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TECHNICAL FIELD
[0002] Food packaging article comprising a blooming agent, food packages,

and methods of food packing comprising the same, are provided herein.

BACKGROUND

[0003] Meat color is an important quality characteristic of meat that affects its
merchantability. Consumers often use color as an indicator of meat quality and
freshness. The color of meat is related to the amount and chemical state of
myoglobin in the meat. Myoglobin is present in the muscle tissue of all animals
and functions to store and deliver oxygen by reversibly binding molecular oxygen,
thereby creating an intracellular source of oxygen for the mitochondria. Pork and
poultry typically contain lower amounts of myoglobin than beef and thus are lighter
in color than beef.

[0004] Myoglobin includes an open binding site called heme that can bind
certain small molecules, such as molecular oxygen (O or “oxygen”), or water.
Myoglobin without a molecule bound to the heme site is a purple colored molecule
called deoxymoglobin. The presence and type of ligand bound at the myoglobin
binding site can alter the color of the myoglobin. The color of the meat product
will change based on the amount of myoglobin present and the amount and

type(s) of ligand molecule(s) bound to the heme binding site. Molecular oxygen



and methods of food packing comprising the same, are provided herein. BACKGROUND [0003]Meat
color is an important quality characteristic of meat that affects its merchantability. Consumers often use
color as an indicator of meat quality and freshness. The color of meat is related to the amount and
chemical state of myoglobin in the meat. Myoglobin is present in the muscle tissue of all animals and
functions to store and deliver oxygen by reversibly binding molecular oxygen, thereby creating an
intracellular source of oxygen for the mitochondria. Pork and poultry typically contain lower amounts of
myoglobin than beef and thus are Ii%ggr in color than beef. [0004]Myoglobin includes an open binding

site called heffadhaeiarPpindeaithinad Al eI ame rAURs RESTBEINSIRARSERL02 or "oxygen”), or
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deoxymoglobin. The presence and type of ligand bouynd at the myog|obin binding site can alter the color
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blood stream to the"mitochondria within cells. When oxygen binds to the heme pocket, purple
deoxymyogloBigihyeelpis. The binding of carbon monoxide (CO) can cause a red color

similar to that produced by oxygen binding. Nitric oxide (NO) has been described
as forming a stable pink color in cured meat.

[0005] Historically, fresh meat products available to consumers have been
substantially prepared and packaged for end-use at the site of final sale. Product
packaging that preserves a desirable color of fresh meat can promote the
merchantability and appeal of the meat product for consumers. Existing meat
packaging technology can inadequately preserve favorable meat color for various
reasons. The conventional packaging format used by the retail grocer for fresh
meat is to stretch a thin plastic film around a foam tray that supports the product.
The film is permeable to oxygen so that the color of the meat quickly blooms to a
bright red. However, the shelf life for the bright red color is only about three days.
Thus, this packaging format is undesirable because the color often becomes
unacceptable before it can be displayed or sold even though the meat remains
nutritious and healthy for consumption. As a result, a packaging format that
maintains the fresh meat color for a longer period of time has long been sought for
centralized packaging operations. Alternatively, meat has been packaged in
oxygen barrier, vacuum bags, which are vacuum sealed and prevent oxygen
contact with the meat until the package is opened. Vacuum sealed red meat
products are nutritious, healthy and have a long shelf life, however they may result
in an undesirable purple meat color in the package that does not bloom to a
desirable red color until the meat is exposed to air. Consumer acceptance of
meat having a purple color is less than that of meat having a red color. To provide
meat with the consumer preferred red color, meat has also been packaged in a
modified atmosphere package (“MAP”), wherein the meat is maintained in a

sealed pocket containing an atmosphere that is different than ambient air. For



oxymyoglobin, characterized by a red color. When a water molecule binds to the heme group, the
myoglobin molecule turns brown and is referred to as metmyoglobin. The binding of carbon monoxide
(CO) can cause a red color similar to that produced by oxygen binding. Nitric oxide (NO) has been
described as forming a stable pink color in cured meat. [0005]Historically, fresh meat products available
to consumers have been substantially prepared and packaged for end-use at the site of final sale.
Product packaging that preserves a desirable color of fresh meat can promote the merchantability and

appeal of the meat product for consumers. Existin(% meat packaging technology can inadequately
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packaging articles that maintain a favorable meat color, while Providing an adequate or improved shelf life

Q%cgsgyhile providing an adequate or improved shelf life and"meat freshness.

and meat fre
[0008] Nitrite or nitrate salts, such as sodium nitrite, are often used in curing
meat, and can also affect meat color. Nitrate and nitrite additives are generally
recognized as safe for use in foods, and are commonly known preservatives used
in the curing process for products such as hams, lunchmeat, bologna and hot
dogs. Nitrite and nitrates are used to cure and disinfect meats in the meat
industry often producing a stable pink to red color in the process. For example,
GB 2187081A discloses immersion of meat in an aqueous solution of sodium

chloride, polyphosphate ions and nitrite ions to preserve meat. See also McGee,



[0008]Nitrite or nitrate salts, such as sodium nitrite, are often used in curing meat, and can also affect
meat color. Nitrate and nitrite additives are generally recognized as safe for use in foods, and are
commonly known preservatives used in the curing process for products such as hams, lunchmeat,
bologna and hot dogs. Nitrite and nitrates are used to cure and disinfect meats in the meat industry often
producing a stable pink to red color in the process. For example, GB 2187081A discloses immersion of
meat in an aqueous solution of sodium chloride, polyphosphate ions and nitrite ions to preserve meat.
See also McGee, "Meat", On Food and Cooking, Rev. Ed., 2004, Chapter 3, pp. 118-178 (Scribner, New
York, NY) whittead n&ibpescangdraidns, ?@I‘ér%ﬁoe?oﬂ‘}e%?@%ﬂc% 8P09<§/§e1$géﬁ%aﬂﬁre available nitric
oxide to nitritg 8wy 6 USSRV lakdity tacRseRIEsE BitheiBRARKOTTRRIDMsEAcEIef Packaging films
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Oxygen barrier films for packaging food products can contain a nitrate 'salt as a moisture-absorbing agent

within an EVOMabesereesahBitenier RarReMe SfURPASIRTARKCEs AiBEHLRIRIRIPMSI40344A, and US
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described astﬁfgﬁf‘gq RATHEY Wﬁ%@l@@?ﬁbef HACELR ﬁ)?‘ﬁ SIS %génn&t) RRiBR EStrosion of metal
products, as dilelesedsratttskPaténtgh @s. @9 2T O (BPTe25845 74.5 Qg 6o Hmmdearjrbst4,040 (Foley et
al.); 5,937,61 , , : ' L3l , ished Patent
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Ltd.), and EPVPiRieraMEOEPeriepmatenal opptbardayrerfisdnadlayer filmnasisgleszddn7 B1 (Cortec

Corp.) and ERH513R348A3HA\ sl oA Misal L4071 b 7. (NapeIcétbes e bpmsian ilraiead a meat-contact
portion comprisén% a nitrite ggnit,rate material ad@&)ted to maintajn desirabié coloration of a meat product.
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open sides to a product inserti typical food container ma a formed tray with a heat

sealable liddiftptahpasiiels iasnisalage s selUs g ate . Mered 82276, (Blgsrs); @VilaAE); 5,558,891
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to package fresh, frozen ang% Pe,rocesse meats for wholesale or retajl sale and as processing films for

cook-in appliGHbAd ind Fost sk AastEtriz ARy ENed EALERYARRISRLIRB A  with nitrites and/or nitrates
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(Tatarka et sy, 0,769,910 (E0TBEION Ml 159598 Rk A1z 2R Biraor 47 253 (unl e

;
al.); and 4,39 ornstein et JWhat is needed are packaging o§ucts, uch as food
packaging filraed EP 0 662 527 B1 (Cortec Corp.) and EP 1 138 478 A2 (Aicello Chemical Co.

Ltd.). None of these barrier films teach a meat-contact portion comprising a nitrite

or nitrate material adapted to maintain desirable coloration of a meat product.
[0009] In many packaging applications, such as vacuum packaging, heat
sealable food packaging films are desirable. The packaging can be made from
heat sealable films. A typical food packaging bag, pouch or casing can include
one, two, or three sides heat sealed by the bag manufacturer leaving one or two
open sides to allow product insertion. A typical food container may include a
formed tray with a heat sealable lidding film sealed to the tray. See, e.g., U.S.
Patent Nos. 5,058,761 (Williams); 5,558,891 (Lawless et al.); and 7,017,774
(Haedt).



including a food-contact portion comprising a material adapted to maintain or promote the desirable
coloration of a myoglobin containing food product especially fresh meat. SUMMARY [0012]In a first
embodiment, a food packaging article is provided. The food packaging article comprises a food contact
layer comprising a myoglobin blooming agent and an oxygen barrier layer. The myoglobin blooming agent
is selected from the group consisting of nitric oxide donating compounds, carbon monoxide donating
compounds, nitrogen heterocycles, sulfur monoxide donating compounds, and nitrous oxide donating
compounds. [0013]In a second embodiment, a food package is provided. The food package has a
myoglobin-col9&18hg 866 HiRladtMarPaPafiiccertngsHsR RALQ BaRBIYARIIURACKaShtainer comprising

a polymeric fifrashaiogearaayyaedasiantae fandbliesdcontastilayry ey isiogeasmgrglobin blooming
agent. The c?ntai%er enclases tq.e fPod pro%uct in a reduced Oﬁg%? environment, ﬂ]d the food contact

layer has a B e ER5RP Urr3ER) YRR BRRST PRI RS RPN 398 %absortion of a
surface of thecongdgidbinitcibesaandigrioibehiesobiart. been wgdgigbthitshtaikifigfoodegsreduct may be a fresh

meat productThesnaeiqhin HIOMTHBY ALRkIS éf st%df?rﬁ fut earidedysting somppunds, carbon

monoxide donating compounds, mtro@g&en heterocycles, and sulfur monoxide donating’compounds.

[0014]In a thifSeeraRiameéd; JaEaRéddipRmioting A /desiFisREBo LA ges (Juhl etal.);
and 4,391,862 (Bornstein et al.).

[0011] What is needed are packaging products, such as food packaging films
including a food-contact portion comprising a material adapted to maintain or
promote the desirable coloration of a myoglobin containing food product especially

fresh meat.

SUMMARY

[0012] In a first embodiment, a food packaging article is provided. The food
packaging article comprises a food contact layer comprising a myoglobin
blooming agent and an oxygen barrier layer. The myoglobin blooming agent is
selected from the group consisting of nitric oxide donating compounds, carbon
monoxide donating compounds, nitrogen heterocycles, sulfur monoxide donating
compounds, and nitrous oxide donating compounds.

[0013] In a second embodiment, a food package is provided. The food
package has a myoglobin-containing food product with a water content of at least
5 weight % and a container comprising a polymeric film having an oxygen barrier
layer and a food contact layer comprising a myoglobin blooming agent. The
container encloses the food product in a reduced oxygen environment, and the
food contact layer has a food contact surface, at least a portion of which is in
contact with at least a portion of a surface of the myoglobin-containing food
product. The myoglobin-containing food product may be a fresh meat product.
The myoglobin blooming agent is selected from nitric oxide donating compounds,
carbon monoxide donating compounds, nitrogen heterocycles, and sulfur

monoxide donating compounds.



surface of a myoglobin-containing fresh meat product is provided. The method comprises supplying a
container comprising a polymeric film having an oxygen barrier layer and a food contact layer, providing a
myoglobin-containing fresh meat product having a water content of at least 5 weight %, and contacting
the myoglobin-containing fresh meat product with a myoglobin blooming agent to produce a
myoglobin-containing fresh meat product having less than 0.5 weight % sodium chloride. The myoglobin
blooming agent is selected from nitric oxide donating compounds, carbon monoxide donating compounds,
nitrogen heterocycles, and sulfur monoxide donating compounds. In some aspects, the method further

comprises rel8Vg o) b smbedmeinmertiRefrelpiometine fressirabig gHoaGe: ththd storing the

fresh meat progisddropsHYIGob X shidgfnglfRs B VR PRI pidvia s fimenhiaratpw the desirable
color to appear. In other aspects, the &o%meric film comprises the{n

, . lobin blooming agent, and the
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[0015]The articiessrdeyepasit@n®ofil T tpatleyge soemddingthodgqgiobidexbtaieingareaiseful to provide

packaged fregh, jf %S%cﬁpﬂéﬁﬁg fer%?éﬁgﬂw%?ﬂ’ﬁ &HE%%{B%@F\?%C&%‘%M& fijable surface color,
such as red for fresh ground beef. BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0016]Fig. 1 SRYAEHCRIBree8taEIRY asECHEeHRIOHIE W axayegiaRmblreryes AgRNE017]Fig. 2 shows a
cross sectionglitRmatiy el IsseconthANEF RN meat product having less than 0.5 weight %

sodium chloride. The myoglobin blooming agent is selected from nitric oxide
donating compounds, carbon monoxide donating compounds, nitrogen
heterocycles, and sulfur monoxide donating compounds. In some aspects, the
method further comprises removing oxygen from an environment surrounding the
fresh meat product, and storing the fresh meat product in a substantially oxygen
free environment for a time sufficient to allow the desirable color to appear. In
other aspects, the polymeric film comprises the myoglobin blooming agent, and
the method further comprises packaging the fresh meat product in contact with the
food contact layer.

[0015] The articles, compositions, films, packages and methods provided
herein are useful to provide packaged fresh, frozen, thawed, processed and/or
cured meat products having a desirable surface color, such as red for fresh
ground beef.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0016] Fig. 1 shows a cross sectional schematic of a first exemplary multilayer
film.

[0017] Fig. 2 shows a cross sectional schematic of a second exemplary
multilayer film.

[0018] Fig. 3 shows a cross sectional schematic of a third exemplary multilayer
film.

[0019] Fig. 4 shows a cross sectional schematic of a fourth exemplary

multilayer film.



multilayer film. [0018]Fig. 3 shows a cross sectional schematic of a third exemplary multilayer film.
[0019]Fig. 4 shows a cross sectional schematic of a fourth exemplary multilayer film. [0020]Fig. 5 shows
a cross sectional schematic of a meat-containing tray with a barrier film overwrap.

[0020] Fig. 5 shows a cross sectional schematic of a meat-containing tray with
a barrier film overwrap.

[0021] Fig. 6 shows a top view of a vacuum skin packaging film enclosed meat
cut.

[0022] Fig. 7 shows a cross sectional schematic of a meat in a pre-formed

container.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

DEFINITIONS
[0023] In accordance with the present invention, a “packaging article” refers to
an object of manufacture which can be in the form of a web, e.g., monolayer or
multilayer films, monolayer or multilayer sheets, containers, e.g., bags, shrink
bags, pouches, casings, trays, lidded trays, overwrapped trays, form shrink
packages, vacuum skin packages, flow wrap packages, thermoformed packages,
packaging inserts or combinations thereof. It will be appreciated by those skilled
in the art that, in accordance with the present invention, packaging articles may
include flexible, rigid, or semirigid materials and may be heat shrinkable or not, or
oriented or non-oriented.
[0024] In discussing plastic film packaging, various polymer acronyms are
used herein and they are listed below. Also, in referring to blends of polymers a
colon (:) will be used to indicate that the components to the left and right of the
colon are blended. In referring to film structure, a slash “/” will be used to indicate
that components to the left and right of the slash are in different layers and the
relative position of components in layers may be so indicated by use of the slash
to indicate film layer boundaries. Acronyms commonly employed herein include:

EAA - Copolymer of ethylene with acrylic acid

EAO- Copolymers of ethylene with at least one a-olefin

EBA- Copolymer of ethylene with butyl acrylate

EEA- Copolymer of ethylene with ethyl acrylate

EMA- Copolymer of ethylene with methyl acrylate

EMAA- Copolymer of ethylene with methacrylic acid



[0021]Fig. 6 shows a top view of a vacuum skin packaging film enclosed meat cut. [0022]Fig. 7 shows a
cross sectional schematic of a meat in a pre-formed container. DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS DEFINITIONS [0023]In accordance with the present invention, a
"packaging article" refers to an object of manufacture which can be in the form of a web, e.g., monolayer
or multilayer films, monolayer or multilayer sheets, containers, e.g., bags, shrink bags, pouches, casings,
trays, lidded trays, overwrapped trays, form shrink packages, vacuum skin packages, flow wrap
packages, thermoformed packages, packaging inserts or combinations thereof. It will be appreciated by
those skilled in the &Yhatarely¥tidaiRe Withvérnd Ropidiition, packaging articles may include

flexible, rigid, or sergiigid matiisifed dnRydreIIRAY Shstifaiieod efilicfk QriRNR IGideeoriented.

PB — Polybutylene-1 (a butylene homopolymer and/or copolymer of a major
portion of butylene-1 with one or more a-olefins)

PE - Polyethylene (an ethylene homopolymer and/or copolymer of a major
portion of ethylene with one or more a-olefins)

PP - Polypropylene homopolymer or copolymer

PET - Poly (ethylene terephthalate)

PETG - glycol-modified polyethylene terephthalate

PLA — Poly (lactic acid)

PVDC - Polyvinylidene chloride (also includes copolymers of vinylidene
chloride, especially with vinyl chloride and/or methyl acrylate (MA)), also referred
to as saran.

[0025] A “core layer,” as used herein, refers to a layer positioned between and
in contact with at least two other layers.

[0026] An “outer layer,” as used herein is a relative term and need not be a
surface layer.

[0027] The term “exterior layer” refers to a layer comprising the outermost
surface of a film or product. For example, an exterior layer can form the exterior
surface of a package that contacts the exterior layer of another package during
overlapping heat sealing of two packages.

[0028] The term “interior layer” refers to a layer comprising the innermost
surface of a film or product. For example, an interior layer forms the interior
surface of an enclosed package. The interior layer can be the food-contact layer
and/or the sealant layer.

[0029] As used herein, the term "barrier," and the phrase "barrier layer," as
applied to films and/or film layers, are used with reference to the ability of a film or
film layer to serve as a barrier to one or more gases or moisture.

[0030] As used herein, the term “cellulose” is used to include any natural or
synthetic material comprising paper fibers, wood fibers, wood pulp or powder and

the like, preferably cellulosic fibers such as rayon, lyocell, cellulose acetate,



[0024]In discussing plastic film packaging, various polymer acronyms are used herein and they are listed
below. Also, in referring to blends of polymers a colon (:) will be used to indicate that the components to
the left and right of the colon are blended. In referring to film structure, a slash "I' will be used to indicate
that components to the left and right of the slash are in different layers and the relative position of
components in layers may be so indicated by use of the slash to indicate film layer boundaries. Acronyms
commonly employed herein include: EAA - Copolymer of ethylene with acrylic acid EAO- Copolymers of
ethylene with at least one a-olefin EBA- Copolymer of ethylene with butyl acrylate EEA- Copolymer of

ethylene withGSIHPER SRR EAIRA 208 69861 e RIS QRS HRn PNAdisasREEARAA- Copolymer of

ethylene withggirifagendig aeliophane. The term "nonwoven" as used herein refers to
nonwoven papers, fabrics, or textiles and includes spunbonded webs, dry lay
webs, and wet lay webs. Nonwovens are made from natural or synthetic fibers
bound together in a web.
[0031] The term “nanocomposite” shall mean a mixture that includes a
polymer, or copolymer having dispersed therein a plurality of individual platelets
which may be obtained from exfoliated modified clay and having oxygen barrier
properties.
[0032] The term “adhesive layer,” or “tie layer,” refers to a layer or material
placed on one or more layers to promote the adhesion of that layer to another
surface. Preferably, adhesive layers are positioned between two layers of a
multilayer film to maintain the two layers in position relative to each other and
prevent undesirable delamination. Unless otherwise indicated, an adhesive layer
can have any suitable composition that provides a desired level of adhesion with
the one or more surfaces in contact with the adhesive layer material. Optionally,
an adhesive layer placed between a first layer and a second layer in a multilayer
film may comprise components of both the first layer and the second layer to
promote simultaneous adhesion of the adhesive layer to both the first layer and
the second layer to opposite sides of the adhesive layer.

[0033] As used herein, the phrases "seal layer," "sealing layer," "heat seal
layer," and "sealant layer," refer to an outer film layer, or layers, involved in the
sealing of the film: to itself; to another film layer of the same film or another film;
and/or to another article which is not a film, e.g., a tray. In general, the sealant
layer is an interior layer of any suitable thickness, that provides for the sealing of
the film to itself or another layer. With respect to packages having only fin-type
seals, as opposed to lap-type seals, the phrase "sealant layer" generally refers to
the interior surface film layer of a package. The inside layer frequently can also
serve as a food contact layer in the packaging of foods.

[0034] “Food contact layer,” “food contact portion” or “food contact surface”

refers to the portion of a packaging material that contacts a packaged meat



EVA - Copolymer of ethylene with vinyl acetate EVOH - A saponified or hydrolyzed copolymer of
ethylene and vinyl acetate PB - Polybutylene-1 (a butylene homopolymer and/or copolymer of a major
portion of butylene-1 with one or more a-olefins) PE - Polyethylene (an ethylene homopolymer and/or
copolymer of a major portion of ethylene with one or more a-olefins) PP - Polypropylene homopolymer or
copolymer PET - Poly (ethylene terephthalate) PETG - glycol-modified polyethylene terephthalate PLA -
Poly (lactic acid) PVDC - Polyvinylidene chloride (also includes copolymers of vinylidene chloride,

especially with vinyl chloride and/or methyl acrylate (MA)), also referred to as saran.
product. Preferably, the food packaging film includes a food contact layer

comprising a blooming agent in an amount effective to promote or preserve the
desirable appearance or color of the meat product.

[0035] "Polyolefin" is used herein broadly to include polymers such as
polyethylene, ethylene-alpha olefin copolymers (EAO), polypropylene, polybutene,
and ethylene copolymers having a majority amount by weight of ethylene
polymerized with a lesser amount of a comonomer such as vinyl acetate, and
other polymeric resins falling in the "olefin" family classification. Polyolefins may
be made by a variety of processes well known in the art including batch and
continuous processes using single, staged or sequential reactors, slurry, solution
and fluidized bed processes and one or more catalysts including for example,
heterogeneous and homogeneous systems and Ziegler, Phillips, metallocene,
single site and constrained geometry catalysts to produce polymers having
different combinations of properties. Such polymers may be highly branched or
substantially linear and the branching, dispersity and average molecular weight
may vary depending upon the parameters and processes chosen for their
manufacture in accordance with the teachings of the polymer arts.

[0036] “Polyethylene” is the name for a polymer whose basic structure is
characterized by the chain -(CH;—-CH;—),. Polyethylene homopolymer is
generally described as being a solid which has a partially amorphous phase and
partially crystalline phase with a density of between 0.915 to 0.970 g/cm>. The
relative crystallinity of polyethylene is known to affect its physical properties. The
amorphous phase imparts flexibility and high impact strength while the crystalline
phase imparts a high softening temperature and rigidity.

[0037] Unsubstituted polyethylene is generally referred to as high density
homopolymer and has a crystallinity of 70 to 90 percent with a density between
about 0.96 to 0.97 g/cm3. Most commercially utilized polyethylenes are not
unsubstituted homopolymer but instead have C, -Cg alkyl groups attached to the
basic chain. These substituted polyethylenes are also known as branched chain
polyethylenes. Also, commercially available polyethylenes frequently include

other substituent groups produced by copolymerization. Branching with alkyl
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[0025]A "core layer," as used herein, refers to a layer positioned between and in contact with at least two
other layers. [0026]An "outer layer," as used herein is a relative term and need not be a surface layer.
[0027]The term "exterior layer" refers to a layer comprising the outermost surface of a film or product. For
example, an exterior layer can form the exterior surface of a package that contacts the exterior layer of
another package during overlapping heat sealing of two packages. [0028]The term "interior layer" refers
to a layer comprising the innermost surface of a film or product. For example, an interior layer forms the

interior surface of an enclosed package. The interior layer can be the food-contact layer and/or the
sealant layerdroups generally reduces crystallinity, density and melting point. The density of

polyethylene is recognized as being closely connected to the crystallinity. The
physical properties of commercially available polyethylenes are also affected by
average molecular weight and molecular weight distribution, branching length and
type of substituents.

[0038] People skilled in the art generally refer to several broad categories of
polymers and copolymers as "polyethylene." Placement of a particular polymer
into one of these categories of "polyethylene" is frequently based upon the density
of the "polyethylene" and often by additional reference to the process by which it
was made since the process often determines the degree of branching,
crystallinity and density. In general, the nomenclature used is nonspecific to a
compound but refers instead to a range of compositions. This range often includes
both homopolymers and copolymers.

[0039] For example, "high density" polyethylene (HDPE) is ordinarily used in
the art to refer to both (a) homopolymers of densities between about 0.960 to
0.970 g/cm® and (b) copolymers of ethylene and an alpha-olefin (usually 1-butene
or 1-hexene) which have densities between 0.940 and 0.958 g/cm®. HDPE
includes polymers made with Ziegler or Phillips type catalysts and is also said to
include high molecular weight "polyethylenes." In contrast to HDPE, whose
polymer chain has some branching, are "ultra high molecular weight
polyethylenes" which are essentially unbranched specialty polymers having a
much higher molecular weight than the high molecular weight HDPE.

[0040] Hereinafter, the term "polyethylene" will be used (unless indicated
otherwise) to refer to ethylene homopolymers as well as copolymers of ethylene
with alpha-olefins and the term will be used without regard to the presence or
absence of substituent branch groups.

[0041] Another broad grouping of polyethylene is "high pressure, low density
polyethylene" (LDPE). LDPE is used to denominate branched homopolymers
having densities between 0.915 and 0.930 g/cm®. LDPEs typically contain long
branches off the main chain (often termed "backbone") with alkyl substituents of 2

to 8 carbon atoms or more.
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[0029]As used herein, the term "barrier," and the phrase "barrier layer," as applied to films and/or film
layers, are used with reference to the ability of a film or film layer to serve as a barrier to one or more
gases or moisture. [0030]As used herein, the term "cellulose" is used to include any natural or synthetic
material comprising paper fibers, wood fibers, wood pulp or powder and the like, preferably cellulosic
fibers such as rayon, lyocell, cellulose acetate, cellulose carbamate, and deacetylated cellulose acetate,
and regenerated cellulose, e.g., cellophane. The term "nonwoven" as used herein refers to nonwoven
papers, fabrics, or textiles and includes spunbonded Webs,%%/lay webs, and wet lay webs. Nonwovens

are made froh99#lral bPeghtirtidgpsaly belxaindgeemeiinRENare popshymeestel #trHEABcomposite” shall
mean a mixtukgrhap HACIERss h BANG RN SitiES PRYNDSY 1R gdis REEREY theseiparhisatity of individual

Pt et W P Ry b Y e e T4 A0 SiBgiane, PV L rigs properties.
usually employed (although Phillips catalysts are also used to produce LLDPE
having densities at the higher end of the range, and metallocene and other types
of catalysts are also employed to produce other well known variations of LLDPES).
[0043] Ethylene a-olefin copolymers are copolymers having an ethylene as a
major component copolymerized with one or more alpha olefins such as octene-1,
hexene-, or butene-1 as a minor component. EAOs include polymers known as
LLDPE, VLDPE, ULDPE, and plastomers and may be made using a variety of
processes and catalysts including metallocene, single-site and constrained
geometry catalysts as well as Ziegler-Natta and Phillips catalysts.

[0044] Very Low Density Polyethylene (VLDPE) which is also called "Ultra Low
Density Polyethylene" (ULDPE) comprise copolymers of ethylene with alpha-
olefins, usually 1-butene, 1-hexene or 1-octene and are recognized by those
skilled in the art as having a high degree of linearity of structure with short
branching rather than the long side branches characteristic of LDPE. However,
VLDPEs have lower densities than LLDPEs. The densities of VLDPEs are
recognized by those skilled in the art to range between 0.860 and 0.915 g/cm®. A
process for making VLDPEs is described in European Patent Document
publication number 120,503 whose text and drawing are hereby incorporated by
reference into the present document. Sometimes VLDPEs having a density less
than 0.900 g/cm?® are referred to as “plastomers”.

[0045] Polyethylenes may be used alone, in blends and/or with copolymers in
both monolayer and multilayer films for packaging applications for such food
products as poultry, fresh red meat and processed meat.

[0046] As used herein, the term "modified" refers to a chemical derivative, e.g.,
one having any form of anhydride functionality, such as anhydride of maleic acid,
crotonic acid, citraconic acid, itaconic acid, fumaric acid, etc., whether grafted onto
a polymer, copolymerized with a polymer, or otherwise functionally associated

with one or more polymers, and is also inclusive of derivatives of such
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[0032]The term "adhesive layer," or "tie layer," refers to a layer or material placed on one or more layers
to promote the adhesion of that layer to another surface. Preferably, adhesive layers are positioned
between two layers of a multilayer film to maintain the two layers in position relative to each other and
prevent undesirable delamination. Unless otherwise indicated, an adhesive layer can have any suitable
composition that provides a desired level of adhesion with the one or more surfaces in contact with the
adhesive layer material. Optionally, an adhesive layer placed between a first layer and a second layer in a
multilayer film may comprise components of both the first layer and the second layer to promote

simultaneous/éRHEEIBIIBF tREARR3REIaGEies. Rt T 2R IigAa iRl thereteBhd PR to opposite sides
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o L unith
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lap-type seals, the phrase "sealant layer” generally refers tot e Interior surface ayer of a package.
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comprising a%‘? HEPLgRAe "ﬁd %‘lﬂﬁ RGNS BIBHEHR %’?% SEREHEUEWAble appearance or

color of the nfeathEodoret, terms identifying polymers are also inclusive of "blends" of such
polymers. Thus, the terms “polyamide polymer” and “nylon polymer” may refer to
a polyamide-containing homopolymer, a polyamide-containing copolymer or
mixtures thereof.
[0048] The term "polyamide" means a high molecular weight polymer having
amide linkages (-CONH-), which occur along the molecular chain, and includes
“nylon” resins which are well known polymers having a multitude of uses including
utility as packaging films, bags, and casings. See, e.g., Modern Plastics
Encyclopedia, 88 Vol. 64, No. 10A, pp 34-37 and 554-555 (McGraw-Hill, Inc.,
1987) which is hereby incorporated by reference. Polyamides are preferably
selected from nylon compounds approved for use in producing articles intended
for use in processing, handling, and packaging food.
[0049] The term “nylon” as used herein it refers more specifically to synthetic
polyamides, either aliphatic or aromatic, either in crystalline, semi-crystalline, or
amorphous form characterized by the presence of the amide group -CONH. lItis
intended to refer to both polyamides and co-polyamides.
[0050] Thus the terms "polyamide" or “nylon” encompass both polymers
comprising repeating units derived from monomers, such as caprolactam, which
polymerize to form a polyamide, as well as copolymers derived from the
copolymerization of caprolactam with a comonomer which when polymerized
alone does not result in the formation of a polyamide. Preferably, polymers are
selected from compositions approved as safe for producing articles intended for

use in processing, handling and packaging of food, such as nylon resins approved
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[0035]"Polyolefin” is used herein broadly to include polymers such as polyethylene, ethylene-alpha olefin
copolymers (EAO), polypropylene, polybutene, and ethylene copolymers having a majority amount by
weight of ethylene polymerized with a lesser amount of a comonomer such as vinyl acetate, and other
polymeric resins falling in the "olefin" family classification. Polyolefins may be made by a variety of
processes well known in the art including batch and continuous processes using single, staged or
sequential reactors, slurry, solution and fluidized bed processes and one or more catalysts including for
example, heterogeneous and homogeneous systems and Ziegler, Phillips, metallocene, single site and

constrained gibifR iy taREaNS Preddceuirates REAVPdiredd e EBrBn KAt dihriePerties. Such
polymers maydag&igMyiBraisGhest soratistasrtal s Jinsraratte thexarapiekingtiiseenai and average
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available polyethylenes are also affected by average molecular weight and molecular weight distribution,
branching |er?gq%%d%%?@%ﬁmﬁté%@@%@%&mm%\ﬁ%ﬁ?&r&ﬂ Bei&ally refer to several broad
categories ofcondensation of mixtures of nylon 66 salts and nylon 610 salts), nylon 6/69 resins

(e.g., manufactured by the condensation of epsilon-caprolactam,

hexamethylenediamine and azelaic acid), nylon 11 (polyundecanolactam), nylon

12 (polylauryllactam) and copolymers or mixtures thereof.

[0051] In use of the term “amorphous nylon copolymer,” the term "amorphous”

as used herein denotes an absence of a regular three-dimensional arrangement

of molecules or subunits of molecules extending over distances which are large

relative to atomic dimensions. However, regularity of structure may exist on a

local scale. See, "Amorphous Polymers," Encyclopedia of Polymer Science and

Engineering, 2nd Ed., pp. 789-842 (J. Wiley & Sons, Inc. 1985). In particular, the

term "amorphous nylon copolymer" refers to a material recognized by one skilled

in the art of differential scanning calorimetry (DSC) as having no measurable

melting point (less than 0.5 cal/g) or no heat of fusion as measured by DSC using

ASTM 3417-83. The amorphous nylon copolymer may be manufactured by the

condensation of hexamethylenediamine, terephthalic acid, and isophthalic acid

according to known processes. Amorphous nylons also include those amorphous

nylons prepared from condensation polymerization reactions of diamines with

dicarboxylic acids. For example, an aliphatic diamine is combined with an
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polymers and copolymers as "polyethylene.” Placement of a particular polymer into one of these
categories of "polyethylene" is frequently based upon the density of the "polyethylene" and often by
additional reference to the process by which it was made since the process often determines the degree
of branching, crystallinity and density. In general, the nomenclature used is nonspecific to a compound
but refers instead to a range of compositions. This range often includes both homopolymers and
copolymers. [0039]For example, "high density" polyethylene (HDPE) is ordinarily used in the art to refer to
both (a) homopolymers of densities between about 0.960 to 0.970 g/cm3 and (b) copolymers of ethylene
and an alpha@RTAticSisanhoxictanis RranaemeliaAizRingJe eRABIHeS Withaea B! and 0.958 g/cm3.

HDPE includescapipysitsasiade yie Liratis amBiptipsstyigieatalysts and is also said to include high
molecular wejght "polyethylenes." In cpntrast,to HDPE, whose pol r chain has some branching, are
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Polyethylene getde RE-asderamh phafecablgfa teps®y %. It is well known that to be a highly
effective oxygen barrier, the hydrolysis-saponification must be nearly complete,
i.e., to the extent of at least 97%. EVOH is commercially available in resin form
with various percentages of ethylene and there is a direct relationship between
ethylene content and melting point. For example, EVOH having a melting point of
about 175 °C. or lower is characteristic of EVOH materials having an ethylene
content of about 38 mole % or higher. EVOH having an ethylene content of 38
mole % has a melting point of about 175°C. With increasing ethylene content the
melting point is lowered. Also, EVOH polymers having increasing mole
percentages of ethylene have greater gas permeabilities. A melting point of about
158 °C. corresponds to an ethylene content of 48 mole %. EVOH copolymers
having lower or higher ethylene contents may also be employed. It is expected
that processability and orientation would be facilitated at higher contents;
however, gas permeabilities, particularly with respect to oxygen, may become
undesirably high for certain packaging applications which are sensitive to
microbial growth in the presence of oxygen. Conversely lower contents may have
lower gas permeabilities, but processability and orientation may be more difficult.
[0053] As used herein, the term "polyester" refers to synthetic homopolymers
and copolymers having ester linkages between monomer units which may be
formed by condensation polymerization methods. Polymers of this type are
preferably aromatic polyesters and more preferably, homopolymers and
copolymers of polyethylene terephthalate, polyethylene isophthalate, polybutylene

terephthalate, polyethylene naphthalate and blends thereof. Suitable aromatic
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with alpha-olefins having densities from 0.915 to 0.940 g/cm3. The alpha-olefin utilized is usually
1-butene, 1-hexene, or 1-octene and Ziegler-type catalysts are usually employed (although Phillips
catalysts are also used to produce LLDPE having densities at the higher end of the range, and
metallocene and other types of catalysts are also employed to produce other well known variations of
LLDPES). [0043]Ethylene a-olefin copolymers are copolymers having an ethylene as a major component
copolymerized with one or more alpha olefins such as octene-1, hexene-, or butene-1 as a minor
component. EAOSs include polymers known as LLDPE, VLDPE, ULDPE, and plastomers and may be
made using SPONESIRSFPRYICER AN ERIAIVSEOM ReNE RSB de el shvpfieranly halVESAstrained
geometry catglgstsoassuell as Ziegler-Natta and Phillips catalysts. [0044]Very Low Density Polyethylene

(VLDPE) which is also called "Ultra Low Density Polyethylene" (UL Piggar% mprise copolymers of ethylene
with alphaol MRS sy B OE ANBRRALP LR ey WG PeEGuHBBUFE, T Be Skilled in e art
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are recognize In the art to range between 0.860 and 0.915 process for making

VLDPEs is d@ﬁ?ﬁé@ﬁ@%@eﬁﬁ siafsiar HIIRREAUFRBRERIGI St BETere\503 RALEtext and drawing
are hereby ingpygerpsad dupFeierpaerGEa MSyNFRREIE ARIBEHinREPREfE @2 dKagERsHEaMINg a density
less than 0.900 g/cm3 are referred to as "plastomers". [0045]Polyethylenes may be used alone, in blends
andlor with oA RAES FPBAHEACSUTE B/ A Rey el MmETeh Sty e AICLHOREor s fooc
products as peulpy;dteshanst] pressiee dtser ésss domestu (00 6 pkagese d dreeenin gheitémmal "'modified” refers
toa Chemicalgggrmggﬁreengcontact with the packaged meat. Modified atmosphere packaging

may create a substantially oxygen reduced environment where the oxygen

content of less than 3.0% oxygen v/v is desirable, and preferably less than 1.0 %

oxygen v/v. For processed meat, oxygen content of less than 0.5% v/v is

desirable.

[0055] “Vacuum packaging” refers to actively eliminating atmospheric gases,

most specifically oxygen, from inside the package and sealing the package so that

virtually no gas is able to permeate into the package from outside the package.

The result is a package with a minimum amount of oxygen gas remaining in

contact with the meat inside the package. The removal of oxygen from the

immediate environment of the product slows down bacterial and oxidative

deterioration processes thereby keeping the quality of the meat fresher for a

longer period of time.

[0056] “MAP” is an abbreviation for a “modified atmosphere package”. This is

a packaging format where a gas is actively flushed into the headspace of a

package prior to sealing. In general, the gas is modified to be different from that

normally found in the earth’s atmosphere. The result is a package with a

considerable volume of gas surrounding the viewing surface of the product within

the package. A fresh meat MAP can use either an enriched-oxygen or an oxygen-

free atmosphere to effectively extend shelf life.

[0057] “RAP”is an abbreviation for a “reduced atmosphere package.” It can

be a form of MAP wherein the atmospheric gases are minimal so that the
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one having any form of anhydride functionality, such as anhydride of maleic acid, crotonic acid, citraconic
acid, itaconic acid, fumaric acid, etc., whether grafted onto a polymer, copolymerized with a polymer, or
otherwise functionally associated with one or more polymers, and is also inclusive of derivatives of such
functionalities, such as acids, esters, and metal salts derived therefrom. Other examples of common
modifications are acrylate modified polyolefins. [0047]As used herein, terms identifying polymers, such
as, e.g., "polyamide” or "polypropylene,” are inclusive of not only polymers comprising repeating units
derived from monomers known to polymerize to form a polymer of the named type, but are also inclusive

of comonometaCkRINEIMAIHFEhAAS MfLICAhaANGEEINIBR e A saBtBY s AReitization of a
polymer afterdisonsdyaverirasionta@dbiorebnpharenpoamoiivg aloma therrpkymmgric chain.
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selected from n lon co E S 8 edf se i ?gtr cmg articles intended for use in processing,
handling, anoCB 'Q&WEJ}B fﬁ%ﬁ ﬁ% YR herein it refers more specifically to

synthetic [0058] “Consumer Package” refers to any container in which a meat product is
enclosed for the purpose of display and sale to household consumers.
[0059] “Case ready” meat refers to a consumer package of fresh meat that is
prepackaged and/or labeled at a centralized location and delivered to the retail
market in a format whereby it is ready for immediate display and sale. The case
ready package actively extends the quality life of a fresh meat product so as to
allow for the extra time that it takes to be packaged at a centrally located facility,
distributed to the retail grocer and then displayed under lights for consumer
selection and purchase.
[0060] A “myoglobin blooming agent” refers to any agent (or precursor thereof)
that binds to or interacts with any undenatured myoglobin-containing structure
(including but not limited to deoxymyoglobin, oxymyoglobin, metmyoglobin,
carboxymyoglobin, and nitric oxide myoglobin) present in a fresh meat product to
produce or preserve a desired color, such as a red color indicative of fresh meat.
The myoglobin blooming agent may also interact or cause an interaction with
hemoglobin present in a meat product so as to produce, maintain or enhance, i.e.,
“fix” a desired color. Thus, the myoglobin blooming agent is not a color additive,
but it acts as a color fixative. Examples of blooming agents include gases such as
oxygen and carbon monoxide.
[0061] “Deoxymyoglobin” refers to myoglobin in which no oxygen is present in
the heme pocket. The heme iron atom is in the reduced ferrous state. Itis
theorized that a liquid water molecule is the ligand in the heme pocket.

