, the 
“film” and “layer” would be one and the same. 
AS used herein, the terms “extrusion,” “extrude,” and the 

like refer to the process of forming continuous shapes by 
forcing a molten plastic material through a die, followed by 
cooling or chemical hardening. Immediately prior to extru 
Sion through the die, the relatively high-Viscosity plastic 
(polymeric) material is fed into a rotating screw, which 
forces it through the die. The related terms “coextrusion,” 
“coextrude,” and the like refer herein to the process of 
extruding two or more materials through one or more dies 
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4 
with two or more orifices arranged So that at least a portion 
of the extrudates merge and weld together into a laminar 
Structure before chilling, i.e., quenching. The term “coex 
trusion' also includes “extrusion coating,” wherein one or 
more molten layers are extruded or coextruded through one 
or more dies onto a monolayer or multilayer film Substrate 
Such that the molten layerS melt-bond with the Substrate, i.e., 
without the use of an adhesive, to form a film having two or 
more layers. 
AS used herein, the term “tubular” refers to a film that is 

extruded through a die having an annular opening to form a 
plastic tube that is preferably inflated by internal preSSure 
exerted by air trapped within a portion of the tube by pinch 
rolls, the rolls then causing the tubing to collapse after it has 
cooled Sufficiently to allow it to Subsequently be re-opened, 
i.e., without the inner portion of the tube melt-bonding 
together. 
As used herein, the terms “heat-shrinkable,” “heat 

Shrink” and the like refer to the tendency of a film, generally 
an oriented film, to shrink upon the application of heat, i.e., 
to contract Such that the size (area) of Such film in an 
unrestrained State decreases or the tension of Such film in a 
restrained State increases. As a corollary, the term “heat 
shrunk” refers to a heat-shrinkable film, or a portion thereof, 
which has been exposed to heat such that the film or film 
portion is in a contracted State, i.e., reduced in size 
(unrestrained), or under increased tension (restrained). 
AS used herein, the term “oriented” or “stretch-oriented” 

refers to a film which has been stretched at an elevated 
temperature (the orientation temperature), followed by being 
“Set in the Stretched configuration by cooling the material 
while Substantially retaining the Stretched dimensions. A 
film can be stretched in one direction (uniaxial orientation), 
two directions (biaxial orientation), or multiple directions. 
Biaxial orientation typically occurs in two directions which 
are perpendicular to one another, Such as the machine 
direction (i.e., along the longitudinal dimension of the film) 
and the transverse direction (i.e., transverse to the machine 
direction). Upon reheating, an oriented film will shrink in 
the direction of orientation. 

AS used herein, the phrase "orientation ratio” refers to the 
multiplication product of the extent to which a film is 
expanded in any one direction during the orientation pro 
ceSS. Thus, an orientation ratio of, e.g., 2:1 in the machine 
direction, indicates that the film has been expanded to twice 
its original dimension in the machine direction of the film. 
When a film is biaxially oriented, the orientation ratios are 
conventionally expressed as “machine direction (MD) 
ratiox transverse direction (TD) ratio” or “TD ratiox 
MD ratio), however designated. Thus, a biaxial orientation 
ratio of 2:1 in the MD and 3:1 in the TD would be expressed 
as a “MDxTD orientation ratio of 2:1x3:1 or, more simply, 
“2x3. 

