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PROCESS FOR ENBANCNG MUSCLE PORTIONS AND PROBUCTS

CROSKS-REFERENCE TO RELATEB APPLICATIONS
{6801} This application claims the benefit of U.S. Provisional Application Serial No.
62/091,877, filed December 13, 2014, entitled “PROCESS FOR ENHANCING
MUSCLE PORTIONS AND PRODUCTS” which application is incorporated herein
by reference in its entirety,

FIELD

{3002} The present invention relates to treatment of meats. More specifically, the

present invention relates to enhancing muscle portions.

BACKGROUND
{6603} Meat s a high value food source. Efforts have long been expended to improve
the flavor, consistency and water retention properties of meat, inchuding addition of
materials by marinating or injection.
{0084 Examples of efforts to enbance meat include dispersion of brine mixtures
inchuding gelatin, water and optional additives into meats, as is described in PCT
applications WOU7070686A1, WOOT047525A2, and WOOT109060A2.
[6885] Another meat enhancement approach is to inject a cold particle suspension
into a meat portion as described in US Patent No. 4,960,599 1o Cozzini et. al.
[8686] Protein suspensions comprising sarcoplasmic proteins and myotibrillar
proteins derived from animal muscle tissue have been asserted to provide improved
moisture retention in food being thawed or cooked. See US Patent Application
Publication No. 2011/0244093 to Kelleher et al. This application describes obtaining
animal muscle protein compositions from animal muscle tissue by comminuting the
animal muscle tissue and then mixing it with a food grade alkaline composition under
conditions o solubilize the animal muscle protein thereby forming a solution of
animal muscle protein. The solubilized basic animal muscle tissue then is mixed with

a food grade acid composttion to decrease the pH of the solubilized animal muscle
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protein to a pH between about 4.7 and about 11.0, preferably between about pH 3.5
and about 9.5, thereby to precipitate the protein. The precipitated protein then is
comminuted to form protein particulates suspended in an agueous medium. The thus
prepared composition invention is added to a foed to be thawed and/or cooked to
increased moisture relention in the food. Se¢ paragraph [0010]. The pH of the
solution for solubilizing the protein is disclosed to be about 10.5 or greater. See
paragraph {03131,

[B8671 A process for isolating proteins is described in US Patent No. 6,136,939 to
Hultin et al., wherein protein is treated with base, centrifuged and acidified 1o
precipitate the edible protein. See column |, lines 24-35. The pH of the solution afier
treatment with base is disclosed to be greater than about 10.0. See column 3, lines 25-
28. US Patent No. 7,556,835 likewise discloses a process for isolating proteins by
solubilizing the protein in alkaline solution and precipitating the solubilized protein
from the mixture. See column 1, lines 58-67. The solubilization of the protein is
disclosed to be accomplished by increasing the pH of the mixture to about 10.0 or
above. See column 2, lines 47-50.

[G088] A process for improving water holding capacity and tenderness in cooked
protein food products is described US Patent Application Publication No.
2810/0009048 to Hultin et al (“"Hultin ‘048”). As discussed in paragraph {0017] of
Hultin ‘048, the food product to be treated with a pH adjusting solution is so treated
by injecting with the sclution, tumbling the food with the solution or soaking the food
product with the sohution. Thus, the food product to be treated are portions {including
minced portions), and is not a comminuted meat emulsion that itself is then added to
an animal muscle portion. Hultin *048 discloses incorporation of protein isolates in
the pH adjusting solution. See, e.g., Paragraphs {(#014] and [0015]. Hultin *048
clarifies that “{mjethods for preparing proteins and protein isolates are known in the
art and can be found, e.g., in U.S. Pat. Nos. 6,005,073, 6,136,959, 6,288,216, and
6,451,975.” See paragraph [6050]. Al of these referenced patents discuss isolating

the protein from the animal muscle.
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SUMMARY
[8069] It has been found that animal muscle portions can be advantageously treated
by a comminuted meat entulsion having a pH of from about 6.5 to about 9.
8610} In the present method, animal muscle portions are treated to form an enhanced
muscle portion by a process comprising providing a comminuted meat emulsion
having a pH of from about 6.5 to about 9, the comminuted meat emulsion being
prepared from a first animal muscle tissue; and adding the comminuted meat emulsion
to an animal muscle portion in a manner that promoles uptake and/or distribution of
the comminuted meat emulsion into the animal muscle portion to form an enhanced
muscle portion. In an aspect, at least about 78% by weight of the protein of the first
animal muscle tissue in the comminuted meat emulsion is solubilized, and the protein
of the first animal muscle tissue in the comminuted meat emulsion is not isolated from
the first animal muscle tissue in the comminuted meat emulsion. In an aspect, no
more than about 30% by weight of the protein of the first animal muscle tissue in the
comminuted meat emulsion is precipitated. In an aspect, the first animal muscle
tissue is not exposed to acid in a manner that would cause the pH of the first animal
muscle tissue to be less than about 5.3,
{0011] Final enhanced muscle portion products prepared by this process may exhibit
superior performance related to one or more of the following properties: yield,
structural integrity {(e.g. demonstrated by better cohesive behavior when sliced}, easier
slicing, less purge of the comminuted meat emulsion before and/or after cooking, less
sticking of encased meats (o the casing, superior color, and superior product
appearance when cooked.
{8812} While not being bound by theory, it is believed that exposing comminuted
antmal muscle tissue to pH in the range of from about 6.5 to about 8.5 prior to adding
the emulsion to a meat portion creates greater net charges on proteins in the muscle
{issue, and increases the amount of bound and immobilized water. In contrast,
comminuted animal muscle tissue that is exposed o lower pH will exhibit overall
reduction of reactive groups on proteins available for water binding, particularly if the
protein is denatured or rendered insoluble in water. Additionally, it is believed that

higher net charge differences on proteins that have been exposed to pH of from about
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6.5 to about 9.5 causes these proteins to exhibit an increase in the repulsion between
myofibrils of the protein, thereby creating space between muscle fibers of the muscle
tissue to be treated. This increase in space promotes retention of water.
(8613} In addition to the benefit of higher water retention, exposure of the
comminuted animal muscle tissue to only the indicated pH ranges described herein
provides distinct organoleptic properties in the ﬁnali product. It has been found that
exposure of meat to pH ranges lower than 5.3 and higher than about 8.5 leads to
denaturing of the proteins in the meat. [t has been found that denaturing the protein
reduces effectiveness of the ability for the emulsion to retain waier in the meat. i has
additionally been found that denaturing the protein irreversibly lowers the viscosity of
the final emulsion, requiring thickeners to be added in order to increase the viscosity
again, If the comminuted animal muscle tissue is exposed to a pH that is too low, the
color of the meat tends to fade to an undesirable level. If the comminuted animal
muscle tissue is exposed to a pH that is too high, the color of the meat tends to darken
to an undesirably dark color.
[0014] The present process advantageously is a simple process requiring fower steps,
and uses fewer and a lower quantity of ingredients than other processes involving acid
treatment of meat followed by exposure to alkaline pH compositions. This is because
the present process does not use acid in the levels of other processes, and additionally
uses less alkali to balance out the acid of such meat pretreatment. The present process
reguires only the use of simple processing equipment, and is easy to carry out.
BRIEYF DESCRIPTION OF THE DRAWINGS
{0015] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payroent of the vecessary fee.
{0016] The accompanying drawings, which are incorporated in and constitute a part
of this application, illustrate several aspects of the invention and together with a
description of the aspects serve 0 explain the principles of the invention. A briet
description of the drawings is as {ollows:
{0617] FIG. 1 is a photograph showing a sample of a prior art comminuted meat

emulsion that is Control A from the exampies.
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{6018} FIG. 2 is a photograph showing a sample of a comminuted meat emulsion that
is Test Composition 1 from the examples.
[861%] FIG. 3 is a photograph showing a sample of a comminuted meat emulsion that
is Test Composition 2 from the examples.
8028} FIG. 4 is a photograph showing a sample of a cornominuted meat emulsion that

is Test Composition 3 from the examples.