Deoxymyoglobin is associated with the unbloomed purple pigment of fresh meat.
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polyamides, either aliphatic or aromatic, either in crystalline, semi-crystalline, or amorphous form
characterized by the presence of the amide group -CONH. It is intended to refer to both polyamides and
co-polyamides. [0050]Thus the terms "polyamide" or "nylon" encompass both polymers comprising
repeating units derived from monomers, such as caprolactam, which polymerize to form a polyamide, as
well as copolymers derived from the copolymerization of caprolactam with a comonomer which when
polymerized alone does not result in the formation of a polyamide. Preferably, polymers are selected from
compositionsﬁ&&%zoved as safe for producin% articles intended for use in processing, handling and

packaging of lsucHaYmyRAEINSiasD8VRE BYYaRNeles! foppPhARPEYIY 2dRiRistration provided at
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polymeric resins for yse in fo ackagi rocessing include: nylon 66, nylon 610, nylon 10,
nylon 6/66, nWﬁ} %f, 9%@%&@8&?@%3&9% lon 12, nylon 6/12, nylon 6/69, nylon 46, nylon
6-3-T, nylon IWJQBBB,_ nyNdativiyaglobilorefe23 taraoh royiciz €4 o ind sotopegl aiti? in @FRRhEAE. 1500. Examples
of such poWaﬁ%’ﬁ%ﬁr‘&%qﬁ (olaHs| %q}y&zﬁinq%je%%m?&%%% ag&iflgcted form the group

consisting of nylon 4,6 (poly(tetramethylene adip on 6 (polycaprolactam), nylon 6,6
(poly(hexameKygSRdaayipa tARIBPMEROSHS 9ofisdt Bperakesahelgeirmm®iihiylon 6,10
Epo:yghexarr&é%)dm@qrsf%éﬁm@@u ' y Btdﬁdwm;lr%%i@@é\dlr@mim?@ylmﬁagwh eixed ('j ahe nylon I6/12 )
poly(caprolactam-co-dodecanediamide)), nylon 6,6/6 (poly(hexamethylene adipamide-co-caprolactam)),
nylon 66/610?%?@?9‘35?1%‘?69@?&% i @69?!88%8%3%‘ 'ﬁéﬂlﬂres of nylon 66 salts and nylon 610 salts),
nylon 6/69 rem4b.g.,“@mbuf@mhyugtbpwhefemﬂnﬂmmmob&peﬂmmmmmm the

hexametty RgHBTRALLaFIEAETY fuiRB-t hinsb wReRROIRdiaT Ao 12 (polyiauniactar)
and copolymers or mixtures thereot. [0051]h use of the term "amorphous nylon copolymer,” the term
"amorphous" A8nBédeh etbm eiRE SR SRR ISA #dgular three-dimensional arrangement of
molecules or geesnits olimersaegisEiendine: Arricrisiaaaas Vel RithlaraRd alatpiieatomic

dimensions. However, reggulari_t of structure may exist on a |ocal scale. See, "Amorphous Polymers,"
Encyclopedia®§PRSI¥RSIPRGHFR Y EMyRIBANGBASEN PSFEB AR EE (WY & Sons, Inc. 1985). In
particular, therteleaulambliisbgers myooxatpisiasertefefezd to asmitieriatidecoyitizeghibyoglubiskilled in the art

of differential. ' lorimetry. . ing.no [ ' int (less than 0.5 cal/g) or
no heat of fué?ﬁ%@%g%g?d%yx&%%@%m@ﬂg%g;%eggnﬂgé%i%g ’r?%/ﬁon copolymer may be
manufactured PR real@bitsamsne Oestambliipperamralniie hesdbesrme sibcelatasophthalic acid

according to KROWRJRIBERSSRS-cAMBBKHRRYIBYIANS also include those amorphous nylons prepared from

condensation polymerization reactions of diamines with dicarboxylic acids. For example, an aliphatic
diamine is co[ﬁg d wihll'tﬂﬁ oxide metmyoglobin” is the undenaturéd oxidized form of

deoxymyoglobin when nitrite is present. It is used to describe the brown color of
meat that typically occurs after nitrite is added during the curing process.

[0067] “Nitrosohemochrome” refers to the nitrosylated protoporphyrin (heme
complex) that is detached from the globin protein moiety of the myoglobin
molecule. Nitrosohemochrome affords the stable pink to maroon color of cooked
cured processed meat, wherein the heme iron is in the reduced state.

[0068] “Meat” or “meat product” refers to any myoglobin or hemoglobin
containing tissue from livestock such as beef, pork, veal, lamb, mutton, chicken or
turkey; game such as venison, quail, and duck; and fish, fishery or seafood
products. The meat can be in a variety of forms including primal cuts, subprimal
cuts, and retail cuts as well as ground, comminuted or mixed. The meat or meat
product is preferably fresh, raw, uncooked meat, but may also be frozen, hard

chilled or thawed. It is further believed that meat may be subjected to other
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aromatic dicarboxylic acid, or an aromatic diamine is combined with an aliphatic dicarboxylic acid to give
suitable amorphous nylons. [0052]As used herein, "EVOH" refers to ethylene vinyl alcohol copolymer.
EVOH is otherwise known as saponified or hydrolyzed ethylene vinyl acetate copolymer, and refers to a
vinyl alcohol copolymer having an ethylene comonomer. EVOH is prepared by the hydrolysis (or
saponification) of an ethylene-vinyl acetate copolymer. The degree of hydrolysis is preferably from about
50 to 100 mole percent, more preferably, from about 85 to 100 mole percent, and most preferably at least
97%. It is well known that to be a highly effective oxygen barrier, the hydrolysis-saponification must be

nearly compl&tadialivee Riogigahcoerttahet phrvsicalsatiaesttnni o &HilrRIAIfHRM resin form with
various percgiagesaptathiertnst Mayos detirathealalitnshitledwaathyitamaaatent and melting

point. For example, EVOH having a melting, pqint of ahout 175 C. or lower is characteristic of EVOH
ateriats YS! TR PSS LRI Bk BBt T VAR BQAETDR ARFE o cthyiene content of
38 mole % haﬁfaqﬁmQﬁng)pm)hw@fWQMaWEmmma‘samgasﬂbylmtﬁeccmmnttrhley'n’wlting point is
e ey BANAI RV LG el HRdRe AT eladea haveuRaler gas

permeabilities. A melting point of about 158 C. correspo o an ethylene content of 48 mole %. EVOH
copolymers HRRAHERIEEN- oMeigheiicirrbh dneomRaitis 1eas H13B he ¢npieyerentbdaypeétted that
processabilityeaahestemtstian would be facilitated at higher contents; however, gas permeabilities,

ticularly wj t , b desirably high f tai i licati
Which ave seRURED to i SLEH GrALIRR, FE HRuBE By Ee G /ER T EdA Bhts may nave
lower gaﬁ pertmmge;iiﬁestidnm pfaams_‘abﬁityairaﬂe)uiﬁm&yienlmwm mvcbpee:ﬂ_ﬁto:blntctbé&}mg used herein,
the term "polygafel” (GicH5 (8 BHOYIFHE NADSNBHEIS 2R RARANMESAPRY BRigTdnkages between
e ehsati

monomer units which may be for y con on polymerization methods. Polymers of this type are
preferably ar6RTRIENSSH 5K RIRE Bl GréTeiaOhOeRIrAEH GRHNESUARRS (P SIDFidlaNsT polyethylene
terephthalatespotyRiRyiRaR isap iisates mkbaRd M irrepRaRmRis oPpbiRtBMiaBR MvMidealate and blends

thereof. Suitable aromatic Eolyesters may have an intrinsic viscosity between 0.60 to 1.0, preferably
between 0.60%5J%b AP RRN O oxygen atmosphere” when referring to a packaged meat
[0070] Subprimals are intermediate in size and may be divided further into

retail cuts or are sometimes sold as retail cuts. Beef subprimals include: arm;
blade; ribs; beef plate; top round; bottom round; ribs; top butt; bottom butt;
tenderloin; and top loin. Pork subprimals include: butt shoulder; picnic shoulder;
center cut; sirloin; butt end; shank end; side pork and side rib.

[0071] Retail cuts of meat are consumer cuts made by dividing wholesale cuts
into smaller pieces. Examples of retail cuts of beef include: steaks such as round,
top round, cubed, sirloin, t-bone, porterhouse, filet mignon, rib eye, rib, skirt, flank,
and tip; roasts such as blade, pot, and chuck; corned brisket; fresh brisket; stew
beef; short ribs; kabobs; eye of round; rolled rump; shank cross cuts; steak rolls;
ground beef; and beef patties. Examples of retail cuts of pork include: arm roasts
and steaks; spareribs; bacon; salt pork; ham; ham steaks; ham slices; pork
tenderloin; chops; cutlets; fat back; sausage; links; and ground pork.

[0072] “Fresh meat” means meat that is uncooked, uncured, unsmoked and
unmarinated. “Fresh meat” includes post mortem meat that has been physically
divided, for example, by cutting, grinding or mixing. There is no added salt in
fresh meat that has not been enhanced. Naturally occurring sodium typically is

less than 50 mg/100 g of meat and accounts for a salt content of less than about
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product refers to a reduction in the partial pressure of oxygen in contact with the packaged meat product,
in comparison with the partial pressure of oxygen in the Earth's atmosphere at standard temperature and
pressure at sea level. Reduced oxygen atmosphere packages may include modified atmosphere
packages where the oxygen partial pressure is less than that of the Earth's atmosphere at standard
temperature and pressure at sea level, or vacuum packages, containing minimal gas pressure in contact
with the packaged meat. Modified atmosphere packaging may create a substantially oxygen reduced
environment where the oxygen content of less than 3.0% o xygen v/v is desirable, and preferably less than

1.0 % oxygerPviv. ERig i dodysiRr ahbae St Ocbifteneighicss thalHes fo/§9ﬂ}qg‘c?églﬁéﬁle [0055]"Vacuum
packaging” r@méb@sa%vammmmwﬂp@ﬁnmﬁﬁwmadm@tN@WNMmmafrom inside the

package and e so that virtug|l ate into t kage from
outside the p %"‘ﬁ‘ng?? f§ B%gﬁgaér\% 8@?%%{ |n|ng in contact
with the meaFm@evapﬁ’ckagsse‘ﬂwé’repHMI m‘feorygeta lﬁndhetin\dwstmmléﬂaedboolnmént of the product
slows down b&%&gm% %@ﬁgy g % g;ésbgﬁégereby keeplng the quality of the meat

eee? 056]"MAP" |s

fresher for a longer period of tim reviation for a "modified atmosphere package".

This is a pack887R forrkaNanead ReRts ReaRs /B (Rpliemas des MeiaispiRINYIE ARREge prior to
sealing. In QQHQF%IM%@W@&;@Q @hﬁl@@ff@mgﬁsﬂﬁitwaﬁl{y fQH(H‘ﬂéUdh@ge@rg" s atmosphere.

it he pa gt ATk TR THEL NP G LS LRGP CORRERE LS b7l BRebtfioe atmosphere

to effectively extendtrstefielifecif@DEAiRAdR disnanuldiippinaliyicoriaia Or@due ecigimésphktre package.” It can

be a form of %&W‘EH‘?&%Q? atmospheric gases are minimal so that the
[0074] “Processed meat” means meat that has been changed by heat and
chemical processes, e.g., by cooking or curing. Cooked ham, hot dogs, and lunch
meat are examples of cured processed meat.
[0075] “Uncured processed meats” are processed meats that do not contain
nitrites or nitrates. Uncured processed meats would typically contain greater than
1.0% by weight, typically 1.2-2.0 weight %, sodium chloride (salt). Cooked roast
beef and bratwurst are examples of uncured processed meat.
[0076] “Cured meat’ means meat that is preserved through direct addition of
nitrite (or nitrate which is converted to nitrite), e.g., having at least 50 ppm sodium
nitrite and at least 1% by weight added salt, i.e., sodium chloride, for the purpose
of preservation by retarding bacterial growth. Nitrites, nitrates or blends thereof
are commonly present with sodium chloride in curing compositions. “Uncured
meat” does not contain added nitrite or nitrate. Wet cured meats are soaked in
salt brine. Dry cured meats have salt applied to the surface. Injection cured
meats have the curing salts (cure) applied by needle injection into the meat.
[0077] Cured processed meats often have 2-3.5 weight % salt. A brine content
of 3.5-4.0 weight % (2.6-3.0 % on a weight basis in treated meat) as the level of
sodium chloride salt (potassium chloride may be substituted for some or all of the
NaCl) is needed in processed meat to adequately slow down bacterial growth to
permit 60-90 day shelf life, although other means of preservation may also be

employed to maintain shelf life at reduced salt levels. According to Pegg, R. B.
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packaging material makes physical contact with the internal contents. RAP can also be a form of vacuum
packaging where the atmosphere is not completely evacuated from inside the package. Examples include
the conventional fresh meat package such as a "PVC stretch wrapped tray" and the conventional case
ready poultry package where a shrink film or bag is hermetically sealed around a tray of meat. In general
the fresh meat in a RAP has a higher profile than the tray used to hold the meat so that the packaging film
surrounding the product makes considerable physical contact with the meat surface. [0058]"Consumer
Package" refers to any container in which a meat product is enclosed for the purpose of display and sale

to household %EU%QE%QQQP@H%Q&HWQ%?&§@S & DyElipRdTIesekile of fresh meat that is
prepackaged gaeHpuliabgieslsé @ raeptsatizsthipeatipicanshdelversdrto the getaigmarket in a format

whereby it is ready for.immediate. displa sale. The case ready packgge activgly extends the quality

e of a fresh HREAAALIEIEE & o AToRs 1 NG Ihae AP AR I Bl at o centrally

located facilitjgriiisstidute thebevedritaifgpsiteremt & bk mslivptd e kiadeé phgiity fascomsiinier selection and

purchase. [000Q)-fapalpbly BIRRRING Aagicde s rs 10 bk A9ERL(BrBLRGHERRhereo that binds to or
0

interacts with any undenatured myoglobin-containing structure (including but not limited to
deoxymyogloBEHICEHRSHREHM PSS HgIRIBm NEEID SREMIRIR IR CHFRY MRYPER§E8 38 0globin) present in
a fresh meat prOstURT{IREIAUICR BIRERFRTNG SF dRSIEShTColRiuRVAIMAS & BdgolpnnsieRive of fresh meat.

Th lobin bl i Iso int t ! int tion ywith hemoglobi ti
meat product WSS fb Brodle8 HtHEm df EHIL B8 Rl P4 GE 67 Bl LR e Bryoglobin
blooming agenttypicat eoodkst wddléveubdt?itrmasple@ctsldinéiﬁaﬁues Eadinrpleﬂrthé h'rto‘rﬁﬁing agents include
gases such as oxygen ARG AR MALGLISo OG5 RROHERRRIAtE (RS2 BULHqRip in which no

oxygen is present in
dogs or bologna is typically 156 ppm, while that for bacon is 120 ppm. Sodium

ascorbate (or similar compounds) may be present in these cures.

[0078] In Europe, it is believed that the minimum level of salt and nitrite
required by law for curing is 1.0 weight % and 50 ppm respectively. The USDA
has stated: "As a matter of policy, the Agency requires a minimum of 120 ppm of
ingoing nitrite in all cured "Keep Refrigerated" products, unless the establishment
can demonstrate that safety is assured by some other preservation process such
as thermal processing, pH or moisture control. This 120 ppm policy for ingoing
nitrite is based on safety data reviewed when the bacon standard was developed.”
(See, “Processing Inspectors' Calculations Handbook”, Chapter 3, p. 12, revised
1995). The Handbook also states: "There is no regulatory minimum ingoing nitrite
level however 40 ppm nitrite is useful in that it has some preservative effect. This
amount has also been show to be sufficient for color-fixing purposes and to
achieve the expected cured meat or poultry appearance.”

[0079] The meat product can be any meat suitable for human consumption that
contains a myoglobin like molecule. References to total myoglobin in a meat
product refer to the amount of the myoglobin like molecules that are
physiologically present in the meat tissue prior to harvesting for human
consumption. Specific meat products contain a level of myoglobin sufficient to
provide its characteristic color. Examples of suitable fresh meat cuts include beef,

veal, pork, poultry, mutton, and lamb. The concentration of myoglobin varies in
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the heme pocket. The heme iron atom is in the reduced ferrous state. It is theorized that a liquid water
molecule is the ligand in the heme pocket. Deoxymyoglobin is associated with the unbloomed purple
pigment of fresh meat. [0062]"Oxymyoglobin” refers to the oxygenated form of deoxymyoglobin where
the heme ligand is an oxygen gas molecule. Oxymyoglobin is associated with the bloomed red pigment of
fresh meat [0063]"Metmyoglobin” refers to an oxidized form of myoglobin in which the heme iron is in the
oxidized ferric state. Metmyoglobin can be formed when oxygen leaves the heme pocket of oxymyoglobin
and takes an electron with it leaving the heme iron atom in the oxidized ferric state. Metmyoglobin causes

the characteriBe®diderentiyeeh ligipahrooteishn m-expoee) eeabyRiralbsrRiaing eyt the
undenatured geglyaasl SERY S| dbth G PgradrtgdideeXysny eslrlinsidaant- B/ eyeniiyliwme ligand is carbon

monoxide. Thp%}:glrggno&c%rebaot%mgi? "rc]c;ﬁtg?rqs' less than about 1 mg myoglobin per gram of
meat. Thus, the concentration of total myoglobin compounds in the above
described meat products is typically between about 0.5 mg and 25 mg of
myoglobin compounds per gram of the meat product.
[0080] In fresh meat (postmortem muscle tissue), oxygen can continually
associate and disassociate from the heme complex of the undenatured myoglobin
molecule. It is the relative abundance of three forms of the undenatured muscle
pigment that determines the visual color of fresh meat. They include purple
deoxymyoglobin (reduced myoglobin), red oxymyoglobin (oxygenated myoglobin);
and brown metmyoglobin (oxidized myoglobin). The deoxymyoglobin form
typically predominates immediately after the animal is slaughtered. Thus, freshly
cut meat can have a purple color. This purple color can persist for a long time if
the pigment is not exposed to oxygen. Cutting or grinding exposes the pigment to
oxygen in the atmosphere, and the purple color can quickly convert to either bright
red (oxymyoglobin) or brown (metmyoglobin). Thus, although deoxymyoglobin is
technically indicative of fresher meat, it is the red or “bloomed” meat color that
consumers use as their primary criterion for perceiving freshness. It is believed
without wishing to be bound by the belief that the preferred red color of fresh meat
occurs when at least 50% of the deoxymyoglobin molecules are oxygenated to the
oxymyoglobin state. Changes in the relative percentage of each of these forms
can continue to occur as fresh meat is exposed to oxygen for longer periods of
time. The immediate conversion of the purple color to the desirable bright red or
undesirable brown can depend on the partial pressure of oxygen at the surface.
The purple color is favored at the very low oxygen level, and can dominate at
oxygen levels of 0-0.2% by volume. The brown color is favored when the oxygen
level is only slightly higher (0.2% to 5.0%). Consumer discrimination typically
begins when the relative amount of metmyoglobin is 20%. A distinctly brown color
is evident at 40% metmyoglobin, which typically renders the meat unsaleable

even though it remains nutritious and healthy for consumption.
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[0065]"Nitroxymyoglobin” is the undenatured reduced form of the nitrosylated deoxymyoglobin pigment.
The heme ligand is a nitrogen monoxide (NO) molecule. Nitrogen monoxide is also referred to as nitric
oxide. Nitroxymyoglobin is also referred to as nitric oxide myoglobin, nitrosohaemachromagen, or
nitrosomyoglobin among others. Nitroxymyoglobin has the same red color as oxymyoglobin and
carboxymyoglobin. [0066]"Nitric oxide metmyoglobin” is the undenatured oxidized form of
deoxymyoglobin when nitrite is present. It is used to describe the brown color of meat that typically occurs
after nitrite is added during the curing process. [0067]"Nitrosohemochrome" refers to the nitrosylated

protoporphyrikf98dne CpfgiBdiachenisrERFM P MR IIPYSEs AT R BIISF #RaMyoglobin
molecule. Nitegsohiegatscoms Rtirasdhierstde finkdprascnes 6pHioE eprigigtieured processed meat,

herein the h ' in the reduced state. [0068]"Meat" or " t product" refers t lobi
hemoglobin CTRATTRG (RN NGELL K LA BHEE paFO UL CARIS IMGRSATEcken of torkey:

game such ameiém'mmlobinai.de,danthshmprea@fithm@hemm@m&bndngdiudmﬁhe meat can b.e in a
variety of fo”ﬂéd?ﬁfﬁ%@%f%&%ﬂ%@%ﬁ'&H d %J@%%ﬁ%‘%%@%i%‘&H%r comminuted or

mixed. The meat at product Is preferablé fresh, raw, uncoo meat, but may also be frozen, hard

chilled or thaMeiMKqsARithEadysieg agttyibt mMeRfraay br detsabrstad thenapility of muscle to

reduce metmyoglobin back to its natural deoxymyoglobin state. MRA is lost when
the oxidizable substrates are depleted or when heat or acid denatures the
enzymes. When the enzymes lose their activity or are denatured, the iron of the
heme pigment automatically oxidizes to the metmyoglobin form, and the brown
color stabilizes and dominates. MRA persists for a period of time after death
depending on the amount of exposure of the meat tissue to oxygen. During this
time oxygen is continually consumed by the meat tissue. The oxygen
consumption rate is referred to as "OCR". When meat that has a high OCR is
exposed to oxygen, the oxygen tension is reduced so rapidly that the
metmyoglobin is favored below the viewing surface. If it is close to the viewing
surface, the perceived color of the meat is affected. The MRA is important to
minimize this layer of metmyoglobin that forms between the bloomed surface and
purple interior. As the MRA wears out, the brown metmyoglobin layer thickens
and migrates toward the surface, thus terminating display life. When the MRA is
high, the metmyoglobin layer is thin and sometimes not visible to the naked eye.
[0082] MRA and OCR relate to determining the types of packaging best suited
for retail sale in order to prolong the desirable appearance of meat as long as
possible. Hermetically sealed packages with films that are a barrier to oxygen will
cause a low oxygen tension on the meat surface. Thus, metmyoglobin formation
occurs and the viewing surface changes to an undesirable brown color. However,
if the OCR is high enough to keep ahead of the oxygen that migrates across the
packaging film, and the MRA is good enough to reduce metmyoglobin that forms
on the surface, then native deoxymyoglobin replaces metmyoglobin. After a
period of time, the perceived color changes from brown to purple. Both of these

colors are unacceptable to the consumer. For this reason, vacuum packaging by
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irradiative, biological, chemical or physical treatments. The suitability of any particular such treatment may
be determined without undue experimentation in view of the present disclosure. As long as the myoglobin
blooming agent is effective to promote, develop, enhance or maintain a desirable color, it may be
advantageously employed to such end. Preferably the meat is less than 20 days post mortem. More
preferably, the meat is less than 12 days or even 6 days or less post mortem. [0069]Primal cuts of meat
are also termed wholesale cuts and both terms refer to large sections of a carcass that are usually sold

and/or shipped to butchers who further subdivide the primal into subprimals and individual retail cuts for
sale to consuitglishasdisipricalr papRAR WRAEFBRIBPIG doTHahtPrieRRB rRAAYSReE MA@ short loin; plate; rib;

brisket; shankasdghisek ube@Briep elBprkRiiaiisotReludaydaintd el nsbasidar taad belly.
[0070]Subprimals be divided further into r tail.cuts(gr re sometimes

e intermediage. in size an r?a
sold as retail%&@%%@f’é‘ﬁﬁﬁﬂﬁ%ﬂli L&EZIEJ‘AE[:S ' I&?ire?rr?r?g,sﬁ'é’gfapﬂ t%ef'f’c%: 88IN9; bottdNT round; ribs; top
butt; bottom miketéaddrlvartuandpagkigimdPerth s divonahafshutedier botiksttbanderygEdnic shoulder; center

cut; sirloin; b ‘(r‘)?%@gféﬁ‘ﬂ%f‘é‘@hé@%ﬁrﬁ’&F,Ky%@ﬁjoﬁiﬂ%@%éﬂﬁ%iﬁ%ﬁﬂﬂ&a‘ﬁmgﬁﬁa%ﬁ’ ffGfsumer cuts made

by dividing wholesale cuts into smaller pieces. Examples o cuts of be ude: steaks such as
round, top roGRAKIBGHEYSSPI IR, APRIAL QSRR A HIR BItSY #fieth oM ageBiRe MAL &RRttFlank, and tip; roasts

such as bladejepatupndrihsskacReTrshbiirkaEfiepoatakat,istew Mesdcried miksslrlsps; eye of round;
rolled rump; shank cross cuts; steak roIIs;ggéé)}ggld beef; and beef I[??atti S. Examé)les of retail cuts of pork
include: arm 7@5@?3085’601% E%'ﬁfﬁlseﬂﬁg, Rf%ﬁﬁ) @ﬂ%tr?ﬂ[ A é%ﬁlgr ! té%gi?(fes; pork tenderloin;

chops; cutlet$ifarbaxigesaisselgeinaiés;faom gmawad padessed meat package, the product's
color and flavor can deteriorate slower than when oxygen is present. In the
present invention oxygen must be removed from the environment of the raw fresh
meat before the preferred color can develop. A certain amount of oxygen
penetrates the meat after slaughter and fabrication. This oxygen is eliminated by
the OCR/MRA activities. Similarly, those activities facilitate the dominance of the
deoxymyoglobin form of the myoglobin molecule. It is believed, but not wishing to
be bound by the belief, that the OCR/MRA activities also facilitate the reduction of
nitrite to nitric oxide when sodium nitrite is used as the myoglobin blooming agent.
In this case, the formation of deoxymyoglobin and nitric oxide allows for the
development of nitroxymyoglobin. Oxygen itself is a blooming agent because it
causes the formation of oxymyoglobin as described earlier herein. However,
oxygen interferes with the reactions that form deoxymyoglobin and nitric oxide.
Therefore, it interferes with the bloomed color development in the presence of
nitrite. Thus, it is a preferred aspect of the present invention that an oxygen
barrier layer is selected and configured to protect the meat surface from the
ingress of atmospheric oxygen during the formation of the desired bloomed meat

color.

MYOGLOBIN BLOOMING AGENTS
[0083] In a first embodiment, myoglobin blooming agents are provided. A
“‘myoglobin blooming agent” refers to any agent (or precursor thereof) that binds to

or interacts with any undenatured myoglobin-containing structure (including but
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[0072]"Fresh meat" means meat that is uncooked, uncured, unsmoked and unmarinated. "Fresh meat"
includes post mortem meat that has been physically divided, for example, by cutting, grinding or mixing.
There is no added salt in fresh meat that has not been enhanced. Naturally occurring sodium typically is
less than 50 mg/100 g of meat and accounts for a salt content of less than about 0.15 weight %,
preferably less than 0.128 weight %. Values of sodium are in a database for nutritional composition of
meat called the "National Nutrient Data Bank", and the data is published in Agriculture Handbook No. 8,
"Composition of Foods--Raw, Processed, Prepared" referred to in the industry as "Handbook 8," both of

which are hel’a.fﬁ}}'rﬁ'&%ﬁd@r‘é@@dwyﬂﬁ@@Hc@WOD’P@f@HhaYﬂ%@Gyﬁﬂi‘a?'%@%fﬁ@’ﬁﬁ@%(@ﬂi@'ﬁ"ﬁas added water

mixed with othed tﬁlﬁf@@b@ﬂ&srﬁy@@@ﬁrﬁqdbgérﬁmpélﬂ@sﬁhﬁé@ﬂﬁ%@ﬂb@f&ﬁiﬁé@@é&@%lng e.g. to
make meat moi t more t’ender %nd to he nhancei eIf |ff resh beﬁ29 porkq goultry after being
"enhanced" Wb 'fﬁ&gg MRS @%%rérﬁ(?'@a a‘ﬁtct (58§u r 3 9 'Brocessed meat"

means meat theomag Femntcnangdsbbiytaesat andmlmmmqeracnsse\sﬂet’@nbgIobcukmgsmnturlng Cooked
ham, hot dogg, ancLlnel 608%&‘% ?&%%Bl?éeoﬁ%?ﬂ%?‘é%ﬁ%%@é“?@ RO PhLEEG gy ocessed

meats" are processed meats that do not contain
Thus, the myoglobin blooming agent is not a color additive, but it acts as a color

fixative.

[0084] In one preferred embodiment, the myoglobin blooming agent is a “nitric
oxide donating compound” (“NO donor”) that provides a nitric oxide (NO) molecule
that binds to the myoglobin present in a meat product so as to maintain or
promote a reddening or blooming or other favorable coloration of the meat
product. A nitric oxide donating compound releases nitric oxide or is a precursor,
e.g., nitrate which acts as an intermediate leading to the formation of nitric oxide
which binds to a myoglobin molecule in a meat product. Examples of nitric oxide
donating compounds include nitrosodisulfonates including for example, Fremy’s
salt [NO(SO3Na), or NO(SO3K),]; inorganic nitrates (MNO3) where a suitable
counter ion (M") include alkali metals (e.g., sodium, potassium), alkaline earth
metals (e.g., calcium), transition metals, protonated primary, secondary, or tertiary
amines, or quaternary amines, or ammonium, and including for example,
saltpeter; and inorganic nitrites (MNO,) where suitable counter ions (M") include
alkali metals (e.g., sodium, potassium), alkaline earth metals (e.g., calcium),
transition metals, protonated primary, secondary, or tertiary amines, or quaternary
amines, or ammonium.

[0085] Other suitable nitric oxide donating compounds that may act as
myoglobin blooming agents are disclosed in U.S. Patent Nos. 6,706,274 to
Herrmann et al. (filed January 18, 2001); 5,994,444 to Trescony et al. (filed
October 16, 1997), and 6,939,569 to Green et al. (filed June 18, 1999), as well as
published U.S. Patent Application No. US2005/0106380 by Gray et al. (filed
November 13, 2003), all of which are hereby incorporated by reference herein.
Optionally, the myoglobin blooming agents can contain materials that promote the

conversion of other materials to NO, such as nitrate reductase or nitrosothiol
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nitrites or nitrates. Uncured processed meats would typically contain greater than 1.0% by weight,
typically 1.2-2.0 weight %, sodium chloride (salt). Cooked roast beef and bratwurst are examples of
uncured processed meat. [0076]"Cured meat" means meat that is preserved through direct addition of
nitrite (or nitrate which is converted to nitrite), e.g., having at least 50 ppm sodium nitrite and at least 1%
by weight added salt, i.e., sodium chloride, for the purpose of preservation by retarding bacterial growth.
Nitrites, nitrates or blends thereof are commonly present with sodium chloride in curing compositions.
"Uncured meal' does not contain added nitrite or nitrate. Wet cured meats are soaked in salt brine. Dry

cured meats FRAKCENE spFIKicBAPRISURRIEEING RGIBIR QRIS FResi® R WE SUFivefisalie cure) applied

by needle injegionipto 2156902t b[OMEYKRBEE PENqaRSEaMERS WS RV eRich Ssweight % salt. A brine
content of 3.5-4.0 we%h % ;2.6-3.0{? on a weight basis in treated meat) as the level of sodium chloride
salt (potassiu'H1C8Fﬁ8F g(sn%yekﬂ% R BEEE§F for some o all of the NaCl) is needed in processed meat to

adequately sli®0863wn Odute eabgnoetioto pesmii&d b atagstwetfddends mgteattgamiceans of

preservation m@g&lggﬁgmgéo%%qtgﬁmgigtgméj‘ﬂfc“%gfég&}&gﬂﬁl&@t\ée&rg&%ording to Pegg, R. B.

and F. Shahidi, 2000, Nitrite Curing of Meat. Food & Nutrition Press, Inc., Trumbull,CT, cured meats may
have typical $8RYS{RISHDY-3-HHipsRR 4P aNIsAGSIOIR 3F@ARISt W thaRRRSUNDS (FSIfidivAdn sausages
and 2-4 Weig%t%dl} ferdesndl g&g&%ﬁ@@ﬁba&g@&%m%&@m%m%?iyﬁéwhelﬁlaﬁdo@ultry ;las no nitrite or
nitrate naturally occurring or added. The Unit tates Department of Agriculture (USPA) permits ingoing
itrte and niPAO TS EET AR AELB AER K UF K BEnF L 5t SD8 M socum e or
2,187 ppm sodano, mitkatéimitcdie coeathproitivtds tdtravtiveite plitatiiplest édnasisrbtey dsddtetedd limits, e.g., in

typical cookef] whole H?Hiﬁq% meatprpdigts the limit as sodium nitrite is 156 ppm and in comminuted
meats, 200 ppm. The maximum nitrite usage level in hot dogs or bologna is typically 156 ppm, while that

for bacon is 180%{Im. SWoRexasuRIaseE THI SN ¢OMPBaFes)RAEYdsdsiEden?in these cures. [0078]In

Europe, it is helig¥@d e shep BRI WD RS AERANMKYItHIites such as butyl nitrite, amyl
nitrite, dodecyl nitrite and dicyclohexylamine nitrite; S-nitrosylated compounds (-S-
NO) also known as nitrosothiols including S-nitrosothioglycerol, S-nitroso-
penicillamine, S-nitrosoglutathione, glutathione, S-nitroylated derivatives of
captopril, S-nitrosylated-proteins, S-nitrosylated-peptides, S-nitrosylated-
oligosaccharides and S-nitrosylated-polysaccharides; and N-nitrosylated
compounds (-N-NO) including N-nitrosamines; N-hydroxy-N-nitrosoamines; and
N-nitrosimines.
[0088] Additional examples of nitric oxide donating compounds include
nonoate compounds which include the functional group —N(O)-NO (also referred
to in the art as N-oxo-N-nitroso compounds, N-hydroxy-N’-diazenium oxides,
diazeniumdiolates and NONOates) including 3,3,4,4-tetramethyl-1,2-diazetine 1,2-
dioxide.
[0089] Further examples of nitric oxide donating compounds include transition
metal/nitroso complexes including sodium nitroprusside, dinitrosyl iron thiol
complexes, iron-sulfur cluster nitrosyls, ruthenium nitrosyls,
nitroso/heme/transition metal complexes, and nitroso ferrous protoporphyrin
complexes; furoxans including 1,2,5-oxadiazole N-oxide; benzofuroxans,

oxatriazole-5-imines including 3-aryl-1,2,3,4-oxatriazole-5-imine; sydnonimines
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required by law for curing is 1.0 weight % and 50 ppm respectively. The USDA has stated: "As a matter of
policy, the Agency requires a minimum of 120 ppm of ingoing nitrite in all cured "Keep Refrigerated”
products, unless the establishment can demonstrate that safety is assured by some other preservation
process such as thermal processing, pH or moisture control. This 120 ppm policy for ingoing nitrite is
based on safety data reviewed when the bacon standard was developed.” (See, "Processing Inspectors'
Calculations Handbook", Chapter 3, p. 12, revised 1995). The Handbook also states: "There is no

regulatory minimum ingoing nitrite level however 40 ppm nitrite is useful in that it has some preservative
effect. This afBUAINERAREBBIER:MHNAS IBe!Ldif i I0PRRNGNAIN NS FHEERRYVAHEIRG Bichieve the

expected curedHy@akpgRmiinyeaparadtapiexyl#e49]The meat product can be any meat suitable for
human cons ion that contains a myoglobin like molecule. References, to total. myoglobin in a meat
product refetﬂ@&%bg am@ﬁﬂ? 8%%??% ‘F??{)S)Bl@oﬁ?'m?é’ HQg]I%FLﬁgsg ?%%13@8|8?3§0%I9'¥5' esent in the meat
tissgg prior tmh@wegﬂn@tmlemgmmm.Slpeidﬁnemeaeq;tmtﬂmnﬁmmnm ddeahgf myoglobin
sufficient to pEB}ﬂggdh?rgﬂa?ﬁé%lB%/ﬁ%ﬂ& rﬁé@mi Hlﬁﬁlf&}fw%}ﬂg‘ﬁsf @%%%Hyl‘de beef, veal, pork,

poultry, mutton, and lan concentration of myoglobin varies in these different types of meat
products. Forderatiilsitssepfghicaipeshuiieass b alimemplscHos Sobiiparigeam of meat, pork
containfs abOWr%f@réB%,“W@gﬁﬂ#&fbﬂgé%?@e@ffﬁlﬁﬁbrﬁgﬁﬁﬁlﬁ%@%mﬁ F*&géﬁé}%ble,l r_Eg dmyoglobin per
gram of meat, . the concentration of total myoglobin compounds in the above described meat
products is typical ﬁ%fmgn%a%%%# %95 ‘Mﬁchdﬁ %ﬁé’%?é @Fﬂ{%gﬁ'&%qr?)&; E@Wf&s@%‘?’@’ram of the meat
p_roduct. _[0086¢I$nf'rbs$1 armyrtmusymﬂmaeﬂtrimusidleméeaeihg)ﬁcygﬂn@rgmupiihuaﬁg_f tastktex:iate_ and
disassociate gy ie hewecomplay of #16 ISCARILFAd FSAINRID MoleRKISyidhg glative abundance
of t e m

of three form e undenatured muscle pigmeént that determines the visual color of fresh meat. They

include purpl&ereBxARGeNEsiA RlMTEsINBEIINGDY, PP vertlobRumt (R RRREWARIPINGoglobin); and

brown metmypgiabigreuddieed. PyeceRiB) 6 The7derxwmaslshiarépimnydissttaiegominates immediately

after the animal is slaughte_red. Thus, freshly cut meat can have a F_ur le color. This purple color can
i i

persist for a IBHGERRE PRIRHiGRRAPRS faly ASBYSH ERVERHR GBI RRINY EkBBses the pigment to
oxygen in thedatinatipdtbte rasiadidn eifpicr plédectaidaats gt cklp benvedeteteditdndingiymedi¢oxymyoglobin) or
brown (metmyoglopii)f %S%@MQ%“Q'HH‘FCO&%HQ QIP#QIHQ%&?&F&%%'.'&'Hﬁ#@aé%‘aé’éﬁﬁagﬁﬂ? meat, itis the
red or "bloomed” meat color that consumers use as their primary criterion for perceiving freshness. It is
believed withBiioliesiahg e ehesniaallyyp e éndnerralyinep v éderadtidio Sreos¢apshaiidat occurs when
at least 50% gfdhendaREATYQIobin molecules are oxygenated to the oxymyoglobin state. Changes in the
relative percentage of each of these forms can_continue to occur as fresh meat is exposed to oxygen for

longer period@8Pfine. FHROGHEMEEARY VST BXtR IO ERPRS AL lrghi83ight red or

undesirable oincaitrdepensoaiuthaipétial pressure of oxygen at the surface. The purple color is
i - 0,

color 5 avord i (A PR RS S e A S B R S Cinaon
typically begii®igasie thtatd sivecigamimbiditeietmyoglobin is 20%. A distinctly brown color is evident at
40% metmyogjgbi], Whichfypierbv skt Bs@i dsRaleaBIfating compound is an

inorganic nitrate or inorganic nitrite other than sodium nitrate, potassium nitrate,

sodium nitrite and potassium nitrate.

[0094] In one embodiment the nitric oxide donating compound is other than a

nitrosodisulfonate.

[0095] Other myoglobin blooming agents within the scope of the present

invention include inorganic cyanides (MCN) where suitable counter ions (M")

include alkali metals (e.g., sodium, potassium), alkaline earth metals (e.g.,

calcium), transition metals, protonated primary, secondary, or tertiary amines, or

quaternary amines, or ammonium; inorganic fluorides (MF) where suitable counter
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even though it remains nutritious and healthy for consumption. [0081]Certain biochemical reactions that
occur in muscle tissue after death can also affect fresh meat color, such as the presence of active
glycolytic enzymes that convert oxygen to carbon dioxide. Reducing coenzymes called metmyoglobin
reductases present in meat convert metmyoglobin back to deoxymyoglobin, and their activity is called
"MRA" which is an abbreviation for metmyoglobin reducing activity. MRA can be described as the ability
of muscle to reduce metmyoglobin back to its natural deoxymyoglobin state. MRA is lost when the

oxidizable substrates are depleted or when heat or acid denatures the enzymes. When the enzymes lose
their activity dParMddRaiifedIkak MekRist e hapsii PlgRfiatsividlritieing 8xiHiZ88t@sthe metmyoglobin

form, and the(gr@Wwehrlen StadszesanetdienpratemtdMRN RarsiSeJon dBe e depliidipne after death
depending on the amount of exposure of the meat tissue togglxglcggn.ﬁ%uring tgis time ?{;\(/ en is continually
[§FRE L

consumed bﬂﬂ@ﬁ?egf ﬁé’?ﬁ%r. We%&?&én%%{gm%w&?i f%\? RN . en meat that has
a high OCR isibWt@mky@enhméipmgtglgetemsimv.igee.ajsm@esofraﬂﬂdgethaxjﬂm metmyoglobin is _
favored below e MEuaiamHERsRdLd imelResda hasde it s dastathe aateried color of the meat s

affected. The MRA iS important to minimize this layer of metmyoglobin that etween the bloomed
surface and RIMYEIGIRSINASAPRINGR AXHFSFE out, the brown metmyoglobin layer thickens and migrates

tov(\;ard the_SL{dggs] thL%fwgmﬂr}@g]&mjcp@(ﬁ{? Syzgal\/lﬁg ;hgmg%@isjbg?hhgf@rgega@g@{@bia layer is tfhin
and sometimes not visible to the naked eye. an relate to determining the types o
packaging be%?réYﬁ%’(ﬁor%é?&ﬂ@%?eé}nsgﬁgg}etg%PASH&%%%@&%%\@C&%e%HH@g%f meat as long as
ible. Herpyeitiodilyesgfde éxzaokgdip widarfibre) thatenees Heanirds, pxyigen (foit la |
ension on 0 L YGE S O EUGRIORIE TSR G RSB yface changes (o
q(} % L if the OCR1s’hig eg \a fg[% (

. [
an undesirable brown color. However, ough to keep ahead of the’oxygen that

migrates acrdseaadineRadiMganeieanactdenvatings gadsalisohigreds réddade beeurdRrglopmh that forms on
the surface, then iRBKARYATHEISIEBIR ERNIRAEBMEIRRHRAPEN LNBEb SiResd ftime, the perceived

color changes from brown to u_r{gcge_. Both of these colors are unacceptable to thg consumer. For this
reason, vacuBWB'Q@Eaadmdsﬁguf IPRESRTAORN 5 ety ige &Rgb%%ﬁgﬁlﬁr?o?ﬁ? 875 case ready fresh
meat althougRn¢fisraiyd tte stiipp gab pratead @yutkothe plaidje s yigrivhidieatolir dnmidinenda Mbterhouse to retail

butchers for fg&ée'?(?r%ng?ﬁ?esﬁjﬂ%r@%}dr{&gﬁgg&%i 'ilgﬁr% ﬁﬁﬁ 8#'3??(qﬂﬁ‘@%9¥f%°:%‘é‘f8|%§ﬁk&gé@9e's the format of

choice for cooked and cured processed meats where the myoglobin pigment is denatured by heat. Heat
from cooking ¥iisetiniE@gbmnigoriay iBeidresuespRirig asyogloylmiedtisataeathenature and separate

from the h_emﬁdlﬁﬁ‘i@t@; Hr@pW%i@B’tﬁ%ﬁ@tSQtWHf&Yﬂﬁé?& BSHPf ﬁ%&ﬂﬂ@k@hﬂi@i\ﬁé&w{ﬁ@,a“d processed
meats their characteristic color. When oxyégen is eliminated from a cured processed meat package, the

product's colSPERY 1ERRIF At (SABIIRY RARISP NP AR BN ERN s prEQtitets (MPIesent invention
oxygen must prefeeraidy¢ckirinodea hotdrooyorniscirilzkedivefrakblineah e fioredheafirefested color can

develop. A certai of o netrat eat after sl t rication. This oxygen is
eliminated byc;t.ﬁea(gqggm% aé%/\ﬁﬁgs& eglier)hi@r%y, %ﬂi%@ag ﬁv&tﬁahsgfﬁgﬁf&% @Qgggﬁéﬁglsce of the
deoxymyoglobyiidisien piridingobisfisdingn dicaesty! Ihisid'élfe\ﬁebyty[@y{bywmn@to be bound by the belief,

that the OCR{MBA \AGIHiHiss 332 frsiitirithe, @qgg{gggrp?fiaj;{&%t%};f}jg%mmggg_sodium nitrite is
e

used as the myoglobin blooming agent. In this case, | ormation of deoxymyoglobin and nitric oxide

allows for theFEVERIHLENR: SRR o Hictii R HamIdRIN N iric iERtSecause it causes the

formation of axymivmplictacias gtraeite @ eqdiexieyaitind] Qagher ponyipen 4Neessidns, the reactions that
' gres with the bloomed color development in the

form deoxymyeglebin Analine S4as-IRRSiRG. R erfaEs i e
presence of MLAte. ‘Il?mqs 1at a’pre érreéyasp%c? ot the presen Vention that an oxygen barrier layer is
selected and K9 Juretiyogebiedlamningagantaestrinelude anyreesppuntvdpelractsdg@n during the
formation of tfie;dasieh NeRBRAMERILPISthe formation of the desirable color, or any

compound which acts as a substrate leading to the formation of such a ligand.