AS used herein, the phrase "gas-permeable” refers to a 
film or web which admits at least about 1,000 cc of gas, such 
as oxygen, per Square meter of film per 24 hour period at 1 
atmosphere and at a temperature of 73° F (at 0% relative 
humidity). More preferably, a gas-permeable film or web 
admits at least 5,000, even more preferably at least 8,000 
such as at least 10,000, 15,000, or 20,000 cc of oxygen per 
Square meter per 24 hour period at 1 atmosphere and at a 
temperature of 73° F (at 0% relative humidity). In accor 
dance with the present invention, a gas-permeable film or 
web can itself have the aforedescribed levels of gas perme 
ability or, alternatively, can be a film or web which does not 
inherently possess Such levels of gas permeability but which 
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is altered, e.g., perforated, to render the film or web gas 
permeable as defined above. 
AS used herein, the phrase “Substantially gas 

impermeable” refers to a film or web which admits less than 
1000 cc of gas, Such as Oxygen, per Square meter of film per 
24 hour period at 1 atmosphere and at a temperature of 73 
F. (at 0% relative humidity). More preferably, a substantially 
gas-impermeable film or web admits less than about 500, 
Such as less than 300, and less than 100 cc of gas, more 
preferably still less than about 50 cc, and most preferably 
less than 25 cc, Such as less than 20, less than 15, less than 
10, less than 5, and less than 1 cc of gas per Square meter per 
24 hour period at 1 atmosphere and at a temperature of 73 
F. (at 0% relative humidity). 
As used herein, the term "peel-force” refers to the amount 

of force required to peelably delaminate a multilayer film in 
accordance with ASTM F904-91, and is reported in units of 
force/width of the multilayer film. 
AS used herein, the term “heat-Seal” (also known as a 

“heat-weld”) refers to the union of two films by bringing the 
films into contact, or at least close proximity, with one 
another and then applying Sufficient heat and pressure to a 
predetermined area (or areas) of the films to cause the 
contacting Surfaces of the films in the predetermined area to 
become molten and intermix with one another, thereby 
forming an essentially inseparable bond between the two 
films in the predetermined area when the heat and pressure 
are removed therefrom and the area is allowed to cool. In 
accordance with the practice of the present invention, a 
heat-Seal preferably creates a hermetic Seal, i.e., a barrier to 
the outside atmosphere. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the present invention, a heat 
Shrinkable bag for vacuum skin packaging is formed from a 
multilayer, coextruded, oriented, tubular film. The film can 
be made by any conventional tubular coextrusion process, 
e.g., by extrusion-coating, provided that the film is con 
Structed with an inner, gas-permeable portion and an outer, 
Substantially gas-impermeable portion peelably adhered to 
the inner portion at a peel force ranging from about 0.001 to 
about 2.5 pounds/inch. That is, the “inner” portion of the 
tubular film is that portion which includes the inside surface 
of the tube while the “outer portion of the tubular film is 
that portion which includes the outside surface of the tube. 
When the tube is formed into a bag for packaging a product, 
the inner portion of the tube is adjacent to and in contact with 
the product. The outer, gas-impermeable portion of the tube 
Substantially prevents oxygen from coming in contact with 
the packaged product during shipping and Storage, and 
thereby allows the product to be packaged in a low-oxygen 
environment that serves to prolong the self-life of the 
product when Such product is oxygen-Sensitive, i.e., one that 
degrades over a period of time in the presence of oxygen 
Such as, e.b., fresh red meat or poultry. In Such a low-oxygen 
environment, a meat product will assume an undesirable 
purple color. However, when it is desired to display the 
product for customer purchase, the outer, gas-impermeable 
portion of the bag is peelably removed So that atmospheric 
oxygen can enter the bag via the remaining gas-permeable 
portion, thereby causing the product to re-bloom to a 
customer-preferred red color. 

The inner, gas-permeable portion of the tubular film can 
be monolayer or multilayer, i.e., it can comprise one or more 
layerS as desired. The primary requirement of the inner 
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6 
portion is that it is "gas-permeable' as defined above So that 
a packaged fresh meat or poultry product will bloom when 
the Outer, gas-impermeable portion is peelably removed 
from the package. Preferably, the inner portion of the tubular 
film has an oxygen transmission rate of at least 16,000 
cc-mil/m-atm.-24 hrs. Thus, when the inner portion has a 
thickness of 1 mill, the Oxygen transmission thereof is 
preferably at least 16,000 cc/m-atm.-24 hrs., an inner film 
portion having a thickness of 2 mils preferably has an 
oxygen transmission rate of at least 8,000 cc/m-atm.-24 
hrs., etc. It is preferred that the inner portion of the tubular 
film has a thickness of 5 mils or less, preferably 4 mils or 
less, more preferably 3 mils or less, and most preferably 2 
mils or less. 