DETAILED DESCRIPTION
[8621] The aspects of the present invention described below are not intended to be
exhaustive or to limit the invention to the precise forms disclosed in the following
detailed description. Rather a purpose of the aspects chosen and described is so that
the appreciation and understanding by others skilled in the art of the principles and
practices of the present invention can be facilitated.
[8022] The animal muscle portion to be treated in accordance with the present
invention may be any variety of meat from any species. Suitable meats include those
obtained from bovine, porcing, equine, caprine, ovine, avian animals, or any animal
commonly slanghtered for food production. Bovine animals may include, but are not
limited to, buttalo, and all cattle, including steers, heifers, cows, and bulls. Porcine
animals may include, but are not limited to, foeder pigs and breeding pigs, including
sows, gilts, barrows, and bears. Ovine animals may include, but are not limited to,
sheep, including ewes, rams, wethers, and lambs. Poultry may include, but are not
timited to, chicken, turkey, and ostrich. In a preferred aspect, the animal muscle
portion to be treated is beef, pork, turkey or chicken.

The animal muscle portion may be provided in any suitable cut or portion,
including whole carcasses {especially pouliry), primals (hams), sub-primals, steaks,
and trregular cuts. In a particularly preferred aspect, the animal muscle portion is
provided in a cut steak portion. In an aspect, the animal muscle portion is in the form
of intact muscle tissue portions of at least 1 oz (28 g}, or in muscie tissue portions of
at least 3 oz (&5 g), or in muscle tissue portions of from about 1 oz {28 g} to about

3ibs (1.4 kg), or in muscle tissue portions of from about 3 oz (85 g) to about 21bs (0.9

kg).
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(86231 In an aspect, the animal muscle portion is in the form of ground meat. Inan
aspect, the final enhanced muscle portion in the form of an encased meat such as a
sausage. In an aspect, the final enhanced muscle portion in the form of an encased
meat that is a combination of a plurality of whole muscle meat portions provided as a
slicing log. In an aspect, the slicing log is a combination of a plurality of whole
muscle meat portions and ground meat. In an aspect, the slicing log is a combination
of a ground meat portions. The slicing logs are cooked prior to slicing.

8824} In the present process, a comminuted meat emulsion is prepared from a first
animal muscle tissue that is sourced from any variety of meat from any species.
Suitable meats include those obtained from bovine, porcine, equine, caprine, ovine,
avian animals, or any animal conunonly slaughtered for food production. Bovine
animals may include, but are not limited to, buffalo, and all cattle, including steers,
heifers, cows, and bulls. Porcine animals may include, but are not limited io, feeder
pigs and breeding pigs, including sows, gilts, barrows, and boars. Ovine antmals may
include, but are not limited to, sheep, including ewes, rams, wethers, and lambs.
Poultry may include, but are not limited to, chicken, turkey, and ostrich. Mixtures of
such meat sources are also contemplated.

8625} In an aspect, the first animal muscle tissue of the comminuted meat eraulsion
is sourced from the same animal species as the animal muscle portion to be treated.
This aspect is particularly preferred because flavor and ingredient consistency is
maximized.

[6826] In an aspect, the first animal muscle tissue of the comminuted meat emulsion
is at least about 50% lean, or at least about 6(% lean , or at least about 70% lean. or at
least about 80% lean, or at least about 85% fean, or at least about 90% lean, or af least
about 95% lean.

{8827} In an aspect, the first animal muscle tissue of the comminuted meat emulsion
comprises myofibriliar protein that is at least about 30 wt % of the protein content of
the comminuted animal muscle tissue. In an aspect, the first animal muscle tissue of
the comminuted meat emulsion comprises myotibrillar protein that is from about 55
to about 98 wi %6 of the protein content of the meat of the comminuted meat emulsion.

In an aspect, the first animal musele tissue of the comminuted meat emulsion
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comprises myofibrillar protein that is from about 70 to about 90 wt % of the protein
content of the meat of the comminuted meat emulsion. This aspect is particularly
useful for a final product meat that is cooked prior to delivery to the customer.
{6028} In an aspect, the myofibrillar protein is at least about 1.5 wt % of the
comminuted meat emulsion. In an aspect, the myofibrillar protein is from about 1.5
wt % to about 25 wt % of the comminuted mest emulsion. In an aspect, the
myofibrillar protein is at least from about 1.5 wt % to gbout 10 wt % of the
comminuted meat emulsion. It has been found that prior systems are limited in the
amount of myofibrillar protein that can be present in compositions to be injected in
meat. It has surprisingly been found that by the present process of preparing
emulsions under alkaline conditions as described herein, and preferably incorporating
salt, a high myofibrillar protein content can be achieved in comminuted meat
emulsions for incorporation into animal muscle portions. In an aspect, the |
myofibrillar protein is at least about 2 wit %96, preferably at least about 2.5 wt %, and
more preferably at least about 3 wt % of the comminuted meat emulsion. Inan
aspect, the myofibrillar protein is from about 2 wi % to about 10 wt %, preferably
from about 2.5 wi % to about 10 wt %, and more preferably from about 3 wt % 1o
about 10 wt % of the comminuted meat emulsion.

{3029} In an aspect, the furst animal muscle tissue of the comminuted meat emulsion
is comminuted by chopping, grinding, or flaking prior to emulsification according to
well-known procedures. In an aspect, the first animal muscle tissue is comminuted
into fine particles by apparatus having one or more rotating blades or one or more
reciprocating blades.

{8830] In an aspect, the first animal muscle tissue is provided in portion size without
being comminuted, and is mixed with the food grade alkaline composition. After
formation of this mixture, the first animal muscle tissue is then comminuted {o the
desired end particle size in one or more comminution steps to form a comminuted
meat emulsion having a pH of from about 6.5 to about 9.5,

{0831] In an aspect, the first animal muscle tissue is comminuted to form a
comminuted animal muscle tissue having an intermediate particle size that is larger

than the desired end particle size, which is then mixed with a food grade alkaline

o
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composition to form a mixture having a pH of from about 6.5 to about 8.5, In this
aspect, the step of mixing the comminuted animal muscle tissue with the food grade
alkaline compaosition comprises additional comminution to further reduce particle size
of in one or more further comminution steps to form a comminuted meat emulsion
having a pH of from about 6.5 to about 9.5.

[8632] In an aspect, the comminuted animal muscle tissue is comminuted (o the
desired end particle size in one or more comminution steps before being mixed with
the food grade alkaline composition. The comminuted animal muscle tissue is then
mixed with the food grade alkaline composition to form a comminuoted meat emulsion
having a pH of from about 6.5 to about 9.5,

[8633] In an aspect, the first animal muscle tissue is comminuted in one or more
intermediate comminution steps to form a comminuted animal muscle tissuye having
an average particle size of from about 1 to about 10 mm in the longest dimension, or
from about 1 to about 2 mm in the longest dimension.