For example, the myoglobin blooming agent can be a carbon monoxide donating

compound. Carbon monoxide is known to complex with the heme pocket of

myoglobin to form a desirable appearance in meat. A carbon monoxide donating
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MYOGLOBIN BLOOMING AGENTS [0083]In a first embodiment, myoglobin blooming agents are
provided. A "myoglobin blooming agent" refers to any agent (or precursor thereof) that binds to or
interacts with any undenatured myoglobin-containing structure (including but not limited to
deoxymyoglobin, oxymyoglobin, metmyoglobin, carboxymyoglobin, and nitric oxide myoglobin) present in
a fresh meat product to produce or preserve a desired color, such as a red color indicative of fresh meat.
The myoglobin blooming agent may also interact or cause an interaction with hemoglobin present in a

meat product so as tog_roduce, maintain or enhance, i.e., "fix" a desired color. Thus, the myoglobin
blooming ageitTPABRG IEABY SABIA0ENS DA 5212258 T EHRAININANAXIJO T8 AS Afelprdhstrate embodiment,

the myoglobinblaagicthaderthigion oitdarBxsitmeaoatiag saeRatsly (NG RARAY Hirinprovides a nitric
oxide (NO) molecule thq& binds to the(éné%%lobin resent in a meakproduct S?Q%ng maintain or promote a
i

reddening or §10 iﬁgSlé B REP 1Ry °&“i’rﬁ’8¥ﬂ8a?;5‘.l QUROATS: ide donating
compound retEassin g itonprided pansaanpneoia st -9 . donaitireg eovhichuad tsr ashyd iogemseidfidee leading to the

formation of WHH%W&WB@UWG'”%&% % %gjlﬁg)gramﬁalpec% %&m@@ﬁ%ﬂgl@a les of nitric oxide

donating compounds include nitrosodisulfonates including for example, Fremy's salt [NO(SO3Na)2 or
NO(S03K)2]; Hbsgatder e o iR oy alien ofdhe rasrified isrido - QMPLvRASIBHRE metals (e.g.,

sodium, potasghHBhaialinmasmh matalsdaPexes!ci ighnbFsipsuptalsppretgriated primary,
secondary, or tertiary amines, or guaternary amines, or ammonium, and including for example, saltpeter;
and norgani AR NG 495 SAIBIE: SEUPRE: TS HIE] M BTN RS (e., sodium,

potassium)_, adMMemrtbn@eWergqmsdidmrfe)rt_blm"qsliﬁmpmpltam pmtmtfatesirmanlamyl seco_ndary, or
tertiary amines, QF AHAGIAAM §TUATHHRTYRRIV B BER IR NGRS URR I IS ke donating

compounds that may act as
oxide donating compounds and hydrogen sulfide donating compounds include

polymeric materials with the appropriate donating functional group chemically
bound to the polymer chain.

[0098] The myoglobin blooming agent is preferably present in a desired
concentration in contact with a meat product. The food contact layer of a
packaging film preferably contains a blooming agent in a concentration high
enough to produce or preserve a desirable appearance in a meat product.
Preferably, the blooming agent is present in a food contact layer in a
concentration sufficient to convert at least 50% of the myoglobin molecules on a
contacting meat surface to a desired ligand binding state. The concentration of
blooming agent is preferably selected to bind ligands producing desirable
appearance or color of the meat to the myoglobin molecules in the outermost Va-
inch or less of the meat product. For example, a nitric oxide donating myoglobin
blooming agent is desirably present in a concentration sufficient to convert at least
50% of the myoglobin molecules on the contacting meat surface to nitric oxide
myoglobin.

[0099] When the blooming agent is niacin, the concentration of niacin chosen
is greater than the concentration of niacin naturally found in meat. According to
Richardson et al., (1980, Composition of foods. Sausage and luncheon meats
(Raw, Processed, Prepared) Handbook No. 8-7, USDA, Science and Education

Administration, Washington, DC), niacin naturally occurs in poultry and red meat
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myoglobin blooming agents are disclosed in U.S. Patent Nos. 6,706,274 to Herrmann et al. (filed January
18, 2001); 5,994,444 to Trescony et al. (filed October 16, 1997), and 6,939,569 to Green et al. (filed June
18, 1999), as well as published U.S. Patent Application No. U52005/0106380 by Gray et al. (filed
November 13, 2003), all of which are hereby incorporated by reference herein. Optionally, the myoglobin
blooming agents can contain materials that promote the conversion of other materials to NO, such as
nitrate reductase or nitrosothiol reductase catalytic agents, including the materials described in WIPO
Publication No. WO 02/056904 by Meyerhoff et al. (filed January 16, 2002), which is incorporated herein
by reference JORRBIRHE @ LIS dNifACSBEEBt YRItING CBRFFOUARE iScRRIYRMAARARroso

compounds (sRid@ingagerNehilinctansgsaup hdassatdineacbanksifgiedingused in
3-ethyl-3-nitroso-24-penti§efﬁon ’ ?éﬂanic gitro ?ompounds (containing a -NO2 functional group
attached to CQFBSW? helGd Ej ffb %’eo Hbe%-'nitrobenzo[a]pyrene; organic nitrates (-0-NO2)
including ethyDAteXE, glyeenybgiobio, Woomingitrgéat pentdergtiaical cetthnitrdéeéeoetgiientyla tetranitrate,
Isosorbide m inirat alni 0087] r it i Qg compounds
include 0- nit%@%@%ﬁﬁi@%%%&%s% ?@%\%Slsr@%%{n%%?k ﬁ%?ﬁ%gﬁlﬁ%ggsg %ﬁ@gﬁtﬁ?gﬂ zElQ]yl nitrite, dodecyl
nitrite and dicSERNESHLRIHCPIRNE S ViR 1BEAEHRPBYRTdS (-S-NO) also known as nitrosothiols

including S-njsosoioglyserel sSpatraseRamEIASHRG | SoRiiFRsRgvadians peliathiag, S-nitroylated
and Sty BaERA IR RISE R AR AU S RAEHAL (10 NP H RGNS Nonitrosamines.
N-hydroxy-N-micagolbimices st Nrestrosaaimesd (@088 edaiingiab exalogptes godgénicnoeydeedonating
compounds "&8%@8 on myoglobin-containing fresh meat product prior to packaging by

spraying, dusting, dipping or other application means. The myoglobin blooming

agent may be incorporated within the myoglobin-containing fresh meat product by

mixing the blooming agent directly with the meat, such as with ground meat, for

example. Alternatively an aqueous composition of the blooming agent may be

prepared and mixed with the meat. The aqueous composition may be a slurry of

the myoglobin blooming agent with water or a solution of the myoglobin blooming

agent in water.

[00102] Other additives known to one skilled in the art can be added in addition

to the blooming agent. These additives can be added directly to the food product

or to the packaging film, either incorporated within or coated or dusted on the

surface. Examples of other additives include monosodium glutamate, salt, cereal,

soybean flour, soy protein concentrate, lactose, corn syrup solids, antimycotics

(which suppress the growth of yeasts and molds), antibiotics, sugar, glycerol,

lactic acid, ascorbic acid, erythorbic acid, a-tocopherol, phosphates, rosemary

extract and sodium benzoate.

[00103] Myoglobin blooming agents and solutions or dispersions thereof may be

colorless such as sodium nitrate, or, e.g., such as sodium nitrite may have an

intrinsic pale color (i.e., may not be totally colorless), but this color does not

typically have sufficient intensity itself to act as a significant colorant or color

additive. However, this does not preclude either the use of colored myoglobin

blooming agents which impart an intrinsic color or the combination of a myoglobin
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nonoate compounds which include the functional group -N(0)-NO (also referred to in the art as
N-oxo-N-nitroso compounds, N-hydroxy-N'-diazenium oxides, diazeniumdiolates and NONOates)
including 3,3,4,4-tetramethyl-1,2-diazetine 1,2- dioxide. [0089]Further examples of nitric oxide donating
compounds include transition metal/nitroso complexes including sodium nitroprusside, dinitrosyl iron thiol
complexes, iron-sulfur cluster nitrosyls, ruthenium nitrosyls, nitroso/heme/transition metal complexes, and
nitroso ferrous protoporphyrin complexes; furoxans including 1,2,5-oxadiazole N-oxide; benzofuroxans,
oxatriazole-5-imines including 3-aryl-1,2,3,4-oxatriazole-5-imine; sydnonimines including molsidomine;

oximes mclu&iH@W@%ﬁ%&'&HBrYé’ 'H@'%Wf@k?%h@@rﬁﬂﬁﬂ?@@w&hM&almﬁ‘éﬁ%xyureas

[0090]Nitric omgmaﬂea@m@mmmdsrmﬂy S@aatR anaane)esxile abmikie %@ewwaaltiple nitric oxide
molecules. In some s ects the nl‘t_H e donatin Ig%@oug% be a meric material which

contains sev&%rﬁqﬁ SRITE Gkt 'E;egi g”ﬁ'ﬁﬂ B%CUIes of nitric oxide.
Preferably, theetatricepxide @ md:eaé%lhi&fqumlmerpsl)eimerlc chain. For example U.S. Patent No. 5,525,357,

which is herepyp rpﬁ*ﬁé’iﬂ YIRS SlBe HESBINRS &RY V&%ﬁrﬂ&ﬁ%ﬁo%ﬂﬁm releasing
functional group nd to the polymer. U.S. Patent No. 5,770,645, which is hereby incorporated by

reference her@NPQi@%'@riB@%b@?MSntWN@W@'BMI@mWQﬁW@‘B%Wér by a linking group.
U.S. Patent NiasfraBR/mid dsltiehng bgrsii iﬂ@@ﬂwatﬁgrbyrfﬁéﬂ{%&ﬁdh%ﬁi@ddﬁﬁé@ﬁi%’nthetica”y

derived polymeric mate ré{lals w |ch fre deriv CI_lzed to mclude c oxide adducts. It is to be understood

that polymerlerﬁ\tgfar‘?zﬂ 9%?&# Stk 8913608&?& ﬁ?p%'hﬁarb? m@&%@r‘(‘%natmg functional
group chemiaadly. b'ﬂumglubrmpqmdmmmqhamcme mrtémdlhmesmmelcn‘tthetmﬁmttsanenndﬂ

the heme group and stabilizes the molecule. The heme group provides an open
binding site that can bind certain ligands having the proper shape and electron
configuration to the iron atom. When a ligand enters and binds to the heme
pocket, the electron configuration of the ligand can change the shape of the globin
portion of the molecule in a manner that affects light absorption characteristics of
the heme group. Therefore, the presence or absence of a ligand such as oxygen
in the heme pocket, and the ligand itself can result in visible color changes of
myoglobin.

[00105] When there is no ligand in the heme pocket, myoglobin is called
deoxymyoglobin, which has a purple color (which is sometimes characterized as
purple, deep red, dark red, reddish blue or bluish red). Molecular oxygen, O,
(“oxygen”) readily acts as a ligand that binds to the heme group, permitting
biological transport of oxygen from the blood stream to the mitochondria within
cells. When oxygen binds to the heme pocket, purple deoxymyoglobin becomes
oxymyoglobin, characterized by a red color. Upon dissociation of the oxygen
ligand from oxymyoglobin, the iron atom is oxidized leaving the iron in the ferric
state. The oxidation of the iron atom renders the molecule incapable of normal
oxygen binding. As the chemical state of iron can change from ferrous (Fe?*) to
ferric (Fe®*), the three-dimensional structure of the globin part can change in a
manner that allows water molecules to bind to the heme pocket. Binding of a
water molecule in the ferric iron containing heme pocket affects light absorption of

the heme pocket. The oxidized form of myoglobin with a water molecule in the
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[0091]In one embodiment the nitric oxide donating compound is other than sodium nitrate or sodium
nitrite. [0092]In one embodiment the nitric oxide donating compound is other than an inorganic nitrate or
inorganic nitrite. [0093]In another embodiment, the nitric oxide donating compound is an inorganic nitrate
or inorganic nitrite other than sodium nitrate, potassium nitrate, sodium nitrite and potassium nitrate.
[0094]In one embodiment the nitric oxide donating compound is other than a nitrosodisulfonate.

heme group is referred to as metmyoglobin and its color is brown. The oxidation
of the iron atom is believed to result in a brown color. Heme ligands other than
oxygen or water may also affect meat color. For example, the presence of carbon
monoxide (CO) may cause fresh meat to have a desirable bright red color similar
to oxygen. Although it has been suggested that nitric oxide (NO) can cause a dull
red or stable pink in the case of cured meat which also contains sodium chloride,
it has been discovered that in the absence of oxygen NO may produce a desired
bright red color similar to that caused by oxygen in uncooked meat, especially in
fresh, raw, unprocessed or uncured meat. It has been discovered that the
development of this desired bright red color may take many hours and typically
may take from 1 to 5 days and that initially, the meat color in a vacuum package
having an oxygen barrier may turn to an undesirable brown until the unexpected
transformation to the desired red takes place.

[00106] Other variables that affect the stability of the globin portion also affect
the affinity of the heme group for oxygen and the tendency of the chemical state of
the iron atom to become oxidized. Acidity and high temperature, such as that
associated with cooking, can denature the globin part thus leading to instability of
the heme group. In the absence of stabilizing ligands, the oxidation of the heme

iron is automatic when the globin is denatured.

PoLYMERIC FOOD PACKAGING FILMS

[00107] In the present invention, oxygen barrier, food packaging articles may
include food contact surfaces comprising a myoglobin blooming agent are
provided. A “food contact surface” refers to the portion of a packaging material
that is designed to contact a packaged meat product surface. Preferably, the food
packaging article includes a food contact surface comprising a myoglobin
blooming agent in an amount effective to promote or maintain a desirable color
after contact with a meat product. The myoglobin blooming agent (MBA)
preferably will contact the meat surface in an amount sufficient to produce a
desired red color which preferably does not penetrate to an undesirable depth of

the food thickness under reduced oxygen conditions (this color may take awhile to
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[0095]0ther myoglobin blooming agents within the scope of the present invention include inorganic
cyanides (MCN) where suitable counter ions (Me) include alkali metals (e.g., sodium, potassium), alkaline
earth metals (e.g., calcium), transition metals, protonated primary, secondary, or tertiary amines, or
guaternary amines, or ammonium; inorganic fluorides (MF) where suitable counter ion (Me) include alkali
metals (e.g., sodium, potassium), alkaline earth metals (e.g., calcium), transition metals, protonated
primary, secondary, or tertiary amines, or quaternary amines, or ammonium; isothiocyanates including
mustard oil; bacterial cultures that fix nitrogen to provide a source of nitrogen oxide including xanthine

oxidase, nitra#€\fel90c@Ses! tAtAEIuRS8ECBEYa IR BARAYCREP S8 HorhiRedl®xeatts. [0096]0ther
myoglobin bleertitg ageis (BElelehBitRBgHBRISMEHHER AbshdadYativesrfEe@mples of suitable nitrogen

heterocycles includ idines, pyrimjdipes (for example dipyridamole), pyrazines, triazines, purines (for
example nicoﬂwngg{mgbﬁnoafi%,gr]lt%(%i aﬁ&&&ﬁ?ﬁ naécég W&ﬁ/rﬂéﬁ%?ﬁti%i%n&%%), isoquinolines,
imidazoles anbedeoivaBivestana sedetrameohisisftBA orajerstosdahatdibseolivrogEmsibterocycles may

be substitute%gg,W@t%@tggrig@wﬁg%@&%i %%l\y%e&eg : Qgpgbggmgtgfed compounds are
preferred. Preferably, the nitrogen heterocycle Is a pyridine, pyrimidine or imidazole. More preferably the
nitrogen heteP3@1RYi8-an alkali or alkaline earth metal salt or ester of nicotinic acid which may include

such esters ety MisesnaterRMYoNGRIBAR: R OPYIdTBetiNalex Yih] BiseRnaEicRaRY! nicotinate,

hexyl nicotinate, methyl isonicotinate, isopropyl isonicotinate, and isopentyl isonicotinate. More preferably
the nittogen HELE AEHOAP IR AP ARG AR LARR FRAER S SR LAt SIHEBURATIBRSS or irmidazole.
another aspestdioe midiotgm dndexiony clerisoeycaloretipy wiradies hhistatipegddacktgliovstidine,
3-butyroylpyridi < [ [dine iding, 3= : ridi r yridine, 3-
formylpyiridin@}%ﬁlggt}ré\(a%rlr% e, ?\I@%n%?ﬁ??é%%%&%}ﬁ(ﬁxHﬁﬂﬁﬁeﬁﬁﬁlﬁ%}éﬁ@rﬁ%@%ﬁﬁ%ﬁ%&p acid hydrazide,
3-hydroxypyrRiPUG-diigiasphtiinaesmipgliopimigineming asierRs-is cignesiies &iagdesiiaelquinoline, or

3-cyanopyridingrd80 % BMyrelokintiaaning aasiislispdndranyitreampesnslyhictacts as a ligand for
myoglobin and lead to the formation of the desirable color, or any compound which acts as a substrate

leading to the ROMEREHSFEL 0o X (PTG IeE AN IR NRIoSHIBB 1 BIGSTIRE B8Mt can be a carbon
monoxide dobatdiggcstatpoUine. dvaitabieraoaxiter isckrewnatitoaahpigaghatintbbeing pocket of myoglobin

to form a desyakle ANRERIARF B IR 5 AR RIS R R %ble coloration of the
meat to the myoglobin molecules in the outermost Y-inch, or 1/6, 1/8, 1/10, 1/12,
1/16 or 1/20-inch or less of the meat product, although deeper penetrations may
be accomplished if desired. For example, a nitric oxide donating myoglobin
blooming agent is desirably present in a concentration sufficient to convert at least
50% of the myoglobin molecules on the contacting meat surface to nitric oxide
myoglobin. The myoglobin blooming agent may be coated on a monolayer film or
on the interior layer of a multilayer film or it may be incorporated therein.
[00109] The myoglobin blooming agent is preferably evenly or uniformly
distributed on the surface of the food contact surface The minimum amount
required to cause the desired coloration depends on the concentration of
myoglobin present in the food product. For example, beef products containing 10
mg/gm of myoglobin may require 10 times more myoglobin blooming agent than
poultry products containing 1 mg/gm of myoglobin. Also, if the desired depth of
penetration is 0.25 inches, then, in order to affect all of the myoglobin molecules
(molecular weight of myoglobin is about 17,000 g/mole) in 1 square inch of beef to

a depth of 0.25 inches, there would have to be at least 2.4 yumoles (micromoles) of
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compound is any compound that releases carbon monoxide or acts as a substrate leading to the
formation of carbon monoxide. Alternatively, the blooming agent can be a sulfur monoxide (SO) donating
compound, a nitrous oxide (N20) donating compound, an ammonia (NH3) donating compound or a
hydrogen sulfide donating compound. Such compounds donate the specified ligand or act as a substrate
leading to the formation of the specified ligand. Compounds include ligand/heme/transition metal
complexes, and ligand ferrous protoporphyrin complexes, including for example, carbon
monoxide/heme/transition metal complexes, and carbon monoxide ferrous protoporphyrin complexes.

Carbon mondRRIERHERRYPAHBE REENS BYaHFRIH X HasdRratiAd O PYFEGRE, nffgateoxide donating
compounds gRehhyIipgesnslstida rdanstiiog ssunREyadp tineilslsonol/ rEiieastegiadss o ihe appropriate

donating functignal group chemically bound.to t olymer c¢hain. [0098]The myoglobjn blooming agent is
preferlat?lyuprélé ﬁfﬂ%‘i lé@%l?@%&ﬁggﬁtpg{ﬁéﬁﬁyiRﬂm@mﬁc%%@h?' }E?a%%f’.‘ ﬂ%i‘%fﬁj contactllayerg of aI
packaging fiInnmgbbablycmniraag';r@arﬁlbe%wdgeﬂahm@bﬁoéﬁﬁgﬁmmlhlglﬁmgmmmeducg or
preserve a dﬁl@%@g@aﬁgr&%%@}m g{gg&g.eﬁﬁg[ﬁ{%y%;%@%wmlgg %gmslgﬁaresent in a food

contact layer in a concentration su | convert at least 50 the myoglobin molecules on a
contacting m&RalFeatdinta Hesneamdadd BigdiRgefaieatryeicahceptiaitsnarasiiobiniagagent is

prelferalbly ?elﬁﬁ&gftg-bmﬁw@gﬁﬁdi ﬁéO&kéféll 'a%QWMe@mmd @Pgﬁ‘?lﬂb@@im:{:]@dbﬁt maat (tjo tge myoglobin
molecules in the putermost %- inch or Jess of t at prodyct, FQr example, a nitric oxide donating
yogionin biBTHAGABERIE RSP BIE ot 12 2 S REIRT AT STTRIB PR CORVEIOR lonst 50% of the
myoglobin mobgoglebiomathdexahiacti3gmyéan sukfpaekbgimity erticlz nthicghptlicafidd3edwhen the blooming
agent is niaci S Rteat [aein IS, ' niacin naturally
found in meaﬁ”@?ﬁg%?o%’gﬁﬁég@ etal, ?.&é&%‘?&%ﬁg; %%@%%%?%g%%?%g and luncheon meats
(Raw, Proces¥eddrmrisieirily Hemamaskagd Barticsspravidisg ras RN iRt ammerdmifidration,
Washington, &), istés Mftu iy @iefd [simgradmangife e al cat ki 8% 3)8gmaia. In the present

invention, when niacin is employed as the ploomin a%ent and incorﬁlgrated in the meat product, it is

typically used’lRURR AR PRI REF B3P M BFG 7k gpC-U. 166 mg/in® for beef meat
products; 0.017-0.050 mg/in? for pork meat products; and less than 0.017 mg/in?

for poultry meat products. An article providing 0.17 mg/in® would be suitable for a
variety of types of fresh meat.

[00110] A higher amount of myoglobin blooming agent may be preferred for
darker colored muscles that may contain higher levels of myoglobin. When the
myoglobin blooming agent is incorporated into the polymer matrix that comprises
the food contact layer of a monolayer or multilayer packaging film, only a portion
of it is able to effectively migrate from the film surface to the product’s surface to
interact with the myoglobin. Film inclusion levels of up to 20 times or higher of the
amount required for effective color fixing is anticipated.

[00111] Thus, the amount of myoglobin blooming agent per unit area of the food
contact surface can be selected to provide a desired food coloration of a
packaged fresh meat product surface. For example, the food contact layer can
include about 0.005 to about 0.900 mg/in2 of a myoglobin blooming agent such as
sodium nitrite, preferably about 0.010 to about 0.400 mg/in® and most preferably
about 0.100 to about 0.300 mg/in®. For beef products, a food contact layer may

include e.g. about 0.200 to about 0.250 mg/in?, e.g., of a sodium nitrite myoglobin
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[00100] The myoglobin blooming agent may be coated on the interior layer of a polymeric film by spraying
or dusting or other application means or the blooming agent may be incorporated within the interior layer.
[00101] In other aspects, the myoglobin blooming agent is incorporated within the myoglobin-containing
fresh meat product or coated on the surface of the myoglobin-containing fresh meat product. The
myoglobin blooming agent may be coated on myoglobin-containing fresh meat product prior to packaging
by spraying, dusting, dipping or other application means. The myoglobin blooming agent may be
incorporated within the myoglobin-containing fresh meat product by mixing the blooming agent directly
with the mea!8gEHNEARRALGHAIIRIIWERETOFLUEFIPNS, RifrRABPENt 8n A (e 308\ ¢dinbikition of the
blooming agefyméyks Becpssadapditedvaté the meat. The aqueous composition may be a slurry of
the myoglobin bl ing agent with water or a solution of the myo Iobinb(ﬂ ming agent in water. [00102]
Otner acitERA A BTGk ABHSTFHE 2 F R WL 2B TR 8 TAGBTRE Sgent These
additives can(be podiedsilipeettyablyhfoomdoptesisitt desuabie paAtkagyiyléhgereptréclmstgmorated within or
coated or dusied QRGSWIRCGENATIAIGS O WOR pUdKeR InCiFgRATpRedm glyiamate, salt, cereal,

soybean flour, sOy protein concentrate, lactose, corn syrup solids, antimycotics (which suppress the
growth of yealiEe ShiPmigIas), AntiisliesotygRrepjress Mayiestid/hessibiewdta @rgtdrbic acid,
a'tgcol?h(?rohe&'ég%ﬂhﬁﬁéﬁé&ﬂﬁh @fﬁ{fo%tﬁﬂﬁbﬂrﬂ:ibﬁé\di#ﬁ@ Bﬁﬂ@@ﬁqmb@@ dysala H'tﬁh’ﬁlt%/%ming aég_ents
and solutions or djspersions thereo e colorless such as sodium nitrate, or, e,g., such as sodium
nitite may noE 2l AL SROBAG G b PP ENaAL AUPBAIERRy LEROHEA), TRIEnalD HEBS not oypically
have suffic_iemmnsimﬂselﬁtmﬂkagaswst;igmﬁcaymgiobjmbibonmmg#mithaa/ tbim\cmhed this does not
preclude eithpgdise ALLBIRTEY BYpEEbiblIBBITG ABRRISMPISHB AR AR, iasic color or the

combination of a myoglobin blooming agent in combination one or more natural and/or artificial
colorants, pigfeianty agestarty/dpaiansyabirdiERgeNEnReetNakFRABRYRIS, leetipBwWaesecaramel,

carmine, coclipeskatpReiite RARIHGHINBISH RN Sy EHY HIQsHIRg RS IRRIRP Y A EMRKEMH FD&C colorants,
etc. [00104] The my%gnlobin bloorréjng agent is believed to cause an inter?ction with rr;gé)%lobin in meat

products, thef88Y, HaRENGA PR IRIHFY L SHAREH G Sl e Rvk RIS A 5108f includes a

non-protein paidomapledchatae lay dthgpnoiksan ponburdicel ldd giel ikndre methedsasfidippiradudes an iron
atom in a planar,ri glahi i rQV| ree-dj i ruct t surrounds the
heme group agtrﬁg éjt]é%ﬂ-@geé t@r&fﬂ%ﬁ@%@@géﬂ%ﬁé %ﬁﬁ/ﬁﬁ?ﬁ@&iﬁ%&%ﬁ% |te§1 that can bind
certain liganddmavafipeisetipegierssiidperafaiasiedesiueoRfgureahePid BROTIRCAGRNtVIRER a ligand enters

and_binds to the h@@%rﬁlﬂ@k%dﬂﬁﬁé@ﬁ?@ &&Hﬁ%‘éﬁ“ﬁ@ %éh@tﬂ%@qrﬁ@ﬂ_ &Wdﬂﬁéhape of the globin
portion of the molecule in a manner that aifects light abhsarption characteristics of the heme group.

Therefore, th&/BRedWiRg (6rhnduring JERITRhARTIRHCH YRR SAAY theFRUTR PO and the ligand itself
can result in dgillieatiolotechamyetippfingy eglaldiredicd @Sdonprx trefensraadigiyndpierdtiereme pocket,

lobin | . : ) | G f rerized
ormie. deen S R B e B S B S ey mct s
ligand that bisdsnbane thermeegtcaptastsuitang. biaolitedpnaigioer etlditivgsendrrei@®lood stream to the
mitOChondfiad&WBé?ﬁHﬁsWQ%B@MS%B@WH%é%rﬁhg BE BRGKES: PG HeBMRBIEbIn becomes

. Upo

oxymyoglobin, characterized by a red color n dissociation of the oxygen ligand from oxymyoglobin,

( Y. en i
the iron atomSEBALS4FBVRIIRET BIRfeMRNSTR QarerneasyedidstEPHIRH8hatom renders the

molecule incapalileyafmibkmalediygebdosneing: . ABdhexahesiichitsiedatefdnanotasr change from ferrous
(Fe2t) to ferrico(rlllfleSQ the Wree-dimensiqnﬁl structure of theglobin ar1i can change in a manner that
C i ositi a e

allows water molecuies 1o bind P(?ﬁ%]e Bne Bgc\i(aer{o In ?r?é‘o 3Cvr\]/a &F moteculni thetetric iron
containing hesnetpoickeatifgcite igier sbseqstiohedtindanaelgmeikeasie iwxidiskidiftdm of myoglobin with
a water molegi@dReinihd such means are well known (See, e.g., U.S. Patent Nos.: 3,378,379

(Shiner); 3,451,827 (Bridgeford); 4,397,891 (Kaelberer et al.); 5,256,458 (Oxley et

al.); 5,573,800 (Wilhoit); and 6,143,344 (Jon et al.), which are all incorporated by

reference in their entireties.) Packages made according to the present invention,
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heme group is referred to as metmyoglobin and its color is brown. The oxidation of the iron atom is
believed to result in a brown color. Heme ligands other than oxygen or water may also affect meat color.
For example, the presence of carbon monoxide (CO) may cause fresh meat to have a desirable bright red
color similar to oxygen. Although it has been suggested that nitric oxide (NO) can cause a dull red or
stable pink in the case of cured meat which also contains sodium chloride, it has been discovered that in
the absence of oxygen NO may produce a desired bright red color similar to that caused by oxygen in
uncooked meat, especially in fresh, raw, unprocessed or uncured meat. It has been discovered that the
development BRYRS $OsHRE Wi e &y 8Bl AP #ARIMPAPRHBEA RISAH RY SN take from Ito 5 days
and that initiahs\ide BeaGHIY thick\GEAg package having an oxygen barrier may turn to an
undesirable ntil the unexpected transformation tg the desired red takes place. [00106] Other
variables tha?@@%qc hér gﬁ’éﬁﬂh‘ff)ﬁf‘ﬁn@&8’6%%&6%%@%%1553‘%?%c?ftwge%#ﬁ?%f?ﬁ@ﬁiﬂ?é group for oxygen
and the tendgrackagittyefithemag diestaatexd thyedinp nratetrsiodydny oredosioigent . biowlitgaatiddigh temperature,
such as that %§%%%1ﬁgsq‘g\m gwgﬁ;é?b%@%p@ﬁayr HEQJPWW@G H*Ee'%j %?Odg'rﬁ bility of the heme
g ligands, t he U

group. In the absence of stabilizin . e oxidation o 1enie iron is automatic when the globin is
denatured. PORYWIE R fexesran myArRING NGy LIRS [BleehostrtithEaneeenfiaention, oxygen barrier,

fOOd_gagkigif%%fé&iaﬁ May g&@&#dﬁt ifm%@@%tﬁﬁissid\rfﬂ@?ﬁé?ﬂﬁal?tﬁ{iﬂ@ 9@66&'?%@@'&%’\"6%”9 ac?ent are
provided. A "food contact surface" refers to the portion o ackaging.material that is designed to contact
D packaged AT HIBGRLPITRE, BrETBPARN LA DR ORI ARG BB Sontact surface
comprising a layesgiobimdeodmsignageby duatingrsprayietieutvaato g duriogeoo iaftexietdinsiodesirable color

after contact Y)‘?t@u?i ﬁg%g%q%b'g%rmgﬂg}pg% Eﬂ?‘%gl/‘l%@gsv% %@ﬁ;}?gﬁé?é%b% \gill contact the meat

surface in an amou ient to produce a desir y does not penetrate to an
undesirable d&{st#ngfaneFyeaTALRIRRSs under reduced oxygen conditions (this color may take awhile to

develop, e.g.[d1 241y oRERANSEIIhdhEMBE MmNt PraseBheshibrtiliniaed farfact surface (or on

the myoglobin-containing food product surfaceéin an amount of from 0.01 1o 3 to 5 to %19} pmoles/in2and in
increments o BIASBIELIRPLSPERIE PEMESSe - CNAEERR U M A B8 88M S HePkolor mtensity
may thereby benyagéibihependiimg agentimeorel atevie raitdgehotof, 808 gpee fof abpagkHH)00J00108] Thus, the

concontration B L B R e B S e ment.

concentratior! high"enough to produc ain a desir . ion of a fresh meat
product, but [Re®aRUGRtIEYRECRMPIIAEE SiPable! xiueisidin/ofarbeptat hieigrt Boaylesthe meat product.

Preferably, th@ mmbMG@@%ﬂﬂ‘?Bf bgrﬂf@t%%ﬁl%rapfé{%é&i‘ﬁ LGS f@:%l%l g&oncentration that is
sufficient upon contact with a meat surface to convert at least 50% of the te;{%eted myoglobin molecules to

a desired ligaf@H5HiRGRAHE Orfe gt B a Al or WGt AIGhNUFHRy¥id%in blooming agent is
preferably selesmtlagindinfidigrapoik priedtisrogudesirahbe okl oraticmgé b0 Mbad 2 26eveigaglobin molecules

in the outerm%h]]e(r?ﬂgcgh %rngg%%é%‘léﬁéqglﬁ%%, f%/ G@rria (())-]j%%ga?g.less of the meat product, although

deeper penetrations may be a plisht lesired. For example, a nitric oxide donating myoglobin
blooming agd@0it1&dsirdesiorgieadat theainveéonrasioaleldiciefred catkaaing |8l 309% d¥the myoglobin
molecules onghigigeatasinbmeads d AR BIHTIHIRNBRHCLIA. B esIshimRIAP NG agent may
be coated on a monolayer film or on the interior Ia)(er of a multilayer film or it may be incorporated therein.

food packaging film may also be a multilayer film. ThHe inventive food packaging

films can have any suitable composition or configuration. Preferably, the food

packaging film fulfills multiple functional requirements which may be present in

one or more or a combination of layers. For example a single layer film may

combine the functions of oxygen barrier and myoglobin blooming agent contact

with one or more additional functions such as puncture resistance, abuse

resistance, printability, moisture barrier, heat sealability, transparency, high gloss,

low toxicity, high temperature resistance, low temperature flexibility, etc.

Alternatively, multiple layers may be employed to add functionality. The present
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[00109] The myoglobin blooming agent is preferably evenly or uniformly distributed on the surface of the
food contact surface The minimum amount required to cause the desired coloration depends on the
concentration of myoglobin present in the food product. For example, beef products containing 10 mg/gm
of myoglobin may require 10 times more myoglobin blooming agent than poultry products containing 1
mg/gm of myoglobin. Also, if the desired depth of penetration is 0.25 inches, then, in order to affect all of
the myoglobin molecules (molecular weight of myoglobin is about 17,000 g/mole) in 1 square inch of beef
to a depth of 0.25 inches, there would have to be at least 2.4 pmoles (micromoles) of the myoglobin
blooming ageRY iR RARPRMEIELSRIMB Witk et Yparepiciaty AYAIRHR RatkA-INSch of beef to a

deptf} of agounﬂfmgeam@wﬁ]t@W@?nmf Uiﬁ@trﬁi@efggéﬁ/@hﬁyﬁﬁljgfmé?ﬁﬁ@idiuﬂ aitrli\t% z;s
a prererrea myogion) oming ent Sam cular wel 0 mo us «. oles O a
vaiahe 0.1665SEHaT s U R B A G e p L 208 SRR A5 o i 41 o
Beef meat typitelty cogtamsnkstedidhintbe aAEmj,oASaIﬂ rﬁg@vacTHétp@rr\g!dc_amolﬂaofdflmyog!obin
blooming agﬁg\‘t'\ré WO DR PLERE N RRKNG RIECHR &SPl denta BB HliP naifRLoe K Rkesontains

I
myoglobin a vel of 1-3 mg/gm. A pacEaglr]g artlclep?or this appﬁcatlon would provide 0.24-0.72
pmoles/in2. Posiéiesafiy Frar fRigMpteRinyOlaniRR RIS e IFR 88 é)'}ﬁi(“ﬁkﬁgﬁlg article
p;ovifli;\g |eSS9%@éh%l ?All%mpaﬁlir@rnargg, rﬂla?%,pm@mén@), eamggﬁig%;%sin@gdﬂmngmr@ﬂvy =69
g/mole) as a myo in blogming agent would preferably provide 0.050- in2 for beef meat
Broducts, 0 OTIE0MY A OTEBEH L CHEES, AN AT aeh CROT R SR Bouly meat
p_roducts. An Brict pmﬂamj todd _rp@dkégiwglﬂmbecmdtdlml@ foremizviityentsyple thef fresknneat. [00110] A
higher amoury, ol yAYIehBIROMING ARSI MAYPRRICBITEN R dAURIFARELQuiscles fhat may
els of myoglobin. W I él

contain higher levels o en the myoglobin blooming agent is incorporated into the polymer

matrix that coiRpasésaiRs.fa8e adimatreairdaiDehahunsyasitant BdGEepakaeRngRMYihly a portion of

it is able to effegbivelyyaigrriR frafnen WM HHERBisdh @ PwdderssaifacmindriprachyiiBrthe myoglobin.
Film inclusion levels otfﬁ?E to 20 times or higher of the amount, reiuired f%' effective color fixing is
t, i :

anticipated. [68T19FHERIE Jb RS PARRSYELIAVEISoMinG R§Ert PRrUniParsa 6 B¥IBBd contact
surface can limaside tigdrtto panndet avilk shred ddadecialpeation of a packaged fresh meat product surface.