The inner portion is also heat-shrinkable So that it tightly 
heat-shrinks about the contour of the packaged product to 
give a tight, aesthetically-appealing package appearance as 
well as minimizing the collection of purge or other juices 
between the product and the inside Surface of the bag. 

The outer, gas-impermeable portion of the tubular film 
may be monolayer or multilayer and may include any 
Suitable layer or layers that provide a Substantial barrier to 
the passage of oxygen gas therethrough. In this regard, any 
well known oxygen-barrier material may be included in the 
outer film portion, Such as, e.g., vinylidene chloride copoly 
mer (Saran), nylon, polyethylene terephthalate, ethylene/ 
vinyl alcohol copolymer (EVOH), silicon oxides (SiOx), 
etc. The outer portion is also preferably heat-shrinkable. 

In accordance with the present invention, the inner and 
outer portions of the tubular film are capable of peelably 
delaminating from one another when Subjected to a peel 
force ranging from about 0.001 to about 2.5 pounds/inch. 
That is, the inner and outer portions are peelably adhered to 
one another (as a result of the coextrusion process) at a 
bond-strength ranging from about 0.001 to about 2.5 
pounds/inch. Abond-strength (requiring a peel force) falling 
within this range provides a balance between Sufficient 
adhesion to prevent premature Separation of the Outer por 
tion from the inner portion, e.g., during manufacture, Ship 
ping and Storage, and Sufficient peelability So that gas 
impermeable outer portion can be separated from gas 
permeable inner portion at retail without tearing or 
otherwise compromising the remaining gas-permeable por 
tion. A film requiring a peel-force of more than about 2.5 
pounds/inch for delamination results in a package that is 
overly difficult to peel, while a bond strength of less than 
about 0.001 pounds/inch creates a greater likelihood of 
premature Separation of the gas-impermeable portion from 
inner, gas-permeable portion. More preferably, the inner and 
outer portions of the film are peelably adhered at a bond 
Strength requiring a peel force ranging from about 0.01 to 
about 0.1 pounds/inch for peelable delamination. 
A representative structure for a tubular film in accordance 

with the present invention is 

(inside of tube) A/B/C/D (outside of tube), 

where layerS A and B comprise the inner, gas-permeable 
portion of the tubular film and layers C and D comprise the 
outer, gas-impermeable portion. The materials from which 
layerS A and B are constructed, as well as the thickness of 
those layers, should be Such that, in combination, the inner 
film portion is "gas-permeable” as described above. In 
addition, layer A preferably comprises a material that can 
form a heat-seal with itself so that the tubing can be severed 
in discrete lengths and the ends of the tubing heat-Sealed 
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closed to form an enclosed bag for a product. Suitable, 
heat-Sealable materials are well known in the art and 
include, for example, polyethylene homopolymers and 
copolymerS Such as, e.g., ionomers, EVA, EMA, or hetero 
geneous (Zeigler-Natta catalyzed) and homogeneous 
(metallocene, Single-cite catalyzed) ethylene/alpha-olefin 
copolymers. Various other materials are also Suitable Such 
as, e.g., propylene/ethylene copolymer. 

Layers C and D should, in combination, render the entire 
film Structure Substantially gas-impermeable as discussed 
above. In this regard, layer D and/or layer C preferably 
comprise an oxygen-barrier material, Such as one or more of 
the oxygen-barrier materials listed above. In addition, layer 
D preferably provides abuse-resistance to the film. Suitable 
materials for layer D include, e.g., EVA, heterogeneous or 
homogeneous ethylene/alpha-olefin copolymers, HDPE, 
polypropylene, or propylene/ethylene copolymer. 