[3834] In an aspect, the particles of the comminuted meat emulsion have an average
particle size of less than about 6.1 mm. In an aspect, the particles of the comminuted
meat emulsion have an average particle size of from about 0.1 to about 0.4 om. Ioan
aspect, the particles of the comminuted meat emulsion have a maximum particle size
of less than about | mm, or less than about $.5 mm. In an aspect, the comminuted
animal muscle tissue is substantially free of particles of larger than 1 mm.

[B8035] In an aspect, the food grade alkaline composition is an alkaline composition
comprising one or more alkaling materials selected from sodivm hydroxide,
potassium hydroxide, sodium bicarbonate, potassium bicarbonate, or mixiures thereof
or the like. In an aspect, the food grade alkaline composition is an alkaline
composttion consisting of sodium bicarbonate or potassium bicarbonate or mixtures
thereof. In an aspect, the food grade alkaline composition is an alkaline composition
consisting of sodium bicarbonate. In an aspect, the food grade alkaline composition is
an alkaline composition consisting of potassium bicarbonate. In an aspect, the food
grade alkaline composition is an alkaline composition consisting of calcium
bicarbonate. In an aspect, the food grade alkaline composition is a carbonate,

bicarbonate, or a hydroxide composition comprising counterions selected from the



WO 2016/100299 PCT/US2015/065747

group consisting of sodium, potassium, calcium, magnesium or mixturcs thereof. The
alkaline composition may be provided in solution or in dry form.

[8836] In an aspect, the comminuted meat emulsion has a pH of from about 6.5 to
about 9.5 prior to being added to the animal muscle portion. In an aspect, the
comminuted meat emulsion has a pH of from about 7 o about 9 prior to being added
to the animal muscle portion. In an aspect, the comminuted meat emulsion has a pH
of from about 7.5 to about 8.5 prior to being added to the animal muscle portion.
8637} In an aspect, the comminuted meat emulsion has a table salt content of from
about 1%wt 1o about 10%wt prior to being added fo the animal muscle portion. In an
aspect, the comminuted meat emulsion has a table salt content of from about 2%wt to
about 6%wt, or from about 3%wt to about 5%wt, prior to being added {0 the animal
muscle portion. In an aspect, the comminuted meat emulsion has an ionic strength of
from about 0.2M to about 4M prior to being added to the animal muscle portion. In
an aspect, the comminuted meat emulsion has an lonic strength of from about 1M to
about 3M prior to being added to the animal muscle portion. For purposes of the
present invention, a table salt is a salt selected trom sodium chloride, potassium
chloride and magnesivm chloride and mixtures thereof. The table salt may be
provided as purified salt, or may be provided in a technically impure form such as a
sea salt or other natural sourced salt. In an aspect, the salt is an iodized salt. it has
been found that comminuted meat emulsions comprising table salt are particularly
advantageous because salt belps to solubilize and functionalize in particular the
myofibrillar proteins of the muscle, and thereby increases water holding capacity and
binding property in a manner that additionally provides organoleptic benefit,

[B038] Careful control of the pH and ionic strength of the comminuted meat emulsion
in all phases of the present method provides excellent properties in the final meat
product. Such control has been found to promote solubility of the protein of the first
animal muscle tissue in the comminuted meat emulsion. In an aspect, at least about
40%, 50%, 60%, 70%; 75%, 80%, 85% or 90% by weight of the protein of the first
animal muscle tissue in the comminuted meat emulsion is solubilized, and the protein
of the first animal muscle tissue in the comminuted meat emulsion is not isolated from

the first animal muscle tissue in the comminuted meat emulsion. The provision of
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very high percentage of solubilized protein in the comminuted meat emulsion has
been found to provide superior water retention properties. While not being bound by
theory, it is believed that soluble proteins have great affinity for water while at the
same time exhibiting affinity to the protein in the animal muscle portion to be treated,
and even to fat in the emulsion and or animal muscle portion. In an aspect, from
about 75% to about 98% by weight of the protein of the first animal muscle tissue in
the comminuted meat emulsion is solubilized. In an aspect, from about 0% to about
95% hy weight of the protein of the first animal muscle tissue in the comminuied
meat emulsion is solubilized. In an aspect, no more than about 30%, 25%, 20%, 15%
or 10% by weight of the protein of the first animal muscle tissue in the comminuted
meat erulsion is precipitated. In an aspect, from about 30% to about 2% by weight
of the protein of the first animal rouscle tissue in the comminuted meat emulsion is
precipitated. In an aspect, from about 25% to about 5% by weight of the protein of
the first animal muscle tissue in the comminuted meat emulsion is precipitated. While
not being bound by theory, it is believed that precipitated protein self-isolates from
water, other proteins, tats and other ingredients in the emulsion and/or animal muscle
portion to be treated. This self-isolation is believed to limit interaction of the
precipitated protein with the other ingredients, providing lower product benefit as
compared to solubilized proteins.

18039] In an aspect, the comminuted meat emulsion may be sodium-free, {i.c., the
comminuted meat emulsion has a sodium content at or less than about 1 ppm). In
further aspects, the comminuied meat emulsion may comprise phosphate, for example
in the form of sodium phosphate. In further aspects, comminuted meat emulsion may
be phosphate-free (i.e., the comminuted meat emulsion has a phosphate content at or
fess than about T ppm).

[6848] In an aspect, the comminuted meat emulsion has a fat content of less than 60%
by weight, 40% by weight, 30% by weight, 20% by weight, or less than 15% or less
than 10% or less than 5% by weight.

{88417 In an aspect, the comminuted meat emulsion is substantially free of proteins
from a source other than the type of meat that is to be enhanced. This aspect is

advantageous in that the enhanced muscle portion does not contain enzymes that do

14
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not naturally occur in the meat of the enhanced muscle portion, which some
consumers may find to be objectionable or undesirable.

[8042] Ty an aspect, the comminuted meat emulsion has a yield stress of greater than
t Pa. In an aspect, the comminuted rueat emulsion has a yield stress of from about 1
to about 40 Pa, or from about 1 to about 15 Pa. In an aspect, the comminuted meat
emuision has a Consistency Index of greater than about 0.2 Pa-s". In an aspect, the
comminuted meat emulsion has a Consistency Index of from about 0.2 Pa-s" to about
60 Pa-s®, or from about 0.2 to about 10 Pa-s". In an aspect, the comminuted meat
emulsion is a pseudoplastic fluid. In an aspect, the comminuted meat emulsion has a
Flow Behavior Index of less than 1. In an aspect, the comminuted meat emulsion has
a Flow Behavior Index of from about 8.1 to about 8.9, or from about .2 to about 4.8,
or tfrom about 0.5 to about 0.8, Measurements are made using an MCRS02 Controlied
Stress Rheometer (Anton Paar) with a Concentric Cyvlinder, 27 mm geometry ata
measurersent temperature of 7°C. Particles of a size greater than Twm are decanted
from the emulsion to avoid measurement artifacts. The shear rate is varied from 0.01
to 1000 1/s, and the data collection time is 40 to 10 seconds, 31 data points are
collected. Data is analyzed using the Herschel Bulkley Model.

{8843} The consistency of the comminuied meat emulsion is advantageous for
incorporation of the conuninuted meat emulsion in meat portions, because the
commimited meat emulsion is flowable, but has a thick consistency favorable for
retention in the meat portion. This consisiency is superior to brines and comminuted
meat emulsions made using other methods that result in a more watery consistency.
{8644] In an aspect, the comminuted meat emulsion has a water to meat ratio of from
about 2:1 to about 20:1, or from about 3:1 o about 10:1.