F le, d ' ' lobi
blooming ag oL B, B0 R B oA ot reerany
about 0.100 t8 aedtobise il Pedisedyebaveiauifesl Beatatavng malpirrangaiof. about 0.200

to about 0.254; '@Q@Fgavﬁ‘egghp%@é@@%ﬁiéﬁﬁ%mbfﬁﬁiﬁgiﬁ}; Q}pg%@ﬁgﬁngrm%@wgg@oncenUation_s,
e.g., of about 0.100 to about 0.150 mg/in2 may be used for pork products. [00112] A uniform dispersion or

coating haviny'BAIRYRIFROMME inie Qfét?sct(ﬂﬁﬁ?ro?rfgs%F%Véfﬂ%@%@%ﬁ?ﬂﬁ'@% is desirable.
Although largengestisléhsifesdrpaydattonie resedethexijigepeovitorusers Esstaestuetipalupteasing. If
particle size i lar inij t rance result Its tend.to even out and
become more§S ﬁ%b@rar? %%%E‘t%n@aﬁ@%&%ﬁ%g@%g %ol%ifsﬁi%rﬂaﬁltg %EQ{E&H%E%%%%WQ s or blotches) is

often presentdfseAULIBY AR endnFregetreWwMitiverk averitagbe MBAsersydgidbin blooming
agent may bgRBRYREUMRISTYRRAICEAISERRYIARS BerlReR A the Badshnadt Iavsraktae film using film

forming agents, surfactants, binding agents and other compounds for the purpose. For example, the

myoglobin bIGSMRTYRERHBEE IS ERH AT FRRGAUSIMRAY Y REYEEDASEbA% ontact surface
of the film. Tuwamhirfdhamncecasing saisaseaydodintairtobyheteemigans (including the well known
methods of dippi nd-slugging). Typical myoglobin blooming agents do naot easily pass through the film
wall and ther gmf;s %ﬁe 5@1@\% Sgﬁ%%ﬁgér% 'aﬂ) II|rrr11 8[88%.%g8§eﬂﬂﬁ%i%eﬁ?é‘!tube and/or apply the
myoglobin blderamadgeay keveemeesarfasdasethadneniarings@igcad @ndgnelsiertig operation) via a
spray, because gxield) appHsAIBmSrictirAiRRElg) would require a complex and more costly operation
of turning the tube inside out to provide contact between the myoglobin blooming agent and the meat
contact surface. Application of other additives and coating compositions via solution spraying during or
just prior to sRitAiNPhislagRgenient, economical and facilitates placement of a regular measured distribution
of a poating 6!,??#:&{1}% %gﬁ sur%ace. For example Iu.brj( a%s anq aotrrﬁerng am(g)ogritions have been
applied by various means’suc

ackaging article may be in m O r

SS u%g%g, spray|r¥g, B Contact coating the fher Surface of a tubular
polymeric casimdtilases firhiagingantirel dridkoesh ofdessthas akdutridvmiliSewre preferahiPatent Nos.:
3,378,379 (Shiner); 3,451,827 (Bridgeford); 4,397,891 (Kaelberer et al.); 5,256,458 (Oxley et al.);
5,573,800 (Wilhoit); and 6,143,344 (Jon et al.), which are all incorporated by reference in their entireties.)
Packages made according to the present invention, 37



may be coated with the inventive myoglobin blooming agent by slugging to provide a uniformly thick
coating. [00113] Tubular forms or nontubular (e.g., sheets or webs) forms of the food packaging film may
be coated by dry or wet spraying or dusting or by roll coating or coating using a Mayer bar or doctor
blade, or by printing means (e.g., using gravure or flexography printing) or by using electrostatic transfer.
Also, application may occur at various points in the manufacturing process including for example, by
blending, incorporation in a masterbatch or addition to the polymeric layer prior to extrusion, or by dusting,
spraying or coating during or after extrusion or during bubble or tube formation or during winding, or bag
making e.g. ithg BIRM3§ ért%‘é\hfﬂé?'ﬁﬁ‘@%ﬁé’éf{@@ﬁ%&%@eﬁ%’!ﬁ&%?%@iﬁ@ﬁiﬁﬁ itis
cxf)ntempla}teb%ﬂaxﬁdmégé@hgmmghgaﬁwm@grﬁraﬁki)@ﬁ I’Qﬁ%\/ggﬁidkﬂé&ﬁgﬁ] 6521?3&%11?)2)&6(550.0%0 ppm (5.0%)
of a myoglobin pbloomin ent, more prefera qut 0_about 25, ppm, and most
preferably abHUJ%?Y%@b‘%B?%'{EVQbC&LF ,8@'(5“5 %ﬂ}?ﬁjg‘n'}‘ %B%@d% é&ﬁiﬂ'&@e?%mprises about 1.5
weight % to abeum @) ardighsivigter de ssulliyadiopsor 200D gpriayef afr@tniteltdaltdiofipackaging a fresh

around beef gdbigh At AR (hZR el Hlngthout boJupiat of syt salldos aagkaging a fresh

pork meat product. Amounts in a range of 0.75 to 2.25 weight % may be advantageously employed for a
variety of me#terq0eM of Adcoidifd itkeerebsinenn sihbiexpiaitdoaaditasideae may be provided
that compriseprolineglonmIagTENBABE HmEfaNeHIRE GRPRIGAENTSRR tart Backaawng film may also be a

Itil film, [ tive food kaging fil N y suitabl iti fi tion.
Proferably, 1 Ao BAERAEIE RTINS RS ALt LA G SN Fag Beioresent in one or
more or a corihiEredectot Ithat theFopsxeomptea Gimglevilapertdiwenayabontlirte3nal f(88:#6ns of oxygen
barri q ) . " " ) h

arrier an "%9&5?@5 %8@88%9%%&8&%%@% Qgﬁmr@e%soaésaqg%mg UNEYRRR ?A}h%l?ﬁ‘is puncture

resistance, abuse resistarice, pri ity, moisture barrier, heat s ility, transparency, high gloss, low
toxicity, high tBenpertirirer fdgistancethishnesn pératyesteaisiib2 a3 milee8<i9,2nultiple layers may be

employed to aderdmasticnRKYIMEBIESSE Jovariésrasiarifcbiandshabnmutile variety of commercially
available packaé{?qiﬁlms sgch as those sold by: Curwood, Inc. under the trademarks ABP, Clear-Tite,

Cook-Tite, Paf ro BP0 IPREKARING BHIGHH A BRI PRI O TIRGOIHE b others e.g. marketed
by the Alcan, ditifay € ryloseich dding zatotées thick iesstiof Sriegsadi, Niiskasarapceidtipblly, thader the

trademarks o ) Froeri \% -Seal i I Series, Alcan
Peel RiteTM é@%%ﬁgfgﬂgs%ﬁ@%%Focfrfn%(i?rﬁg%ﬁﬁ%{sx,%(tr%ecéQIorﬁﬁl r),%%{%t%‘l%l%bgﬁiﬁ%ﬁ-%rming Films,
Wipak CombitieratoteitaikiBrss el iapar Bk, tartd Wilsak Biaxop. A typical beneficial food packaging
film according to embodiments of the present invention may have an interior surface food contact layer
which also serves as a sealant layer, and a heat resistant and abuse resistant exterior surface layer with
a core layer t & ' n oxygen barrier material. Another common suitable film

has adhesive[(0/28] ontai s sidialchtheheoieod ymadiag i afehépossure dhvethidhenasdace layers.

[00116] In angther i tof the inventi f a C 1] lgbin-containing
food product fs)olfttlz Caggeé)é}j%ggafﬁg/%%%agévﬁﬁe% cf:% r%gﬁ}ggf%ﬁﬁa@# @ vr\}eglg]t% rﬂi%%;t}r%{ g% %gftainer
comprising afestgraiabie fryahte facibtateifoimaten pigharpisiinadyictatrt caelagaayer and a tray; wherein
the Contai”eerPﬁJQéﬁ%RﬂJPB%&\'Q@HQH&s‘%ﬁ?%@MQ@&‘&WQ@QB@@S&%@%@QQ product is

maintained in a modified atmosphere comprising a nitrogen or sulfur g:_ontalning gaseous myoglobin
blooming agefftOWP AR aG-ad tHefrisreh lmEX NGRSO IR 2008 Ot may also be used
in this embodigentvitids fisrsheratcetaimplaieskitiat either gaseous or non-gaseous MBAs may be used as
well as combiggianp el Y AL EMRGIUNER'S, L RINEN Y re used

interchangeably to refer to a layer which is heat sealable, i.e., capable of fusion

bonding by conventional indirect heating means which generate sufficient heat on

at least one film contact surface for conduction to the contiguous film contact

surface and formation of a bond interface therebetween without loss of the film

integrity. The bond interface between contiguous inner layers preferably has

sufficient physical strength to withstand the packaging process and subsequent
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[00117] The multilayer food packaging film embodiments of the present invention may have an exterior
surface and an interior surface, and include 2, 3, 4, 5, 6, 7, 8, 9, or more polymeric film layers. Film
Thickness [00118] The food packaging article may be in the form of a monolayer or multilayer film having
a total thickness of less than about 10 mils, more preferably the film has a total thickness of from about
0.5 to 10 mils (12.7-254 microns (p)). Advantageously, many embodiments may have a thickness from
about 1 to 5 mils, with certain typical embodiments being from about 1.5 to 3 mils. For example, entire

single or multilayer films or any single layer of a multilayer film can have any suitable thicknesses,
including 1, 2ha)diing igchading e-y-1 PRFIRN D FeRWIME FEIERI RICOINIR B OINHNgEIRMERWeen. Thicker and
thinner films qignals® freaddes oA hesd b suyjtaditctimeHior Ppskraieatme s Winmntielg as 4 mils (101.6

i higher, thi 1 mil (25.4 mi I be madeg, it i ted that th t
Common fimE G S BB 00V B HH 53078 IO ESh At BFE UL o e 2s fims fo
food packagititgearaliyjratabibdoepiiesentgdayedifiudHeskadhitheresyofigieesneabose@ ttw 3 mils (50.8-76.2
microns). Sucl Ss MY RAYG G ERIERAGRSIaNGE anig BrRIBARIN {a‘?%?&lmﬁn‘&&?‘)d packaging

article may be in the form of a monolayer or multilayer sheet having a total thickness of at least 10 mils,
more preferaBRCHAIISNANHALCR SoBAPIAAS ST Fr SFANBRO: IFRPB0MAEGRSENPRFEaRIY the sheet has

ah totaﬂl tr}iCkg%ﬁfs&QmﬁWBEHhééﬁgﬁ@d%%?&@f@%ﬁﬁé&ﬁh&?rﬁ&ﬁ'%é&%fﬁﬁ@%@dol Itis eSTential
that the food packaging film of the present invention has a food contact layer. This fo ontact layer may
TR hEAhaRBRRR e

also function 54'8 L5f éod L5758 %‘Qj’@rjq S ANt & fWéfﬁ) 'BPlﬁ’gﬁ%é“f sealed
packages, alth@sghttinvelziopladsticedsingptinayl ashodinsats Anebssakds neag bbby djestad known in the

art. Preferred, fims Qf N R5R% UJONSTHIGN JHIZ6859RE EONARISHRYE o ViHSh Dasdaapt gealing properties.
vacuum skin package (vsp) or sealed tray form. For use in cook-in applications
heat seals should withstand elevated temperatures up to about 160-180 °F (71-82
°C) or higher e.g. 212 °F (100 °C) for extended periods of time, e.g., up to 4 to 12
hours in environments which may range from heated humidified air or steam to
submersion in heated water. Preferably, the food contact or heat seal layer is
heat sealable to itself, but may be sealable to other objects, films or layers, e.g., to
a tray when used as a lidding film, or to an outer layer in a lap seal or in certain
tray overwrap embodiments. Also, in certain embodiments, the myoglobin
blooming agent containing food contact layer need not be heat sealable.
[00122] A sealing layer is preferably positioned at or near the interior surface of
the packaging film, and can be an interior surface layer which allows a monolayer
or multilayer film to be formed into a resulting package, e.g., when used as a
clamshell container, sealed to a tray, e.g., when used as a lidding film, or sealed
to a lidding film, e.g., when used as a tray. The sealant layer may comprise a
myoglobin blooming agent and a suitable heat-sealable polymer, such as an
ethylene-a-olefin copolymer, nylon blends or ionomer. The exterior layer may
also be a heat sealable layer and used in place of or in addition to the interior
layer for this purpose.
[00123] The food contact layer may comprise a sealant layer and may comprise
a heat sealable polymeric material such as a polyolefin or blend thereof, e.g.,

polyethylenes such as low density polyethylene (LDPE), high density polyethylene
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[00121] The terms "heat sealing layer" or "sealant layer" are used interchangeably to refer to a layer
which is heat sealable, i.e., capable of fusion bonding by conventional indirect heating means which
generate sufficient heat on at least one film contact surface for conduction to the contiguous film contact
surface and formation of a bond interface therebetween without loss of the film integrity. The bond
interface between contiguous inner layers preferably has sufficient physical strength to withstand the
packaging process and subsequent handling including, e.g., tensions resulting from stretching or
shrinking attendant with the presence of a food body sealed within a package utilizing a film having a heat
sealable layefHRfFEneig¥s08I¢- ARiinSABANBAE NS YR r8sly BIFRIGEINS. tHRPANY stable to prevent

gas or liquid lgakagesbipestprens MIVDeE Rxieeribin RIVYerRithploneamiiesttempenakres, e.g., during
one or more of L\?e follgwingé: ackat%iﬁ? op%ﬁtions,lstorage, Pandlin ,i}ransport, display, or processing of
food. Heat s&& R{SQ &'§ ?ﬁﬁ%"d’ CetAHRIBRY EBR |8?1¥r8?re5x§é YW 3R arious heat seal
formulations ardykiesivnenitise suthaasl tinzse easie plitly ed nsitlaitiesd geweetrinvetaliysis lor certain optional

embodimentslrgg%%ﬁgﬂésgm%yegqté%gﬁggg,t%a ﬁ‘ﬁb’,ﬂé%tio&%@ﬂ%ﬁrbf%’f'ﬁ@f‘é’r%%?s and conditions,

e.g., in a sea ag, vacuum skin p ge (vsp) or Sealed tray form. For use in cook-in applications heat
seals should ARR¥IERR &I\ atRpa PR fataresoup (PSS (86D. PoteR 71 IExeneot Righer e.g. 212 F (100

ﬁ) fQ;?_thndéét@%leﬁ @Bﬂfgmaﬂfgws %E&)tﬁgﬂ?&%gﬁww\%?ﬂﬂﬁﬁk}tﬁ rYjMBiQBrWé’d’ fr?]ﬁge ff0n|1 Iheate_d
umidified air gr steam to submersion in heated water. Pr , the food contact or heat seal layer is
nent seaiatlcTOEDR b AP B IMSEE S b EF S e e A OR MBI, S0y 0 PHA) when ueod 2 a
lidding film, oatetate @otss!yayensi(EB M) etbglarrei medntdiacttajcovepalsapeesr(Bbdi)) ertihylekiso, in certain
embodiment lohi ' ini [ at sealable.
[00122] A sei‘l}%?g a erg;is8 %Q&%%%siioné&ggéﬁgﬁwggﬁ%mggﬁéﬁg%%%?ﬁﬁg pac r/}’;‘?ging film, and
can be an int@éfRRSeriataig aralaiials Moosanadreiaper sraGri ksl SaMalIdRYSFMAd into a resulting

package, e.gfowndneprisechas/ardaashahyaniaiplisseriefir@drivnelerWhishused as a lidding film, or
sealed to a Iiddirjégﬂf_ilm, e.g., when used as a tray. The SZ%Lant layer may comﬁrise a myoglobin blooming

agent and a Uit VN i REHFAred FARA¥mEr QHEARYENS BRGIACYoRmer, nylon blends or
ionomer. Theneatiesioyy liayeeridn Suitkttdseal hettioeeladahtadalsyeandtesizdsinfadeahidy in addition to the

interior layer [gh S U ﬁ:%‘?g‘gﬁe%@]oﬁlgﬁoesffﬁ%% PrUgEh 'Q%/fﬁ%gé‘%fé%f%ﬁ?fﬂ%%%émyer and may

comprise a heat sealable polymeric material such’as a polyolefin or ereof, e.g., polyethylenes
such as low d¥osi: Ysh&EthyRAE (IBPD) 8AfRy A% sty pdhik Braeas 26+ B8 By, Aihyasse a-olefin
colpolyr:n:ars, igﬂggé@ém;q-,gmlpjggp%qu f;@rpé%g@mi%p?lyﬁumfgﬁﬁwa, and Iirk]]ear low density
polyethylene or polypropylene homopolymers, palypropylene copalymers, or homogeneous
polyolefin res%%),%g ggggf{ég?ﬁﬁé%lﬁ %Qéﬂw@ﬁp@%%géﬁﬁﬁ%ﬁl%}ﬂﬂ%@@IB%'@?é( single-site
catalysts, incindorgormtad typelgnears dticethylchsodrqoitpytenasdthnaldgast mag Gl4e8 or higher a-olefins

(e.g., butene-gdrﬂé%ggﬁg}og éé}ﬁg%g%é}sogu%%;%g@@5/%@%&&%8%%{“ aefa%agl?/%% of polymeric units derived

from ethylene or propylene. ene viny copolymers, et ne butyl acetate copolymers
(EBA), ethyleprlypribgnaiestaarciogisiimerd gymars. crplyleery aniria efyfieratitnesp OIS EMAA) or
ethylene ethyhacegete ko RMUREHId&G LA/ 018D m@tﬁﬁ@{ﬁé&ﬁ Brmengde inner surface heat

sealable layer. A food contact and/or sealant layer may also comprise an ionomer which is essentially a
metal salt neStFHA%EE- cSPEIIRALCONEARYREFEIABL LR¥§ R B rvHiRyar siEusiie S MEYRE S&alant/food contact
layer materiakm@ftrickneksd@iibnioickerss a3 yolelitsayebndsurerediistechiasdBoseodisclosed in U.S.
Patent Nos. §,964,316; 6.861.127; 023 6,773,820: 6,.682,825: 6,316,067 and 5,759,648,
5.563,002, a0 AR RO E Rt SR s b oRuay HeaniieS Y B 2000166262
(Busche et lalsﬁa)ﬁwh egeinfeeebphiniogod fagsdcontasicredsy peatdnt RyedicoHtaetysngant layers may
also comprisgayipRepONREIS SR RERPNEINIRE % SrreBbln-IAS(RE DoRRlspihrnatgs, cyclic olefin

copolymers, polyacrylonitrile or copolymers or blends thereof. The food contact layer may be 100% of the
thickness of tHB3eRAEEsQLre T tdod aditForsestdiHalBrifing Qeiayer'sii€iures may be of any
thickness withigfieknessesoiarimdtiager stdetweadd vprie b¥EXABTihadiadhdrdieriore of the total
thickness corge{nﬁ)latled. Pre{erre examly%les of such sealable resins cc“nprisip ;ood contact and/or

u ? 8- ?Hd OoC ent_a— ?S CO opomerg, lonomers.Cﬂmmerﬁl % val a%@ I’OE .
sealant layer include ethylerie a-olefin copolymers’commercially availa rom. Dow Chemical Company
under a tradethdtaes@dmMRBRYNITOET, thEToaR Bame "8ullyE®(including octene-1 as a-olefin); and
ExxonMobil Co. under a trade name of "EXACT" (including hexene-1, butene-1 and octene-1 as

comonomer); ionomers commercially available from DuPont Company under the trade name Surlyn(r).
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Barrier Layers [00124] Barrier layers can be made comprising a myoglobin blooming agent. The barrier
layer preferably functions as a gas barrier layer, although other types of barriers such as moisture barrier
layers can also include the myoglobin blooming agent. The gas barrier layer is preferably an oxygen
barrier layer, and is preferably a core layer positioned between the first and second layers. For example,
the oxygen barrier layer can be in contact with a first surface layer and an adhesive layer or may be
sandwiched between two tie layers and/or two surface layers. [00125] To achieve all the benefits of the
present invention it is essential that the myoglobin blooming agent film be used in a package in
combination with a reduced oxygen atmosphere. The barrier layer can provide a suitable barrier to
oxygen for thggleisiredyeigservation of the article to be packaged under the anticipated storage conditions.
In one aspec oxygen harrier is used in the meat package or packaging film that is maintained at a
reduced oxydRN Bklo= REIEr THE D47 SEPHE 10 BREPathy TaIARE K ROTIcrBE]en permeabilty
sufficiently difthei Slaetderd yempitededalsly dbtetioiera® dgan daceer tayaaiathoeghwitingn tyrepackaged meat.
For example.gj fli B8 COMIY 36 8 RYARLPRYISE RAKIRAMENRIASRIBERRHY hat is low enough to

reduce the myoglobin reducing activity of metmyoglobin reducing enzymes it the meat, and/or maintain a
reduced oxygeROARRESHIREYe iEJ'@cﬁﬁ

SRANIST IR¥emsRreiaEiicarbRyeN ARG &y ehydRoBin on the
surfﬁtce of tlhq,%}gﬁ?g \t/fg,ﬁnggglabc{g:gég@aj BEF’@EYQ% Ih@ﬂ%{d@&@ﬁgﬂ@@@ﬁ)riﬁﬁ almy suitabble material,
such as nylon, , , polyvinylidene chloride, polyamide, polyester, polyalkylene carbonate,
olyacrylont AR R RO S A PG oL AR A LR o HERJNELEON & polyoistn,
etc., as knowartadhesw®faslel an thaydré Sarelwiorgenbedneen|bye tioflayths andiopteterably comprise

EVOH, aIthOLégjlpr ga%;éggrrier layers comprising polyvinylidene chloride - vinyl chloride copolymer

(PVDC or VDC-VC) or'vinylidene chloride - methylacrylate copolymer (VDC-MA) as well as blends thereof
may also be [P8f3ablel TReMRIFE KrbengiitalebthedvieretdriteMieribik appropattfeat iisen stretch

oriented, inC'H?B@IH@H%W@éﬁﬂﬁM ageniomnhaae,384 in atpickins Pedsiansesnratble with the layers

around it. It is desirable that the thickness of the barrier (I%/er be selected to provide. the desired
combination SFSHESSEPNFRARIEBPERE fies S5 RATHEE BYSLITATELBUSE:E SYWIBRIA BaFHEELBility, shrinkage
values espec@ijgan fovttemjesiaid meseassion ofitrdatrticie delbenpaakapee sistendiee and optical

Iicknes and BISAty Toe e AL 100 PP i henneeh oS RO Sreater

ss of the multilayer film. Greater

thicknesses rgabeaskasiesdackesig Hry gt banantpiigehets readeedexy@iemively expensive and
therefore it is axpREIestEhatHassxG g HLERREIS Vs IS0 b dNeetb8 ibAyRIade BRReEk desirable properties

once a suitable thickness is used to achieve the desired gas barrier property for the film layer

combination. BSMSeip S UifieeRIbkALADshe i e SR a R BFARIEI SO toRPAAgHReSRously be less than
about 0.45 mihELotdiGeniaitins ke dapieajed thaatalbantcXarnpia) 41fiRd magroos)priselading 0.10, 0.20, 0.25,
0.30, 0.40, Oro%fb%Matmg}ghaving an oxygen permeability that is low enough to reduce the
myoglobin reducing activity of metmyoglobin reducing enzymes in the meat,
and/or maintain a reduced oxygen atmosphere in contact with the meat to reduce
oxygen binding to myoglobin on the surface of the packaged fresh meat.

[00126] The oxygen barrier layer can comprise any suitable material, such as
nylon, EVOH, PVOH, polyvinylidene chloride, polyamide, polyester, polyalkylene
carbonate, polyacrylonitrile, nanocomposite, a metallized film such as aluminum
vapor deposited on a polyolefin, etc., as known to those of skill in the art. The
oxygen barrier layer of a film may preferably comprise EVOH, although oxygen
barrier layers comprising polyvinylidene chloride - vinyl chloride copolymer (PVDC
or VDC-VC) or vinylidene chloride - methylacrylate copolymer (VDC-MA) as well

as blends thereof may also be preferable. The barrier layer may also provide

41



[00127] Preferably, multilayer films include a core oxygen barrier layer. Any suitable material can be used
to form an oxygen barrier layer. The oxygen barrier layer of a film may preferably comprise EVOH,
although oxygen barrier layers comprising polyvinylidene chloride - vinyl chloride copolymer (PVDC or
VDC-VC) or vinylidene chloride - methylacrylate copolymer (VDC-MA) as well as blends thereof, may also
be preferable. One preferred EVOH barrier material is a 44 mol % EVOH resin E151B sold by Eval
Company of America, under the trade name Eval(r) LC-E151B. Another example of an EVOH that may be
acceptable can be purchased from Nippon Gohsei (or Soarus, LLC in the USA) under the trade name
Soarnol(r) ATIE8IFR PRl RsAREEPS MBR ShaltbRTPEEIIBHISING EARARAESY@RY. /©%ygen barrier
films comprisig &t e askrobed d0RM CBRRHHIS S AMAIAE thcryaaaRintbiaesiegirgest can be
formed by mﬁgéi%s i%c osed in .S Paterl%os%ZO]rS,?lQ; 6,815,0ﬁl3t; 6,777,046; 6,511,688; 5,759,648;
5,382,470: anth DEA SO GRS T HE-RLPE" PEE U TApPENILS N e diSiteties. [00128] Suitable
nylons or nyleorblgnatomay thispdréusedde pnopartiexypgegiidaeia: pitpersipact@ootyigations of barrier

materials may gleaLie peth 5 Ml dylinl pariiss Rvsss gl puonagd SOk AR prten used to

impart suitable barrier propertiesin meat packaging as are blends of EVOH and nylon. These

and other knslglamiagtipAsesizianse. sodopte RIARAHESxygdipBle thickagepemmatiyeherishable food
Eackagingz, tfﬁrﬁé}é@@_r{b&iﬁ?aﬁrﬁe@k&l@x %;H@hb/ ‘ﬁﬁ?@g@ the fBZiﬁiﬂﬂii\etﬂicPM%B‘@bﬁdygen bﬁlrrier (l;il/ms will
ave an 02 permeability of less than t cm or a our perjod at 1 atmosphere, 0%
relative humi@irtgP rr?gﬂlﬁgeés %qgﬁﬁé%lgégﬁﬁﬁ%@%ﬁﬁ?foﬁhﬁ qﬁ@?&}ﬁ?&%@%bly less than 20 cm3
/m2/day. Bar@reatsinkiskedssssRvAy® e eEpoytthhibewaarcoaygmbayriee paljusted tepdkending in
tibl I ' ' t ili . of the films. Th
compatible p é(%‘?éﬁ\}&yé%&%?@éaé d‘tﬂé{é‘@%r‘fté%%&ﬂ%%@ﬁ%r%?ﬁ%%g%%% g%gmg%v_lg pipie films. The

thickness of the core layer may also be varied a eneficially may be bout 0.05 to about 0.30 mils
(1.3- 7.62 micieatsin ABgsdamersiseimatde il POPSH]esiRpestassYBabid hipngssifonsumer, in both

the monolayqjsaicterudtilayetiagksgirodsnambpdiaisats firtite NHeriien chiagdar surface of the film
should enhance o%\%cal properties of theffilm and mayé)refe,rabl have hri%r; gllé)ss. Also, it should
H’Ep)e B

withstand comt@EEAHAR A IBIe s SThel FrEoTa R EYi BA T SRl E Y A YA IRG8RYEE O6hs, it is often
termed the alesethesistsmitl@yts .nlih($ @tBnicrabssent gisiatet hyper abayt@.0bayindt2iso be used as a

heat sealable&wﬁhsﬁgggﬁhﬁébegqrosw%c% I%eb %tk&@n@t@ig#}%ﬂmﬂﬂ often is also the exterior layer
yellie Ry 102 .29, 0.50, U:40) . )

of any package, bag, pou ay or ‘other container made from the inventive film, and is therefore subject
to handling afRP3Bike Reeferablin exwlfilsyeiilmsring iR RaeArR) OXY LR G@rMeblske agdiMist other packages

and shipping apigiehatansl %MQ@'Y@%@\WW&@B@H%@@Q I8lRagend Bi&/&@ﬁ'ﬁ?&}fé@us‘?s _at_)rasive
forces, stresses and pressures which may abrade away the film cau3|n%gefects to printing, diminished

optical charal®¥RERES SINe0aY RiRRARY 6PBRISEHEY RUGR Y PRI PR GY S Fherefore the
exterior surfacentyirirg haediylidemdecfriondmatatidlshitise sdpdigres(FeDd@alEG AN puncture

forces and other .str us [ ckaqi I duri The exterior surface
layer should 85 %a @i%ﬁééﬂi%@e%dﬁ,gﬁ/%%g)ﬁtg%%%m@m%nga\ﬁ%ﬁuﬁg?@smachines, e.g., for
conveying, paeReghdnayiatheperrisiprablef taeiipredened) YAl batiehg e ssp filsmslild also facilitate
stretch orientgfiefywhReaA @9@1@%1&3??)9@3? &ﬂ%@@@%@%{'ﬁrﬁéwﬁéﬂm%rﬁé%gs suchas 90 C

e

and lower. Suitable stiffness, flexibility, flex crack resistance, modulus, tensile strength, coefficient of
friction, printdBYRSP hraFdtiE ARABFEX AP RS #o RYSHNAL MMERFARTBRRIBRYOR by suitable
choice of matauiralsaskaisrayeNippan Gshde @rEedrde, haichhsao®astindsithieliladereieating desired

heat seals which m resistance o burn t ,e.9.. by ealers, ar may be used as a heat
sealing surfa%eO ?rqnc%ﬁgi‘ir Qa%l@\%le/%renq%%%g\@gﬁgq ggﬁ{g %@éﬁfﬁ s:geré]g?%éﬁyﬁ%e exterior layer
may be formdaVéitd) siPnegeasidradrier dilatsofempiisieddr V&) fompenkaginp dead enedacteast one and
preferably bo%%ﬁ{iﬁé{; aNH\edsBRT iRGHHgtige R Isndesbsn PraEeRBRY disklessyah () EVA, (i) EAC

(such as VLDPE), and (iii) an eth%/lene-_hexene-l copolymer having an mp of 80 to 98 C, preferably 80 to
92 C. Each oftife BHE8YRAMERL B pthIR B & 0 @80 el dteh or the-R4fr. EVA, when used in

the outer layes, pgeferab yrias 354, kod Sfovmyiarceistaaapieatde pyaeidecpesdhshenkability, if shrinkability
is desired. BI%H |rsef|)£sEAOS are also usefully employed in the outer layer.
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[00132] The exterior layer thickness is typically 0.5 to 1.0 mils. Thinner layers may be less effective for
abuse resistance, however thicker layers, though more expensive, may advantageously be used to
produce films having unique highly desirable puncture resistance and/or abuse resistance properties.
Heavy gauge films, typically 5 to 7 mils or more, are needed in demanding applications, which are usually
satisfied by very expensive and complex laminated film structures and/or secondary packaging materials
such as bone guards, pads, and overwrap. [00133] In one barrier layer embodiment of this invention, an
exterior thermoplastic layer of the enclosin? multilayer film is on the opposite side of a core layer from the
interior Iayer,@E@Iqﬁ]dir\%%ﬁ%’é'ﬁtﬁbflqmmﬁ‘é enn anRY|alge 86itiInd iRty ex¥iBBodiment, this

exterior anerﬂarﬁléegﬂap@%weddlmmgar@ Wrﬂéﬂ@h&&ﬂéﬁ%@?'ﬁl@@lﬁgm@&dbﬁﬁﬂer layer-I Intermegiate
Layers [00134] An jntermediate layer is any |Jayer between the exterior layer and the interior layer an
oy incluce STGHEIHLIE A S USE CEEE N B AT AR SRRl for the fir
structure or itsuitbbrelbaruasesrdpéstiereitidbe deamisnmaal/faekspogtasmp dlendsn paE\d@ dthedwise modify a

multitude of 9%6%‘?‘%%)@%%-8th8ri%‘i%WH%§%EH BBéW%g'XI I%JEEE %mgﬂ%ﬂuﬁ)’géﬂ lentability,

processability,’machinabillity, tensile properties, drape, f ity, stiffness, modul esigned
delamination PEEYS ¢Eiing features, tear properties, strength, elongation, optical, moisture barrier,

F(;(gf;g] CIJV og[qqqmj bfﬁﬁbd@iéﬁi@f&@&ﬁg%gm@?m@ro@%en@()ﬂﬂ@%’rﬁ@i@élﬁidﬂy%léﬁﬁbﬁﬁ etbC- T_ie Il_ayers
n addition to the exterior layer, the interigr layer, and intermediate layer such as a barrier layer, a
muliiayer palRRUHG A SHAAER LY BB BT LGRS ) crs PHEBRERC the art ac e
layers," whictesarthzs stlectd e promd tetlaed diverepesodf adjatamisislyens, @/oraainether in a multilayer
film and prev ' laminail if [ yerads pre to aid in the
adherence ofﬁgrﬁ‘ﬁ%eegﬂ%%%gﬁ@%@%ﬁ?@ﬂ%ﬁ%?@@@ s/?é érﬁ%?%m%éfgg? g%g\?irtue of the
compatibility Bfah&OrRrErEIY deYh Bamjer esthe Fieh a6 PYRG e BYOR indheaeseddissdiagnts, adhesive
layers comprise éadﬁjaéalwqyn&@diﬂd)m%&hﬁ)ﬂméaa@ﬁwdﬂaﬁ%@hm&h9§Péﬁ>d@ﬁé@§ gray suitably be
less than 10% and preferably between 2% andf_10% aof the overall thickness of the multilayer film.
Adhesive resHE 87 BRERSABHDe € brtdn Qe ke r Fof IHEROSS AELE F2J8IAHFERREYs s usually kept to
a minimum cafsidieianéd tnel dessbcaiyaohy mefremmbodindstiaabalitl@ydd flils ChByprises a three
layer structure é\ﬂt%%ﬂoﬂggesive layer positioned between and in contact with the first layer and the
second layer. [n'ano mbodiment, a multilayer film comprises a multilayer structure comprising a first
adhesive layer positioned between and in direct contact with the exterior layer and a core oxygen barrier
layer; and pre{g(alaly:asdiartionady| Bgsr-a second tie layer between and in direct contact with the same

core oxygen barrier layer and the interior layer to produce a five Ia¥er film.
[00130] “Since it is seen by the user/consumer, in both the monolayer and

multilayer packaging film embodiments of the invention, the exterior surface of the
film should enhance optical properties of the film and may preferably have high
gloss. Also, it should withstand contact with sharp objects and provide abrasion
resistance, and for these reasons, it is often termed the abuse-resistant layer.
This exterior abuse-resistant layer may or may not also be used as a heat
sealable layer. As the exterior surface layer of the film, this layer most often is
also the exterior layer of any package, bag, pouch, tray or other container made
from the inventive film, and is therefore subject to handling and abuse, e.g., from
equipment during packaging, and from rubbing against other packages and
shipping containers and storage shelves during transport and storage. This
contact causes abrasive forces, stresses and pressures which may abrade away
the film causing defects to printing, diminished optical characteristics or even

punctures or breaches in the integrity of the package. Therefore the exterior
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[00136] Multilayer films can comprise any suitable number of tie or adhesive layers of any suitable
composition. Various adhesive layers are formulated and positioned to provide a desired level of
adhesion between specific layers of the film according to the composition of the layers contacted by the
tie layers. [00137] For example adhesive layers in contact with a layer comprising polyester, such as PET,
preferably comprise a suitable blend of polyolefins with other adhesive polymers. One preferred
component of an adhesive layer in contact with a PET polyester layer is EMAC SP 1330 (which reportedly
has: a density of 0.948 g/cm3; melt index of 2.0 g/10 min.; a melting point of 93 C.; a softening point of 49
C; and a metBYITacR/|ave M Ajricbe Atasierog). TEtarsds thesatciadie sreisiant iR rsiSte or tie layers
may Ibe f0rm%@fpawtﬁkétghlﬁeg@ﬁm@ﬂiéﬁﬁi‘réﬁ@é@riﬁlal,i@ﬂﬁﬁ!ﬂl@lﬁﬂﬁo@é@?ﬁﬁgﬁ@ ﬁéélysty;eges. styrenic
copolymers, e.g., styrene-butadiene copolymer, polyolefins, and in particular members, of the
polyethylene SAINLEILAD Hofb el A BEOTSacE B SIRVIARE SSY SR IBPCOREfer or ethyiene
alkyl acrylate mpasynie fepd lifpougylends) e thglepeldesilyyemadopedy egrsfadonomersngolybutylenes,
alpha-olefin Rol(miiePAMARIE S, ROLSAARE N oY B GIRnEPATME BrScBAYLIElIRRRS.

es, anhy If ylate-modified poly

polyacrylamides, anhydride-modified polymers, acryle _ polymers, polylactic acid polymers, or
various blend®%t Reistendrate griamtatiererarse MMBUPIMIRIRIA SIS IS sISReSn PRI WRBfior, interior
?)ndf/ or %Te Or:am@ﬁ@tgﬁzféﬂfﬁi@@éab{ﬁfésm @EHY il%‘wléf. CSU&%I@%WEBQHW@;X%HMQE@J@M' Corgr/)g?ition-
referably, the nylon blend composition comprises at least an amaqrphgqus nyJon sych as nylon
copolymer. it CETAETRIBASH oS AL R ST DA AR D R A G BRA Ol KoBB mer such as
nylon 6_/12, nphﬁcﬁv_ﬁﬁ)mm@%alk@mme,dﬁdmeﬁj 'r_nytl)e)dérjcm*rlalwm HﬁsuﬁﬂﬂﬂéO] In anc_)ther
embodiment of e, By RRER, N4 REMOLS RlIDS EXipLiRndBLeriBn A orqarigrece intermediate layers

comprises at least one polyester polymer. Preferred polyester polymers comprise aromatic polyesters and
more preferaBljtakie FEREEEReeSIGIAdRATI FRASMBIHbIDaYfiasifdassatipne tProrgholyethylene

naphthalate ang. bignapiicseehiiiabionagvesiss Bay RaxesalinyissHavisrPsitah about 0.60 to about
1.2, preferab% etween 0.60 to 0.80. The %olijester may be an aliphatic polyester resin, but is preferably

an aromatic p15E3%E FEURIES USafripie! \GHPM38ISals can be derived from dicarboxylic acid
components, lpel3dihg Terepkidtridiclavd mag sofunthedi obeidimggpreftarded exatropths,iated@lso dimers of

unsaturated aljphati Ids, 19l n r. onent. thesizing the
polyester ma?/gﬁlgc\?u@e%%g%m%ﬁy%%%gﬁu%ﬁ%gg gﬁ%ﬁé bg(y%o ;ﬁﬁ%méhd;%(géiﬁgtram ethylene
glycol, neopelaigrglytibrerraliaiesinyrsiasy Biederaniy kiaadypidb Eydly éthizeRegpbasnd
polytg_tramett\yiwx% Qiﬁ’)c% éﬁy%%@é@ﬂ%ﬁﬂ?ﬂ%k W‘ﬁW%ﬁ&%QBW'- More _
specifically, examples of dicarboxylic acids constituting the polyester resin may include; terephthalic acid,
isophthalic a®EE FRANEREYS 9‘@&9ﬁgdﬁﬁﬂf?aﬁﬁlf%?c&%'mﬁmﬁ&?é9?é'c§ﬁ88FB % 2219 Hbhenyl ether
dicarboxylic aeéigley¥aiekansyeicaboxylicencideadiptbecitteokaler poidematsionis a¢kdtcsuccinic acid,

rooxyic asktyaicnatsyc cipiaoidooks hisatichsuccinic acid
b ued Lo O B SN R B daed SRy e P o

combination Glendss¥f ldfesspieciisn [6efdly eroplevesrindhepositvlayehat comprise an aromatic polyester
resin comprigipgtanaraRaiixidicer Rt ikiskib SO TERANIEAT ™ RS PRI IR mAUPRASRECS, including,

e.g., polyesters between terephthalic acid (as a dicarboxylic acid) and diols having at most 10 carbon

atoms, such Y AGLas5IEHEHLYEIAHRRULE HFRSHSIGEURANRYRERIGKER RS PRARANANG Breferred

examples thesgpémsaye jmehyded eonabmsisiksebiaioe ty septading shaettig unpyeéshagdlly at most 30 mol
70, more prefgrably,at masl 12 ol fhg derapibalic adid.with anofher digarbayligacid. such as
isophthalic aC|8; copol;'?esters o[)e{amegqby repPacmg a porﬂon of the Hlorf co'mpone¥1tgsu8ﬁ as ethylene
glycol with arfdthertitatychiad misayiciodiexane thedat ande(eandingariitieatond, wiigde by Voridian
division of Emgmtg%%?:@ﬂy @&P&ﬁ§t@é@9&y@&fgﬂ@9ma§& GRMBHisiAGRe polyester as a
predominant component (e.g., polyestéer-ether between a dicarboxylic acid component principally
comprising tef8BIhSRECARNHHARARNE AT 1A 2R PGS BRER FHHENEMN FOmprising
tetramethylerfo@igep! andietisunaihideaccsmrideligigeobitreéaraehtionntairir@itioe polytetra methylene
oxide glycol igsidue & pioporion ol dsLoueighl ). Iufs Alse Prssible o use g or more different
polyester resins in mixture. EXxamples o pre{'e?re pgl esiers Ard available under ihe frademarks Voridian
9663, Voridiagrs9 iy emtormnBd ArgrpCepety etk incilas:t aivfitent widis theaarGhiennicat Gorapany, Kingsport,
Tenn., U.S.A. U.S. Patent Nos. 6,964,816 to Schell et al. and 6,699,549 to Ueyama et al. which are
incorporated herein by reference in their entireties, both disclose multilayer structures comprising a

polyester layer, and a polyamide layer. Optional Addi4ves to Layers



[00142] Various additives may be included in the polymers utilized in one or more of the exterior, interior
and intermediate or tie layers of food packaging comprising the same. For example, a layer may be
coated with an antiblock powder. Also, conventional antioxidant, antiblock additives, polymeric
plasticizers, acid, moisture or gas (such as oxygen) scavengers, slip agents, colorants, dyes, pigments,
organoleptic agents may be added to one or more film layers of the film or it may be free from such added
ingredients. If the exterior layer is corona treated, slip agent may be used or not, but it will contain or be
coated with an antiblock powder or agent such as silica or starch. Processing aides are typically used in

amounts lessStabIedvserelay eh SAPosl RN prive xRS YRAIS st YrdRgred R IBAtC X Sreferred
processing aidyer wakHishs«ToiabhRuarexy i Hatieelddes one or more of fluoroelastomers, stearamides,
erucamides, and silicates. [00143] Preferred films may also provide a beneficial combination of one or
more or all of the properties including low haze, high gloss, high or low shrinkage values at 90 C or less,
good machinaiigitmegiadd hagehsnical strength and good barrier properties including high barriers to

oxygen and giaREMEAR| N METEIORS OF NAWIEAGEUR 034 Thsdrygatiye monolayer or

multilayer packaging film may be made by convéntional processes which are'mo to provide for
inclusion of a“htﬁf@dﬂi{ﬁrtﬂﬂgrﬁlﬁb ingEAe PRERN s davers i RSBk IBkeM3RgY include, e.g.,
cast or blowntfiletipretessmeddIgseranIaiey MRfsiudtlnayer iknataiedasaanmastversidey known
methods in the art as modified as described herein for inclysion of a myoglobin blpoming agent.
Descriptions SHEGRARRY A RFSHOHBRIRHG, APERSHENRARER Sro BB S Rla n, e., U.S. Patent
Nos. 5,759,648a38E608F,ang. Gyring BEE, fandrap riftetd strapphestiehriPkaditgtion No. 2004/0166262
(Busche et al ), entitled, " - -Shirj I Ing, . ich are.incorporated herein by
reference in t gﬂ%‘%ﬁ&ié@@ éggggﬁﬂ{g?ﬁéu%wn%@?aﬁt%ﬁ%ﬁgﬁoégsgrgée[él éttﬁg}églla 'will be apparent to
those skilled FiitiRe st Modievsofasoprssdeleraiehipr. a5y Oranipe fealaresatent NOPartas, 792 (Schirmer)

discloses a mgibrghecsmiRinentshEEIPSSiSRPEIHARHRN, Bigyish erigtHatigasshigadiation, and U.S.
Patent No. 3,741,253C§Brax et al.) discloses a method of extrusion, irradiation, extrusion

lamination/co @A F BRGHAN FiAAAEENS Srd HUIRRY RS W AYRINADSy St orporated by reference in their
entireties. The processes may be modified to eliminate uniaxial or biaxial orientation or to add a
subsequent ang ' sStep to form a non-shrink film. [00146] In a preferred process for making films, the
resins and any‘a%%ﬁes are introduced to an extruder (generally one extruder per layer) where the resins

are melt plas{®@188) hbnadgitiontende axdetignfeerethirieriotfavesnaest thesmediRig)layefor formation
into a tube angl(gk H@tass‘ﬁl‘?kﬁéyé’rggrrﬁﬁ'lqI%Fm@w%mgﬂﬁﬂﬁ@“%&ﬁﬁﬁé@dH%OBrthe particular resin

or resin containing mixtures being processed and suitable temperature ranges for commercially available

resins are geMRIRLITENG IAXRIS AISR KA BBV AT AR SRS SulwhiIfh FRUBSSERSHE by resin
manufacturens pronetstng teinperaiscfsanjayevany depending anutheotner patisepiirameters chosen.