The inner and outer portions of the film define an interface 
therebetween, as represented by the double slashes ("/"), at 
which the film peelably delaminates. Preferably, each of the 
inner and outer portions includes a layer i.e., respective 
layerS B and C, that are disposed at the interface and which 
are bonded to and peelably Separable from one another when 
the tube (or bag made from the tube) is Subjected to a peel 
force of Sufficient magnitude to overcome the bond-Strength 
between layerS B and C. In this regard, one of the layers at 
the interface may comprise a polar material while the other 
layer comprises a non-polar material. Thus, one of the 
interface layers, preferably layer B of the inner, gas 
permeable portion, may comprise non-polar polyethylene 
homopolymer or copolymer, polypropylene homopolymer 
or copolymer, or polymethylpentene. The other adjacent film 
layer, preferably layer C of the outer, gas-impermeable 
portion, may comprise polyamide, copolyamide, polyester, 
copolyester, polar polyethylene copolymers (e.g., EVOH), 
polycarbonate, polyvinylidene chloride copolymer (Saran), 
polyurethane, polybutylene homopolymer and copolymer, 
or polysulfone. 

Alternatively, one of the layers B or C at the peel interface 
may comprise polyethylene homopolymer or copolymer 
while the other layer comprises polypropylene homopoly 
mer or copolymer, regardless of the polarity of the materials. 
Similarly, one of the peel interface layers, preferably layer 
B, may comprise Styrene/butadiene copolymer while the 
other layer, i.e., layer C, comprises EVOH. 

It should also be noted that the inter-layer adhesion 
between adjacent layerS B and C may be increased or 
decreased as desired by the inclusion of additives into one or 
both layers which serve to promote or defeat adhesion 
between Such layers. Examples of adhesion-promoting addi 
tives include, e.g., anhydride-modified or acid-modified 
polyolefins. Examples of adhesion-defeating additives 
include, e.g., teflon, anti-block agents (e.g., Silica, clay, or 
glass beads), anti-fog agents, etc. 

The foregoing combinations of materials for the layers at 
the interface between the inner and outer portions of the 
tubular film are advantageously capable of being coextruded 
and forming a peelable bond. Thus, no additional Steps, Such 
as laminating the outer, gas-impermeable portion to the 
inner, gas-permeable portion via, e.g., a repositionable 
adhesive, need be taken to ensure peelability at the desired 
interface. 

The tubular film in accordance with the present invention 
can be made by any known coextrusion process by melting 
the component polymers and coextruding them through one 
or more annular dies, optionally irradiating one or more of 
the component layers of the multilayer film to promote 
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8 
croSS-linking therein, and then orienting, preferably biaxi 
ally orienting, the tube, thereby producing a heat-shrinkable 
tubular film. When Saran is employed in the outer, gas 
impermeable portion of the film and it is desired to croSS 
link the molecules in the layers comprising the inner, gas 
permeable portion, it is preferred that the film be made Via 
extrusion-coating as described, e.g. in U.S. Pat. Nos. 3,741, 
253 and 4,501,780, the disclosures of which are hereby 
incorporated herein by reference. In accordance with the 
teachings of those patents, layerS A and B are fed from two 
extruders into a Single annular coextrusion die to form a 
continuous tube with A as the inside layer and B as the 
outside layer. The A/B tube can then be cooled, e.g., by 
exposure to air or water, flattened, and then optionally 
exposed to ionizing radiation to promote croSS-linking in 
layerS A and B. This may be accomplished by guiding the 
flattened tube through the beam of an electron accelerator 
one or more times So that the tube receives a radiation 
dosage, e.g., in the range of from about 30 to about 100 
KilograyS. Irradiation by electrons to croSS-link the mol 
ecules of polymeric material is well known in the art. AS is 
also well known, it is undesirable to expose Saran to Such 
ionizing radiation because of its tendency to degrade and 
discolor upon Such exposure. Thus, where layerS C and/or D 
contain Saran, Such layers are added to the tubing via 
extrusion-coating following irradiation. If, for example, only 
layer D contains Saran, layers A, B, and C can be coextruded 
and irradiated, and then layer D can be extrusion-coated onto 
the irradiated and cross-linked A/B/C Substrate if desired. 
However, where layer C contains Saran, then layers C and D 
are preferably extrusion-coated onto the irradiated A/B 
substrate. This is effected by inflating the tubular A/B 
Substrate downstream of the electron accelerator, and then 
passing the inflated tubing through an extrusion coating die 
wherein Saran-containing layer C is extruded onto layer B of 
the tubular A/B substrate. Next, the A/B/C tubing is fed 
through another extrusion-coating die wherein layer D is 
extruded onto layer C. 