{8845] In an aspect, the comminuted meat emulsion may also include a variety of
optional additives. Examples of suitable additives may include salts, binders,
synthetic antioxidants, natural antioxidants such as rosemary, and antimicrobials {e.g.
bacterial and other pathogen inhibitors such as sodium or potassium lactate). In an
aspect, the comminuted meat emulsion comprises natural antibacterial agents as
defined by the USDA, such as vinegar, lemon juice, sea salt, and blends thereof (such

as MOstatin™ LY 1Xm an all natural blend of vinegar and lemon juice from World

3!
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Technology Ingredients in Jefferson, GA). The antibacterial agents may also be
buffered, such as MOstatin™ V (buffered vinegar), or formulated for low sodium,
such as MOstatin™ VLS (low sodium vinegar), both also from World Technology
Ingredients in Jefferson, GA.

180461 Tn an aspect of the present invention, the comminuted meat emulsion contains
starch, which is present in an aspect in an amount up to about 10% by weight.
Additionally, flavorings such as beef, pork or similar roaterials as appropriate to the
particular meat product may be included. Optional flavorants are commercially
available from many sources, such as Givaudan SA, Vernier, Switzerland.

{0047} The comminuted meat emulsion may be formed by mixing the comminuted
animal muscle tissue with a food grade alkaline composition using any appropriate
mixing system. It has additionally been found that the ingredients for forming the
comminuied meat emulsion may be added in any order. For example, the ingredients
of the brine can first be mixed together followed by addition of the comumninuted meat.
Alternatively, the comminuted meat may be provided, and the other ingredients of the
comminuted meat emulsion may be added singly or in combination in any order,
[8848] The comminuted meat emulsion is added to the animal muscle portionina
manner that promotes uptake and/or distribution of the comminuted meat erpulsion
into the animal muscle portion.

[0649] In an aspect, the commminuted meat emulsion is injected into an animal muscle
portion using any suitable injection equipment, including but not Himited to equipment
manufactured by Wolf-Tech, Kingston, N.Y. This equipment generally draws the
comuminuted meat emulsion from a tank and delivers it using pressure through needles
to the animal muscle portion. An example of a commercially avatlable brine
injector/pump is the Schroder IMAX 630 available from Woll-Tech, Kingston, N.Y.
Another example of an injector system is the Stork/Townsend 1404 injector. The
injector equipment is selected sot that the comminuted meat emulsion can pass
through the injection needles without physically plugging the equipment.

{66561 In an aspect, the animal muscle portion is physically manipulated in a manner
that causes uptake of the comminuted meat emulsion into the animal muscle portion.

In an aspect, this mixing is carried out by causing the animal muscle portion to be
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tumbled, kneaded, massaged or otherwise manipulated in the presence of the
comminuted meat emulsion to cause uptake of the comminuted meat emulsion into
the animal muscle portion.

{0851} In an aspect, the animal muscle portion is vacuurm tumbled in the presence of
the comminuted meat emulsion at a vacuum of from about 100 Torr to about 20 Torr
and for a time of from about 3 to about 60 minutes, or of from about 10 to about 40
minutes, of from about 10 to about 30 minutes. Vacuum tumbling advantageously
promotes rapid uptake of comminuted meat emulsion into the animal muscle portion,
and preferably improves the overall distribution of the comminuted meat emulsion in
the animal muscle portion. Vacuum tumblers are commercially available, such as
from Koch Equipment of Kansas City, MO, or Horizon Bradco of Schenectady, NY.
{8652} In an aspect, the comminuted meat emulsion is injected into av animal muscle
portion using any suitable injection equipment, followed by physical manipulation of
the animal muscle portion In a manner that promotes uptake and/or distribution of the
comminuted meat emulsion into the animal muscle portion. The physical
manipulation is in an aspect carried out by causing the animal muscle portion to be
tumbled, kneaded, massaged or otherwise manipulated, optionally under vacuum as
discussed above,

[8653] In an aspect, the enhanced muscle portion comprises from about 5% o about
50% by weight of comminuted meat emulsion. In an aspect, the enhanced muscle
portion comprises from about 5% to about 25% by weight of comminuted meat
emulsion. In an aspect, the enhanced muscle portion comprises from about 23% to
about 50% by weight of comminuted meat emulsion.

[0854] Additional meat processing procedures, such as using carbon monoxide (CO)
as a process aid, for example, to ameliorate the loss of the red color of beef, may be
ingorporated in the present process as appropriate.

{0058] In an aspect, the enhanced meat product is substantially free of non-
endogenous enzymes, This aspect is advantageous in that the enhanced meat product
does not contain enzymes that do not naturally occur in the meat of the enbanced meat
product, which some consumers may find to be objectionable or undesirable.

{80356}

[eey
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{0057 As described above, the comminuted meat emuision is maintained at a
temperature that is at or below about 40° F throughout the present process. This
temperature control has been found to promote the stability of the emulsion.

{B058] In an aspect, the comminuied animal muscle tissue has a pH of no less than
about 5.3 throughout the present process. In an aspect, the comminuted animal
muscle tissue has a pH of no less than about 5.6, or no less than about 5.8, or no less
than about 6.0 throughout the present process.

{0059] In an aspect of the present invention, a comminuted meat emulsion as
described above is prepared as an intermediate product, ready for adding to an animal
muscle portion at a later time or in g separate manufacturing facility.

[8868] The present process is superior to processes wherein meat is treated with
protein that has been solubilized and isolated from a meat source. The present
process is easy o carry out and requires no expensive separation steps. The present
process also does not require the use of extreme acidic or basic conditions that would
be required to isolate protein from a meat source.

{8061 The present process is superior to processes wherein meat is treated with
protein that has been precipitated from a meat source. The present process is easy {o
carry out and requires no expensive separation steps. The present process also does
not require the use of extreme acidic or basic conditions that would be required to
precipitate protein from a meat source.

{8062} The present process is superior to processes wherein the comminuted meat
emulsion is exposed to an acid treatment that would cause the pH of the meat of the
comminuted meat emulsion to be less than about 5.3 either before or after alkali
treatroent. In one aspect, the present process avoids acid-base reactions that cause
release of carbon dioxide or other material that lead to foam generation, The release
of carbon dioxide is particularly disadvantageous after addition of the comminuted
meat emulsion to the animal muscle portion, because the evolved gas escapes through
the meat portion, leaving behind visible pinholes or structurally compromised meat
portion products. In another aspect, the present process avoids exposure of acids to
proteins that can lead to precipitation of proteins from the comminuted meat

emulsion. While not being bound by theory, it is believed that treatment of the
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comminuted animal muscle tissue only with an alkaline pH composition provides the
meat proteins with net charge functionality that promotes interaction with water
and/or proteins in the animal muscle portion to be treated, thereby increasing the
affinity of the comminuted meat emulsion with the animal muscle portion and/or
water. This increased affinity leads to high yields and saperior retention of the
comminuted meat emulsion in the animal muscle portion. This high yield was
surprisingly achieved even though the comminuted animal muscle tissue was not
exposed to acidic conditions having a pH less than about 5.3.

{6863} In an aspect, the comminuted meat emulsion provides superior moisture
retention properties in the enhanced muscle portion, Moisture retention is particularly
advantageous in meat products that are held at a serving temperature for a time {such
as 5-20 minutes) after cooking and prior to consumption.

{6064} In an aspect of the present invention, an enhanced muscle portion prepared by
the processes as described herein is provided as a wholesale or retail product. Inan
aspect, one or more enhanced muscle portions are packaged for bulk sale in the
wholesale market or for institutional sale.