ever g UR IS IRLASP NI T £l o potrer e

selection, use 0 erresins, e.g.,

manufacturinfppiredeted teeif anthgadtaraneg afpeneidodnothroyes yirawdhe nedidzed. Actual
process parapieigiry,iBepiHle RERESRRIBYRABRB7 R BAIPSRARY BRI BRESKHR in the art

without undue experimentation in view of the present disclosure. [00147] As generally recognized in the
art, resin propR¥aeioihs ¥ AndRESARAI%EBY MEREIRFIRPEIMABIe ALIRSYSJRYSES and it is

contemp!atequgpmimadﬁ@msoinwmpgtretlge_, firetappod g lapdr_copmgmeheﬂw@mnpris_e or be

blended into indlyidyaiayers ot the miilayer fimior andsg asadsiionsl lavers, sudhesins include

polyolefins such’as ethylene-unsaturated ester copolymer resins, especially vinyl ester copolymers such

as EVAs, or dlicknessepiiblymettlayernfilow ddhekiyeotpinhydenel(@n DPE)ekpeasikeidensity polyethylene

(LLDPE), 'Owwhﬁﬁ%@bﬂﬁ{&i@-igl}@bhmﬁe%%'&MIY%&‘J?&% thiRREn (QSH¥RELS; Polypropylenes,
er

or blends thereof. polymers that may be included as separate layers or in combination include
polyamides sWHh Heflasiredeffse! By one amgstimentnadBytianer i 6amrEsaad By eRixed by well
known methadgetsitrgators mircinllidhesiiab laienpalsitm naikessnasdplandarnscda it Slilges if desired, well
known additives, such as aptioxidant, processing aids, slip agents, antiblocking and antifogging agents,
pigments, etd N8 T LG R e be RS e R RS e, the myoglobin
blooming agesitraprisaimmqidijiay anstrocttieecdaywisingay ffathdhesingplayerapoattivoridant, a slip agent, an
antiblock agent, a colorant, a color enhancer, a flavorant, an odorant, an organoleptic agent, a coefficient
of friction modifying agent, a lubricant, a surfactant, an encapsulating agent, an oxygen scavenger, a pH
modifying agent, a film forming agent, an emulsifier,g5polyphosphate, a humectant, a drying agent, an
antimicrobial agent, a chelating agent, a binder, a starch, a stabilizer, a buffer, a phospholipid, an oil, a
fat, a protein, a polysaccharide, a transfer agent, or a combination thereof. Examples of particular
compositions that may be added include: a-tocopherol; alcohol; annatto; ascorbic acid; beet powder;




casein; cochineal; cyclodextrin; dextrin; erucamide; ethoxylated mondiglycerides; fluoroelastomer; food
grade oil; glycerine; lecithin; liquid smoke; nisin; norbixin; pediocin; polysorbate; potassium chloride;
rosemary extract; shellac; sodium chloride; sodium erythorbate; starch; trisodium polyphosphate;
turmeric; water; water soluble cellulose ether; and zein. Examples of coloring agents include methionine,
cysteine and cooked cured meat pigments. Cooked cured meat pigments comprise a mononitric oxide
complex of protoporphyrin Fe (Il). Cooked cured meat pigments can be formed by reacting red blood cells
with a nitrosating agent and a reductant and elevated temperatures as described in U.S. Patent Nos.
5,230,915; 5,82v88P aaddsdirest 96 3eh wNaie e i FRHHBRStE F AR IRRYBERdEHEkIN. [00149]

Various polymgemaddigreferabpanacsphenalsdias hedeempse 1af Bnpeavskhtangmeasscerientability,
extensibility and/orcli)th r{f}:é)gerties of the film. Other Fodifierg, hich may be added include modifiers
e\wl e ? a

which improvE¥8® AMBFORR QLIS RFEE! VNG INSHE Y RHRR M e nodulus or
stiffness. Exeimpleyentoatifiers include styrene-butadiene, styrene-isoprene, and ethylene-propylene
copolymers. A rein  t [ irection ! ' "MD", refers to a
direction "aloir?’g%iﬁe9 1ensé\ﬂ1ﬁ"ﬁ(%%§ea?ﬁrﬁﬁ%f% t %St?j]r%ﬁ: icé)ﬁi tog _t%?lﬁlﬁnbgl%{ egfi ﬁ%é%%%(ﬁeﬁd during extrusion
and/or coatintRYRE et EriRPItheoprrastiofaNsyioue aflhasivhleysfeirealoprelriastiandD, refers to a
direction acrosssiisnbldnonseredslic disdiiading anae e siolo Betinsinad shesrdiRiyld kA Typically, films
are made he%j shrinkable by stretch orientatioE St([ﬁtch orienta%'i‘%g ma%/ be accomplished by various
known metho @@Eﬁ: CHilre 88%%5}8 itgﬁt Y&ﬁ%&%’?&% Ryzi IR SIS with the use of sets of
nip rolls rotatiidg & Ajiffdrent speptisadhssate lage dranctmtaitiitthe &yar tedredrising machine direction

thereby caus%ﬁﬁgp,i gﬁ qu rgg%gﬁg%qggg W&W@i@esf%p%a%%’%’ﬂ& @%gﬁg&%ﬁ&gﬁﬂﬁlude tentering

which is com y employed to orient sheets, or the well-known trapped b . le bubble
technique foradfien@fberive PAYMRrexsinpleratesteheempenentpirmeaniesivadayenin (Pahlke) which is

hereby incorp@yiated WMH@WE‘F%I%E&?[%V&WS e b hteste ahRichife gieyyuad primary tube leaving

a tubular extrusion die is cooled, gollapsed and then@})referabl oriented by re eatjgg and inflating to form

an expanded EN Y- BEBBIEMHRATNIGERA codd AAUoAAPELaIPRLRIRpsEd &retched film may
be wound on softeelras @Eintef d6 Sii;iatal sheets yiravetsta(ld AYyaonde rdraf 2284)be further processed, e.g.,

by annealing @i iati cr pelow. ; t shr i re typically biaxially
stretched. Trﬁgt\[/er e ﬁ%ﬁ%@ﬁ%ﬁﬁéﬁ%ﬁ%ﬁ%ﬂ&%ﬁ"‘% %;ﬁ%g é%rg(\?/@r%tég%r@laﬁon to radially
expand the heuited!simeinrpiastsovrigissciomrrxampla, A9kRpreeR PRGNS ptifiiefite film in the

transverse digefihiieng derdgriage-BriaaiaterspalpeinoeiiemisDaRdirasiieraidrreferably, a primary
tube is simultaneously biaxially stretched radjall transverselgj) and Ion\,%itudlnall‘?é Iémachlne direction) to
|

produce a mMABRSG IR WﬁiBﬂ'Y?%ﬁ%W%é‘% et R NREmERIRG points of the major

polymeric coripglesiivir/igester Yoolgmenareiiystrelkhl etiglatertupolyetation should be sufficient to
between abobt SO LT FRG R e b Letysionly o1 ra b RS SBAR Tatio & aiso
typically 21/2aefrpolreiso Privgisterstde aishamptescrelipririlicansym®rsiretch) of about 61/4x-36x is
suitable. polyurethanes, polyacrylamides, anhydride-modified polymers, acrylate-modified

polymers, polylactic acid polymers, or various blends of two or more of these

materials.

[00139] In another embodiment, the exterior, interior and/or one or more

intermediate layers can comprise or consist essentially of a nylon blend

composition. Preferably, the nylon blend composition comprises at least an

amorphous nylon such as nylon 61/6T copolymer, in combination with at least one

semi-crystalline nylon homopolymer or copolymer such as nylon 6/12, nylon 6/69,

nylon 6/66, MXD6 nylon, nylon 6, nylon 11, or nylon 12.
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[00153] The general annealing process by which biaxially stretched heat shrinkable films are heated
under controlled tension to reduce or eliminate shrinkage values is well known in the art. If desired, films
may be annealed to produce lower shrinkage values as desired for the particular temperature.
Accordingly, using an annealing process, heat -shrinkable films may be made into non-shrink films
suitable for use in certain embodiments as described herein [00154] Optionally, films of the present
invention may be subject to a variety of irradiative treatments. In the irradiation process, the film is
subjected to an energetic radiation treatment, such as corona discharge, plasma, flame, ultraviolet, X-ray,
gamma ray, H884 48], dAPRRIRCE SEPH9EBRHR tRedfMBRTOTHRIR A AAERIVE B RIS may be performed

for a variety qht@asonsdioeloeingr egrenpdififieaist fagerskarmpirydstiss dadmpiopelgustace adhesion to a
variety of substjnces sgjcfg rove intern er adhesion to ameliorate

as meat or rintip ink, or to im | la

intralayer adH RN anH SUBTEF RGP BT SR RR FRSRTI RRNOONR & S8R Siation is to
induce cross-flird{erglibe taredmomofetyiesr o bihe roadiatesdoinzobedhy TEne iesephtiaiaté fel/Meric films to
induce favor ' C inking 4 k i s, di in U.S. Patent
Nos. 4,737 S8 L e B ted by
reference in théingisviseesitpelroein @EGioAbkelskS tReclpsakly ReivRRN REGRIRA R cfdsslinking the
polymer presgalyisstbedity b8 seaIpRiatsebsmbrdimassisiirricisy ed isreamink the entire film to
broaden the heat sealing range. This is preferably done by irradiation with an electron beam at dosage
levels o at 1eBGVEBISY S e g AR (R ZRY BRINEREN R TP B eS8 TR, although higher
dosages maydima oty @did wadiptinentsain te diog écosptitbabidracid/ dnb és apitthaliewttid @sadditional layers
being coated r igxial o Ion. t-jrradiagon, | ribed in U.S.

é@&;&ggé}j ﬁxua"s}ﬁgfeg, a8 a%ggmqg of IfdatFLSR ‘ﬁgr%%_% 3riad! aﬁgg{}@ﬁfﬁ

Patent No. 4, et al.). An advantage of post-irradiation is that a re in film is treated

instead of thearéighivRPeneRirmangthepsomaeap)t i sy eRipe e PelygstanBYor a given treatment
level. [00155],ﬁh@gaﬁywkgr&%@y@gmggmgsa&mqgﬁg Sy fdiiep, K ghipical crosslinking agent or

by use of irradiation in combination with a crosslinkijng modifier added to one or more of the layers, as for
example des&FHERGGHYIECRLYERY RROREHRE B¥eCE IR TELTY SR S8EPE ARIAN MR 4Y5%he present
invention is inmly&Ethyleha ghyarlabdpolgtatrargetiggdanevikide giyyoen Barymolidxaneie packaging films can
have any suit u ALt is essential t h oglahin hlpomi be on, orin, or able to
migrate to, a @o%gtﬁgﬁéic%ﬁsg%%gygfﬁ%eg \@%%Tgl@%??/l\%}he%%?@:g |§/1y%%$§1b§#%%foming agent is coated on
or incorporat&iraiey it aptesiepsbitemthetnah@strirrsim@ay hirkiddsy targpbthelisi@sitethod, e.g., as
described ab%ﬁi?féﬁ@ﬁl@oqBhﬂ{dﬁ’@béféﬂayjpgut‘}ﬁﬁmhmﬁﬁé’éﬂﬂw@?ﬁiﬁﬁ'&leﬁéﬁic‘éﬂﬁ&%ﬁ@s‘cer rollers,

slugging, inclusjon in a masterbatch, printing, etc. The myoglobin blooming agent is preferably evenly
dispersed ovE&Fie iIRAY: EhRLHLC 1&??8/ hAH Sy P AR E GRS G R Idy AT IRICARiBie any length of

film oxalic acid, malonic acid, succinic acid, azelaic acid, sebacic acid, and dimer
acids comprising dimers of unsaturated fatty acids. These acids may be used
singly or in combination of two or more species. The diols may be used singly or
in combination of two or more species.
[00141] Polyester compositions that comprise an aromatic polyester resin
comprising an aromatic dicarboxylic acid component can be preferred in some
aspects, including, e.g., polyesters between terephthalic acid (as a dicarboxylic
acid) and diols having at most 10 carbon atoms, such as polyethylene
terephthalate and polybutylene terephthalate. Particularly preferred examples
thereof may include: copolyesters obtained by replacing a portion, preferably at
most 30 mol %, more preferably at most 15 mol %, of the terephthalic acid with
another dicarboxylic acid, such as isophthalic acid; copolyesters obtained by

replacing a portion of the diol component such as ethylene glycol with another
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incorporating the layer to include approximately similar amounts of the compound within the sealing layer
for a uniform transfer to meat via surface contact. [00158] Where the myoglobin blooming agent is coated
on the film food contact layer surface it may be conveniently applied at various times. For example, the
agent may be applied to the meat surface, e.g., by dipping or spraying just before packaging, or during a
bag making operation with or without admixture with starch used as a means to facilitate subsequent bag
opening. It may be applied during winding operations attendant to slitting operations or during pouch
making or tube making. It may be applied before or after irradiative treatments. It may be applied with or

in place of st&ieh SkifRiAg brESeREERedHRRiNBRCARIGr CHREARRE88he MaReat&id&tribed in U.S.
Patent No. 5,4R&ibhlof Wilbeiaat @he i Os. heiishpdneteriigé by efpeperrdany myoglobin

bl [ ts are.solyble i t I [, and soluti lobin bl ' t b
contod oh i ERHET AL HFRSHr A BT e ROUPRCSE e AR SSIFA0 Ehlor woting Agents

or other matelpi%_tlseamh d&ar@nx;damd d@xmbnmammomeﬁllyejtanpémglthQpbtgaliw'mbide_spect to
transferring b&@rﬂ?igeéﬁgplﬁgﬂgalﬂv%'{ﬁﬂdtgrbti&l%oﬁ1&3§e%%[m8ﬁaqwam\fm§mg's hereby incorporated by

reference. The agent may also be argo led In an aqueous solution to a film whaose food contact surface
it

has been motftiéfesyeRgEHypaiRNE telRprRIBYR R INXIARE eR)dRTefetaln sertabriag 4deb water or oil
based liquids niaiaingth ies Bbi RIgenirgiadeiv. Herseiientethe-prserhinygntier in one aspect,

transferable modifier-containing films may be, ytilized to transfer myaoglohin bloomin ents using, e.g.,
fims having S RDECIIRE 4TS IEH AL A Ao ROV EELA R T T YL KB U.S. Patont
Nos. 5,288,582 fgiefhiretgglye83er 454 {yaitieealndér, 3821881k (Jatkiset alid @66 .5 6/ha81iBamore et al.)

hich I ' § - ' . |
normaratad B B T B e trusson of the

incorporated In the Interior layer, it may be to a base polyme

film. The bas&IPERRAET hea bd) and slitdbRayMNes Lo S drctiahalicet ak ansblyethylene, and may be

very low dengjtggepbeihyleegdimbRPS. QiHiRIPEh do@ardev Aersibpobieremtans thblPPE), low density
polyethylene éLDPE%, EVA, pol }[ﬁropﬁﬁne, ionomer, nylon, PVDC, PET, etc. Melt blending is a suitable
method of mis S Bel StRes T AL S B BRHS e GeP YRS e BRI LB mponent
materials mapdiganoinlagerin a high intensity mixing device such as an extruder. The base polymer is
melted to form a viscous liquid or "melt." The myoglobin blooming agent may be combined with the
polymer before, during, or after melting. The high intensity mixing device is used to attempt to uniformly

disperse the RRbBANEHNANENEHHQ) leaiBffound within the base polymer. The quality and functionality of the

dispersed agmm_z]_d%@raﬂ,yaeaiﬁbssqma%@mamaalpmrﬂr@?@wiﬁe@%%ﬁ% eprpsition of the base
polymer and the mixing device. It is desirable to achieve good mixing for uniform dispersion of the

myoglobin bIGEYHY UG RrRHRTN BN ARHRISTRsdIE OF I e Rt eI haekedggiomerations is
undesirable. domgyisiegitsiredniectoHockxkerqudelitiviegén ity hle nd stedhwits, angantisitiokidant, antiblock or
slip agents. [ T yogalobi i t i ire se polymer or
provided in a%%% oh %\isgfl %%glgé)@ﬁgggéwc% %%%%égﬁégé)ﬁ%%\é%é %@%ﬁ%ﬁeﬁ@@%&ér either before
or during the agislt BraislWPtREJRS\ANEH FDPYYERN)RidRM06I S SliadgristalosrpiartyeRite agent grinding
the solid agep}dmereslurgHPRIRICRYLIHS S PrREIBEJePERYIR AJROTR BRI SHigReffieN. Itis

expected that for a water soluble material, providing the myoglobin blooming agent as an aqueous
solution may PréViRY Ba{EP R IEYBr SN GPER (BAS Gﬂtfwﬁﬁﬂ?tﬁ’éte&ﬂi/llﬂ%?rr@&%@% addition of
undissolved ageitedAslipGidet a9l btars ety betp trparadl fconainvates sohtbiewatiiegiobin blooming
agent, prefer%bg/ %8[%6 to Hu? gragurgrt]itog cpncen I%atigrn grtc e %gogésnsog{t'gn éatrréq may £.9- include
between abodt. BweiBR}NAeand sout 42 welght o 0f A compound w R acts as & yoé’lobin blooming
agent. This agsedirsavhiba less/thandiEstesarbance’d rnd arptsisanbyrassitherys inadihextruder heated to

a temperaturg,aboyeidA0 A tordasilitaterBuxighip dRrsablendnll addedhgspaietipn provision should be
made for ventlnﬁ water vapor from the extruder. The polymer blend containing a myoglobin blooming

agent may bé RIBEEN MR P IHAO R LNBENS S RMIIRs0 £61FarNESHRyBRILDIICHBDMIing agent
may be mixe@00h3 caiigsresifioishase petyprevidcianesefvistedpaitiatidaltstsieoon the masterbatch
may be convepient fonsubsedent dse indaiicating arlicles, Peliets om e masiabaieh may then be
mixed with thé Dase polymer { Another poILf/mec% 8uring Rl Ming process. [8 165When used to
create a masterbatch, a sufficient amount of the solution may be introduced into the polymer melt to
obtain a blend having a high concentration of myoglobin blooming agent, e.g., between about 2 weight %
and about 10 weight % myoglobin blooming compound, and preferably between about 4 weight % and

about 6 weight %. Monolaver Barrier Films 48



[00163] In one embodiment of the invention, monolayer oxygen barrier packaging films are provided
which comprise a food contact layer including a myoglobin blooming agent. The agent may either be
coated onto the surface of the monolayer film or it may be incorporated therein, e.g., during the extrusion
process. Such film provides an oxygen barrier and may have a myoglobin blooming agent coated on or
incorporated therein. Mulnlayer Barrier Films [00164] Multilayer oxygen barrier films having a myoglobin
blooming agent that contacts a packaged meat product surface can desirably promote, preserve or
enhance a desirable m o(globin-mitigated red color. [00165] In one aspect of the embodiment, a

myoglobin bl¥8HATRAFENGLIHERTISIFE fRaGHpaRI tLIqdyBRCRAIGR| SHeoRBRA H3eAlant layer.
Multilayer filmsaafypraenssivdnngttigh eaierstesxpsishtianahanersdeneepiite beneficial film

properties. Multilayer films have increased flexibility of application over monolayer films in that specific
layers may be provided to incorporate specific features. Sometimes materials which may be unsuitable
alone may bdviivamsage dMisiuenegliRed in a multilayer construction. For example, EVOH has oxygen

Darrier proDeYB I LSRR SEnINGdoar iR AR pemenla RARRER sy, but hen

protected frorh contact with moisture by adjacent moisture barrier layers EVOH may provide a film having

an excellent GRYERtIPAM AT OsSRASVHHEAA BaRadifiRg fhHRBYSRIFEB TR AMABERBHH or abuse
resistant layepgpehiddanfb a0 MavesayRs ssyyadnh 8 ot oK IOTIMEN M AP ta @ CEHye oxygen barrier

and permit thinﬁir E&en barrier layers to be L[lsed. Where EVOH _barrier materials are used, it is

contomplatec AT HRFESSR A G TSRS RYE] AdiGHTRYRY VS MaYkhith the EVOH material.
Non-limiting emamyféetuctd ayiduswrelestbods) ultiteey artfdmncodifigdrasidesdribkalkatenfédiowing: Abuse

?@é r%%{;{%aﬁgﬁjﬁ)tgnt (Exterior)/Core/02

i
e Barrier/Core/Sealant (Interior);

Resistant (Exterior re la

Barrier/Core;ﬁgé{gLTa?ré? f?rﬁgrﬁg&pgﬂg %%@@%? (?éziteﬁr)ti%gr?)t@
Abuse ResistadNU3GEHBNY FRg QRS WapFRIFSER S AR e Ried(iRterdr) Y Ab IRetevé Slstant
(Exterior)/CoreEg/0R2sBasia (67 6Ries Te3\300( Iatr oS, Aause ResisRdr Puiarianshif g2

Barrier/Tie/Sealant Interior%' Abuse Resijstant (Exterior)/Nylon Core/02 Barrier/Core/Sealant (Interior);
2004/0166262 {Busche et aI.S, entitled, “Easy Otv)en Heat-Shrinkable Packaging,

all of which are incorporated herein by reference in their entireties.

[00145] Various manufacturing methods may be used as will be apparent to
those skilled in the art in view of the present teaching. For example, U.S. Patent
No. 4,448,792 (Schirmer) discloses a method comprising the steps of coextrusion,
biaxial orientation and irradiation, and U.S. Patent No. 3,741,253 (Brax et al.)
discloses a method of extrusion, irradiation, extrusion lamination/coating and
biaxial orientation, and both patents are hereby incorporated by reference in their
entireties. The processes may be modified to eliminate uniaxial or biaxial
orientation or to add a subsequent annealing step to form a non-shrink film.
[00146] In a preferred process for making films, the resins and any additives are
introduced to an extruder (generally one extruder per layer) where the resins are
melt plastified by heating and then are transferred to an extrusion (or coextrusion)
die for formation into a tube and/or flat sheet. Extruder and die temperatures will
generally depend upon the particular resin or resin containing mixtures being
processed and suitable temperature ranges for commercially available resins are
generally known in the art, or are provided in technical bulletins made available by
resin manufacturers. Processing temperatures may vary depending upon other

process parameters chosen. However, variations are expected which may
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Abuse Resistant (Exterior)/Nylon Core/02 Barrier/ Nylon Core/Sealant (Interior); Abuse Resistant
(Exterior)/Tie/Core/02 Barrier/Nylon Core/Sealant (Interior); and Abuse Resistant (Exterior)/Tie/Core/02
Barrier/Nylon Core/Tie/Sealant (Interior) [00166] Some embodiments provide a 3, 4, 5, 6, 7, 8, 9, or more
layer coextruded film with desirable levels of abuse resistance and oxygen barrier in a multilayer film
structure. [00167] Referring now to the drawings, Fig. 1 discloses an example of a three-layer film
structure embodiment of the present invention generally designated at reference numeral 10. This
embodiment is directed to a multilayer composite comprising an outer layer 12 that is an exterior layer

102 comprisif§REATHUDRAl ihiacterp AR yRstaiiop T RYWMBFIBS ELPRIRSSIBBNUEMhEl N Stiter layer 14 that is
a sealant layegdidg, £3chiptesdiaPeppsiispaides iafars aericrayasebafehayer 112 comprising, e.g.,

EVOH. The sealant layer 122 ' Johin bloomi t. The multilayer film 10 which
e heat shrinGR B HOP L HEGESHAAP o B SaL S PN O FSBETAIGER and ca be used. €.0.,

to overwrap paayreténsautiteiiniskinl peiokese oG B3R dfeluigonpredeskitpr@yeraoss section of an
example of a fjelayeroxygei Rarmer Jmds depired Wi iiBae H@N@&gﬁ@r%&%ﬁ&“ﬂ?‘ce layer 22 that
is an abuse resistant layer 102 joined by a first tie layer 112 to a core and barrier polyamide layer 26
comprising oNEBr¢hhR RIRANPEISFIRSE 04, the other side of core layer 26 is joined by a second tie layer

[101041:309?glint€[60'|m fapg b?éﬂ@éraﬁyw&%Hﬁf@&ﬁﬂﬁ@bﬁY@sW&@%ﬁ@éﬂéﬂsgg@m@@birg) blo_orr:ing agent.
acement of one or more core nylon layers in contact wjth an oxygen barrier layer can
provide muti R R SUELE T R SRR oS AT A SETTRRREIGR i hay be blended wih
EVOH or maydwirchadied axladjageatdayensepglywizes &d@bpokygers naayieomptiseals ave an ethylene
content of ab % Of. |¢ | rably {o[=Xe I may be included
in contact witﬁ%hééEd\?gﬁ@ﬁ%@:ﬁﬁ?g&?ﬁs&sﬁﬁ%@% ?@e@géjﬁ%gng(?ﬁ %%i%&%?gé cross-section of
an example cTUeREGEIRTANEHEmPIYPichiapirien . aipN3T Ry CaiHfFISE apteEoneh@aeer 32 that is an
abuse resistayis|ayeeddizinnyinaynigselesp as SRl rintablins Vit emisriBstirass igridact with a first tie

layer 112 and connected thereb%f/ to a first core polyamide layer 36 comprising one or mare nylon

polymers 104/90¢18Y @5/ PRI RtBHERE Y MBEEWitNERT Mgdeeﬁ‘ﬂyrﬁ&}yﬁ%}%é Shffary, the other side
of the oxygenrdvadersitypol3stopiemidild E )V Gighldsh iy piokydtty lerse (e DEP Eprio patyensiide layer 38

isi t j favhich (s Qi d tie | 116.
The mterior 1 B e, B B e D B i comprises a

polyethylene ssefeés lave[DP M epimkination iopivds oehiaigidereptciies mdenc B sealant layer is

joined to the_ E‘V@Hq éi?d'@}ﬁ". 1'3"-I§eé3er_ %@r@@h\_’n@b‘ﬁ%’@ﬁﬂwﬁﬂé AR WéﬂqgvoWH Hﬁ@}ﬁéﬂ@y_ also b? _
formed by dispersion coating, emulsion coatl%%, solution, coatlng, or [amination e.g., extrusion lamination,

thermal lamirfsHE% CRANBEIGEY ANAIABIE WP BRIy RImAIARIBAYSSiventless lamination, coating
lamination, off@xt48jiorAeriiingsirea oostikinationatdutieos [1h/dd Eisbiiddayerddespirgmotes or provides
adhesion between resi r 10 ' iofr. 2, an ore polyamide layer
104. Similarl;%lI %g R e?%@gpr%ﬁ%t@%kgﬁgg?géiSﬁéﬁ(géé%?%ﬁ%g{;w @Xgﬁs%bgﬁddsﬁ?;amide layer 38 and a
food contact FyEHrEZAhAERAE AAY R NoREsated. ime thgdie 1 F2r srampe nizg mrddiektital or different
from each othgsoAfSyBREIREIIS RIS EaeR/of BfferEpsOrRlip L RAbSRS cliing those based on

ethylene vinyl acetate copolymer, polypropylene, low density polypropylene, linear low density

polypropylen@ HAYIRM, ilRiI8asHY 58178t A8t SO0 ARE BSIBHERIMEET R layers are based on

linear low derfisiy oty @i pemangraplastpmeiptucyas raatadiictse oafatyioechpalifgitylene. Exemplary tie
layer resins are mfslnulfabctureg by Elgfaui tar Chemical Coprpan under the trade name Plexar(r). [00172]
ng a lu I())%/

fican ctant, an encapsulating adent, an oxygen scavenger, a S
i n Barrler Xﬂsmg Y f00d package lidding

Q

Some embodiments provu]% a fhuit ayer, éasy opening,
film formed frobthmediiléyeetent thiinpfeferablpgaataaneeroutsifitnaliy pogrhositbien@ more preferably fully

coextruded. Qarignalin BHpRYRSNOUR AR IL b AMmaURRAT B % BRRREIPY laminated to a

polypropylene semi-rigid or rigid film monolayer to be used to form a semi-rigid or rigid tray. The
multilayer filn?{BF60iceStaPHFEprivtvBRy GeRNPSR iRy o8t <2 hiAPErSActeristic to the monolayer.
Other examp|gsiyehsubbrrIdr tigicsfsch e, bayscarabiistios etkhyok.i SERehskicst ¢fl particargrending

disclosure enyed F o AN, 36Ty g 9 oa R A IS RSP RIS IRy reference.

acid; beet powder; BHA; BHT; bixin; caramel; carmine; carotenoid pigment;
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[00173] Referring now to Fig. 4, a cross-sectional view is depicted of an example of a five layer laminated
rigid or semi-rigid film 40 for use in an oxygen barrier package comprising an exterior surface layer 42
that is preferably a polyester layer 202 that is press laminated to an adhesive primed barrier layer 46,
which is preferably a PVDC layer 212. The PVDC layer 212 is extrusion coated onto a three-layer blown
film. The coextruded blown film includes an outer layer 45 preferably comprising a polyolefin 230 such as
a blend of polyethylenes ULDPE and LLDPE, a core layer 47, preferably comprising a blend of EVA and
PB, and a sealant surface layer 44, preferably comprising a blend of EVA, LLDPE and a myoglobin
blooming agé?ﬁsﬁﬂe%BF@ah%ﬂRﬂ:ﬁﬁthb@ﬁﬁHﬁ‘a@'é’r‘f@&iﬁ?alﬁm@’%’!ﬂ%@ﬁ‘y@gW@%d@ﬁeat sealable

layer 222. [OQlJ%élrhyﬁirﬁé\O%%@WﬂWﬁrtﬁ@ IB¥RRtONg e IMIRE armteddhsmarayer blown film of

the embodlment of Fig 4 |s rE%] ced Xnth a Six- I|a)ﬁer structure hav an E OH o en barrier layer, such
as include an 8 8?'(5)%9/¥%9 H7R ?88%7%83 ??ayg?%ﬂﬂ%ﬁ’é Be%o he laminated films
illustrated abchmr[@alszﬁjlEnarmlmba‘téostbpﬁnkagm@fnmcpypdusmmattvamndzm:pwatbmed with a

myoglobin bigarpipg fgsat iy aecrdance Wi the t%@(‘émg%%'&c%‘ﬂ&“ eAlEMANRR: 6,514,583;
4,801,486; Re3b 285, 4,755,403; 6,299,084: 6,221,410; 6,858,275, 4,155,41; 5.834,077; 6,610,392;

meth|0n|ne cystelne and cooked cured meat plgments Cooked cured meat
pigments comprise a mononitric oxide complex of protoporphyrin Fe (ll). Cooked
cured meat pigments can be formed by reacting red blood cells with a nitrosating
agent and a reductant and elevated temperatures as described in U.S. Patent
Nos. 5,230,915; 5,443,852, and 5,425,956, which are hereby incorporated by
reference herein.

[00149] Various polymer modifiers may be incorporated for the purpose of
improving toughness, orientability, extensibility and/or other properties of the film.
Other modifiers which may be added include modifiers which improve low
temperature toughness or impact strength and modifiers which reduce modulus or
stiffness. Exemplary modifiers include styrene-butadiene, styrene-isoprene, and
ethylene-propylene copolymers.

[00150] As used herein, the phrase "machine direction", herein abbreviated
"MD", refers to a direction "along the length" of the film, i.e., in the direction of the
film as the film is formed during extrusion and/or coating. As used herein, the
phrase "transverse direction", herein abbreviated "TD", refers to a direction across
the film, perpendicular to the machine or longitudinal direction.

[00151] Typically, flms are made heat shrinkable by stretch orientation. Stretch
orientation may be accomplished by various known methods e.g. machine
direction (MD) orientation is preferably accomplished with the use of sets of nip
rolls rotating at different speeds to stretch or draw the film, sheet or tube in the
machine direction thereby causing machine direction elongation which is set by
cooling. Other methods include tentering which is commonly employed to orient
sheets, or the well-known trapped bubble or double bubble technique for orienting
tubes as for example described in U.S. Patent No. 3,456,044 (Pahlke) which is

hereby incorporated by reference in its entirety. In the bubble technique, an
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6,287,613; 6,074,715; 6,511,568; 6,753,054, 4,610,914, 4,457,960; 6,749,910, 6,815,023,

extruded primary tube leaving a tubular extrusion die is cooled, collapsed and
then preferably oriented by reheating and inflating to form an expanded secondary
bubble, which is again cooled and collapsed. This collapsed stretched film may
be wound on a reel as a tube or slit into sheets or webs and wound, or it may be
further processed, e.g., by annealing or irradiation as described below.

[00152] Heat shrinkable films are typically biaxially stretched. Transverse
direction (TD) orientation is accomplished by the above noted inflation to radially
expand the heated film which is cooled to set the film in an expanded form or by
pulling the film in the transverse direction during tentering. Orientation may be in
either or both directions. Preferably, a primary tube is simultaneously biaxially
stretched radially (transversely) and longitudinally (machine direction) to produce
a multilayer film which is heat shrinkable at temperatures below the melting points
of the major polymeric components, e.g., at 90 °C or lower. The stretch ratio
during orientation should be sufficient to provide a film with a total thickness of 10
mil or less and preferred films will be under 5 mil and typically between about 1.0
and 4.0 mils. The MD stretch ratio is typically 2%2-6 and the TD stretch ratio is
also typically 2%2-6. An overall or total stretch ratio (MD stretch multiplied by TD
stretch) of about 6%4x-36x is suitable.

[00153] The general annealing process by which biaxially stretched heat
shrinkable films are heated under controlled tension to reduce or eliminate
shrinkage values is well known in the art. If desired, films may be annealed to
produce lower shrinkage values as desired for the particular temperature.
Accordingly, using an annealing process, heat —shrinkable films may be made into
non-shrink films suitable for use in certain embodiments as described herein
[00154] Optionally, films of the present invention may be subject to a variety of
irradiative treatments. In the irradiation process, the film is subjected to an
energetic radiation treatment, such as corona discharge, plasma, flame,
ultraviolet, X-ray, gamma ray, beta ray, and high energy electron treatment.
These irradiative treatments may be performed for a variety of reasons including
e.g. modifying surface characteristics to improve surface adhesion to a variety of

substances such as meat or printing ink, or to improve internal layer adhesion to
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5,593,747, 5,382,470; and 6,565,985, as well as published U.S. Patent Application No. US
2005/0129969, which are incorporated herein by reference. Preferably, the myoglobin blooming agent is
included in the food contact layer of the packaging film, which is preferably a heat sealable layer. Forming
Films [00176] Thermoformable multilayer films are useful for forming dimensionally stable structures for
packaging food and other products. The structures or containers are made by softening a portion of the
film through application of heat, distorting the softened film to a desired shape, and cooling the film to set
the shape. Commonly, hot dogs are packaged in containers made from thermoformable films. The

thermoformaBfE@¢iRTatgdedRYRicRARBRINR AN DOIdsEH AP iERRSrH8IRFRINGFIRIh \PriEdeeit @ ention by

including a blpesniAdisgentriadkeidAnstdaranse cppiasinitg havieed RedYGle{ikidd] Thermoformable
films may be ,m%ﬁiggﬁaé flat die m monQ or coextrusion or single-bubble blown

0 Or cpextrusjon, slot ca
coextrusion. Efl cf@%’ff't?wlese Sr'(S@EQE@%%nrﬁ V?%nﬁ%rhq 'I@ﬁtt@d'?ﬂugﬁjﬂi’é’ {ﬁtentering or expanded
bubble to an prapattibasatbwas toosslithendpisemeditiomsimetctiiagriSanithis e itoliossolénfilhis characterized as

being nonorigsiied, sh&‘%ﬁ,@@ﬁ&lﬁﬂi@k@%.yah@z{%ﬁﬁﬁ% (%b‘?H%é"/ﬂbé‘E é‘ﬁ%ﬁgﬂf&ﬁi per or both the

machine direction (MD) and the transverse direéction (TD) as measured before’thermoforming.
hereby incorporated by reference in their entireties. Bornstein et. al. discloses the
use of ionizing radiation for crosslinking the polymer present in the film. In some
preferred embodiments, it is preferred to crosslink the entire film to broaden the
heat sealing range. This is preferably done by irradiation with an electron beam at
dosage levels of at least about 2 megarads (MR) and preferably in the range of 3
to 8 MR, although higher dosages may be employed. Irradiation may be done on
the primary tube, with or without additional layers being coated thereon, or after
biaxial orientation. The latter, called post-irradiation, is described in U.S. Patent
No. 4,737,391 (Lustig et al.). An advantage of post-irradiation is that a relatively
thin film is treated instead of the relatively thick primary tube, thereby reducing the
power requirement for a given treatment level.
[00155] Alternatively, crosslinking may be achieved by addition of a chemical
crosslinking agent or by use of irradiation in combination with a crosslinking
modifier added to one or more of the layers, as for example described in U.S.
Patent No. 5,055,328 (Evert et al.).
[00156] Fundamental to the present invention is inclusion of a myoglobin
blooming agent with an oxygen barrier film. The packaging films can have any
suitable structure, but it is essential that the myoglobin blooming agent be on, or
in, or able to migrate to, a food contact surface of the film.
[00157] Whether the myoglobin blooming agent is coated on or incorporated
within an interior food contact layer, it may be applied by any suitable method,
e.g., as described above, including dry or wet spraying, dusting, blending, coating,
e.g., with transfer rollers, slugging, inclusion in a masterbatch, printing, etc. The
myoglobin blooming agent is preferably evenly dispersed over the contact surface

of the layer and/or throughout the entire layer to enable any length of film
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[00178] A typical thermoformable film may include an outer layer comprising a blend of a very low density
polyolefin, ethylene vinyl acetate, and a compatibilizer; an intermediate layer comprising a mixture of
nylon copolymer and an amorphous nylon; an inner layer comprising a polyolefin or ionomeric polymer;
and at least one adhesive that bonds said outer, intermediate, and inner layers together. Examples of
such films are disclosed in U.S. Patent No. 6,861,127 to Glawe et al., which is hereby incorporated by
reference herein. [00179] Another thermoformable film may include a first layer of polyester, the polyester
being selected from the group consisting of a homopolymer or copolymer of ethylene terephthalate,
ethylene napHiflefsaing B]@ﬁ%ﬂf@r@@?&*ﬁ%@%@%'lﬁ?é‘?‘bﬁ%'ﬁﬂﬁ@@\}@t,sa?fd@t?m@%}‘é comprising a
n%/lon bllend, :&hﬁhﬁhiEﬁel%é%rflliﬁ@@@d&r@iﬁﬁ&@&@?ﬁ&%ﬁ?ﬁ?ﬁ%%@%%@ %ﬂiﬁbg) to abdou; 71‘? (vveeight)
of a nylon select 0 e group consisting of nylon 4 oly(tetrame ne. adipamjde)), nylon
(polycaprom TPl N e (5 THBR R B AR SRR B QT O LSRR e
nonanediamite)r ayitacé it yp ol trenamettiyepplssbaiceninle fimgonFelexgopiehe@amethylene
dodecanediany I - - e iamj
(poIy(hexameg[a%ﬁe)n%egg(ﬁgagn%ﬂ%%gp%ﬁagc%am ,ﬁ@fﬁu%%@%ﬁ?ﬁ%ﬁ%ﬂﬁ%ﬁ?ﬁz
(polylauryllacBa¢liagittafbPiingaRaced e ePHAHBe KB Sh WEBRY RIS VIS al6ER 29% (weight)
of an amorpheusinsdenimabrsais thmifiel Susedhensesershiayiag anchiby Beitblauer airdgrmed into a
flexible film by a coextrusion process to form a film that has a heat shrinkage value meagured before
thermoformint) BY YA ORFEAIABD A BV AR HIBHRRALERS 0 S8 PRAE AN BB AIAE in the
transverse direekimg.att30ay bamag@ipe mefntewrajeionatidieak adtroentste hperaheagpieder than about

250 in the m%ﬂf‘rﬁ”ﬁ;ﬂif E&%“%?Q%&rﬁﬁ{ﬁ%ﬂﬁﬁ‘ﬁlé&?@ﬁ] éggri{f‘i%%i‘éﬁé‘ﬁ\%%@/%rdé%ﬂ%”- Optionally, the

second layer and third'layer have a combined thic mils or less. Examples of such films are

disclosed in WeatpgrmsNertecosleserbed HcHeH EadeniiiocR G eby Wit staeviydfeference herein.
[00180] Still adhesrdis ineépparakia Bimersehee areemiBYRIH BRLRANE@edatyERlayers in sequence

comprising nylon, adhesive, nylon, adhesive, I[lmié)ar1?;:1(2?heS|ve, and a polymer sealant material. Preferably,

( I
the polymer Skl mavaleios ARk FRDR? [ ABYAARY BHB%I%W%%%EHQ, linear low
density polyetiogienieorv @y dovitioreiyieolyiativyeneteethyitarethangbaokt ateckcap dilymferndtigylene
th li ' . | J ' | :
onomer, and LD e B B A SBhver The fim
may have a tRltass etsetiseenesom gt nespesttolansermahivrR 8D HesePRIis &€ disclosed in U.S.
Patent Nos. %?@\9@%.@%@,@@3@% & §t@m@@w§@mh@%mgmw%}gp@ﬁ%@dmreference

herein. If such films do include an EVOH core layer, it is preferable that the multilayer structure includes in
sequence lay9EUdRARIRRY B RRPISIHR A0S HABHS EIQN AQIB AN BN G blend, a heat
sealable polysoefacehieasyiesriayediishioibeltgerbpnils onaktalstydrsraftnytaiseoratitidedoto form a single
layer of nylon fi ' I ' mer olymer and the
adhesive Iayear(.;r%fg Hﬁy r%&g)rl\r&lél{ggéﬁ aﬁydsét%rﬂ g@g&?gﬁ;%ﬁ%%%%gﬁ@éﬁﬁ?’ ﬁwl%ﬁ?ﬁ] polyolefin.
Examples of 8dentfilAkcardinisieldredigsensinramionNn oseasnegl e stieisate ewglfiaihich is hereby
incorporated byrigfRieyamRsreiy HORREMG B ABRIMAeERBRNS B R R dRY Ry, after being

shaped, certain films may also have sufficient rigidity after being formed to serve as packing trays. Such
rigid trays oftQWﬁa{‘\%"ﬁ&?’o@%rﬁ%%%@l?éﬂ?'g@gl&ﬂal%oﬂaﬁ‘l’&@?@ R RITRGIMARYebASf the trays. For
making deep degysibide o fBrRutgrieNbsiq 82881532 gduvdetial); fo/BTing Spressilieg Eonming, plug assist or

mechanical fQrigy (o) es gre usef ively soften.the multilayer sheet so it can be easily
thermoforme%r’%%g%gitéﬁlﬁe?rgh%\/ﬁnagn§r§%§rﬁ§é§@gﬂ1g§% }182 é@,'? eafﬁr%E g?égg%en preheated to a
temperature [eovperatasoby B5f8renee.about 425 F. Examples of such trays and peelable film lids are
disclosed in UYggq Bgyleniy N4t hpddidBiNEWERAASE eI IRBIR BRIRRYWRART ROSatREL By reference

herein. [00182] Packing trays may also be made from composites of cardboards and extruded
thermoformali¥aartimay IR dGM RN RR RAIMBEM BRI BXHEIAR 56 tray. Examples of
such trays argghsséeeasbipnikbSmBaiss bhpsGitable Sy tacP edrrsenigbiefinebighds Sereby incorporated by

reference herein. Such packages may be yseful for. modjfied atmo re_packaging (MAP) where the air
in the sealed %%{Xﬁa eepgargﬂace%r;%ggvseu %?évrr%gﬁt%g\%ﬂh%a qes’ﬂ% apsB(IfaEr%oornh%%E%)dde. In accordance

with the preséineamventidensityvilblyetbsigerstbbBPE), low density polyethylene (LDPE), EVA,

54



that the above forming films may be used by themselves or in combination with other film substrates, e.g.,
oriented polyethylene terephthalate, as non-forming films. Non-limiting examples of various non-forming
film configurations which may be used as film lids include the following: OPET (Exterior)/Tie/FOIL/Tie/PE
(Interior) OPET (Exterior)/PVDC/Tie/PE or lonomer (Interior) OPET
(Exterior)/Tie/PE/Tie/EVOH/Tie/Sealant (Interior) Metallized OPET (Exterior)/Tie/PE (Interior) Oriented PP
(Exterior)/Tie/ PE/Tie/EVOH/Tie /Sealant (Interior) Biaxially Oriented Nylon (Exterior)/Tie/

PE/Tie/EVOH/Tie /Sealant (Interior) Biaxially Oriented Nylon (Exterior)/PVDC/Tie/ PE or lonomer (Interior)
polypropylene, ionomer, nylon, PVDC, PET, etc. Melt blending is a suitable

method of mixing the base polymer and the myoglobin blooming agent. The
individual component materials may be combined in a high intensity mixing device
such as an extruder. The base polymer is melted to form a viscous liquid or
“‘melt.” The myoglobin blooming agent may be combined with the polymer before,
during, or after melting. The high intensity mixing device is used to attempt to
uniformly disperse the myoglobin blooming compound within the base polymer.
The quality and functionality of the dispersed agent can depend upon the choice
of myoglobin blooming agent, the composition of the base polymer and the mixing
device. ltis desirable to achieve good mixing for uniform dispersion of the
myoglobin blooming agent within the melt; the presence of poorly wetted particle
agglomerations is undesirable. It may be desirable to include additives in the
blend such as, e.g., antioxidant, antiblock or slip agents.