After the final layer, i.e., layer D, has been applied, the 
tubular film is cooled, collapsed, and then fed into a hot 
Water tank maintained at a temperature ranging, e.g., from 
about 185 to about 212 F. to soften the film for orientation. 
At this point, the pre-oriented tube has a thickneSS ranging, 
e.g., from about 8 to about 22 mils. Out of the hot water bath, 
the tube passes through pinch rolls and is inflated into a 
bubble by an air pocket that is trapped between two sets of 
pinch rolls. As a result of being stretched into a bubble, the 
film is oriented. The film is then allowed to cool rapidly, 
normally via air cooling, So that the orientation is "locked 
in’ to render the film heat-shrinkable at or above the 
temperature at which it was Stretched. 

Preferably the tubular film is biaxially oriented, i.e., 
longitudinally (machine direction or “MD”), by pulling the 
film from the hot water tank at a rate that is faster than the 
rate at which the film enters the bath, and transversely 
(transverse direction or “TD”) due to the increased width of 
the trapped bubble in comparison to the initial width of the 
tubing. In this regard, the film is preferably oriented in at 
least one direction at an orientation ratio of at least about 
1.5:1, more preferably at least about 2:1, even more pref 
erably at least about 2.5:1, and most preferably at least about 
3:1. The film is more preferably biaxially oriented at an 
orientation ration (TDxMD) of at least about 1.5:1x1.5:1, 
yet more preferably 2:1x2:1, more preferably still 2.5:1 x 
2.5:1, and most preferably at least about 3:1x3:1. The film 
preferably has a free shrink, at a temperature of about 185 
F., of at least about 10 percent in at least one direction, more 
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preferably at least about 20 percent, more preferably still at 
least about 30 percent, yet more preferably at least about 40 
percent, and most preferably between 40 to 50 percent in at 
least one direction, and preferably in both the transverse and 
machine directions. 

The final Step in the proceSS is to collapse the oriented 
tube and then wind it on a Storage roll as a flattened tube for 
Subsequent use in making bags for the packaging of fresh 
meat or other products. The final, oriented tubular film has 
a thickness ranging from about 1 to about 4 mils. 
By a process that is well known in the art, bags are made 

from the tubular film by Severing predetermined lengths 
from the tube and applying heat and preSSure to one of the 
open ends to Seal it closed via heat-welding. This is known 
as an “end Seal’ bag. Alternatively, both open ends of the 
tube can be heat-Sealed and a slit can be made along the 
length of the tube to form an opening. This is known as a 
"Side Seal’ bag. In either case, heat-shrinkable bags with one 
opening are formed. 