[6065] In an aspect, the packaging format suitable for distribution is an airtight
package suitable for storage, transport and presentation to the consumer. The
packaging may be of a bulk, shipping, or individual serving type; wherein the
container is a formable pouch, injectable pouch, sealable pouch, formable way,
vacuum formable tray or pouch, heat formable tray or pouch, or film covered tray.
[8866] The thus provided packaged, enhanced muscle portion may be distributed to
retail markets, and food service markets including restaurant, school, hospital, and
tike markets, in uncooked form. In an aspect, the enhanced muscle portion may be
distributed to retail markets, and/or to food service markets including restaurant,
school, hospital and like markets, in precooked/ready-to-eat form. In an aspect, the
enhanced muscle portion may be distributed to retail markets, and/or to food service
markets including restaurant, school, hospital, and like markets, in precooked/ready-

to-heat-and-eat form.

EXAMPLES
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{0867] Representative aspects of the present invention will now be described with
reference to the following examples that Hiustrate the principles and practice of the

present invention.,

Example 1: Chicken Breast Portions.
A. Carbonate solution made with NaxCOs

{0868] 6.25% Nax(COs solution was prepared by dissolving 6.25% NaxCOs powder in

water (stirred while adding NaxCGs) in the following amounts:

NazC0s (ths) 0.375
Water 4.625
{ce 1.000

The pH of the resulting composition was measured and found to be 11,18,

B. Malking Emulsion

{0869] Four different emulsion systems were prepared using the following

formulations:
Table §
Ingredient Formula Contrel A Test Compositions 1, 2
and 3
Water 2.002 2,012
comminuted meat 0.317 ) 0.317
Citric acid ~10.009 0
NaxCOh solution 0.302 0.302
LVIX] 0.379 - 10.379
Salt 0.179 0.179
Diextrose 0.241 6.241
Turkey Broth 0.069 0.069
Total (Ibs} 3.5 3.5

‘MOstatin™ LV1X, a vinegar lemon juice concentrate natural antibacterial composition from
World Technology Ingredients in Jefferson, GA

The Emulsion systemns were prepared as follows:

i6
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[0078] Control A

a} Chicken meat was ground through a 1/8 in plate.

b3 Chilled water and ground meat were added to a table top emulsifier (Vitamix™
kitchen blender) having separate chopping and emulsification functionality. The
ground meat was chopped for 48 seconds and then emulsified for 24 seconds.

¢} pH was determined to be 0f 3.96.

d} more citric acid added and composition chopped for one minute as necessary to
reach a pH of 3.84.

¢} LVIX was added and the composition was chopped for 24 seconds and emulsified
for 6 seconds. pH was determined to be 5.5,

) Na:C(: added as necessary to reach a pH of 6.16

g} Salt, dextrose and turkey broth was added, and the composition was chopped for
48 seconds.

h) pH was checked, and more NaxCOs added as necessary 1o reach a pH of 7.57

i} the composition was emulsified for 48 seconds, the final pH was checked, and
refractometer and temperature measurements were taken. (pH = 7.59; refractometer =

19.7; temperature = 46.4°F)

{0671} Test Composition |

3} Chicken meat was ground through a 1/8 in plate.

b} Chilled water and the ground meat were added {0 a Vitamix™ kitchen blender
having separate chopping and emulsification functionality. The ground meat was
chopped for 48 seconds and then emulsified for 24 seconds.

¢} pH was determined to be 5.96.

d) LV1X was added, and the composition was chopped for 24 seconds and
emulsified for 6 seconds. pH was determined to be 5.73.

¢} Na:COs added as necessary 1o reach a pH of 6,79

3 Salt, dextrose and turkey broth was added, and the composition was chopped for
48 seconds.

¢) pH was checked, and more Na2CQO3 added as necessary to reach a pH of 7.58
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h} The composition was emulsified for 48 seconds, the final pH was checked, and
refractometer and temperature measurements were taken. {(pH = 7.76; refractometer =
19.7; temperature = 39.7°F)

i} Additional water was added to provide an emulsion composition having the same

volume as Control A

{6872} Test compaosition 2

a} Chicken meat was ground through a 1/8 in plate.

b} Chilled water and the ground meat was added to a Vitamix™ kitchen blender
having separate chopping and emulsification functionality. The ground meat was
chopped for 48 scconds and then emulsitied for 24 seconds,

¢} pH was determined to be of 5.96.

d) LVIX was added, and the composition was chopped for 24 seconds and
emulsified for 6 seconds. pH was determined to be of 5.69.

e} Na,COs added as necessary to reach a pH of 6.79

) Salt, dextrose and turkey broth was added, and the composition was chopped for
48 seconds.

2} pH was checked, and more Na2CQ3 added as necessary to reach a pH o 7.55

h) the composition was emulsified for 48 seconds, the final pH was checked, and
refractometer and temperature measurements were taken. (pH = 7.59; refractometer =
19.7; temperature = 48.4°F)

i} Additional water was added to provide an emulsion composition having the same

volume as Control A

{06731 Test composition 3

a) Chicken meat was ground through a 1/8 n plate.

b} Chilled water, the ground meat and salt was added to a Vitamix™ kitchen blender
having separate chopping and emulsification functionality.

¢} pH was determined to be 5.61.

dy LVIX was added, and the composition was chopped for 24 seconds and

emulsified for 6 seconds. pH was determined to be 5.27.

i8
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¢} NayC(s added as necessary to reach a pH of 6.46

£} Salt, dextrose and turkey broth was added and the composition was chopped for 48
seconds,

g} pH was checked, and more Na2C03 added as necessary toreach a pH of 7.86

h} the composition was emulsified for 48 seconds, the final pH was checked, and
refractometer and temperature measurements were taken. (pH = 7.86; refractometer =
19.7; iemperaturg = 47.1°F)

i} Additional water was added to provide an emulsion composition having the same

volume as Control A.

{8874] The Test compositions are shown in the figures as follows: Control A - Fig. 1,
Test Composition 1, Fig. 2; Test Composition 2, Fig. 3; Test Composition 3, Fig. 4.
{B875] As can be seen, the control composition has a bubbled appearance caused by
evolation of CO; gas from the acid base reaction. Test Compositions 1-3 do not

exhibit bubbling.

C. Injecting Meat

{8676] Emulsions were stored in closed-lid plastic containers at less than 40°F until
injection. Four whole chicken breast halves were allotted for each treatment. Fach
chicken breast was injected to a 134% (by wt.} pump rate and they were tumbled in a
tabletop tumbler for 30 winutes. After tumbling, each breast piece was weighed
before and after packaging by vacuum-packaging. All treated chicken breasts were
cooked together to an internal temperature of 165°F in the steam oven and chilled in
an ice~-water bath for 30 min. Afler 6 hours of cold storage at less than 46°F, each

breast piece was weighed before and after removal from the vacuum-bag package.
B. Yield Data

{0677] Yicld percentages {tumbled and cooked} were calculated as follows for each
breast piece after tumbling, and cooking.

% Tumbled yield = {meat wi. afier tumbling/meat wt. afier injecting) X 100
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% Cooked vield (turabled wi. basis) =

{meat wt. after cooking/meat wt. after tumbling) X 100

% Cooked vield (pumped wi. basis) =

{meat wi. afier cooking/meat wi. afier injecting) X 100

16078} The results are reported in Table 2:

20
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_Table 2: Weights and Caleulated Yield Percontages

VVVVVVVVVVVVVVVV 0‘/ 1 73
o ' Wi afier Meat ) e Conked Yield
Greem | Pump We. after WE cooking Bag Wi % Based
Trt X ) 36 min after > " o Tumbie Based on
Wt Wi, tasmhiin . {removed Wi, after & Yield on Tursbie
g BERE | from bag) cooking P&/mp 4w
1.