[00160] The myoglobin blooming agent may be either directly added to the base
polymer or provided in a solution such as an aqueous or oil based solution that is
added to the polymer either before or during the melt state of the polymer. For
direct addition of a solid, granular or particulate agent grinding the solid agent to
produce smaller particles is expected to provide a more uniform dispersion. It is
expected that for a water soluble material, providing the myoglobin blooming
agent as an aqueous solution may provide better dispersion of the compound
within the polymer relative to addition of undissolved agent. An aqueous solution
may be prepared from a water soluble myoglobin blooming agent, preferably close
to the saturation concentration of the aqueous solution and may e.g. include
between about 20 weight % and about 42 weight % of a compound which acts as
a myoglobin blooming agent. This aqueous solution may be directly introduced
into a polymer melt, e.g., in an extruder heated to a temperature above 300 °F to
facilitate mixing to form a blend. If added as a solution provision should be made
for venting water vapor from the extruder. The polymer blend containing a
myoglobin blooming agent may be either extruded into pellets, or directly as a film.
[00161] The myoglobin blooming agent may be mixed with a carrier resin or

base polymer to form a masterbatch. Pellets from the masterbatch may be
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Food Packaging [00183] In another embodiment, food packages are provided that comprise a
myoglobin-containing fresh meat product. The food packages preferably include a polymeric film
comprising a blooming agent and an oxygen barrier. [00184] The fresh meat product can be any meat
suitable for human consumption that contains a myoglobin-containing molecule. References to total
myoglobin in a meat are intended to include any myoglobin-containing structure, including any ligand
present in the myoglobin structure (e.g., deoxymyoglobin, oxymyoglobin, metmyoglobin,
carboxymyoglobin, and nitric oxide myoglobin). Preferably, the meat product contains a level of myoglobin
sufficient to pPEUNRN ENhialtaRseaLesl bR mRRsIsalineeahlIC8tor PEXRIM RS HiSuitable meat cuts include
beef, veal, pasadievbiaichaap tisBe/mikickgih thke¥s 6 ey Bepse agathes Pslyaed &aafgod. The
concentration gf myoglobin varies in different types of meat products, but preferably the myoglobin
content of thé® '&fﬁ%‘&&&ﬁ%ﬁgﬁw enough to provide a desired color when about 50% of the myoglobin
structures in {80162ht Abeowsedda tcoeatkganch Sierthiaigstateutiiatepicuincest thidte spiediaolor. Typically,
beef contains. gyt 4 84nge0l: Ay QB e HEMG LBERHAAEn G RIAS £ Ry 1-8 mg myoglobin per

gram of meat, and chicken contains less than about 1 mg myoglobin per gramof meat. For example, the
concentratioW@F%F@ﬁ?ﬁ@&ﬁ%’@dﬂﬁbb@ﬁ@g‘lHQI?éJ‘?ﬁéaﬁ-Bro%‘ﬂmw&@%‘b@t%éﬁt&qarﬂ@ and 25 mg of

myoglobir(;I coama;m%%fgm%%96&2133m%&W@bfg@ﬁ@%&b%ﬁﬁ@@ﬂﬁ%%%&%@é_myoglobri]n
compounds ma tween 3 an , er gram of fresh meat product. In other embodiments, the
concentrationrﬂo%%qem %ﬂ@@&ﬂ%gﬁb%%%may between 1 and 5 mg per gram of fresh meat product. In
yet other embodiments, the concentration of total myoglobin compounds is at least 1 mg per gram of
fresh meat pr%%ﬁa lsglér(ﬁgelgiﬁﬂgbodiments, the concentration of total myoglobin compounds is less
than 1 mg peT‘gTEW%‘fTé‘é‘W‘é‘EFproduct. [00185] The uncooked meat product is desirably a fresh meat
product provit GAhidmarerpaksdirmen esthroiteantieprivanelayaesisgerrbardfreshness and safety.

Preferably, a jgerdging\ithsURPpRIVAISaNREIah thin RRekagssHlesh thangerdaus drgtamortem, more
preferably less than 14, 12, 10,6, 5,4, 3,2, 0r 1 g%gg/g)ically, the food product is a freésh meat

packaged befﬂ%@ﬁbﬁ@’&%%ﬁﬂ&%&? T JPR7EPE BRI RYBBER@EN about 2 days
and about 12tbaysopoChes iy picil inambaimmrpmiats ihaistires(gatkningriteiextnditat. Fresh meat can
include about 609 t 0% isture c with | i%pll}a ing higher moisture
content. Freshﬁﬁcgggp%{gﬁc@%&m%grgﬂnﬁéﬁf%ﬁ&f&ﬂ mz}%ﬁen %@\é%gmoisture content of
about 68% to@siTB5age Aegratathgnoer tReEBif@ heyBiRe meat (meats with higher fat contents tend to
have lower moisture content and vice versa). Cured meats often have higher moisture content due to
injection with water-based preserving compounds. Sausage products may have lower moisture content.
For example, ,,‘J”aé’ff"ﬂ ve a moisture content of about 40% or higher. Preferably, the
packaged meaopsajudticitidyar ey geoi santectimeriaiiiayg ke asicfichih Hooidig, sidetit, thado, 30%, 40%,
50%, 60%, 7Q% %_0 kage pr i e I ric oxygen barrier
film comprisir%é{ %%%é?négggéﬁ?g%%ie%n@ﬁa@éﬂ%%l%%% §%] %ﬁtg&ﬁgﬁﬁéﬁgﬁ{%&@ gé}ggiroduct which has
been surfaceaitieer\atesirahtegioyielpliomitigaigenegioloe packaging. The food package may further
comprise an pyy6%) bar 6K daugieas fraROL s blmdermaing B?ﬁ%@eﬁhﬁg%%zhei@xygen barrier layer

may comprise any suitable material and in a multilayer embodiment is prefera Iigpo_sitioned between the
abuse resistaRCLRRSiBL 185 P AhBORPHIIMEF FIGIPR S RIEIFRY. ARSI AYSErTEH ¥ PMay be an
ethylene vinyfimleohdlarapgbousy (SOH)ior NEUE midre gaditmrsidajeyetoptbeideod package is
described abgve with reference to the ilayer.packaging films. Qne or.more tie layers may also be
included. The Dy B Bl o e s S e e SRSy
packaging filager monolayer films in that specific layers may be provided to incorporate

specific features. Sometimes materials which may be unsuitable alone may be

advantageously employed in a multilayer construction. For example, EVOH has
oxygen barrier properties which are very sensitive to moisture and detrimentally
impacted thereby, but when protected from contact with moisture by adjacent

moisture barrier layers EVOH may provide a film having an excellent oxygen
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[00188] Preferably, the food package is a case-ready meat product comprising a fresh meat product that
includes myogobin. Case-ready meat products can be generally defined as fresh meat that is
prepackaged and optionally prelabeled at a centralized location and delivered to the retail market
prepared for final sale. Increasingly, meat products such as ground beef, turkey and chicken products
delivered to U.S. domestic supermarkets for retail sale are delivered in case-ready packaging. For many
supermarkets, especially so-called "mega-grocery stores," case-ready meat products provide not only

cost savings in terms of minimizing or eliminating on-site butchering and packaging, but also increased
sanitation an@3E6Fe dIXYPRILRRIAEE |87 PiDaR RP ARKHONED PYY 8B ARSI FSEpreserves the

desirable coleggiteabyesprealiobesbrmaiiagan dyieaiegthe susehapisdiingaybappeal of the meat
product for consg 3%5 To meet the increasFii?ﬁHg mand for casoa-read meat %roducts the case-ready

meat productpﬁP ?rg} ‘?y%ﬁonﬁB&a%{'B?éa‘&B '\Wé‘?&ﬁ’f%%l? ORI OP B%H?Sﬁl'meat product, such

as chicken bréédsirarid/§rduralrizzahaidria soses esudly itieabptechptatedrihinthigelgapovteneric film to maintain

freshness, Su&ﬁgﬁ[ﬁﬁﬁ% ARRFopRehAf SR il QS%%&@W%CE M%EHH%(‘Q%H—‘ﬁﬁmtiﬁé’ze”’ hard

chilled, thawed, ced, processed or cooked, an ms advantageously provide protection at
various temp&raIRies SEKaiNS Brefiere somplitarifititsonfisaatiens dagyde threfebpiBgration of such

?:riteria asl bapigiger %KQ@? ‘%Eﬁieﬂw)?@gi%rﬁéﬂ%ga @ﬁﬁ%@ﬂ&%@ﬁéﬂr@ﬁbfﬁ?ﬁam% fogc: packaginlg
aw compliance, e.g., Unite ates Foad & Drug Administration (F approval, machinability, optica
properties sugﬁ lésseé?&?éséﬁm %ﬁé@'?)%ﬁ%%@ﬁ%%%&%?&e %%Iﬁébﬁ@?gﬁﬁnk force, stiffness, and
strength. PackhgsegRhbsisesgdxesidoSiialiealCatRariieailuner Srgieointitetioe) merchantability of meat

products. [00A8QL Inanether Sﬁo%ﬁeﬂ%ﬁﬁ?ia%%?%ﬂﬁ?égﬂ%ﬁ@&%ﬁi%gﬁgﬁf(|ﬁ?e§|b|fef’teat contacting a thin

plastic film comprising a myo looming agent on a food contact surface, stretched around a foam

tray that suppresenBesistant{ ExterimniGens/dierap Balripuitiviaralpemantidstatierdntly non-permeable to

oxygen so thalhe:alRiseh N eERRALEAN D LORBaRTYETidIS SR Al Gatipr (e.g., red) for more than about
three days, preferably for 5, 7, 10, 15 (/)r more daﬁa Preferahly, the meatéJroduc is packaged in vacuum

containers sutR"s6 REHLARHEBRISHAbHRS S Hr BaTeR G Er=e B PRL o et Med pockets, trays or
clam shells, V)Nhioheaﬂesaiatm_umEs_mled/allyubnr@umﬁO@B@demm‘yﬂgnt@dt_b/mmemmnetilqrh;e pack_age IS
opened. The)(%ﬁ&&'ﬁe%‘?&?rﬂ‘f‘é%%@?@ﬁ/sé‘%ﬁg/é‘;'E;tgﬂe g&ﬁ}@Sﬁ 6&#&)@29@?‘?@{(&%‘?%9'°°m'”9 agent.

[00191] In prior art case ready applicatio e meat product is sometimes packaged in a modified
atmosphere pgetieRBRESMIRP!( ExiesrsinTinéCoredPsBadiaakytan ik o ¢/dintdratrikdirieraiining a headspace

with an atmOjgb]%g]th@d'gngigﬁ{%@imgﬁtgmg'\ﬁ@é ain osexampleg aMAB-& a5y Braintain red meat in
carbon dioxide, with very low oxyﬁ;en content, e.g., in a multgjack where the master package is

subsequently°SFEREgeSHMhY i desirRia AeGis RlIFHEeES S IANGE A PHSRBAAL S Zire exposed to

the atmospharriitieyebfilcastsinguiee meat to bloom red. Also, the preferred color of fresh meat can be

promoted an tal | ith enriched-0x t imilar with small
concentratiorl@f%bﬁ%#ﬂﬁ@%&o @Déﬁ%cghg&h%bd@bxgg{?ggggﬁ%%az‘ii)r{%ﬁ)lg Bfé::ﬁ%g red color of fresh
meat. Methodayef fieasiiydhershameatimgntafhom preasotitigrioniognaiRiy ideslenatedisd been developed
for case ready:-RaekagiRGnERIAALIONSs ERSHBAGNE e ER-ER@ P ARIRIEXdmpRIGEed to as

carboxymyoglobin. The presence of carbon monoxide can also disfavorably impact sales of
CO-containingPRREEBHANALISHRYR dorttahiRAn ftars)aver A SHBRIERURMAE T REsent invention
may be usedsactoasanadlpolsfith MAR rfzon waa ey dsitotipsmbakageenwiagee thetfiimicantacts a
significant porian, ut ot el ole aed Arogustsieyable surace, A G samaaing giposphere can be
used to causé & desirabie ¢olor on the Tood SUMACE areas that do not MAKE dirsct contact with the
packaging filrh13 hznmtidiodiradnt MEY el bficigjebt laged] 22comptisesin ppegiafiray overwrap and tray
packaging whgsg Hisfigemayrivpicaiti AR IR RE MBS bePneutaseRbile fpogist not in all places

along the side or in tray or non-tray packages of irregular shaped items having gaps between adjacent
meat surfaceg,eé'@f'?gti/eipﬁé‘ﬁ%iyrb fo W%HU%@%BWH@M‘&%%W&%P@H&E&? Poducts such as
crown ribs folrensting a[(8) D3]id be/deadmarkagaskagically comprise a multilayer polymeric film. The
o kg Y A S QU F L T RobAU SOI5 By elainioniactud e EVOH pobyamide
multilayer oxygen barrier fayergo?gne rstemBodiment. Tha 130 packages can inc i three-layer
oxygen barriendegenceibfitanfim B\depidegewith dibmtd0theiting dinstdetigiridtateyeyendsribatide and a
second polyamide layer on the opposite side. The food package can also include a heat resistant layer, a
sealant layer and one or more adhesive layers having any suitable composition, as described with respect
to the second embodiment. [00194] The polyamide Igyers in contact with the EVOH barrier layer can
comprise or consist essentially of a polyamide or polyamide blend composition described with respect to
the first embodiment. Preferably, the polyamide layers have the same composition as an exterior heat
resistant layer comprising a nylon blend composition.



[00195] Preferably, the heat resistant layer can comprise or consist essentially of a blend of an
amorphous nylon copolymer, a low temperature polyamide and a high temperature polyamide. The heat
resistant layer is preferably positioned at or near the exterior surface of the packaging film, and can be an
exterior layer, but can also form a polyamide layer. In some embodiments, the food package can further
comprise a sealant layer positioned at or near the interior surface of the package, for example as an
interior layer. The sealant layers of the food package are described above with reference to the multilayer

packaging films. [00196] The sealant layer is preferably positioned at or near the interior surface of the
package, for @M STERISABHGYRIyEN2 Ainedibe Fistdienayelidd HE0iAdatRansER@E’h a heat resistant

Ie><telri0r layegpaéwbmﬂénay@fh@awd@f(ﬂ@m Qﬁé;)@%&@@ Wm&yam?ndﬁ@tﬁﬁcgaﬁ a?lyzmideklayer-
n some empbodiments, the foqQ CKage Cah e a COOK- ackage, prerer wne € 100d package
ot a SOV PP A Sera AR TV o b SR s e B Ao, (001091 1
desired, the.fmpé&:basmamidwm m@&t;e.mmlsdrtgea myedabingdokaues epgeférabl_y include a multilayer
oxygen bafr'ﬁgﬁ?@@?”\ﬁ%&?ﬂ&h‘? WéBF'&ltiﬁQ'Son%f RlREALN BAVR RdAtALT Kﬁfﬂqﬂ'ﬁ'@@ﬁas”red at 90 C of

at least 30%, 40% or 50% in at least one of the machine diréction or transverse direction. The food
packages pre?sYSBly Privierdayes eHinroyos: gt ev4lmith iMBrRY et BEARRSSHIIY priBferably at least

30% in two digegtfnenibeiaansheBRFHaN be BERIA MARENOHIGCHRY BE dnbrasesse direction. Even
more preferably, the food Ipacka ?&s h Oi_free shrigk of at I%astaﬁooo in a firs direction and at least 50%
in a second LRGN TE 608 PARAGOH @ BYARL S6y B RAAR) r AR ELLA kable, or both.
Preferably, theopterkagded datvetaniold incles)ratkeatBOon€ andpledfstabhon@pétydrodexaneple, the food
packages ca r ink . : % 0 %.at 90 C. In some

em bodimentsrl]fa ?i%g%)ﬁcl)a %egjﬁég}gg ﬁﬁ%@&%%%é&a?ﬁﬁgzﬁﬁﬁég%g @%ﬁitg%é!’g‘g?%%%@go%, more
preferably at [883¥ 8boftedsuingmemin & isretepatigeatieatiempban erempimala seveivlaypreferably at least
about 105%. {{{d Bk RReLRACkRUASD RISy SASBNISB,AE IRATA RIS DeRAT RSIF MUY er can comprise

or consist essentially of a blend of an amorphous nylon copolymer, a low temperature polyamide and a
high temperafﬁ??ﬁé%&%&é%ﬁ@‘ﬂ@%ﬂ@gi g% ARPea @é“%%@lt%%&cat'aﬂ Qit$he exterior surface of
the packagingdiiactwdrcariilsétanlayderio? laye conine dtedithestttan afiest cancheolyiaxialéy oriented. Some
embodiment I five -Shyi t resi k r pouch formed
from muItiIayﬁeér?(%yea)%trr(c%}é!ﬁjgr%'ﬁ”é.O Egg)(g %?%&Z@e@kﬁagr!%?s%gb@%m&g§ r&?c%%gs)(g%e%a\%@egfg\?v ich may be heat
shrinkable or¢ftiaRbwitsamMRrREYIE harfealenssiSanbivistiudee sihes sideohibeeprdeiiments, the
heat'Shrinkatﬂﬁrf%?dd%?'@@@oﬁﬁﬂi&ﬁg’ﬂ‘@?@\‘riﬁﬁ@%ﬂﬂ%@f@%@ﬂb’ﬁﬂ%ﬂé'ﬁ%l%ﬁ%@@@e does not

comprise a sealant layer. "Cook-in" is the term used to indicate a film_or bag in which a foodstuff is
pasteurized ottOIREHSG AP LMB5Y I AL R NeoH G P iyrbiide 2h dFRRI¥REShape of the
foodstuff by adapseptmeetieday@nansfaThe enjedian gyt o kifigodrqoastetiizetid Dradess after which the

film may be remov i # ‘strinped! a | S a protective barrier during
shipping, ancﬁégﬁ{igiggl(égﬁ%n&r?e%?Iéﬁjlg]ugrﬁr?ﬂé%ﬁl %a*ﬁ[ﬁ%%éﬁﬁ%@c%%gaﬁa%@ 1%)Srn;1ed from multilayer
films having thQBEo@ﬂd@WiQt&méompﬂaﬂﬂ- h%imwm&de@@frlﬁy%ié_cted from the group
consisting of jiRy&is S BRI HRLE D e e ataRd pes Rienchagere aiios, SdRRRIANYgYers, oxygen

barrier layers, moisture barrier layers, bulk layers and sealant layers. Preferably, the exterior surface layer
comprises a ﬁ“ﬁdmééﬁésed?ﬁ 68'§Rﬁﬂ1h¥aq}ﬁf§e5§rﬁogrﬁ8ﬂﬁﬁgugrﬂk}\%'ﬁ'bﬁ%'i%e?oéwa’ low temperature
polyamide. Alssafingferakiininbednterdor sriatenl ayainistiasahtandayeniiaiat)jdRetiveng now to Fig. 5, a
Cross section%I n%h mati 2opa rcﬂﬁatl é:orilrgam)iﬂg téﬁ‘)é?? IS e ilcr:]taqlddnTrac}/ ?fl |'EIS a aE\)tocgtorgrsz with integral
side walls 52& and. QB’su%pon AFetan cut'o mea% such as pdr?<. [ 54"8&518he top of the tray
51 and providedrasiemeeaiingear 85:0ainsonaienenly the continuous flanges of the sidewall 52a 52b.
The film 54 iggiiprvagunisaler anssaied i dpaifisssaiareuriere it the, myaglobin blooming

agent containing food contact surface 57 in intimate contact with meat surface 58. Meat side surfaces
59a, 59b are IFSISREbIRR 1AL IR COREQEIAFE BT Tpeady8raids' @8 d%h atmosphere 56
modified withSirgiasrigueb RyaarhepboRedds. prbedeydunesonnsitesuriasectfdvhich may also be
coated with a myoglopin bloagin nt to fix color on eat bottom surface 61. [Q0201] Referring
now to Fig. 6,p8 %8&0%&%?%&&555@&88% %% e§j%%é$ﬁ%8n réi'rﬁlltr?él%j)a(}'%% Such'@s a bone-in cut of
meat on a sulsytessel Aadecovetednaydes Wentiealior siifereat keagnepfiimoBaeharidgraynyoglobin blooming
agent coated food contact surface in contact with the meat. The film is transparent to allow perception of
the color and meat surface characteristics.
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[00202] Referring now to Fig. 7, a cross sectional schematic of a meat containing formed container 70 is
depicted having a myoglobin containing cut of fresh meat 71 disposed in a thermoformed pocket 72 which
is heat sealed to a non-oriented film 73 around the meat cut at heat seal 74a which is continuous and
joins heat seal 74b to form a hermetic vacuum package having a reduced oxygen atmosphere with
intimate contact between the myoglobin blooming agent containing surfaces of film 72 and 73. Vacuum
Skin Packaging [00203] Vacuum skin packaging (VSP) is another process well known in the art that uses
a thermoplastic packaging material to enclose a product. Various apparatus and processes are described
in U.S. PatenNRiYde R 848ea898, 958dndrigrigraiss erheletos firludinethosedrased PRe vacuum skin

packaging Ef@ﬂ@ﬁ:@d‘f@ mﬁngﬁm@?aw%@ﬁtbslryﬁﬂfwgml OGRSy WHigh ey LRI Griedpe gackf;ged .
serves as the mold for the thermoform. An article m aced on a support member, a card, either rigi
or semi-rigid,ISYv ﬁ@?'%?&t ,r%%e[ﬂ% Sﬂgpvﬁw%\’rﬁgf?esféptﬂ%?x%ﬁ%@ga 'tcP geg‘?{gﬁlﬁe&ﬁ/here atop filmis
drawn upwardaygpdisgicanhebtedaj@Ereaaadaked dndpeddver deesilyipaydthgleneyement of the plastic top

film is controllﬁgspé(rﬁ/@rg%a&dﬁégi[)ogﬁ%s#é%@%%iB(ﬂ%@wg%_slf_l'[%?ﬂ]g iﬁ@lgi;réarngement, the

interior of the container is evacu _ ing of the top film to the support. Thermoformable
material may 661 0S8 HB R e P¥ I RALIsEp Sthsmisapber R RV HIFRHS HRseRMRrmediate support
for products hmlgkayeeither side of the support as shown for example in U.S. Patent No. 3,966,045.

[00204] In va kin packaging, a product to be packaged is placed gn a product supporting member.
The product S0 hs SR ST AL A A b B LURVRERERIN PR G THETE RRIERS fim o formed
about the prochgibhdynieachpafkdifie teldimd filmpicsseddrddoweltdaythditesbatgmaeterabkirapackaging”

et o RSB 0 R el < o e o

by vacuum or differe air pressure, but also to he product Is pac

with the voluth®¢gmeghptitPyie Brediretididiley 2@ beetenmrly ®reagherigiMdamoatssl guum skin

packaging preeRgep dene sl Ry AgitH it ARSHBRI | BB 0BEH tORrie SRMligidR an
impermeable backing board tgﬁﬁgfélgﬁhmh vacuum is not drawn), is E%ac_ed on artglat orm within the

vacuum charfi§&t e 1)5 &7 B VR R ARR TN L, QXY R PR AN 588 ped tightly against
the chamber tedtablearhaiattghtitosuties Moadbaenb@tieeeaanatied witslecthechhirrigidiaated to its forming

and softening. rature. . T tform: | raised.to dri Into ftened film, and air
reintroducedgf@%%ygﬂﬁggg%%%b%ytﬁé% gk%&ﬁf%g Ti\mc(tade{gpctﬂﬁé)ég%@gg%uen I‘?tlﬁé) product. [00206] In
vacuum skin paiekagiitSrRMIrsbRedRaing fAicies theighdsunseiraralRmhgreidi air into the chamber,
after the charmigrdhas been evacuated and the product driven into the heat-softened film, or vice versa. In
this manner, the therm%ast,ic film molds more or less over and against the product, since there is a

vacuum insid @ PhacREJETR M BRRBalt SRS CSH ARG & L B AARIRI Al Blessure, immediately
outside of thespackagef OO A yéatamimasédrightkagugigigne fithy4dsies asediddnayxygiech as made from a

thermoformabhle fi T lear i ; r thermoformable film,
which may or% r%%flérlrr]\%%%blée %?é@ﬁé%%%ggl %@F%u@?n%g]yg? ?rga]tp%% E%?Jgr%%g‘ paroduct during the
vacuum packe@jirsierdaxeiurd2. thakisipreRs tasninaled ranmritesivatheneshiagisuifyes 49.the product.
Preferably, thgrRAdCoriRehiny armybte slrariep fimdralte s 0omine,a9RMN Coseally, the tray may

also include a blooming agent in the food contact layer. Examples of vacuum skin packaging trays, films
and processed & HEERDET PO PLRNTNB SR 81y filB-1BE!eded 28 QUEE8YS0 Mayfield et al.;
and in 5,916,853 Y tef&titileyniprigihigh potybfabg30cugioetadndede nsthgsass Method of Packaging

ULDPE and LLDPE, a core layer 47, preferably comprising a blend of EVA and
PB, and a sealant surface layer 44, preferably comprising a blend of EVA, LLDPE
and a myoglobin blooming agent. The interior myoglobin blooming agent
containing surface layer 44 is a heat sealable layer 222.

[00174] In yet another embodiment of the invention, the PVDC coated three-
layer blown film of the embodiment of Fig 4 is replaced with a six-layer structure

having an EVOH oxygen barrier layer, such as include an outer
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[00208] In another aspect of the invention, methods of packaging a myoglobincontaining food product are
provided. In an embodiment of the invention, a method of manufacturing a vacuum package of fresh meat
may be provided which comprises: supplying a container comprising a film having a layer comprising a
myoglobin blooming agent and wherein the film is substantially impermeable to oxygen; placing a retail
cut of fresh meat within the container; removing the atmosphere within the container; causing a
transparent portion of the film to make direct contact with at least a portion of the meat surface;
hermetically sealing the container to enclose the fresh meat and prevent contact of oxygen from outside

the container'@YSFERITRY BroViglery @A YA St EURR\ RS sstibRINHD FadllrBld estnal oxygen level
to promote a fmaatiristatsdfayetieg deoxymyoglobin or metmyoglobin and the corresponding purple and

brown coloratj sociated therewith over formation of gxymyoglobin; and storing the package under
refigeration SO0 ATRInsEr BEH R AP RS SEr S a0 bR GRS BRI et to favor
nitroxymyoglobyodmipnatmommthegartEn actacdatwanviktinet wherieigg ancloedpSndatpnéd color
associated thﬁg%wgﬁﬁ,f%g\,e@ 19&@@9&@&@@'@% ,r%rﬁgg; é}érég% L{OQ%%] MRyiations of the above

| u

embodiment may utilize the wide selection of MBAs, polymers, films, attributés and parameters disclosed
herein as willb@Ieedgnzéaby the St 1 %18@922' wo6iahe §reéértedRihh>f85210] The meat
]glrodu&:t ma})é bfr?@,@@ga%;ro@grﬂtaﬁﬂsﬁ,%@;mkg% @m,/@rm@%kgsjﬂh@stm;s]s!%@g?b? packages and
ilms describe r erably, the meat produgt js contacte the mygglobin blooming agent
containing fo@&%%rﬁglét%géew Itﬁ%% l%&‘ﬁg!'$h'§%%§88|ﬁ%q/88rﬁlﬁ1‘g¥%gent (MBA) preferably will
contact the ni2(501{22e69, amiamareninsoffioiateddpreiiune rafdesiced e feoddrywyiieh preferably does not
penetrate to ir t i itions (this color may
take awhile tﬂg\g&%ﬁ% g %ngrﬁéﬂg ggggt)h%rﬁr?e%t:%? 2 t%gf éI%J/ISICBSJE %E%Lqeg%%?eﬁ%pr%%ﬁg %a food contact
surface (or offilfReWhifbyi®BieiRIeR% @rheat)seaiablent @it of from about 0.05 to 3 to 5 to 10 pmoles/in2and
in increments of OA pmole thereof. Greater or lesser amounts of MBA may be used and the color
intensity mayFthereb ? varied depending upon the relative presence or absence of myoglobin. The food
contact Iayerp?é@-%éa@—ﬂ&' between about 0.001 mg/in2 and about 0.900 mg/in2 of a myoglobin
blooming agego03@eh aTHeaN&I3rnidsiethaikskading dreulsefatotevritiiadaiegrsiduatiyn a reduced
oxygen package cyenmentiiaving aedoed dassaus Sype Paialeasire. The reduced oxygen
package may comprise an oxygeon ar?ietglayer aving arPoxygen'transmlssmn rate of less than 75 or
about 310, 2G0M00eBEREON3Ae 20, stitehiog 3 pedomaf v fitkotbieeas arsdicatoratiedie humidity and
23 C. Preferalyofhig {BABIEHIAYS RS REHAIRD HAdeBiRalphEARPiJess fhan 310 cm31m2124

hours measured at 0% relative humidity and 23 C, more preferably less than about 75 cm31m2124 hours,

and most prefé2ifly e MaArL deiegmarRaTkaeS diMEAMRNRIRIFR HeEREble to bring the packaging

with the food tpesehitbenatosdithibertie thariemperstie dlafshoutdctbetdHeran higheasdo facilitate bloom,
after which the. temperalure mav,h adlusiectia e desied opiimum LSmperatre jor storage, transit or
display. [OOZfﬂe N many packaging appl'?caf‘lons, such as vacuum p%ckaglng, R e dlable food
packaging filrie dneetdsjteie cSuektvetsthadooduviedsdan be made with heat sealable layers. A typical
food packagipggR@yth ‘?ﬂ@rm%ﬂ%ébfléﬁlﬁig%a@% RRRIED PY NGO AL BRELERE YRR eaving one open

side to allow product insertion. Flexible food package containers such as bags or pouches may be made

by transverseHPEGRH RN CODERUSIIA AR SIRGE BYRRIRIQED AREXAMEICDtHRBMFARIRUBE portion
Contai?]ing _tCTm&feilgm%@@kg@ym@memw_ﬁﬂﬁtéawiamﬁ H@E@gl@fﬁ@&ﬁ&iiﬁhﬂéﬂ%@bﬁt&ia?dl é:_utting
openteS| of the tube; superi SN at sheets | an | on thr SIdes; or py 1olding a
Mgt o0 S S e e S b S e
raw, enhanced]%anwipg@mbsmm?hmnmuﬂtaygmih@t@hﬁpb@gmmmlassmtwgroun.d beef, or
other myoglobin, Gogiainirg PEOGH SR 3KINGR FiRahseAlie Srsersicaiy pARPSR the product in the bag.

This final seal preferably follows gas evacuation (e.g., by vacuum removal). Flexible food packaging
containers sUFANS¥ BB SIHRPOIcHEY EsrmaahisRd 18/ araAReErQiRfBEgling tubular stock of monolayer or

multilayer filn[almdspttgn?y@fwnmw%mm@ﬂ@ﬂmwhﬁ@w%aacffﬁledmf)wrm&ﬁp@stn@aspﬁlcedhapart f
transverse s S Qn tubular stock and cuttin ent side, of the fupe; superimposin _ats eets o
Mt b AR e ARG R P A e b
insertion of adoodtgmddetenaydreanatipsibgtasnisuad yobrtyéat sepdlyimeiaand treamteisaals produced by

the bag manufacturer although the actual heat sealing equipment may vary. Hot bar and impulse sealers
are commonly used to make heat seals.
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[00212] The food packaging film may also be used in embodiments employing trays e.g. as a lidding film
or tray overwrap. Equipment such as tray sealers that are made by Ossid Corporation of Rocky Mount,
North Carolina, U.S.A. or ULMA Packaging, Inc. of Woodstock, Georgia, U.S.A., may be used to package
poultry such as chicken or other meats. Tray packaging may optionally involve replacement of the
gaseous environment within the package by one or more gases to provide some advantage such as to
assist product preservation, but to enjoy preferred benefits of the present invention at least a portion of

the oxygen barrier film should be in contact with a food surface under reduced oxygen conditions to fix
color in that CHAPACEAERR 2 YRR APBPHFHBERPEINLIN & S EIRSHERYYRPraseAAEPIRw the color fixed

g]oe?t sugfacedhm{bf %\ltéamﬁ@wrggo%m 5mé/ﬁ,hmﬁlmﬂ&%\l&h&u#imlléwgaégéiﬂ%.bpre_ferﬁlbly_at least
% and more preferably at least 30% qr 50% qr. mor, the sur t xygen barrier film is
ransparent (A OR L LI CUBRGH A RSRREOET e BTN Aes G b ARG Faving  bright
red color are WwblEvischeydiey mooepdsimd,lanwiweeogrbalteindefir_\ition to Qisting_uish the mea_lt's phys?cal
topography, (A andERE YALIHOR e AR KB R ashling: Kol dudhepelieved. without

wishing to be 'bound by the belief, that the whites eat components such asfats, skin and white

muscle fibersPRRESHARIBY $5/ 95T PRORRRIRY M GBRRBIRGRILM B BYIRYYEISHRT blooming agents which

fix a bright redo¢Rlghis 6PEOFRShECSMFAGRIAL!BhORREOMANRhaRIR BniMen darehiiss appear whiter in

It d oth ts incjuding beef and .Thisint to h ti f
Creater darty G MU ATEAERS: FRIChULE SOV AR EEIRAOATH A0 IPCTD over meats

having less visy@e meftaablyheiagte fidtiod bedktiPabdti {002 Y| WwdigHD ltovaipopard ¥xamples and

comparative 5. ' tal re : t riies of the following examples
are based onﬁﬁ%@ﬂﬁﬁ‘v%@%@ %r%ﬁgggp §rn1 s%s%lﬁgl%?gﬁﬁﬁétgg{%%@gd%s unless noted otherwise.
Oxygen Gas (PeligairasisthRane @3iramide ALY tosscaprolegam)apyom@fsmission Rate (WVTR):
ASTM F 1249030 (raxsipethSIENbBdd&dide)), nylon 6,9 (poly(hexamethylene

nonanediamide)), nylon 6, 10 (poly(hexamethylene sebacamide)), nylon 6,12
(poly(hexamethylene dodecanediamide)), nylon 6/12 (poly(caprolactam-co-
dodecanediamide)), nylon 6,6/6 (poly(hexamethylene adipamide-co-
caprolactam)), nylon 11 (polyundecanolactam), nylon 12 (polylauryllactam) and
alloys or mixtures thereof; and between about 0% (weight) to about 29% (weight)
of an amorphous nylon; wherein the first layer, the second layer and the third layer
are formed into a flexible film by a coextrusion process to form a film that has a
heat shrinkage value measured before thermoforming of less than about 5% in the
machine direction at 90° C. less than about 5% in the transverse direction at 90°
C., and a percent elongation at break at room temperature greater than about 250
in the machine direction and greater than about 250 in the transverse direction.
Optionally, the second layer and third layer have a combined thickness of 10 mils
or less. Examples of such films are disclosed in U.S. Patent No. 6,964,816 to
Schell et al., which is hereby incorporated by reference herein.