The bags are Supplied to a meat, poultry, or other food 
packager to be closed and Sealed after insertion of, e.g., a 
fresh meat or fresh poultry product therein. After the product 
is inserted, air is normally at least partially evacuated from 
the bag, the open end of the bag is closed, Such as by heat 
Sealing or applying a metal clip, and finally heat is applied 
to effect film shrinkage about the product. The final heating 
Step is generally carried out by immersing the bag, typically 
for a few Seconds in a hot water bath at approximately the 
Same temperature at which the film was Stretch-oriented, 
typically about 160° to 205° F (71.1° C. to 96.1° C). Hot 
water immersion is preferred as being a quick and economi 
cal means of transferring Sufficient heat to the bag to cause 
it to Shrink uniformly about the product. Heat-shrinking of 
the bag about the product is highly desirable in that it 
removes or minimizes wrinkles, helps to eliminate purge, 
and generally makes a more attractive package. 

Packaging apparatus for carrying out the foregoing pack 
aging process are well known in the art and are described, 
e.g., in U.S. Pat. Nos. 4,580,393 and 4,583,347, the disclo 
Sures of which are hereby incorporated herein by reference. 

Although any product can be packaged within the afore 
described heat-shrinkable bag in accordance with the present 
invention, Such bag is most advantageously utilized for 
products which are desirably packaged for shipment and 
Storage in one environment, e.g., a low-oxygen 
environment, and then displayed in the presence of atmo 
Spheric oxygen. Such products include, but are not limited 
to, fresh red meat products (e.g., beef, veal, lamb, pork, etc.), 
poultry, fish, cheese, fruits, or vegetables. 

The final Step in the packaging process, i.e., just prior to 
placing the bag in a retail display case, is to peelably remove 
the outer, gas-impermeable portion from the bag. Peel can be 
initiated by constructing the tubular film from which the bag 
is formed Such that the inner, gas-permeable portion ShrinkS 
to a different degree than the outer, gas-impermeable por 
tion. In this manner, the inner and outer portions have been 
found to Separate outside of the heat-Seals, thereby provid 
ing the retail worker with place to grasp the outer, gas 
impermeable portion So that Such portion can be peeled from 
the remainder of the package. In this regard, the gas 
impermeable portion can be peeled from one or both sides 
of the bag as desired. 
AS a result of the peeling process, a packaged fresh meat 

or poultry product re-blooms to a consumer-preferred red 
color by Virtue of atmospheric oxygen contacting the prod 
uct through the now-exposed inner, gas-permeable portion 
of the bag. At the same time, this remaining gas-permeable 
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10 
enclosure continues to protect the product from dust, dirt, 
moisture, and microbial as well as other contaminates. 

If desired, a pad of an absorbent material may be included 
within the bag to absorb any purge that may be present 
therein. Such absorbent pads are well known in the art. 
The invention may be further understood by reference to 

the following examples, which are provided for the purpose 
of representation, and are not to be construed as limiting the 
Scope of the invention. 

EXAMPLE 

A tubular film in accordance with the present invention 
had the following structure: 

(inside of tube) A/B/C/D/E/F/G (outside of tube), 

wherein: 
“A”=80 wt. % homogeneous (single-site catalyzed) 
ethylene/octene-1 copolymer sold by Dow Chemical as 
AFFINITY PL1280 and having 13 wt.% octene-1, a density 
of 0.90 g/cc, and a melt index of 6.0, and 
20 wt.% heterogeneous ethylene/hexene copolymer Sold 

by Exxon as ESCORENE LL3003.32 and having 10 wt.% 
hexene, a density of 0.92 g/cc, and a melt index of 3.2, 
“B”=60 wt. % homogeneous (single-site catalyzed) 
ethylene/octene-1 copolymer sold by Dow Chemical as 
AFFINITY DPF 1190 and having a density of 0.90 g/cc and 
a melt index of 0.9, 
30 wt.% heterogeneous linear low density polyethylene 

(ethylene/octene copolymer) sold by Dow Chemical as 
DOWLEX 2045.03 and having 6.5 wt. % octene-1 
copolymer, a density of 0.92 g/cc, and a melt index of 1.1, 
and 