U Coptrol | 0428 | G40 03T 8370 0570 ) 88 3% 2258 1 3
comteol L gsas | 008 0658 pss2 L 0662 | 004 ©ooses | S2% | g0z | gem
i"“‘mi .58 6,977 0747 | 0746 0,746 0004 | 063 93,50 $.66 §7.60
ﬁ"““’"i 067 0898 0.852 G854 0.854 GE62 L QTR 54,88 2456 25,44
Test 1 §44 1508 05%7 565 03% 0604 1 asnk 5555 RE X547
Test 1 065 1 DEN €204 0804 0606 1 6704 4511 §3.51 8802

D est] | Daas 1 Gses 0 ARG DARL TEed § 0484 G738 814 5148

PXestd e S 0914 G514 G e 913 RLO0 8654
Test2  § D504 | 0405 G660 5850 0854 57 4% KT 0T %415

PFests 1 BS4s 1 HWR THET 0876 Y, 51§ 755 R
Fesid L 0572 1 G766 ; G558 3275 8507
Test 2 Gana U ER §i7 8128 8428
Fest 3 0358 1 Q4R 56,52 7834 116
Test & DA%E | 5622 G614 FE R6.67
R ! NE 3086 5556
Teskd o barh b Gain ) 5117 T8 &1 4]

18679 Data were statistically analyzed using SAS JMP 11 as a one-way ANOVA

with individual breast piece used as the experimental unit. Separation of means was

conducted using LSMeans Tukey HSD test option at 7 < .05 (Table 3).

8680} The resulis are reported in Table 3:

Table 3: Least yquare means
Treatment
ComtralA | Test] Fest 2 Tost3 Ervalue
%% Tumbied Yield CeR A GE 60 ‘ 95:14 9524 TU0.7448
% Cosked Vield P - ¢ S
8685 G . K3, 8¢ }
{based on meat wi, after tusmbling) &8 ge.60 8344 k344 §.2982
% Cooked Yield I o e . -
83 3 03 2127 79,56 \
{based on meat wi afler pumping) §2.83 8305 &2 7956 B.1468

[8881] There was no significant difference in % tumbled yield among treatments (P =
0.7448). Also, there was no significant difference in % cooked yields (based on either

turnbled or pumped wi.} among treatments (7 = 0.2982, and P = 0.146§, respectively).

E. Conclusion
[6682] Comminuted meat emulsions either made by directly raising pH or by first
lfowering and then raising pH generally have the same % tumbled and cooked yield

improvements. The present process, wherein the comminuted meat emulsion has a pH
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of no less than about 5.3 throughout the process, is both simpler and requires less use
of alkaline materials than a process comprising first acid treatment and then
neutralization and alkaline treatment. Additionally, the present process uses a smaller
number of ingredients in the process because acid is not used. This is a direct
advantage for the manufacturer because of reduced raw material costs, and also
provides substantial perceived consumer benefit, because few materials are listed on

the product label.

Example 2: Ham Log Portions,

A. Carbonate solution made with Na:{C0s
{0083} 6.25% NazCQOs solution was prepared by dissolving 6.25% NaCOs powder in

water {stirred while adding NaxC(h) in the following amounts:

Na:C0s (1bs.} 9.375
Water 140.625

{#084] The total amount of the Naz;C(s composition prepared was 166 bs,, and the

pH of the resulting composition was 11.42.
B. Making Emulsion

{0085] Three different emulsion systems were prepared using the following

formulations:
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Table 4: Ingredient formula

"""""""""" 300 ib. Brine
Coatrol B Contesl © Test 4
Water 278.045 198.43 199.36
{pH 7.57/ T°-67.8°F)
Ice g 49,60 49,84
Comminuted o ) 44,99 44,99
Citric acid 0] 147 £
Carbonate sol; 0 43.23 43,23
Water+ice ¢ 40,53 40.53
sodium carbonate | Ny 2.70 2.70
‘Nea salt 51.617 37.81 37.81
Demerara Sugar 44.897 36.55 36.55
Pork stock P55(05° 17.286 12,60 12.60
Veg Stable® cherry 10.323 7.56 7.56
5157
Vep Stable® 504° 13,765 10.08 ‘ 10.08
Mosain ™ VLS (o 5505 et R S S g—
6.68/T°-38.7°F)
Rosemary Extract (9° 1,721 N 1.26 1.26
Total brine (Ib.} 500.00 500.00 500.00

dehydrated pork stock from Proliant®

*Veg Stable® cherry 515 from Florida Food Products, Inc.

*Veg Stable® 504 Celery Juice Powder from Florida Food Products, Inc.
MOstatin™ VLS - vinegar low sodium

*Guardian™ Rosemary Extract 09 from Danisco USA

The Emulsion systems were prepared as follows:

{8686} Control B

a) Water was added to vessel and pH was determined to be 8.34.

b} Ingredients were added to an InjectStar emulsifier having separate chopping and
emulsification functionality, and chopped for 2 mimutes.

¢} the composition was emulsified for 2 minutes, the final pH was checked, and
refractometer and temperature measurements were taken. (pH = 5.29; refractometer =

34.2; temperatore = 46.2°F)

{6687} Control C

a} Ham meat was ground through a 1/8 in plate.

by Chilled water, ground meat and citric acid were added to an InjectStar emulsifier
having separate chopping and emulsification functionality. The ground meat was

chopped for two minutes and then emulsified for one minute.
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¢} pH was determined to be 3.72.

dy MOstatin™ VLS was added, and the composition was chopped for one minute and
emulsified for 15 seconds. pH was determined to be 5.52.

e} NayCOs added as necessary to reach a pH of 7.51.

) Sea salt, demerara sugar, pork stock P3303, Veg Stable® cherry 515, Veg Stable®
504, and Guardian™ Rosemary Extract 09 was added, and the composition was
chopped for two minutes.

g} pH was checked, and more NaxCOs added as necessary to reach a pH of 7.48

h} the composition was emulsified for 2 minutes, the final pH was checked, and
refractometer and temperature measurements were taken. (pH = 7.48; refractorpeter =

22.8; temperature = 51.8°F)

[8488] Test composition 4

a)y Ham meat was ground through a 1/8 in plate.

b} Chilled water, and ground meat was added to an InjectStar emulsifier having
separate chopping and emulsification functionality. The ground meat was chopped
for two minutes and then emulsified for one minute.

¢} pH was determined to be 6.07.

dy MOstatin™ VLS was added, and the composition was chopped for one minute and
emulsified for 15 seconds. pH was determined to be 5.87.

¢} NaxCOs added as necessary to reach a pH of 7.49.

f) Sea salt, demerara sugar, pork stock P3303, Veg Stable® cherry 513, Veg Stable®
304, and Guardian™ Rosemary Extract 09 was added, and the composition was
chopped for two minutes.

g} pH was checked, and more NapCOs added as necessary to reach a pH of 7.51

hy the composition was emulsified for 2 minutes, the final pH was checked, and
refractometer and temperature measurements were taken. (pH = 7.51; refractometer =

23.4; temperature = 50.1°F)

. Injecting, Maceration, & tumbling
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{0089] Whole, deboned ham muscles were injected {(C- 19.25%, T1- 28.02%, T2-
28.02%), and a plurality grooves were cut into the muscles to a depth of about one
inch to provide increased surface ares to facilitate uptake of emulsion in the meat.
The ham muscles were put in the tumbler together with any emulsion exuded from the
muscle after injection, vacuum tumbled for 45 min. Additional ham meat was ground
through 2 1/8 inch plate and added as a binder as described in Table 3 to the tumbler
and vacuum tumbled for 15 minutes more. Tumbled muscles were kept for about 18
hours betore stuffing the next day. Muscles were stuffed in WorldPac™ 150mm Sun
Smoke casings to form a log. Logs were clipped and massaged to a “D-shape” cross-

section.