[00180] Still other thermoformable films include a seven layer structure include
with layers in sequence comprising nylon, adhesive, nylon, adhesive, nylon
adhesive, and a polymer sealant material. Preferably, the polymer sealant
material is selected from the group consisting of low density polyethylene, linear

low density polyethylene, very low density polyethylene, ethylene vinyl acetate
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Melt Index: ASTM D-1238, Condition E (190 C) (except for propene-based (>50% C3 content) polymers
tested at Condition TL (230 C)) Melting point: ASTM D-3418, DSC with 5 C/min heating rate [00216]
Shrinkage Values: Shrinkage values are defined to be values obtained by measuring unrestrained shrink
of a 10 cm square sample immersed in water at 90 C (or the indicated temperature if different) for five
seconds. Four test specimens are cut from a given sample of the film to be tested. The specimens are cut
into squares of 10 cm length in the machine direction by 10 cm length in the transverse direction. Each
specimen is completely immersed for 5 seconds in a 90 C (or the indicated temperature if different) water

bath. The sp&SRabrMeriRiRveRfMEdhREeM ithadshaReIYNsE &ifraee Beiartiatends of the shrunken
specimen is rBeasyrest fetymhdheMie anid &y aiye@ions.idhsniliffeieacobthstigigasured distance for the

shrunken specimen apd the original 10 cm side is multiplie n to qbtain the percent of shrinkage for
the specimert FERH ITLEA: e UM ARER G SR RS ROS% kGl 15 B B shrinkage value
of the given fiavearipickrass tretvebeimkayésfanthabfoutr$pedsn dnaivEee eigedidiltear® shrinkage

value. As us i t . i@(@@&?@ N i ing a estrained
shrinkage va(-fclﬁjéje g%tqégg'%g&aﬁtﬁfégét one wgzﬁ)t%géi%%%?%g%%nﬁgé%%gp %ﬁ’eulsm%lk force of a film is

that force or SfeHSIRRIPSETRPHSFRY EpigrRARRNSTER Hintuafigasteiraives A8k \fiPhl samples taken
from each filrgefeOut &Mt e pHafRsaBIE Sith Ind 2RaftiRiyrdidecite indlidB S Mskig Heéhaysachine direction

d1" (2.54 ide by 7" (17. ) | int direction. Th thick f the fil
amples was BRTL LR AADIG: BAER ML HEsHHaRoL AP MRS two clamps
spaced 10 crheqia@a@bke_tpialyrpés im Iaeﬁxﬁdrplas&itsmm;dﬁhhudﬁhwoispmmgdm ISgfaim gauge
transducer. ng §§985%d‘5%'?§?§l§9§9§3%%}9§’3@ tlﬂﬁg RS qdm@esg'fé?@j %%al bath maintained at a

constant, ele\./atee temperatu of five seconds. Duririg this time, rce in grams
manifested biPfiEngiraveasitie dfedicsrripBleRelweeatsd tbmpehagive [a%eicofdedilmimay end of this

time, the film ipame@dens sarapusiismiiringBraachalnuethirifeal ieIyerinte Magfideeovhereupon the
force in grams at rr?om tem%erature is also recorded. The shrink force for the film sample is then
|

determined frftHES IR A AR EiBn- Wi ThE Pe8uifte ate dBZRERANT §idh"BUC'MT of film thickness

(g/mil): [0021B¢EbyinkcBryom{gdnby) refetdnedbeeaint- is the force in grams and T is the average thickness
of the film samplesin Ny | t revi Ing references, which are
incorporated erﬁ?grnwg'}éggér@é%@%%gﬂﬁtsﬁé i(%%&%ﬁ% ﬂ}g%)%é%@iﬂgﬁt%ed "Irradiated
Biaxially Orief@s@ipifiirsiyagcisoibrye awdiciest ridiyaNesbeiny foonedkiedssv82$48. [00220] Provided
below are nopukitine-syanien ﬁé@%m%’ eI aRRas&aEsr disslasesiiapigda. In all the

following examples, unless otherwise indicated, the film compositions are produced generally utilizing the

apparatus anBXiRaHine HRadhedanPliRe Eaent, RoMakiBg ¢erP EakEe WA M ribes a coextrusion
type of doublesbhibibleesstichdsaratinfiufiretieg.corsksuce foithithe platpdesisiesariptivanidzdve. All

percentages %ﬁ‘n?ﬁg%?&%tsg&e&seingé?&t.eﬁlé) g??e%’il?&y soften the multilayer sheet so it can
be easily thermoformed into containers having uniform sidewall thicknesses, the
films are often preheated to a temperature between about 375 °F. to about 425
°F. Examples of such trays and peelable film lids are disclosed in U.S. Patent No.
4,810,541 to Newman et al., which is hereby incorporated by reference herein.
[00182] Packing trays may also be made from composites of cardboards and
extruded thermoformable laminate films, with film lids sealed to the flanges around
the top of the tray. Examples of such trays are disclosed in U.S. Patent No.
6,651,874 to Pedersen et al., which is hereby incorporated by reference herein.
Such packages may be useful for modified atmosphere packaging (MAP) where
the air in the sealed package is replace by or supplemented with gas such as

carbon monoxide. In accordance with the present invention, it will be understood
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[00221] Single-layer and multilayer tubular films are made by a biaxial stretching orientation process.
Films of five or more layers are also contemplated. The inventive multilayer films may include additional
layers or polymers to add or modify various properties of the desired film such as heat sealability,
interlayer adhesion, food surface adhesion, shrinkability, shrink force, wrinkle resistance, puncture
resistance, printability, toughness, gas or water barrier properties, abrasion resistance and optical
properties such as gloss, haze, freedom from lines, streaks or gels. These layers may be formed by any
suitable method including coextrusion, extrusion coating and lamination. Example 1 [00222] A solution of
a desired my8tAbHia BRY® iRgne M BI8Y fecksss B¥JBABE 4D 0E iR sREPAraHORiBsolving a suitable
amount of the;ppleonninggaatds, & spI\eRINBSPERRIB Bensesisptitirfita BvasHTeragegt is approximately

0.60 moles of ploomj tin 60 g of sqlvent. The sqlution is made at t ture by gent|
agitating the SO RIEA LA FEATOU223 LT RANED HEOICE Q9B (oBt-TRLe R D Chomical

Company, Miokaurskd\é3 8 riobdiethahidetibenioppemgf a gravimetric dosing unit that is positioned to feed the

polymer into e Eaip Jeed RaLA S ARPEXiHSI Systems MP 2050 50 mm corotating twin screw
extruder. The feeég?rels colnq‘? ulred to doge t%u)é ATTA}\IE at a rate of 41 kg/h. The mixing elements of the

twin screw eXaBér (GreAiPEAYII¥EH ¢ Tderash I eRamardinéerdieeding and melting of the VLDPE, injection
and mixing ofgbe slvaBHMPBRAGPENE/EeoRYEEMdaRsO{HRBEdPfESSUrization of a die and formation of
continuous strands. of equs VL MBA hlend. [00224] The twin screw extruder is electrically
heated so thﬁﬁ%@ﬁ%%fgﬁﬁﬁfﬂ%ﬁw 'z?ﬁilj?[zf{@}%%?r f the extruder at 330 F. When the extruder zones
achieve the ifdended e (exttioes | eV YHIT ien§agkohtdmtaate)the extruder screws at about 578

RPM. The AT&%%E@%? HQ@%&“&%&BB/&?&Pﬁ[é’/f?ee}g\Péﬁﬁﬁe“i’sﬁgfgnﬂmi&%gtab'e’ homogeneous

extrudate is achieved, the solve A mixture Is injected into the molten VLDPE dt an injection port. A
gear pump isBigsi@hy Qepnedityiandmitriiagdniiaehiden Belatidenamee(IAjedabn port. The injection point
is placed in a section of the extruder configured to have high free volume and low pressure. The rate of
delivery of the solution is calculated by the time change in mass of the solvent/blooming agent mixture.
The intended' f 5% is achieved by adjusting the pump speed. A suitable pump speed is
about 33 RPNO0MIB8]solvieanituiz Acthelivdimeatefeopnedekalgkysadreyirbvidied/thd00@2ptisda mixing elements

fth trud in.a fashi QU o0 i ted f
moving upstrE T B e R e o
upstream migrelysierjobimepruising @ inieetivty agesbAchaVBXaIIRasHaapidly increases in

temperature. ['ﬁbqgigIvemefrﬁggﬁ)lpn%ﬂﬁ&ﬁ]H{i@ghey@gg%aggi@w@fgaﬂmﬁgﬂs. The resultant solv_ent
escapes througg an atmos heniﬁ)ressure vent port. Some solvent may also escape through the primary

feed port. Fo QtlﬂMﬁ@tsﬁg BRS AP SR RIFRAUNY BRIGEWH (R & RS HIMA section and
finally, into amsigditbiolinsirarctthes ihpadeditmphtheldienjheyesobantootatimugusrattansls are cooled in a

water bath. it of th t . ir knife r, f the poi linging to the surface
of the standé%mdr?@aé\ﬁgﬁélé |rﬁfl%%@e|%?r%en§i}r@8§£ %t:@ %tﬁrgn S%P? %%%gfm%%'(é%(@éte pellets by a
rotating knife®tyfeypsiRhine mathasgiobirtsakoxybyegiedrilyaddelic axddave@@aven at about 50 C,
packed in alupitdradRil FRIVABINGHARLS 8ot 8dd0E bieRB IERIRTERHiERABIBIBR-IGRAlN pellets.

Non-limiting examples of various masterbatch preparation technigues are described in co-pending U.S.

Patent ApplicRRiHaRA fifSIrPPI8RPROATABRA RSO0 EERMAGR P IUARFIRRL GHISNAIYSE Polymer Melt”
by Nelson et béefyvineh, isdneretittsrcospasaped by, refitsienceadrresinduck, goose, game, fish

and seafood. The concentration of myoglobin varies in different types of meat
products, but preferably the myoglobin content of the meat product is high enough
to provide a desired color when about 50% of the myoglobin structures in the
meat are converted to a ligand binding state that produces the desired color.
Typically, beef contains about 3-10 mg of myoglobin per gram of meat, pork
contains about 1-3 mg myoglobin per gram of meat, and chicken contains less

than about 1 mg myoglobin per gram of meat. For example, the concentration of
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[00227] Films are prepared from the masterbatch pellets. The loading level of the masterbatch pellets is
varied to produce VLDPE films with an effective blooming agent concentration, and packages are
prepared using the film as an inner layer. Food products, in particular, meat products, are vacuum
packaged within the packages and observed over a period of time. Example 2 [00228] Masterbatch
pellets from Example 1 are used with base polymer Dow ATTANE 4201 VLDPE resin to make the inner
layer of a thermoformable multilayer film. The film has the layers of 85% nylon 6- 15% nylon 61/6T (11
weight %) / tie (20 weight %) / 85% nylon 6- 15% nylon 61/6T (8.5 weight %) / EVOH (9.4 weight %) / 85%
nylon 6 - 15%%@'I(5‘FV8€?@W(B@QW@H@'%WH% MRRLRHI Y EN0bs Yeeen Bhameaideidatch (22.6 weight

%). The film i;mgadeyBqcnuterapbiirPrreesanp sNienicap pesiRdie dilesrasfprenable film. Example 3a,
3b and 3c [00229] A steer (\(ﬁvﬁis él/aught red and three dzﬁs oshm&r(tﬁem, the ng«reqat therefrom was formed
ey Ve thiig

into ground chidl 'Nﬁjﬂ%@q %ﬂﬁ&?@fgﬁ%%ﬁ %?e3p%m 49§ vacuum pouches
and the meatditatteokitetshOrgaipchdintk he sthekfeenfodaysrdé réid goratectstavagd thi@lmeat was cut into

2.5 by 3.5 indl GIAAUBERTIRIE EPLERAIP ity 8 ROBEAISIas fabiehaduesecy vitamin Word

containing 100'mg of nicotinic acid in combination with dicalcium phosphate, cellulose, vegetable stearic

acid, silica arld vebei@emhesiastih fiehenesntsinaidda snegriie Fremratidpiestand then
subsequentlyleskimpagkast gram MUt Cr@RGrBachinenUstin@ dralyisiihiaas anesSP film having an

EVOH oxygen barrier layer olyethylene food contact layer. The bloomed c% r of red meat began
orolferating FSRCHL AR SOEL M HIE AT MESR RchS S ot RSP 980530] For
Example 3b, msecprduettangular formed sample of ground chuck was sprayed with an agueous niacin

solution and dﬁ?e‘lﬁ?c%ﬂﬁgoiﬁn%ﬁgﬁaﬁgfo% g&%%gggfﬁ&wmgawsﬁoae BEsig¥glissolving a

similar niacintablet Into water. A’ b r deve 1 on the surface of the meat sample.
However the Witeiisgperedeofdinedrosimestrisderriavidataviirshad el afriigpbneesapmet. [00231] For

Example 3c, afeRtrep@raale wasoaqredustedRyRackagibgiuinirg samalr @idesmath gipund beef as

described above in Example 3a but without adding niacin. The calor on the surface of the sample
remained pur SRR RIRTAIBRSRIRTAR MR WSS bbstP8dInEammEd §8%nd 3b.

Typically, the food product is a fresh meat packaged between about 2 days and
14 days post-mortem, and more preferably between about 2 days and about 12
days.

[00186] Typically, meat comprises moisture (water), protein and fat. Fresh meat
can include about 60% to about 80% moisture content, with lean meats typically
having higher moisture content. Fresh meat products such as ground beef,
chicken and pork often have a moisture content of about 68% to about 75%,
depending on the fat content of the meat (meats with higher fat contents tend to
have lower moisture content and vice versa). Cured meats often have higher
moisture content due to injection with water-based preserving compounds.
Sausage products may have lower moisture content. For example, pork sausage
may have a moisture content of about 40% or higher. Preferably, the packaged
meat product can have a moisture content of at least about 5%, 10%, 15%, 20%,
30%, 40%, 50%, 60%, 70%, 80% or more.

[00187] The food package preferably includes a polymeric oxygen barrier film
comprising blooming agent, but may also include a film in combination with a food
product which has been surface coated with a myoglobin blooming agent prior to

packaging. The food package may further comprise an oxygen barrier layer as
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[00232] All three packages made in Examples 3a, 3b and 3c were opened and examined 15 days after
packaging. Upon opening the packages, the color of the meat in each package bloomed to a uniform red
color. Cooking on an outdoor gas fired grill produced nondistinguishable results for the three examples.
The internal color of both treated and untreated samples had a pink cast. No persistent pinking was
observed on the niacin treated meat. Example 4a, 4b and 4c [00233] Lean chuck containing
approximately 5% visual fat was ground 4 days after slaughter. The ground meat was portioned into
flexible oxygen barrier bags and vacuum packaged on a Koch chamber machine. The color of the meat

turned from re@tehteRftpdepringithp f2etborskres EXBRPRYOIRD BREieD laKRuMAYIGRRRjS%ted storage,

one of the vagHysuRaskogR%AhoEAdNd eaBRgEvas BeaRRM BB HRIASGEDI D EiIvAdvith a portion of the
meat to prod [ as th%\n placed on a

ce ground beef containin O.ﬁZS eight % of njacin. This mixture
white polyproPETERE DI RRSE A1) CAIRER ) ErPed BV LaHAG PR5LFO SRHANF o Exarmple 4b
a_not.her pqrpimyg‘elh@qnaiek@aj mapbwas eﬂmrmbam}/pm«xldnblmombigmar@\fmé)@tray without any
niacin addltlopv%@_h Vﬁé(%%(%‘?ﬁ'&dl&w%? m%r%}%?m(a%&a%\ngg%%%ﬁggg ng@é\%lﬁlyac T200 machine with

an oxygen barrier vacuu mldf_ackaglng (VSP) f g an EVOH barrier. For Example 3c, another
portion of padRERjeaGREANPB YPBNetRatHITEHBARIOE L WRFROLE AXEEINSY AlaRike The tray was

then packagaddiubie Nikgivaa)Romaehisrwhbie yesit dile seomiaining @ saelaatamiicg. 0 weight %
sodium nitrite. After 24 hours of refrigerated storage, the niacin-treated meat sample, Example 4a, had
bloomed to tHSAﬁ%fB 3@)‘88%?[5? ﬂ'g@the untreated meat sample, Example 4b, exhibited a dull
purple color deand8Eristrefefalsigutng foadkzamia jeshacaat-rEadymeadioprededhoahipsigingtla the nitrite

containing fil f rayj Jrpl i Inifi rs.after which time the
color bloomeﬁ?ﬁﬁggi%ﬁ@g%? g&%ﬁ?&%ﬁ&%%@ﬁb%ﬁﬁe%gﬁ%e tel%gi lr%%%tgeﬁaé%arker than the
meat in the paeRAGEINWE iR BFfresto Mamifptiorenadseaschand @piirnely eeslebelrd@t6f the

niacin-treatedsan@alive] foehiidn sAmadioer i aaks| haRkdtiepatbe frdiralearf the meat in the
nitrite containin%filméaenetrated about The to 118th inch into the surface of the meat. [00235] After 1

week of refridBFea BEYa e 2l PIRPHS R s AR R R RS PSR CHAESA B Wettoles were then

placed on andrlickred gat/fiBedagridsiihsypeeradietsfocostké dale 200- @80 érddrimppsexiazalely 45 minutes

with wrning eyeq21Q igMlS A ERARAGRIYe ANEL DS leyel ol sooking, Theaglat of the cooked

surfaces and the Intermal portion e niacin-tr packaged e oxygen barrier VSP film
and the untregagg-mrashipaerigERFWGR Bievise gehasdy fes/Swings iléeEmpeisaENARgPEolor persisted

on the top Vieé’Hiﬂ%ﬁlfﬁPC&ﬁl@fé BUtERERRY MRl RasksgRRIBINGRS RidessBRsHNMAlGH ¥rrp packaged with
i

the nitrite containing film, Example 4c, at the same depth of penetration as was observed in the raw
product. The SBFEF B9 G5I50SRLERMACEIRPIRE enter portion of this sample was the same as the
control, Exanjp(:89] amudihech mrikdgeajcias pregkeyExémplesiable color of meat, especially

fresh meat, can promote the merchantability and appeal of the meat product for
consumers. To meet the increasing demand for case-ready meat products, the
case-ready meat product preferably provides a predetermined weight and/or
volume of a common meat product, such as chicken breast and ground beef. The
case-ready meat product can include a polymeric film to maintain freshness, such
as a film as described herein. The meat product may be provided fresh, frozen,
hard chilled, thawed, enhanced, processed or cooked, and the films
advantageously provide protection at various temperatures. Selection of films for
packaging food products can include consideration of such criteria as barrier
properties, cost, durability, puncture resistance, flex-crack resistance, food
packaging law compliance, e.g., United States Food & Drug Administration (FDA)

approval, machinability, optical properties such as gloss and haze, printability,
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Example 5 [00236] Nicotinic acid powder (obtained from Sigma Aldrich Chemical Company, Milwaukee,
WI) is blended with Dow ATTANED 4203 VLDPE pellets (0.5 dg/min; 0.912 g/cm3; ethylene/octene
copolymer; obtained from Dow Chemical Company, Midland, MI) by tumble blending until the powder
uniformly coats the surfaces of the pellets. The quantities are selected such that the nicotinic acid content
is 5 % by weight (14.25 kg of VLDPE and 0.75 kg of nicotinic acid). The blend is loaded into the hopper of
a gravimetric dosing unit positioned to feed the polymer into the main feed port of an APV Extrusion
Systems MP 2050 50 mm corotating twin screw extruder. The feeder is configured to dose the nicotinic

acidNLDPE bieakitity rasiriadeliRyshrmefereging Enas mab e iiee oilin Barkaohartidér are arranged in a
fashion that gseeerrei@erdBrRANEEOEHNS MicaAtRia prtMYIcREteashitiemsjvelynasxing the nicotinic

acid into the VLDPE, pressurization of a die and formation of continuous strands of the homogeneous
blend. [00237‘1“?’%0 in screw extruder is electrically heated so that the feed zone is at about 200 F, and
the rest of thd80dler bt aotbeBaspecT tizerpackageddmby b Ectinuidddentidsrdosad into the primary

feed port at abgut 3ty QNG AHH EoNBRAREBEAUBRIHIAE B APbiRYRGregRtous strands are

cooled by transport thfough a water bath. At the exit of the water bath, an-air knife removes some of the
moisture clingPifa6tbieagHasiEcithnd atanad adpamdayitiiat Riniee srededir kifdlthe strands are

(c:)ut into discregq)?geé%pﬁaﬁ@mém hémqh%w,@@ﬂﬂ?gm% Jé]ﬁgggﬁ&ﬁg%@l@%@rﬁ %m(%g%t] tanin c:)Ior.
ver time, a powder ild-up is noted at the exit of each of the die holes. Example Example 5
ol es Hniadly Bty

is repeated e %B? & CahfRe @%P&ﬁ?@&vﬁgﬁq Sigf: r% i%?ll%ﬂ%ﬁri’c%ﬂ B}ﬂ{ , Milwaukee, WI) is
substituted fathaicabinid &oiek Hags) pseferedbthfrthe7ielly | tehopeltets dagsbrbveferBiiytpke 7 [00239]

Example 6 isﬁ@%ﬁﬁ%ﬁ&&ﬁ@@wﬁs&?&ih%aﬂgu¢%8&%ﬁ$§yw§g ﬁ%%et"gﬁrjiﬁ&sgl'éﬁ&%‘cﬂq?bO“t 200 RPM.

The color of t lets Is a very light tan and they ex very glossy surfaces. The strands are stable

and manufacha#gEfbrnePRIANesHIREEsS derad e trrismpsry s or clam shells, which are

vacuum sealed and prevent oxygen contact with the meat until the package is
opened. The vacuum container includes a food contact surface including the
myoglobin blooming agent.

[00191] In prior art case ready applications, the meat product is sometimes
packaged in a modified atmosphere package (“MAP”), wherein the meat is
maintained in a sealed pocket containing a headspace with an atmosphere that is
different than ambient air. For example, a MAP can maintain red meat in carbon
dioxide, with very low oxygen content, e.g., in a multipack where the master
package is subsequently opened and the contained individual packages in oxygen
permeable films are exposed to the atmosphere thereby causing the meat to
bloom red. Also, the preferred color of fresh meat can be promoted and
maintained using a MAP with enriched oxygen content. Similarly, a MAP with
small concentrations of carbon monoxide (CO) can be used to cause and maintain
a preferred red color of fresh meat. Methods of treating fresh meat with carbon
monoxide prior to packaging have also been developed for case ready packaging
applications. The bright red CO-myoglobin complex is referred to as
carboxymyoglobin. The presence of carbon monoxide can also disfavorably
impact sales of CO-containing meat products among consumers.

[00192] Itis contemplated that the present invention may be used in

combination with MAP. For example, in a tray package where the film contacts a
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Example 8 [00240] Example 5 is repeated except that the rotation rate of the extruder screws is reduced
to about 200 RPM. As in Example 7, the color of the pellets is much lighter. The rate of accumulation of a
powdery build-up around the die holes is substantially slower than the rate observed in Example 5.
[00241] The MBA containing resins of Examples 5-8 may all be used to form containers suitable for
packaging myoglobin containing food to maintain a desirable surface color therein. [00242] Films, bags
and packages may also employ combinations of characteristics as described in one or more

embodiments. [00243] The above examples are illustrative only, and should not be interpreted as limiting
since further AigifffeidestionHa bt adeaf dnefeamisptuGhf W wppIsrariiasehasekilled in the art in view

of this teachirgnfdinthghtrediitatarm ¥e wirenme ddoseewitkirabie sseperiibeembadipents disclosed

neren. fr:f;rr‘gr;ﬁa that 00 1ot Pk S N DRt S TS AR A STy surface. the
may beneficially be used, e.g., in certain types of tray overwrap and tray
packaging where the film may typically be in contact with the top surface of the
food but not in all places along the side or in tray or non-tray packages of irregular
shaped items having gaps between adjacent meat surfaces, e.g., such as may be
found in products such as whole birds or shaped products such as crown ribs for
roasting.
[00193] The food packages typically comprise a multilayer polymeric film. The
food packages preferably include one or more polyamide core layers in contact
with the EVOH-polyamide multilayer oxygen barrier layer of the first embodiment.
The food packages can include a three-layer oxygen barrier formed from an
EVOH layer in contact with a first polyamide layer on one side and a second
polyamide layer on the opposite side. The food package can also include a heat
resistant layer, a sealant layer and one or more adhesive layers having any
suitable composition, as described with respect to the second embodiment.
[00194] The polyamide layers in contact with the EVOH barrier layer can
comprise or consist essentially of a polyamide or polyamide blend composition
described with respect to the first embodiment. Preferably, the polyamide layers
have the same composition as an exterior heat resistant layer comprising a nylon
blend composition.
[00195] Preferably, the heat resistant layer can comprise or consist essentially
of a blend of an amorphous nylon copolymer, a low temperature polyamide and a
high temperature polyamide. The heat resistant layer is preferably positioned at
or near the exterior surface of the packaging film, and can be an exterior layer, but
can also form a polyamide layer. In some embodiments, the food package can
further comprise a sealant layer positioned at or near the interior surface of the
package, for example as an interior layer. The sealant layers of the food package

are described above with reference to the multilayer packaging films.
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a food contact layer comprising a myoglobin blooming agent, the myoglobin blooming agent being
present at the surface of the film in an amount insufficient to effectively cure the entire fresh meat product,
wherein the myoglobin blooming agent is selected from the group consisting of nitric oxide donating
compounds selected from the group consisting of nitrosodisulfonates, transition metal/nitroso complexes,
organic nitrates, organic nitrites, organic nitro compounds, organic nitroso compounds, 0-nitrosylated
compounds, Snitrosylated compounds, nonoate compounds, furoxans, oxatriazole-5- imines,
sydnonimines, oximes and combinations thereof, nitrogen heterocycles, and sulfur monoxide donating

compounds; §f188loxyheseriantiaugels prefesaliypasiitapast lanheaniheieisAESWBefobin blooming
S?ent isa sul&ﬂ&ﬂawa@edf?]wmwdﬁ%ri?r |&/%Fh@aﬁé@ﬁ@fa§l@&mﬁa€vm§%q$@ the myoglobin
ooming agent is a nitrogen heterocycle selected from the gr onsisting of pyridines, pyrazines,
pyrimicines. TS R0 R SRS TR B ETE A AL PP, POVAMRIBYERTof ciaim 1
wherein the rogbgéeinithiel seatamy lagenansi dheitsegendnatbavidid aelecteddrom the group consisting of
nicotinic acid t icotini id, hjcoti i r r icati ide and
combinations%mg)@gﬁé’%&Flgeggi%%%%o%%ﬁ%%cﬁ?g ﬁsggstﬁ! %%’eg ’fc'??j%c%rﬁgrgﬁ%bgﬁgnd the oxygen

barrier layer 4P641RACkAAE fBPrises g seRianirnver dpenachioryAdratsiakbiastScampaibitlayer film, a
multilayer filnyyighreehiatty 65dg6ksa Multilayer sheet or a combination thereof. 7. The article of claim

L el T S BB e rhod Padkanes s be R iakaptk2 g pegs of fess than 10 mil
packages preferably include a multilayer oxygen barrier component, and if heat
shrinkable, preferably have a total free shrink measured at 90 °C of at least 30%,
40% or 50% in at least one of the machine direction or transverse direction. The
food packages preferably have a free shrink of at least 30% at 90 °C in one
direction, more preferably at least 30% in two directions, where each direction is
either a machine direction or a transverse direction. Even more preferably, the
food packages have a free shrink of at least 40% in a first direction and at least
50% in a second direction. The food packages are preferably biaxially oriented,
heat-shrinkable, or both. Preferably, the packages have a total free shrink at 90
°C of at least about 80%. For example, the food packages can have a free shrink
value at 90 °C between about 80% and about 120% at 90 °C. In some
embodiments, the food packages can have a total free shrink at 90 °C of at least
about 90%, more preferably at least about 95%, still more preferably at least
about 100% and even more preferably at least about 105%.

[00198] Food packages preferably comprise at least one heat resistant layer
can comprise or consist essentially of a blend of an amorphous nylon copolymer,
a low temperature polyamide and a high temperature polyamide. The heat
resistant layer can be positioned at or near the exterior surface of the packaging
film, and can be an exterior layer. The heat resistant layer can be biaxially
oriented. Some embodiments may provide a five layer heat-shrinkable and heat
resistant food package or pouch formed from multilayer coextruded films. Food
packages can also be formed from seven layer which may be heat shrinkable or

non-heat shrinkable and heat resistant coextruded films. In some embodiments,
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8. The article of claim 1, wherein the article is a monolayer sheet or a multilayer sheet each having a
thickness of at least 10 mil. 9. The article of claim 1, wherein the article is a monolayer sheet or a
multilayer sheet each having a thickness of between 10 mil and 50 mil. 10. The article of claim 1,
wherein the article is a monolayer sheet or a multilayer sheet each having a thickness of between 10 mil
and 30 mil. 11. The article of claim 1, wherein the oxygen barrier layer comprises PVDC, EVOH,
polyamide, nanocomposite, polyester, metal foil, metallized film, metal-oxide coated film, rubber modified
acrylonitrile methyl acrylate copolymer or combination thereof. 12. The article of claim 1, wherein the

film has an o é‘ﬁq insdilsfoatbnsciagetram 32 6 eavkHnDaskaas R afRadl i andbs relative
humidity and féadipackaéé%daé@ @tl@&r@r@@méawhﬂwarthmawia”hgw&mwadr@nsmlsswn rate of

less than 75 ¢ 3/m2/ urs meas % ive h dity and 14. The article of claim 1,
wherain the STB R TI G A S RSPl 61 PSP BT kST T4 HELRE moneurad t 0%

relative humidhg ésds28 (o hoId togethes, m@mmﬁmmemmmemom bpmprises an exterior
surface layer ¢ andpherein e MR ReY eI #ld S OAHIP BRHdeirestide iadcomart layer and the

exterior surfa e layer.
which the film may be removed (sometimes termed “stripped”), or may be left on

as a protective barrier during shipping, and optionally even left on during retail
sale.

[00199] Food packages formed from multilayer films having two to fourteen
layers are contemplated herein, where each layer is selected from the group
consisting of: layers comprising a heat resistant and nylon blend composition,
adhesion layers, oxygen barrier layers, moisture barrier layers, bulk layers and
sealant layers. Preferably, the exterior surface layer comprises a nylon blend
composition having an amorphous nylon copolymer and a low temperature
polyamide. Also preferably, the interior surface layer is a sealant layer.

[00200] Referring now to Fig. 5, a cross sectional schematic of a meat
containing tray 50 is depicted. Tray 51 has a bottom 52 with integral side walls
52a and 52b supporting a retail cut of meat 53 such as pork. Film 54 seals the top
of the tray 51 and provides a hermetic seal 55a and 55b all along the continuous
flanges of the sidewall 52a, 52b. The film 54 is either vacuum sealed or sealed in
a modified atmosphere with the myoglobin blooming agent containing food contact
surface 57 in intimate contact with meat surface 58. Meat side surfaces 59a, 59b
are not in contact with the food contact layer 57 but instead are exposed to an
atmosphere 56 modified with a gas such as carbon monoxide. The tray has an
inside surface 60 which may also be coated with a myoglobin blooming agent to
fix color on the meat bottom surface 61.

[00201] Referring now to Fig. 6, a top view of a package 62 depicts a myoglobin
containing food 63 such as a bone-in cut of meat on a substrate and covered
under a vacuum skin packaging film 64 having a myoglobin blooming agent
coated food contact surface in contact with the meat. The film is transparent to

allow perception of the color and meat surface characteristics.
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16. The article of claim 15, wherein the article comprises at least five polymeric layers, and has a first tie
layer positioned between the food contact layer and oxygen barrier layer, and a second tie layer
positioned between the oxygen barrier layer and the exterior surface layer. 17. The article of claim
15, wherein the exterior surface layer comprises polyolefin, polyamide, polyester, polystyrene or blend
thereof. 18. The article of claim 1, wherein the food contact layer comprises cellulose. 19. The
article of claim 1, wherein the food contact layer is non-woven. 20. The article of claim 1, wherein the
food contact layer is selected from the group consisting of polyolefin, polyester, polystyrene or blends
thereof. 190207 aReferving ary 30 NighdrarriresRagienet fekermetisPfdmenkt group consisting of

homopolymes paifing ionaes @bpelrinyterRadsirRp Gy Bohjagibrcédmathilgrdsdhereof. 22.
The Al o e D G L e OB GO S AEHSES GIRSR DK sealed to a

non-oriented film 73 around the meat cut at heat seal 74a which is continuous and

joins heat seal 74b to form a hermetic vacuum package having a reduced oxygen

atmosphere with intimate contact between the myoglobin blooming agent

containing surfaces of film 72 and 73.

Vacuum Skin Packaging

[00203] Vacuum skin packaging (VSP) is another process well known in the art
that uses a thermoplastic packaging material to enclose a product. Various
apparatus and processes are described in U.S. Patent Nos. 3,835,618; 3,950,919
and Reissue 30,009, all issued to Perdue. The vacuum skin packaging process is
in one sense a type of thermoforming process in which an article to be packaged
serves as the mold for the thermoform. An article may be placed on a support
member, a card, either rigid or semi-rigid, or other bottom, and the supported
article is then passed to a chamber where a top film is drawn upward against a
heated dome and then draped over the article. The movement of the plastic top
film is controlled by vacuum and or air pressure, and in a vacuum skin packaging
arrangement, the interior of the container is evacuated before final sealing of the
top film to the support. Thermoformable material may be used as both the top film
and bottom support in conjunction with an intermediate support for products held
on either side of the support as shown for example in U.S. Patent No. 3,966,045.
[00204] In vacuum skin packaging, a product to be packaged is placed on a
product supporting member. The product serves as the mold for a
thermoformable polymeric film. The thermoformable film is formed about the
product by means of differential air pressure. However, the term "vacuum skin
packaging" (hereinafter, "VSP") refers to not only the fact that the thermoformable
film is formed around the product by vacuum or differential air pressure, but also
to the fact that the product is packaged under vacuum, with the volume containing

the product being evacuated during the packaging.
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23. The article of claim 15, wherein at least one layer of the article is irradiatively crosslinked. 24. The
article of claim 1, further comprising at least one additional layer of a polyamide, a polyester, a
polyethylene, a polypropylene, a polybutylene, a polystyrene, a polycarbonate, a cyclic olefin copolymer,
a polyurethane, a polyacrylamide, an anhydride-modified polymer, an acrylatemodified polymer, or blends
thereof. 25. The article of claim 1, wherein the food contact layer further comprises at least one of an
antioxidant, a slip agent, an antiblock agent, a colorant, a flavorant, an odorant, an organoleptic agent, a
coefficient of friction modifying agent, a lubricant, a surfactant, an encapsulating agent, an oxygen
scavenger, al902RldifYiAeHHIERIARRFIOMSIRGCSGEFRS APRAAIYIHSE A RIBRLSPRARETa humectant, a

dryinbg ag_ent,\ﬁmaa"r]fiapj@rptl@'@lﬁw@w@?gb?{alﬂr_sgw aggegmaﬂfgﬁﬁig@amra Wﬁmﬁﬂe OL a
combination thereaotf. . . article of claim ereln the food contact layer copprises between
0.10 weight A 5 LGRS BB R BB i oo £ RS claim 1.

wherein j[he fhmjc.rfdheamaay{mrdsmqmsed a_y Ieaﬁe@tm i gtition .Esmjdafwmtighﬂ}oa@'aiig&tt % of t_he
myoglobin b"?ﬁé’l&ﬂﬁ{ﬂ%ﬁo form% Aﬁ?-@?{f'ﬁt?sﬂﬁé'aﬁﬁ%lp ENRG IO SO RIRE [R¥SiFomPrises

between 0.75 weight % to 1.75 weig of the myoglobin blooming agent. 29. The article of claim 1,
wherein the foeatefidetitajeriag aresaftansciestpricirampirpigtisstvisdhendeissd tPpmole/inch2 of

the myoglobighlearingERNato the softened film, and air reintroduced into the chamber can
be used about the film to force it tightly around the product.
[00206] In vacuum skin packaging, it is also known to release the vacuum and
allow ambient air into the chamber, after the chamber has been evacuated and
the product driven into the heat-softened film, or vice versa. In this manner, the
thermoplastic film molds more or less over and against the product, since there is
a vacuum inside the package, and ambient air pressure, or more than ambient air
pressure, immediately outside of the package.
[00207] Vacuum skin packaging generally uses a rigid tray, such as made from
a thermoformable film, to support a product. The clear top film, such as made
from a thermoformable film, which may or may not be a biaxially oriented film, is
formed or draped around the product during the vacuum packaging procedures.
The film forms a skin around the entire viewing surface of the product. Preferably,
the food contact layer of the clear top film includes a blooming agent. Optionally,
the tray may also include a blooming agent in the food contact layer. Examples of
vacuum skin packaging trays, films and processes are disclosed in US Patent
Nos. 4,611,456 to Gillio-tos et al.; 5,846,582 to Mayfield et al.; and in 5,916,613 to

Stockley Ill, which are hereby incorporated by reference herein.

Method of Packaging

[00208] In another aspect of the invention, methods of packaging a myoglobin-
containing food product are provided. In an embodiment of the invention, a
method of manufacturing a vacuum package of fresh meat may be provided which
comprises: supplying a container comprising a film having a layer comprising a

myoglobin blooming agent and wherein the film is substantially impermeable to
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30. The article of claim 1, wherein the food contact layer has a food contact surface comprising at least
0.1 mg/inch2 of the myoglobin blooming agent. 31. The article of claim 1, wherein the food contact
layer has a food contact surface comprising less than 0.25 mg/inch2 of the myoglobin blooming agent.
32. The article of claim 1, wherein the food contact layer comprises a heat sealable polymer. 33. The
article of claim 1, wherein the food contact layer comprises a heat sealable polymer selected from the
group of polyolefin, polyethylene, very low density polyethylene (VLDPE), linear low density polyethylene
(LLDPE), low density polyethylene (LDPE), high density polyethylene (HDPE), ethylene alpha - olefin
copolymer, p@&fﬂ%yl@ﬁé”@gP)f%@l%ﬂt?fé‘h%sg’g???dﬁ NP ERUIBE MINNONEGIHIR acetate copolymer
(EVA), ethyleaentwtheteaainaierropsiymes(EMdddingthlenegarériauilaieot ano bimes (RE®), ethylene
Sl NS R TG b B
article is transpataimer to en86s¢ lieedrisieroésataint brevemteinritastaotioky hes fropiostsidrie of at least 70 at
45. 36. ﬁﬁg%%mﬂé}gwm.fsm\/iding a compact package having a sufficiently

reduced internal oxygen level to promote a meat surface favoring deoxymyoglobin

or metmyoglobin and the corresponding purple and brown colorations associated

therewith over formation of oxymyoglobin; and storing the package under

refrigeration conditions for a sufficient time to permit the reducing activity of the

enclosed meat to favor nitroxymyoglobin formation on the meat surface to an

extent whereby a corresponding red color associated therewith is formed to

produce a visibly red meat surface.

[00209] Variations of the above embodiment may utilize the wide selection of

MBAs, polymers, films, attributes and parameters disclosed herein as will be

recognized by one skilled in the art in view of the present teaching.

[00210] The meat product may be packaged in a suitable food package and/or

packaging film, such as the packages and films described herein. Preferably, the

meat product is contacted by the myoglobin blooming agent containing food

contact surface of the packaging. The myoglobin blooming agent (MBA)

preferably will contact the meat surface in an amount sufficient to produce a

desired red color which preferably does not penetrate to an undesirable depth of

the food thickness under reduced oxygen conditions (this color may take awhile to

develop e.g. 1 to 5 days). Beneficially, the MBA may be present on the film food

contact surface (or on the myoglobin food surface) in an amount of from about

0.05 to 3 to 5 to 10 umoles/in? and in increments of 0.1 umole thereof. Greater or

lesser amounts of MBA may be used and the color intensity may thereby be

varied depending upon the relative presence or absence of myoglobin. The food

contact layer preferably has between about 0.001 mg/in? and about 0.900 mg/in?

of a myoglobin blooming agent such as NaNO,. Also the packaging should

maintain the food product in a reduced oxygen package environment having a

reduced gaseous oxygen partial pressure. The reduced oxygen package may
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a myoglobin-containing food product having a water content of at least 5 weight A; and a container
comprising a polymeric film having an oxygen barrier polymeric layer and a food contact layer comprising
a myoglobin blooming agent, the myoglobin blooming agent being present at the surface of the film in an
amount insufficient to effectively cure the entire fresh meat product, the myoglobin blooming agent is
selected from the group consisting of nitric oxide donating compounds selected from the group consisting
of nitrosodisulfonates, transition metal/nitroso complexes, organic nitrates, organic nitrites, organic nitro
compounds, organic nitroso compounds, O-nitrosylated compounds, Snitrosylated compounds, nonoate
compounds, RAGRAESS, BXAKTILHI LIRS HryHEhANIARIIXiRfesisgieBraimatisss thefeof, nitrogen

heterocyclefs,m& élutﬁut B1@)2u0et ?gna_dngo;_@@pmmﬁ;saﬁ\ds ?m%hé/mpdcﬁpﬁl}a@ta@]ﬁea hfan ah food

contact surfa at least a partion o Ich 1S In contact with at least a portion a surface of the

myoglobin-co %&fﬁﬁ&%@&%@%@ﬂdgg ’gsﬁzﬁeé%%jyp ?géggSPingﬁ%éEfXﬁﬁ%?&ﬁ?he food contact layer

comprises thexyngeg|tqan$miesimngtagém$t@eﬁr§1myoﬁmﬁm||ummr¢n_ggm;am,damw% wherein the food

product f””“%l%ﬂ%“ﬁ}\ﬁ%fdﬂf&ﬁ&”&% W%B}B'Brg@%{)%% FABRESBLATRDON pgROXIde donating
38. The fo a

compound. od package of claim 36, Wwherein the container encloses the
myoglobin-codiAiRgtsdesrelUesmthardlcsn orygéierwardhmate furtber dagirgRie 9ackage of claim

36, wherein thagYREIPAIRAYRRIMING RREBbIS B SUlictTeRaBoXidR SleNAting GARNRPANFE of
about 4 °C (40 °F) or higher to facilitate bloom, after which the temperature may
be adjusted to the desired optimum temperature for storage, transit or display.
[00211] In many packaging applications, such as vacuum packaging, heat
sealable food packaging films are desirable. Such bags and pouches can be
made with heat sealable layers. A typical food packaging pouch can include three
sides heat sealed by the pouch manufacturer leaving one open side to allow
product insertion. Flexible food package containers such as bags or pouches may
be made by transversely cutting tubular stock of monolayer or multilayer film and
cutting off the tube portion containing the sealed end; by making multiple spaced
apart transverse seals on tubular stock and cutting open the side of the tube; by
superimposing flat sheets of film and sealing on three sides; or by folding a flat
sheet and sealing on two sides. A processor may then insert e.g. fresh, frozen,
hard chilled, thawed, raw, enhanced, cured or processed meat, ham, poultry,
primal or subprimal meat cuts, ground beef, or other myoglobin containing
products, making a final seal to hermetically enclose the product in the bag. This
final seal preferably follows gas evacuation (e.g., by vacuum removal). Flexible
food packaging containers such as bags or pouches can be made by transversely
sealing tubular stock of monolayer or multilayer film and cutting off the tube
portion containing the sealed end; by making two spaced apart transverse seals
on tubular stock and cutting open the side of the tube; by superimposing flat
sheets of film and sealing on three sides; or by folding a flat sheet and sealing two
sides. The final seal after insertion of a food product may be a clip, but is usually

a heat seal similar to the initial seals produced by the bag manufacturer although
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40. The food package of claim 36, wherein the myoglobin blooming agent is a nitrogen heterocycle
selected from the group consisting of pyridines, pyrazines, pyrimidines, imidazoles, purines, triazines, and
combinations thereof. 41. The food package of claim 36, wherein the myoglobin blooming agent is a
nitrogen heterocycle selected from the group consisting of nicotinic acids, salts or esters of nicotinic acid,
nicotinamides, salts or esters of nicotinamide and combinations thereof. 42. The food package of
claim 36, wherein the myoglobin-containing food product is a fresh meat product maintained in a reduced
oxygen environment. 43. The food package of claim 36, wherein the myoglobin-containing food

product is a ftB8RFethSIRRR NG RAHIREE M RM¥alm Hot baanthERidaeRN8H¢ claim 36, wherein
at least a portiemeiothg feed &oniaks layardedransparent and in contact with the myoglobin-containing

45, The food RABLAT PG AR REHRAE 2t IERL LB e TyR OB CHREITIRY food product s
maintained inreysted. \@ila diddodifidd atrivegpiverw fzgvingaiprievatediesdray cadmn thahoxide, carbon
M B L L L L G

Packaging, Inc. of Woodstock, Georgia, U.S.A., may be used to package poultry

such as chicken or other meats. Tray packaging may optionally involve

replacement of the gaseous environment within the package by one or more

gases to provide some advantage such as to assist product preservation, but to

enjoy preferred benefits of the present invention at least a portion of the oxygen

barrier film should be in contact with a food surface under reduced oxygen

conditions to fix color in that contact area in a manner where a consumer or

potential purchaser may view the color fixed meat surface through a transparent

portion of the film.

[00213] Suitably at least 10%, preferably at least 20% and more preferably at

least 30% or 50% or more of the surface of the oxygen barrier film is transparent

to allow visual perception of food color therethrough after packaging. Meats

having a bright red color are believed to be more visible, and have greater

definition to distinguish the meat’s physical topography, texture, and color

variation e.g. such as that found in marbling. It is further believed, without wishing

to be bound by the belief, that the whites of meat components such as fats, skin

and white muscle fibers are enhanced by having proximate myoglobin bound by

myoglobin blooming agents which fix a bright red color as opposed to purplish,

bluish or brownish colors. Thus, the whites appear whiter in poultry and other

meats including beef and pork. This in turn causes consumers to have a

perception of greater clarity of the meat surface which increases consumer

confidence in their purchase over meats having less visible surface

characteristics.