10 wt.% ethylene/propylene/diene terpolymer sold by 
Bayer as BUNAEP-T-2370-P and having a melt index of 2, 
72 wt.% ethylene, and 3 wt.% ENB; 
“C'=propylene/ethylene copolymer having a melt flow 
index of 3.2–4.4, a density of 0.9 g/cc, and 3.3 wt. % 
ethylene; obtained from EXXon under the tradename 
ESCORENETM PD 9302; 
“D’=vinylidene chloride/methyl acrylate copolymer having 
91.5 wt. % vinylidene chloride and 8.5 wt. % methyl 
acrylate; sold by Dow as SARAN MA-134; 
“E”-ethylene/methyl acrylate copolymer sold by Chevron 
as EMAC SP 1305 and having 20 wt.% methyl acrylate, a 
density of 0.94 g/cc, and a melt index of 2; 
“F”=homogeneous (single-site catalyzed) ethylene/octene-1 
copolymer sold by Dow Chemical as AFFINITY DPF 
1150.01 and having 12.5 wt.% octene-1, a density of 0.9 
g/cc, and a melt index of 0.9; and 
“G”=85 wt. % homogeneous (single-site catalyzed) 
ethylene/octene-1 copolymer sold by Dow Chemical as 
AFFINITYPL 1850 and having 12 wt.% octene-1, a density 
of 0.9 g/cc, and a melt index of 3, and 

15 wt.% heterogeneous linear low density polyethylene 
(ethylene/octene copolymer) sold by Dow Chemical as 
DOWLEX 2045.03 and having 6.5 wt. % octene-1 
copolymer, a density of 0.92 g/cc, and a melt index of 1.1. 
The A/B/C layers were first coextruded as a three-layer 

tubular film structure and then irradiated by electron beam 
radiation at a dosage of 70 Kilogray. Layers D/E/F/G were 
then Sequentially extrusion coated onto the A/B/C Substrate 
and melt-bonded thereto at the interface designated by the 
double slashes ("/"). The relative thickness of each of the 
component layers, in mils, was 
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The film was then biaxially oriented by heating the film to 
2 10 F. and passing it over an inflated bubble of air to 
provide transverse Stretching while also Stretching in the 
longitudinal or machine direction. The biaxially oriented 
tubular film was quenched immediately after Stretching and 
had an average wall thickness of 2 mils. The film had an 
orientation ratio of 4:1 in the transverse direction and 3:1 in 
the machine direction. 

Bags were made from the tubular film by Severing pre 
determined lengths from the tubing and Sealing closed one 
end of each of the Severed lengths. Fresh chuck roasts 
weighing 2-3 pounds each were then placed in each of the 
bags, the interior of each bag was evacuated of air, and the 
bags were heat-Sealed closed and heated in hot water to 
cause the bags to Shrink tightly about the roasts. The 
resultant packages were Stored at a temperature ranging 
from 32-38 F. for up to 25 days. Thereafter, the outer, 
gas-impermeable portion of the packages (i.e., layers D/E/ 
F/G) were peelably delaminated at the intended // interface 
shown above. The roasts re-bloomed to a red color (from a 
purple color exhibited during Storage), indicating both that 
the pre-peeled bags provided a Sufficient oxygen barrier to 
preserve the fresh meat during Storage and also that the 
remaining A/B/C inner, gas-permeable portion provided 
Sufficient oxygen permeability to allow the meat to bloom 
for retail display. In addition, only a slight amount of purge 
was observed between the meat products and the inner 
Surfaces of the bags. 

The foregoing description of preferred embodiments of 
the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed, and modifica 
tions and variations are possible in light of the above 
teachings or may be acquired from practice of the invention. 
What is claimed is: 
1. A heat-shrinkable bag comprising a multilayer, 

coextruded, oriented, tubular film, Said film comprising an 
inner, gas-permeable portion and an Outer, Substantially 
gas-impermeable portion peelably adhered to Said inner 
portion at a peel force ranging from about 0.001 to about 2.5 
pounds/inch. 