. Cooking and Slicing
[8898] The logs were cooked together to an internal temperature of 162°F in the
steam oven at 100% humidity and chilled in a chill house to a temperature of 34°F.

Two logs of each were sliced to thicknesses of 1.1-1.3 mm.

E. Yield Daia
{88911 Al the logs were weighed (before and after removal from the casing) to
calculate yields after removal from the casing. The results are reported in Tables §, 6

and 7:

B3
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Table 5: Injection, Maceration & Tumbling

______ Conirol B Conirel C Test 4
4pe bam muscle (b)) 40.20 35.40 46,40
Weight of brine injected (1b.) . 7.74{(19.25% rate) 9.92 (28.02% rate} 9.92 (28.02% rae}
Weight of GMA added {Ib,} 533 4,69 4.69
Totai weight supposed 1o be (b} 53.27 50.00 50.00
:M‘eeat wed _g:hi supposed {0 be after 4794 4537 4512
injection {ib.)
Meal weight afier lnjection {ib) 47.95 4524 44.3
Meat weight afier maceration {1b.} 47.75 44.44 ) 4246
Brine add back (ib) , LTI .88 2.86
Meat weight afler tumbling (1b) : 53.04 . 49,72 49.24
Meat pH after tuabling s 5.73 6.84 6.87
# of logs stuffed and their total -
F of togs stutfed and the 5/47.85 1b. 4/46.19 1o, 4/45.20 1b.
weights
___________ Table 6: Calculated steiped yield perdcatages
Log+Bag+Purge ' Avg. %
TRT -2 W’."t Bag Wi, Meat Wt Y Casingiess Yield Casingless
. . Yielgt B
Contral B 9.356 (0:208 7402 80.91
Contrel B 5 403 0262 7512 ey .
Control G40 0.5 745 %054 §2.5% 4237
ComralB 1~ 940 013 300 i S04
Control B 575 oS 7.95 82:81
CControl © G758 0278 L8500 &5 .66
Contral C 10.4¢ 0.20% 9730 9247 A L 4
“Control C {035 RE 230 LTRE 232244
Cantrol C 015 3,10 j Q192
Test 4 G142 $.852 8929
Testd 0142 &880 5106 Q0 54 4 1 G40
Test 4 020 G185 915 !
Testd 0.20 ‘ 1135 Si.67
P¥ahe | 00002

TFable 7: Proximate composition and pll values on cooked items

gl , Yo | Avg, Na+
TRY Before After % Fat Yo Protein Y Moisture , Y% P¥FE | R
. . Salt {mp/108g)
cocking cooking I T .
Comiral B 3.7 542 2.5683 23.8041 69,1430 b L6633 24.43 806.9172
Contred € 6.04 3.98 L2164 i 194491 74.8053 20802t 19469 86,3079
Test 4 6.07 6.03 3.733% 21.4942 714179 1.8307 2210 817.7734

[6692] Data were statistically analyvzed using SAS JMP 11 as a one-way ANOVA
with individual log as an experimental unit. Separation of means was conducted using
L8Means Tukey HSD test option at P < (.05 (Table 7).

[6093] Percentage casingless yields of Control B (82.59%) was significantly (P =
0.0002) lower than Control C and Test 4 (CC- 80.29%, T4- 90.54%). Since Control C
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and Test 4 were injected 5% higher than Control B, overall % yield improvement of
Control C and Test 4 was ~13%.

{60941 Before cooling, the pH levels of Control C and Test 4 were higher than that of
Conirol B (Table 6; CB-5.71; CC-6.04; T4- 6.07); however, afier cooking, the
difference of pH levels among them were not prominent (Table 6; CB-6.02; CC-5.9§;
T4~ 6.03).

6695} The cooked Control B had lower % moisture (Table 6; CB- 69.1%} than
Control C and Test 4 (CC- 74.8%; T4- 71.4%). Based on the % Protein Fat Free

(“PFE™), all the samples still belonged to the “Cured Ham with natural juices’

category as defined by the USDA. (Table 7; %PFF — >18.5).

F. Conclusion

6096} Inclusion of cither acid-treated comminuted meat emulsion (CC) or non-acid-
treated comminuted meat emulsion (T4), show the same yield improvements afier
cooking. Since both Control C and Test 4 had higher pomp (22%:) compared to
Control B (17%), actual yield improversent of both Control C and Test 4 15 13%,
6697} This example demonstrates the following benefits:

The emulsion prepared in Test 4 did not exhibit bubbling, while the emulsion
prepared as Control C had bubbles. Gas evolution generating bubbles by the
emulsion adversely affects the appearance and integrity of the {inal meat product..
[6698] Slices of both Control C and Test 4 had following improvements compared to
stices of Control B:

Less generation of shavings during slicing.

BEasier slicing.

Less purge (generation of exudate} in the casing.

Slices exhibit higher texture integrity /ease of handling of individual slices.
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Example 3: Turkey Log Portions
A. Carbonate solution made with NaxC0Os
[B899] 6.25% NaxCOs solution was prepared by dissolving 6.25% NaxCOs powder in

water (stirred while adding NaxC(s) in the following amounts:

NaxCOs (Ibs.} 9.375
Water 140.625

(60100} The total amount of the NaxCOs composition prepared was 160 Ibs,,

and the pH of the resulting composition was 11.52.

B. Making Emulsion
(8106} Three different emulsion systems were prepared using the following
formulations:
Table 3: Ingredicnt formula
560 ib. Brine
Conirgl D Contrel I Test 5
Water (pH 7.44} L6090 16%.352 170.16%
tee 40,243 42338 47547
Comminuted Meat [ 4259 } 4269
2 wid G 1,02 i O
Carhonaie sof, 0 4344 4% 44
Wateriics n AG728 i a0 7a%
sodium carbonate (;' 2715 2013
Sea salt : S6.022 37.72 37.7
Remerar 3ugar 63,359 44.G ) 440
Savory Savoring 137748 - - - 2357 ‘ 2357
Profiant Ty Broth §5.72 5.2
MGutatin VIS (eH ey v L6713 v 7858 T 78.58
4 ; 1&7
“Total brine (i} 0600 500 G0

'Savory flavoring G7748 from Newly Weds Foods.
Zturkey stock from Prolianmt®
*MOstatin™ VLS - vinegar low sodium

The Emulsion systems were prepared as follows:

(8161} Control 3
a) Water was added to vessel and pH was determined to be 8.50.
b} Ingredients were added to an InjectStar emulsifier having separate chopping and

emulsification functionality. The ground meat was chopped for 2 minutes.
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¢} The composition was emulsitied for 2 minutes, the final pH was checked, and
refractometer and temperature measurements were taken, {pH = 5.60; refractometer =

39.0; temperature = 53.2°F)

{0182 Control B

a} Turkey meat was ground through a 1/8 in plate.

b} Chilled water, ground meat and citric acid were added to an InjectStar emulsifier
having separate chopping and emulsification functionality. The ground meat was
chopped for two minutes and then emulsified for one minute.