EXAMPLES

[00214] The following are examples and comparative examples.
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48. The food package of claim 36, wherein the food contact surface comprises between 0.01 to 10
pmole/inch2 of the myoglobin blooming agent. 49. The food package of claim 36, wherein the
myoglobin-containing food product comprises between 0.1 to 25 mg of myoglobin per gram of food
product. 50. The food package of claim 36, wherein the myoglobin-containing food product comprises
between 3 to 20 mg of myoglobin per gram of the myoglobin-containing food product. 51. The food
package of claim 36, wherein the myoglobin-containing food product comprises between 1 to 5 mg of
myoglobin per gram of the myoglobin-containing food product. 52. The food package of claim 36,

wherein the |ebin PRREMANAIdea Wi ane reprmistseorastian oh theglloMirgsyiBRIR®Rr gram of the

myoglobincoriainagtped Pietiiving t&st. e dasdpaskaartriiglaimidptesheisivte
myoglobin-cont iningé‘%a?? rodyct comprises at least 1 mg myoglobin per gram of food product. 54.

The food pac\iﬁ&éso j "WR&rein the myoglobin-containing food product is a fresh meat product.
Oxygen Gas Transmission Rate (O, GTR): ASTM D-3985-81

Water Vapor Transmission Rate (WVTR): ASTM F 1249-90

Gauge: ASTM D-2103

Melt Index: ASTM D-1238, Condition E (190 °C) (except for propene-based
(>50% Cs3 content) polymers tested at Condition TL (230 °C))

Melting point: ASTM D-3418, DSC with 5 °C/min heating rate

[00216] Shrinkage Values: Shrinkage values are defined to be values obtained
by measuring unrestrained shrink of a 10 cm square sample immersed in water at
90 °C (or the indicated temperature if different) for five seconds. Four test
specimens are cut from a given sample of the film to be tested. The specimens
are cut into squares of 10 cm length in the machine direction by 10 cm length in
the transverse direction. Each specimen is completely immersed for 5 seconds in
a 90 °C (or the indicated temperature if different) water bath. The specimen is
then removed from the bath and the distance between the ends of the shrunken
specimen is measured for both the MD and TD directions. The difference in the
measured distance for the shrunken specimen and the original 10 cm side is
multiplied by ten to obtain the percent of shrinkage for the specimen in each
direction. The shrinkage of four specimens is averaged for the MD shrinkage
value of the given film sample, and the shrinkage for the four specimens is
averaged for the TD shrinkage value. As used herein the term “heat shrinkable
film at 90 °C” means a film having an unrestrained shrinkage value of at least 10%
in at least one direction.

[00217] Shrink Force: The shrink force of a film is that force or stress required to
prevent shrinkage of the film and is determined from film samples taken from each
film. Four film samples are cut 1” (2.54 cm) wide by 7” (17.8 cm) long in the
machine direction and 1” (2.54 cm) wide by 7” (17.8 cm) long in the traverse

direction. The average thickness of the film samples was determined and
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55. The food package of claim 36, wherein the myoglobin-containing food product is a fresh meat product
selected from the group consisting of beef, veal, pork, mutton, lamb, poultry, chicken, turkey, duck, goose,
game, fish, and seafood. 56. The food package of claim 36, wherein the myoglobin-containing food
product is a fresh meat product selected from the group consisting of primal, subprimal, retail cut,
comminuted, ground and combinations thereof. 57. The food package of claim 36, wherein the
myoglobin-containing food product is fresh, frozen, hard chilled, or thawed. 58. The food package of
claim 36, wherein the film has an oxy(%er] transmission rate of less than 310 cm3/m2/ 24 hours measured
at 0% relative¢figidesty BAahm. samplesis thee se6HBd BelyessT 18I B6lamRserasd fih has an oxygen

transmission ¢ateapAtESO HaddlatAtR A 2kad hesiisMmarstHe tAEPH deideecaumiglyand 23C. 60.
The fooo_l package ofr claim 36: \ﬁgreei)n the r% ckage com rist a oucl&%aa : ca?in ,ioverwrapped_tray,
form shrink pARAEN VIREUISHT siPEpRsle VR IMREls A BE R EIR LI BERHEor & combination
thereof. éllicohe ddduhihecicinieioédlaira G6)stdrdrelle thtepéekageais tecion otipadlydseldied.

seconds. During this time, the force in grams manifested by the shrink tension of

the film at the elevated temperature is recorded. At the end of this time, the film

sample is removed from the bath and allowed to cool to room temperature

whereupon the force in grams at room temperature is also recorded. The shrink

force for the film sample is then determined from the following equation wherein

the results are obtained in grams per mil of film thickness (g/mil):

[00218] Shrink Force (g/mil) = F/T wherein F is the force in grams and T is the

average thickness of the film samples in mils.

[00219] Other useful tests are provided by the following references, which are

incorporated herein in their entirety: U.S. Patent Application Ser. No. 09/652,591

entitled “Irradiated Biaxially Oriented Film,” by Scott Idlas; and U.S. Patent Nos.

6,777,046 and 5,759,648.

[00220] Provided below are non-limiting examples of the compositions, films

and packages disclosed herein. In all the following examples, unless otherwise

indicated, the film compositions are produced generally utilizing the apparatus and

method described in U.S. Patent No. 3,456,044 (Pahlke), which describes a

coextrusion type of double bubble method, and in further accordance with the

detailed description above. All percentages are by weight unless indicated

otherwise.

[00221] Single-layer and multilayer tubular films are made by a biaxial stretching

orientation process. Films of five or more layers are also contemplated. The

inventive multilayer films may include additional layers or polymers to add or

modify various properties of the desired film such as heat sealability, interlayer

adhesion, food surface adhesion, shrinkability, shrink force, wrinkle resistance,

puncture resistance, printability, toughness, gas or water barrier properties,

abrasion resistance and optical properties such as gloss, haze, freedom from
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62. The food package of claim 36, wherein the food contact layer and the oxygen barrier layer are the
same layer 63. The food package of claim 36, wherein the food contact layer has a uniform
distribution of myoglobin blooming agent on a food contact surface of the food contact layer. 64. The
food package of claim 36, wherein the food contact layer comprises between 0.1 weight % to 5.0 weight
% of a myoglobin blooming agent incorporated therein. 65. The food package of claim 36, wherein
the food contact layer comprises at least 0.1 weight % of a myoglobin blooming agent incorporated
therein. 66. The food package of claim 36, wherein the food contact layer comprises less than 2.0
weight % of dA%e§iERAK R G RS IFHSHDAHES fRERGA by ang BuithkledpatRadkage of claim 36,

wherein the fapiletiyaddyesicanantisepRYEA Bndbiansigitidh, to 1.75 weight % of the myoglobin
blooming agent. 68. The food package of claim 36, wherein the myoglobin blooming agent is present

in an amount sufficient to cause a food surface of the myoglobincontaining food product to have a visible
red hue at least 10 days after Example 1

[00222] A solution of a desired myoglobin blooming agent (MBA) such as
described above is prepared by dissolving a suitable amount of the blooming
agent in a solvent. A suitable concentration of a blooming agent is approximately
0.60 moles of blooming agent in 60 g of solvent. The solution is made at room
temperature by gently agitating the solvent/MBA mixture.

[00223] Dow ATTANE® 4201-G VLDPE (obtained from Dow Chemical
Company, Midland, Ml) is loaded into the hopper of a gravimetric dosing unit that
is positioned to feed the polymer into the main feed port of an APV Extrusion
Systems MP 2050 50 mm corotating twin screw extruder. The feeder is configured
to dose the ATTANE at a rate of 41 kg/h. The mixing elements of the twin screw
extruder are arranged in a fashion that allows for feeding and melting of the
VLDPE, injection and mixing of the solvent/MBA solution, removal of the solvent,
pressurization of a die and formation of continuous strands of a homogeneous
VLDPE/MBA blend.

[00224] The twin screw extruder is electrically heated so that the feed zone is at
200 °F and the rest of the extruder at 330 °F. When the extruder zones achieve
the intended temperatures, the drive motor is engaged to rotate the extruder
screws at about 578 RPM. The ATTANE VLDPE is dosed into the primary feed
port at 41 kg/h. Once a stable, homogeneous extrudate is achieved, the
solvent/MBA mixture is injected into the molten VLDPE at an injection port. A
gear pump is used to deliver the blooming agent/solvent solution to the injection
port. The injection point is placed in a section of the extruder configured to have
high free volume and low pressure. The rate of delivery of the solution is
calculated by the time change in mass of the solvent/blooming agent mixture. The
intended concentration of 5% is achieved by adjusting the pump speed. A
suitable pump speed is about 33 RPM. The solvent/MBA delivery rate is
preferably about 5.4 kg/h.
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hermetically sealing the myoglobin-containing food product in a vacuum environment. 69. The food
package of claim 36, wherein the myoglobin-containing food product is packaged less than 20 days
post-mortem. 70. The food package of claim 36, wherein the myoglobin-containing food product is
packaged less than 12 days post-mortem. 71. The food package of claim 36, wherein the
myoglobin-containing food product is packaged less than 48 hours post-mortem. 72. The food
package of claim 36, wherein the myoglobin-containing food product has a water content of at least 40
weight %. 73. The food package of claim 36, wherein the myoglobin-containing food product has a

water conteni®ZA3kastBorbeRghemments ph thenextpitepackagangeddmp dsshiprereiehtHat
myoglobin-conirjor eeRiodBAt Sstid s ripteyshiedite ARt @ st reHia o2 svpeigaiyo. 75. The

o e T 40 et Ae RSB NSO RIS A ggiym chiorde content
migration.
[00226] Following injection, the solvent/MBA solution rapidly increases in
temperature. The solvent fraction of the solution evaporates and eventually boils.
The resultant solvent escapes through an atmospheric pressure vent port. Some
solvent may also escape through the primary feed port. Following a mixing
section, the VLDPE/MBA blend moves into a pressurization section and finally,
into an eight-hole strand die. Upon exiting the die, the resultant continuous
strands are cooled in a water bath. At the exit of the water bath, an air knife
removes some of the moisture clinging to the surface of the stands. After leaving
the influence of the air knife, the strands are cut into discrete pellets by a rotating
knife-style pelletizer. These pellets are subsequently dried in a convection oven
at about 50 °C, packed in aluminum foil containing bags and stored for use and
referred to as masterbatch pellets. Non-limiting examples of various masterbatch
preparation techniques are described in co-pending U.S. Patent Application Ser.
No. 11/408,221, entitled “Process for Introducing an Additive into a Polymer Melt”
by Nelson et al., which is hereby incorporated by reference herein.
[00227] Films are prepared from the masterbatch pellets. The loading level of
the masterbatch pellets is varied to produce VLDPE films with an effective
blooming agent concentration, and packages are prepared using the film as an
inner layer. Food products, in particular, meat products, are vacuum packaged

within the packages and observed over a period of time.

Example 2
[00228] Masterbatch pellets from Example 1 are used with base polymer Dow
ATTANE 4201 VLDPE resin to make the inner layer of a thermoformable
multilayer film. The film has the layers of 85% nylon 6 — 15% nylon 61/6T (11
weight %) / tie (20 weight %) / 85% nylon 6 — 15% nylon 61/6T (8.5 weight %) /
EVOH (9.4 weight %) / 85% nylon 6 — 15% nylon 61/6T (8.5 weight %) / tie (20
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76. A method of promoting a desirable color on the surface of a myoglobin-containing fresh meat product
comprising the steps of: supplying a container comprising a polymeric film having an oxygen barrier
layer and a food contact layer; providing a myoglobin-containing fresh meat product having a water
content of at least 5 weight %; and contacting the myoglobin-containing fresh meat product with a
myoglobin blooming agent in an amount insufficient to effectively cure the entire fresh meat product, the
myoglobin blooming agent being selected from the group consisting of nitric oxide donating compounds
selected from the group consisting of nitrosodisulfonates, transition metal/nitroso complexes, organic

nitrates, orgaRigirited, ReMichiffocirpMasierbsigani fitistompdiitdd MisRasts iated

compounds, §-¥HipSYakReqasuidngsmaRE B raTBRRYNES rmibferAaBledairiazole-5-imines,
sydnonimines, oximes and combinations thereof, nitrogen heterocycles, and sulfur monoxide donating

compounds, to produce the myoglobin-containing fresh meat product comprising less than 1 weight %
sodium chloride. 77. The method of Bxampke, $ahSiemnith&enyoglobin-containing fresh meat product

comprises Ieiﬁdfi@] O.Q\‘Q/h@i&f\k%/g §P%jgme$9&05iﬁ& thrlee ZQKJ Bgsm%t%%,oi‘h@‘?ﬂ@a?& wherein the

myoglobin-containing fres uct comprises less than 50 ppm of nitrite, nitrate or combinations

meat Jo_ro _ _ :
thereof. therefrom was formed into ground chuck. Approximately five pounds of this
ground chuck were portioned into vacuum pouches and the meat flattened to 0.75
inch thickness. After 7 days of refrigerated storage the meat was cut into 2.5 by
3.5 inch rectangular samples. For Example 3a, a 300 mg dietary tablet produced
by Vitamin World containing 100 mg of nicotinic acid in combination with dicalcium
phosphate, cellulose, vegetable stearic acid, silica and vegetable magnesium
stearate was placed on one of the meat samples, and then subsequently, skin
packed on a Multivac T200 machine using a polyolefin based VSP film having an
EVOH oxygen barrier layer and a polyethylene food contact layer. The bloomed
color of red meat began proliferating from the meat closest to the tablet after 24
hours of refrigerated storage.
[00230] For Example 3b, a second rectangular formed sample of ground chuck
was sprayed with an aqueous niacin solution and packaged as described in
Example 3a. The niacin solution was obtained by dissolving a similar niacin tablet
into water. A bloomed red color developed on the surface of the meat sample.
However the intensity of the red color was less than that which formed around the
tablet.
[00231] For Example 3c, a control example was constructed by packaging a
third sample of formed ground beef as described above in Example 3a but without
adding niacin. The color on the surface of the sample remained purple without
formation of the red color that was observed in Examples 3a and 3b.
[00232] All three packages made in Examples 3a, 3b and 3c were opened and
examined 15 days after packaging. Upon opening the packages, the color of the
meat in each package bloomed to a uniform red color. Cooking on an outdoor

gas fired grill produced nondistinguishable results for the three examples. The
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79. The method of claim 76, wherein the myoglobin blooming agent is a sulfur monoxide donating
compound. 80. The method of claim 76, wherein the myoglobin blooming agent is a nitrogen
heterocycle selected from the group consisting of pyridines, pyrazines, pyrimidines, imidazoles, purines,
triazines, and combinations thereof. 81. The method of claim 76, wherein the myoglobin blooming
agent is a nitrogen heterocycle selected from the group consisting of nicotinic acids, salts or esters of
nicotinic acid, nicotinamides, salts or esters of nicotinamide and combinations thereof.  82. The method
of claim 76, further comprising: removing oxygen from an environment surrounding the

myoglobincorf8ANaG FPHRAP SierigeranA ¢intreated FRInPIE SrRath Fridak sAS#uNAN a substantially oxygen

free environmeyéites PARIsyHisieobiembavsthadlpRitabircanianir appear. 83. The method of claim
82, wherein the removing oxygen from an environment surrounding the myoglobin-containing fresh meat

product is by vacuum to produce a vacuum package. 84. The method of claim 76, wherein the
desirable color is a red hue. Example 4a, 4b and 4c

[00233] Lean chuck containing approximately 5% visual fat was ground 4 days
after slaughter. The ground meat was portioned into flexible oxygen barrier bags
and vacuum packaged on a Koch chamber machine. The color of the meat
turned from red to a dark purple within 4 hours. For Example 4a, after 24 hours of
refrigerated storage, one of the vacuum packages of ground lean beef was
opened and niacin was mixed with a portion of the meat to produce ground beef
containing 0.025 weight % of niacin. This mixture was then placed on a white
polypropylene oxygen barrier tray containing an EVOH barrier layer. Similarly, for
Example 4b, another portion of the packaged meat was opened and placed into
the same type of tray without any niacin addition. Both trays of ground chuck
were vacuum skin packaged on a Multivac T200 machine with an oxygen barrier
vacuum skin packaging (VSP) film having an EVOH barrier. For Example 3c,
another portion of packaged meat was opened and placed onto a tray without any
added niacin. The tray was then packaged on the Multivac T200 machine with a
VSP film containing a sealant with 2.0 weight % sodium nitrite. After 24 hours of
refrigerated storage, the niacin-treated meat sample, Example 4a, had bloomed to
the preferred red color whereas the untreated meat sample, Example 4b,
exhibited a dull purple color characteristic of vacuum packaged fresh meat. The
meat on the third tray with the nitrite containing film, Example 4c, had turned a
grayish purple during the initial 24 hours after which time the color bloomed to the
bright red color.

[00234] The color of the niacin-treated meat was darker than the meat in the
package with the nitrite containing film. The bottom side and the center parts of
the niacin-treated meat were of the same deep red color as the surface. The red
color of the meat in the nitrite containing film penetrated about 1/16™ to 1/8" inch

into the surface of the meat.
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85. The method of claim 76, wherein the myoglobin-containing fresh meat product is packaged less than
20 days post-mortem. 86. The method of claim 76, wherein the myoglobin-containing fresh meat
product is packaged less than 12 days post-mortem. 87. The method of claim 76, wherein the
myoglobin-containing fresh meat product is packaged less than 48 hours post-mortem. 88. The
method of claim 76, wherein the myoglobin-containing fresh meat product is selected from the group
consisting of: beef, veal, pork, mutton, lamb, poultry, chicken, turkey, duck, goose, game, fish, and
seafood. 89. The method of claim 76, wherein the myqui_;lobln containing fresh meat product

comprises at 1882391 1 Aéeof ﬁ%ﬁl@f)rﬁfﬂ%@tﬁﬁ%?m dhfesratSamplep WeRR method of claim 76,
wherein the mﬁgalﬂ@@eaonm@mgéfgéhmmégwm“@hqﬁw@ﬁ Mabér@gsoﬁrawgglpbm per gram of

product compl oA R A GBSO BPeLer oA PUIF B OGS WIS method o
claim 76, wherednythel hyoglddsrse@stéoraaiénesh wadhd pnederctlcimpoiseg.all leaso D afdiight % water.

cooked surfaces and the internal portions of the niacin-treated beef packaged with

the oxygen barrier VSP film and the untreated beef packaged with the oxygen

barrier VSP film were the same. A red color persisted on the top viewing film

contact surface of the beef containing no added niacin which was packaged with

the nitrite containing film, Example 4c, at the same depth of penetration as was

observed in the raw product. The color of the opposite surface and the center

portion of this sample was the same as the control, Example 4b, and the niacin

treated sample, Example 4a.

Example 5
[00236] Nicotinic acid powder (obtained from Sigma Aldrich Chemical Company,
Milwaukee, WI) is blended with Dow ATTANE® 4203 VLDPE pellets (0.5 dg/min;
0.912 g/cm?; ethylene/octene copolymer; obtained from Dow Chemical Company,
Midland, MI) by tumble blending until the powder uniformly coats the surfaces of
the pellets. The quantities are selected such that the nicotinic acid content is 5 %
by weight (14.25 kg of VLDPE and 0.75 kg of nicotinic acid). The blend is loaded
into the hopper of a gravimetric dosing unit positioned to feed the polymer into the
main feed port of an APV Extrusion Systems MP 2050 50 mm corotating twin
screw extruder. The feeder is configured to dose the nicotinic acid/VLDPE blend
at a rate of 36 kg/h. The mixing elements of the twin screw extruder are arranged
in a fashion that accommodates feeding of the nicotinic acid/VLDPE blend,
intensively mixing the nicotinic acid into the VLDPE, pressurization of a die and
formation of continuous strands of the homogeneous blend.
[00237] The twin screw extruder is electrically heated so that the feed zone is at
about 200 °F, and the rest of the extruder at about 320 °F. The nicotinic
acid/VLDPE tumble blend is dosed into the primary feed port at about 36 kg/h.

Once a stable, homogeneous extrudate is achieved, continuous strands are
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93. The method of claim 76, wherein the polymeric film comprises the myoglobin blooming agent, and
further comprising: packaging said myoglobin-containing fresh meat product in contact with the food
contact layer. 94. The method of claim 76, wherein the polymeric film comprises the myoglobin
blooming agent, and further comprises: packaging said myoglobin-containing fresh meat product in the
container. 95. The method of claim 94, wherein the food contact layer of the polymeric film
comprises the myoglobin blooming agent. 96. The method of claim 76, wherein the polymeric film
comprises the m@globin blooming agent as a first myoglobin blooming agent, and further comprising:

contacting thE€SARSHRYIIRRRAL IR ¢ shwaeatiBd vt e it et tatn A RBRdaR WgBER blooming
agent comprigdighacrsbate BReXisasinRAliMgisgPMéslirface of the stands. After leaving

the influence of the air knife, the strands are cut into discrete pellets by a rotating
knife-style pelletizer. The resultant pellets are somewhat tan in color. Over time,
a powdery build-up is noted at the exit of each of the die holes.

Example 6
[00238] Example 5 is repeated except that nicotinamide (obtained from Sigma
Aldrich Chemical Company, Milwaukee, WI) is substituted for nicotinic acid. Itis
observed that the resultant pellets are brown.

Example 7
[00239] Example 6 is repeated except that the rotation rate of the extruder
screws is reduced to about 200 RPM. The color of the pellets is a very light tan
and they exhibit very glossy surfaces. The strands are stable and manufacturing

efficiency is much improved versus Example 6.

Example 8
[00240] Example 5 is repeated except that the rotation rate of the extruder
screws is reduced to about 200 RPM. As in Example 7, the color of the pellets is
much lighter. The rate of accumulation of a powdery build-up around the die
holes is substantially slower than the rate observed in Example 5.
[00241] The MBA containing resins of Examples 5-8 may all be used to form
containers suitable for packaging myoglobin containing food to maintain a
desirable surface color therein.
[00242] Films, bags and packages may also employ combinations of
characteristics as described in one or more embodiments.
[00243] The above examples are illustrative only, and should not be interpreted
as limiting since further modifications of the disclosed embodiments will be
apparent to those skilled in the art in view of this teaching. All such modifications

are deemed to be within the scope of the embodiments disclosed herein.
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97. The method of claim 82, wherein the desirable color on the surface of the myoglobin-containing fresh
meat product is maintained for at least a five-day display life after contacting the surface of the
myoglobin-containing fresh meat product. 98. The method of claim 82, wherein the desirable color on
the surface of the myoglobin-containing fresh meat product is maintained for at least a five-day display life
after contact{igithe surface of the myoglobin-containing fresh meat product in the absence of carbon
monoxide. 99. The method of claim 76, wherein the polymeric film comprises a myoglobin blooming

agent as a first myaglobin blpomin ent anﬁlf rther.comprising. L?reatin he myogdlobin-containing
fresh meat producﬁv?'/ith a'ge%grqop r%%%)%gq'orﬂgnab '(S;ger’nir?g\;/ Rgen .'”%99'9689 RSy oe% g%i% 99, wherein
the first myoglofand|teeranticheyeatriprégingorganic nitrate, an inorganic nitrite or a combination thereof.

oo SRS B eSS R S0 02 T
article of clamybgiohéndstotirmingragehbbeiyggicise it @b thieg adacd pfebenils retveamOudit to 10
micromoles heutficien {gcehl’fectively cure the entire fresh meat product, wherein the

myoglobin blooming agent is selected from the group consisting of nitric oxide

donating compounds selected from the group consisting of nitrosodisulfonates,

transition metal/nitroso complexes, organic nitrates, organic nitrites, organic

nitro compounds, organic nitroso compounds, O-nitrosylated compounds, S-

nitrosylated compounds, nonoate compounds, furoxans, oxatriazole-5-

imines, sydnonimines, oximes and combinations thereof, nitrogen

heterocycles, and sulfur monoxide donating compounds; and

an oxygen barrier layer.

2. The article of claim 1, wherein the myoglobin blooming agent is a

sulfur monoxide donating compounds.

3. The article of claim 1, wherein the myoglobin blooming agent is a
nitrogen heterocycle selected from the group consisting of pyridines, pyrazines,

pyrimidines, imidazoles, purines, triazines, and combinations thereof.

4. The article of claim 1, wherein the myoglobin blooming agent is a
nitrogen heterocycle selected from the group consisting of nicotinic acids, salts or
esters of nicotinic acid, nicotinamides, salts or esters of nicotinamide and

combinations thereof.

5. The article of claim 1, wherein both the food contact layer and the

oxygen barrier layer are the same layer.

6. The article of claim 1, wherein the article is a monolayer film, a

multilayer film, a monolayer sheet, a multilayer sheet or a combination thereof.

7. The article of claim 1, wherein the article is a monolayer film or a

multilayer film each having a thickness of less than 10 mil.

83



104. The food package of claim 36, wherein the amount of myoglobin blooming agent present is between
0.01 to 10 micromoles per square inch. 105. The method of claim 76, wherein the amount of
myoglobin blooming agent present is between 0.01 to 10 micromoles per square inch. 106. The
article of claim 1, wherein the amount of myoglobin blooming agent present is 0.17 milligrams per square

inch or less. 1@. TheThedprt&ageRilainvdersihereikitielasalricicryregehsebeoaming agent
present is 0.17 milligrams per square inch or less. 08, The method of claim 76, wherein the amount
bt myoglobi TR RER L ER106 d YA AbISETAR T or less

9. The article of claim 1, wherein the article is a monolayer sheet or a

multilayer sheet each having a thickness of between 10 mil and 50 mil.

10.  The article of claim 1, wherein the article is a monolayer sheet or a

multilayer sheet each having a thickness of between 10 mil and 30 mil.

11.  The article of claim 1, wherein the oxygen barrier layer comprises
PVDC, EVOH, polyamide, nanocomposite, polyester, metal foil, metallized film,
metal-oxide coated film, rubber modified acrylonitrile methyl acrylate copolymer

or combination thereof.

12.  The article of claim 1, wherein the film has an oxygen transmission
rate of less than 310 cm®m? 24 hours measured at 0% relative humidity and 23
°C.

13.  The article of claim 1, wherein the article has an oxygen
transmission rate of less than 75 cm®/m?/ 24 hours measured at 0% relative
humidity and 23 °C.

14.  The article of claim 1, wherein the article has an oxygen
transmission rate of less than 20.0 cm®m?/ 24 hours measured at 0% relative
humidity and 23 °C.

15.  The article of claim 1, wherein the article further comprises an
exterior surface layer, and wherein the oxygen barrier layer is positioned between
the food contact layer and the exterior surface layer.

16.  The article of claim 15, wherein the article comprises at least five
polymeric layers, and has a first tie layer positioned between the food contact
layer and oxygen barrier layer, and a second tie layer positioned between the

oxygen barrier layer and the exterior surface layer.

17.  The article of claim 15, wherein the exterior surface layer comprises

polyolefin, polyamide, polyester, polystyrene or blend thereof.
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18.  The article of claim 1, wherein the food contact layer comprises

cellulose.
19.  The article of claim 1, wherein the food contact layer is non-woven.

20. The article of claim 1, wherein the food contact layer is selected

from the group consisting of polyolefin, polyester, polystyrene or blends thereof.

21.  The article of claim 20, wherein the polyester is selected from the
group consisting of homopolymers or copolymers of polyethylene terephthalate,

polylactic acid and blends thereof.

22.  The article of claim 1, wherein at least one layer of the article is

crosslinked.

23. The article of claim 15, wherein at least one layer of the article is

irradiatively crosslinked.

24.  The article of claim 1, further comprising at least one additional
layer of a polyamide, a polyester, a polyethylene, a polypropylene, a
polybutylene, a polystyrene, a polycarbonate, a cyclic olefin copolymer, a
polyurethane, a polyacrylamide, an anhydride-modified polymer, an acrylate-
modified polymer, or blends thereof.

25.  The article of claim 1, wherein the food contact layer further
comprises at least one of an antioxidant, a slip agent, an antiblock agent, a
colorant, a flavorant, an odorant, an organoleptic agent, a coefficient of friction
modifying agent, a lubricant, a surfactant, an encapsulating agent, an oxygen
scavenger, a pH modifying agent, a film forming agent, an emulsifier, a
polyphosphate, a humectant, a drying agent, an antimicrobial agent, a chelating

agent, a binder, a starch, a polysaccharide or a combination thereof.

26. The article of claim 1, wherein the food contact layer comprises
between 0.10 weight % and 5.0 weight % of the myoglobin blooming agent.
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27.  The article of claim 1, wherein the food contact layer comprises at

least 0.10 weight % and less than 2.0 weight % of the myoglobin blooming agent.

28. The article of claim 1, wherein the food contact layer comprises

between 0.75 weight % to 1.75 weight % of the myoglobin blooming agent.

29. The article of claim 1, wherein the food contact layer has a food
contact surface comprising between 0.01 to 10 pmole/inch? of the myoglobin

blooming agent.

30. The article of claim 1, wherein the food contact layer has a food
contact surface comprising at least 0.1 mg/inch? of the myoglobin blooming

agent.

31.  The article of claim 1, wherein the food contact layer has a food
contact surface comprising less than 0.25 mg/inch? of the myoglobin blooming

agent.

32. The article of claim 1, wherein the food contact layer comprises a

heat sealable polymer.

33.  The article of claim 1, wherein the food contact layer comprises a
heat sealable polymer selected from the group of polyolefin, polyethylene, very
low density polyethylene (VLDPE), linear low density polyethylene (LLDPE), low
density polyethylene (LDPE), high density polyethylene (HDPE), ethylene alpha —
olefin copolymer, polypropylene (PP), polybutylene (PB), ionomer, polyester,
ethylene vinyl acetate copolymer (EVA), ethylene methyl acrylate copolymer
(EMA), ethylene butyl acrylate copolymer (EBA), ethylene ethyl acrylate
copolymer (EEA), ethylene acrylic acid copolymer (EAA), ethylene methacrylic

acid copolymer (EMAA) and combinations thereof.

34. The article of claim 1, wherein at least 10% of the article is

transparent.
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35.  The article of claim 1, wherein the article has a gloss value of at
least 70 at 45°.

36. A food package comprising:

a myoglobin-containing food product having a water content of at least 5
weight %; and

a container comprising a polymeric film having an oxygen barrier
polymeric layer and a food contact layer comprising a myoglobin blooming agent,
the myoglobin blooming agent being present at the surface of the film in an
amount insufficient to effectively cure the entire fresh meat product, the
myoglobin blooming agent is selected from the group consisting of nitric oxide
donating compounds selected from the group consisting of nitrosodisulfonates,
transition metal/nitroso complexes, organic nitrates, organic nitrites, organic nitro
compounds, organic nitroso compounds, O-nitrosylated compounds, S-
nitrosylated compounds, nonoate compounds, furoxans, oxatriazole-5-imines,
sydnonimines, oximes and combinations thereof, nitrogen heterocycles, and
sulfur monoxide donating compounds; and

the food contact layer has a food contact surface, at least a portion of
which is in contact with at least a portion of a surface of the myoglobin-containing

food product.

37. The food package of claim 36, wherein the food contact layer
comprises the myoglobin blooming agent as a first myoglobin blooming agent;
and

wherein the food product further comprises a second myoglobin blooming

agent comprising a carbon monoxide donating compound.

38.  The food package of claim 36, wherein the container encloses the

myoglobin-containing food product in a reduced oxygen environment.

39. The food package of claim 36, wherein the myoglobin blooming

agent is a sulfur monoxide donating compound.
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40. The food package of claim 36, wherein the myoglobin blooming
agent is a nitrogen heterocycle selected from the group consisting of pyridines,

pyrazines, pyrimidines, imidazoles, purines, triazines, and combinations thereof.

41.  The food package of claim 36, wherein the myoglobin blooming
agent is a nitrogen heterocycle selected from the group consisting of nicotinic
acids, salts or esters of nicotinic acid, nicotinamides, salts or esters of

nicotinamide and combinations thereof.

42. The food package of claim 36, wherein the myoglobin-containing
food product is a fresh meat product maintained in a reduced oxygen

environment.

43. The food package of claim 36, wherein the myoglobin-containing

food product is a fresh meat product maintained in a vacuum.

44.  The food package of claim 36, wherein at least a portion of the food
contact layer is transparent and in contact with the myoglobin-containing food
product.

45.  The food package of claim 36, wherein the container further

comprises a tray.

46. The food package of claim 45, wherein at least a portion of the
myoglobin-containing food product is maintained in contact with a modified
atmosphere having an elevated level of carbon monoxide, carbon dioxide,
nitrogen, an oxide of nitrogen, or mixtures thereof relative to the atmosphere

outside the container.

47.  The food package of claim 36, wherein the myoglobin blooming

agent is nongaseous.

48. The food package of claim 36, wherein the food contact surface

comprises between 0.01 to 10 umole/inch? of the myoglobin blooming agent.
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49. The food package of claim 36, wherein the myoglobin-containing
food product comprises between 0.1 to 25 mg of myoglobin per gram of food

product.

50. The food package of claim 36, wherein the myoglobin-containing
food product comprises between 3 to 20 mg of myoglobin per gram of the
myoglobin-containing food product.

51.  The food package of claim 36, wherein the myoglobin-containing
food product comprises between 1 to 5 mg of myoglobin per gram of the

myoglobin-containing food product.

52.  The food package of claim 36, wherein the myoglobin-containing
food product comprises less than 1 mg of myoglobin per gram of the myoglobin-

containing food product.

53.  The food package of claim 36, wherein the myoglobin-containing
food product comprises at least 1 mg myoglobin per gram of food product.

54.  The food package of claim 36, wherein the myoglobin-containing

food product is a fresh meat product.

55.  The food package of claim 36, wherein the myoglobin-containing
food product is a fresh meat product selected from the group consisting of beef,
veal, pork, mutton, lamb, poultry, chicken, turkey, duck, goose, game, fish, and

seafood.

56. The food package of claim 36, wherein the myoglobin-containing
food product is a fresh meat product selected from the group consisting of primal,

subprimal, retail cut, comminuted, ground and combinations thereof.

57.  The food package of claim 36, wherein the myoglobin-containing

food product is fresh, frozen, hard chilled, or thawed.

58.  The food package of claim 36, wherein the film has an oxygen
transmission rate of less than 310 cm®/m?/ 24 hours measured at 0% relative
humidity and 23°C.
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59.  The food package of claim 36, wherein the film has an oxygen
transmission rate of less than 20 cm®/m?/ 24 hours measured at 0% relative
humidity and 23°C.

60. The food package of claim 36, wherein the package comprises a
pouch, bag, casing, overwrapped tray, form shrink package, vacuum skin
package, flow wrap package, thermoformed package or a combination thereof.

61. The food package of claim 36, wherein the package is hermetically

sealed.

62. The food package of claim 36, wherein the food contact layer and
the oxygen barrier layer are the same layer

63. The food package of claim 36, wherein the food contact layer has a
uniform distribution of myoglobin blooming agent on a food contact surface of the

food contact layer.

64. The food package of claim 36, wherein the food contact layer
comprises between 0.1 weight % to 5.0 weight % of a myoglobin blooming agent

incorporated therein.

65. The food package of claim 36, wherein the food contact layer
comprises at least 0.1 weight % of a myoglobin blooming agent incorporated

therein.

66. The food package of claim 36, wherein the food contact layer
comprises less than 2.0 weight % of a myoglobin blooming agent incorporated
therein.

67. The food package of claim 36, wherein the food contact layer
comprises between 0.75 weight % to 1.75 weight % of the myoglobin blooming

agent.

68. The food package of claim 36, wherein the myoglobin blooming
agent is present in an amount sufficient to cause a food surface of the myoglobin-

containing food product to have a visible red hue at least 10 days after
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hermetically sealing the myoglobin-containing food product in a vacuum

environment.

69. The food package of claim 36, wherein the myoglobin-containing

food product is packaged less than 20 days post-mortem.

70.  The food package of claim 36, wherein the myoglobin-containing
food product is packaged less than 12 days post-mortem.

71.  The food package of claim 36, wherein the myoglobin-containing

food product is packaged less than 48 hours post-mortem.

72.  The food package of claim 36, wherein the myoglobin-containing
food product has a water content of at least 40 weight %.

73.  The food package of claim 36, wherein the myoglobin-containing

food product has a water content of at least 60 weight %.

74.  The food package of claim 36, wherein the myoglobin-containing
food product has a sodium chloride content of less than 2.0 weight %.

75. The food package of claim 36, wherein the myoglobin-containing

food product has a sodium chloride content less than or equal to 1.0 weight %.

76. A method of promoting a desirable color on the surface of a
myoglobin-containing fresh meat product comprising the steps of:

supplying a container comprising a polymeric film having an oxygen
barrier layer and a food contact layer;

providing a myoglobin-containing fresh meat product having a water
content of at least 5 weight %; and

contacting the myoglobin-containing fresh meat product with a myoglobin
blooming agent in an amount insufficient to effectively cure the entire fresh
meat product, the myoglobin blooming agent being selected from the group
consisting of nitric oxide donating compounds selected from the group consisting
of nitrosodisulfonates, transition metal/nitroso complexes, organic nitrates,
organic nitrites, organic nitro compounds, organic nitroso compounds, O-

nitrosylated compounds, S-nitrosylated compounds, nonoate compounds,
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furoxans, oxatriazole-5-imines, sydnonimines, oximes and combinations
thereof, nitrogen heterocycles, and sulfur monoxide donating compounds, to
produce the myoglobin-containing fresh meat product comprising less than 1

weight % sodium chloride.

77. The method of claim 76, wherein the myoglobin-containing fresh

meat product comprises less than 0.5 weight % sodium chloride.

78.  The method of claim 76, wherein the myoglobin-containing fresh
meat product comprises less than 50 ppm of nitrite, nitrate or combinations
thereof.

79.  The method of claim 76, wherein the myoglobin blooming agent is a

sulfur monoxide donating compound.

80. The method of claim 76, wherein the myoglobin blooming agent is a
nitrogen heterocycle selected from the group consisting of pyridines, pyrazines,

pyrimidines, imidazoles, purines, triazines, and combinations thereof.

81.  The method of claim 76, wherein the myoglobin blooming agent is a
nitrogen heterocycle selected from the group consisting of nicotinic acids, salts or
esters of nicotinic acid, nicotinamides, salts or esters of nicotinamide and

combinations thereof.

82. The method of claim 76, further comprising:

removing oxygen from an environment surrounding the myoglobin-
containing fresh meat product; and

storing the fresh meat product in a substantially oxygen free environment

for a time sufficient to allow the desirable color to appear.

83. The method of claim 82, wherein the removing oxygen from an
environment surrounding the myoglobin-containing fresh meat product is by

vacuum to produce a vacuum package.

84. The method of claim 76, wherein the desirable color is a red hue.
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85.  The method of claim 76, wherein the myoglobin-containing fresh

meat product is packaged less than 20 days post-mortem.

86. The method of claim 76, wherein the myoglobin-containing fresh

meat product is packaged less than 12 days post-mortem.

87.  The method of claim 76, wherein the myoglobin-containing fresh

meat product is packaged less than 48 hours post-mortem.

88. The method of claim 76, wherein the myoglobin-containing fresh
meat product is selected from the group consisting of: beef, veal, pork, mutton,
lamb, poultry, chicken, turkey, duck, goose, game, fish, and seafood.

89. The method of claim 76, wherein the myoglobin-containing fresh
meat product comprises at least 0.1 mg of myoglobin per gram of fresh meat

product.

90. The method of claim 76, wherein the myoglobin-containing fresh
meat product comprises at least 1 mg of myoglobin per gram of fresh meat

product.

91.  The method of claim 76, wherein the myoglobin-containing fresh
meat product comprises at least 3 mg of myoglobin per gram of fresh meat

product.

92. The method of claim 76, wherein the myoglobin-containing fresh

meat product comprises at least 40 weight % water.

93. The method of claim 76, wherein the polymeric film comprises the
myoglobin blooming agent, and further comprising:
packaging said myoglobin-containing fresh meat product in contact with

the food contact layer.

94. The method of claim 76, wherein the polymeric film comprises the
myoglobin blooming agent, and further comprises:

packaging said myoglobin-containing fresh meat product in the container.
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95.  The method of claim 94, wherein the food contact layer of the

polymeric film comprises the myoglobin blooming agent.

96. The method of claim 76, wherein the polymeric film comprises the
myoglobin blooming agent as a first myoglobin blooming agent, and further
comprising:

contacting the myoglobin-containing fresh meat product in contact with a
second myoglobin blooming agent comprising a carbon monoxide donating

compound.

97.  The method of claim 82, wherein the desirable color on the surface
of the myoglobin-containing fresh meat product is maintained for at least a five-
day display life after contacting the surface of the myoglobin-containing fresh

meat product.

98. The method of claim 82, wherein the desirable color on the surface
of the myoglobin-containing fresh meat product is maintained for at least a five-
day display life after contacting the surface of the myoglobin-containing fresh

meat product in the absence of carbon monoxide.

99. The method of claim 76, wherein the polymeric film comprises a
myoglobin blooming agent as a first myoglobin blooming agent, and further
comprising:

treating the myoglobin-containing fresh meat product with a second

myoglobin blooming agent.

100. The method of claim 99, wherein the first myoglobin blooming agent

is an inorganic nitrate, an inorganic nitrite or a combination thereof.

101. The method of claim 99, wherein the first myoglobin blooming agent

is nicotinic acid.

102. The method of claim 99, wherein the second myoglobin blooming

agent is carbon monoxide.

103. The article of claim 1, wherein the amount of myoglobin blooming

agent present is between 0.01 to 10 micromoles per square inch.
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104. The food package of claim 36, wherein the amount of myoglobin
blooming agent present is between 0.01 to 10 micromoles per square inch.

105. The method of claim 76, wherein the amount of myoglobin

blooming agent present is between 0.01 to 10 micromoles per square inch.

106. The article of claim 1, wherein the amount of myoglobin blooming
agent present is 0.17 milligrams per square inch or less.

107. The food package of claim 36, wherein the amount of myoglobin

blooming agent present is 0.17 milligrams per square inch or less.

108. The method of claim 76, wherein the amount of myoglobin
blooming agent present is 0.17 milligrams per square inch or less.
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