2. The bag of claim 1, wherein Said inner and outer 
portions of Said film define an interface therebetween, each 
of Said inner and Outer portions including a layer disposed at 
Said interface, Said layers being bonded to and peelably 
Separable from one another when Said bag is Subjected to 
Said peel force. 

3. The bag of claim 2, wherein one of the layers at said 
interface comprises a polar material and the other layer 
comprises a non-polar material. 

4. The bag of claim 2, wherein one of the layers at Said 
interface comprises polyethylene homopolymer or copoly 
mer and the other layer comprises polypropylene homopoly 
mer or copolymer. 

5. The bag of claim 1, wherein said inner and outer 
portions of Said film are peelably adhered at a peel force 
ranging from about 0.01 to about 0.1 pounds/inch. 

6. A package, comprising a product enclosed in a heat 
shrunk bag, Said bag formed from a multilayer, coextruded, 
oriented, tubular film, Said film comprising an inner, gas 
permeable portion and an outer, Substantially gas 
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impermeable portion peelably adhered to Said inner portion 
at a peel force ranging from about 0.001 to about 2.5 
pounds/inch. 

7. The package of claim 6, wherein Said product is 
Selected from the group consisting of fresh meat and fresh 
poultry. 

8. The package of claim 6, wherein Said inner and outer 
portions of Said film define an interface therebetween, each 
of Said inner and Outer portions including a layer disposed at 
Said interface, Said layers being bonded to and peelably 
Separable from one another when Said bag is Subjected to 
Said peel force. 

9. The package of claim 8, wherein one of the layers at 
Said interface comprises a polar material and the other layer 
comprises a non-polar material. 

10. The package of claim 8, wherein one of the layers at 
Said interface comprises polyethylene homopolymer or 
copolymer and the other layer comprises polypropylene 
homopolymer or copolymer. 

11. The package of claim 6, wherein Said inner and outer 
portions of Said film are peelably adhered at a peel force 
ranging from about 0.01 to about 0.1 pounds/inch. 

12. A method for making a package, comprising: 
a. providing a multilayer, coextruded, oriented, tubular 

film having two open ends, Said film comprising an 
inner, gas-permeable portion and an outer, Substantially 
gas-impermeable portion peelably adhered to Said inner 
portion at a peel force ranging from about 0.001 to 
about 2.5 pounds/inch; 

b. Sealing closed one of the two open ends of Said tubular 
film to thereby form a bag; 

c. placing a product into Said bag, and 
d. Sealing closed the other open end of Said tubular film 

to thereby enclose the product within Said bag. 
13. The method of claim 12, wherein said product is 

Selected from the group consisting of fresh meat and fresh 
poultry. 

14. The method of claim 12, further including, prior to 
enclosing the product with Said bag, the Step of at least 
partially evacuating air from Said bag. 

15. The method of claim 12, further including the step of 
heating Said bag to thereby cause Said bag to heat-shrink 
about Said product. 

16. The method of claim 12, further including the step of 
peelably removing Said outer, gas-impermeable portion 
from Said bag. 

17. The method of claim 12, wherein said inner and outer 
portions of Said film define an interface therebetween, each 
of Said inner and Outer portions including a layer disposed at 
Said interface, Said layers being bonded to and peelably 
Separable from one another when Said bag is Subjected to 
Said peel force. 

18. The method of claim 17, wherein one of the layers at 
Said interface comprises a polar material and the other layer 
comprises a non-polar material. 

19. The method of claim 18, wherein one of the layers at 
Said interface comprises polyethylene homopolymer or 
copolymer and the other layer comprises polypropylene 
homopolymer or copolymer. 

20. The method of claim 12, wherein said inner and outer 
portions of Said film are peelably adhered at a peel force 
ranging from about 0.01 to about 0.1 pounds/inch. 
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