¢} pH was determined to be 4.14.

dy MOstatin™ VLS was added, and the composition was chopped for one minute and
emulsified for 13 seconds. pH was determined to be 5.70.

¢} NaxC(Os added as necessary o reach a pH of 7.41.

f} Sea salt, demerara sugar, savory flavoring 37748, and Proliant Tky broth were
added, and the composition was chopped for two minutes.

23 pH was checked, and more NaxCO; added as necessary to reach a pH of 7.52

k) the composition was emulsified for 2 minutes, the final pH was checked, and
refractometer and temperature measurements were taken. (pH = 7.52; refractometer =

30.1; temperature = 42.4°F)

[8163] Test Composition §

a) Turkey meat was ground through a 1/8 in plate.

by Chilled water and ground meat were added to an InjectStar emulsifier having
separate chopping and emulsification functionality. The ground meat was chopped
for two minutes and then emulsified for one minute.

¢} pH was determined to be 5.85.

d) MOstatin™ VLS was added, and the composition was chopped for one minute and
emulsified for 15 seconds. pH was determined to be 5.98.

&) NaxC(3: added as necessary to reach a pH of 6.74

f) sea salt, demerara sugar, savory flavoring G7748, Proliant Tky broth were added,

and the composition was chopped for two minutes.
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g} pH was checked, and more NaxC{¥; added as necessary to reach a pH of 7.52
h} the composition was emulsified for 2 minutes, the final pH was checked, and
refractometer and ternperature measurements were faken. (pH = 7.52; refractometer =

31.4; temperature = 42.6°F)

C. Blending and fumbling

{0104] Ground turkey breasts (prepared using a “Kidney plate” to obtain meat pieces
of about two inches} were added into a vacuum blender. The compositions were
added (Control D-13.1%; Control E-20.6%; Test 5-20.6%) and blended for 30
minutes under vacuum. Additional ground turkey meat (ground meat added or
“GMA™) was ground through a 1/8 inch plate and added as a binder as described
in Table 9 for {inal 15 minutes of tumbling. Stuffing of the meat into casings was
done next day using stuffer into WorldPac™ (C3208-2 Caramel color casing
{150mm) to form a log. Logs were clipped and massaged to a “D-shape” cross-

section.

13, Ceoking and Slicing
18165} The logs were cooked together to an internal temperature of 165°F in the
steam oven at 100% humidity and chilled in a chill house to a temperature of

34°F. Two logs of each were sliced to thicknesses of 1.1-1.3 mm.

E. Yield Data
[8106] All the logs were weighed (before and after removal of casing) to calculate

yields after removal from the casing.

{81871 The results are reported in Tables 9, 10 and 11:

Table 9: Vacuum Bleuding & Stuffing

PCT/US2015/065747

Conirel D Control £ Test 5

- Turkey Breast (1b) 49.07 46.22 46,22
Weight of brinc added (Ib.} | 643 (13.1% rate} | 9.34 (20.6%rate) | 9.54 (20.6% rate)

Weight of GMA added (1b.) 4.50 424 4.24

Total weight (ib.) 60.00 60.00 60.00

i Meat pH afier blending 5.61 601 &.00
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toial weighis

# of fogs shuffed and their

5/52.8 ib.

5/%4.6 b,

Table 10: Calculated Yield Percentages

: N [ e
TRY Lﬂg+B€vgii Purge Bag Wt Reut Wi CaSEngéesﬂ’ iel AVg.;’/;;!ii:zEgiexS
- Contrel Y G578 G138 100 o0
Contrel b 0888 . b (A P9 526
Control j.15 045 100,60 e
T Control D W3 515 10055 196094 8.4
Comniroel Iy §.50 | G.13 106057
- Comtwol b G.76G 1 0,15 95 48
 Control B YR 0402 99 Gi
Comtrsl % 140,738 0104 2968
Control & 1034 616 106.00 U5 & )34
Control K 10.40 010 30 100 063
Control £ 0,50 0.0 13,40 100.6¢
Test § 1135 0124 11422 ages T
Test § 11.815 0,128 11572 59 26
Feg s 1675 G115 1165 10047 106,06 4: 6,02
Test 5 10,55 0.4 10 40 100 GG
Test § in3s 515 15,20 100.06
Salue 1 08321
Table 11: Proximate composition and pil values on cooked Hems
il
TRY Betore Adter 3% Fat %e Protein 3% Maoisture %o Salt Avgn Nart
R . {mg/16%s}
cosking cooking =
Conirol 5.61 5.86 87759 20,8704 741064 17024 725.2977
Control E 6.01 5.2 1.1790 20,5002 74,4128 1.5277 7253111
Test S 6.{X} 583 {.9312 19.6545 75.2199 1.7473 767.6204

{0108] Data were statistically analyred using SAS JMP 11 as a one-way ANOVA
with individual log as an experimental unit. Separation of means was conducted
using L.8Means Tukey HSD test option at P < 0.05 (Table 11).

{8189} There is no significant difference in % vields among treatments after the
casing has been removed. However, Control E and Test 5 (17%) had higher pump
compared to Control Db (12%). Therefore, apparent vield improvement is 5% more

than Control D,

F. Conclusion

{0118} Inclusion of either acid-treated comminuted meat emulsion (CE) or non-acid-
treated comuminuted meat emulsion (T35), show the same vield improvements afier
cooking. Since both Control E and Test 5 had higher pump (22%) compared o

Control D {17%;}, actual vield improvement of both Control E and Test § is 13%.
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This example demonstrates the following benefits:

{#111] The emulsion prepared in Test 5 did not exhibit bubbling, while the emulsion
prepared as Control E had bubbles. Gas evolution generating bubbles by the
emulsion adversely affects the appesrance and integrity of the final meat product.

Slices of both Control E and Test § had the following improvements compared
to Control ¥ slices:

Less generation of shavings during slicing,.

Easier slicing.

Less purge {generation of exudate) in the casing.

Slices exhibit higher texture integrity /ease of handling of individual slices.

Example 4. Fully Cocked and Smoked Black Forest Ham

Ingredients % Final | % in Brine
Pork Ham Insides/Outsides 68.00

1/8” ground Pork Ham Shank 1819
‘Brine

Water TR PTRY
Ham Shanks 1/8" Ground 381 {16.00
6.25% Sodium Carbonate Solution 2.68 11.24
Mostatin LV1X (Vinegar, lemon Juice 1.5¢ .30
Concenirate}

Mostatin VLS {(Vinegar Low Sodium} 1.00 4,20
Sea Salt 1.20 5.04
Cane Sugar 1.63 6.93
Maodern Cure w/Sea Salt 0.25 1.05

106,00 | 106.00

A, Brine Preparation:
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(8112} Water, pork ham shank {1/8” ground), Mostatin LV 1X, Mostatin (VLS}, Sea
Salt, cane sugar, Modem cure are added to the brine mixing tank, mix together
and emulsified (particle reduction). Sodium carbonate (6.25% sodium carbonate
fu water, w/w basis) is added to the emulsion until the pH of the final brine

reaches 6.8-8.0 (target 7.2-7.8).

B. Injection, maceration, and tumbling:

{6113} Brine is injected into whole pork ham muscles at 35%. Injected muscles are
run through a macerator to get %17 deep surface cuts. Then, macerated pork ham
muscles are added to the tumbler and vacuum-tumbled for 10 min at 20 rpm. Then
binder meat (1/8” ground Pork Ham Shank) is added to the tumbler at 2% based
on whole pork ham meat weight and turabled for another 10 min at 20 rpm.

Tumbled meat is held for at least 18 hours for cure before cooking.

C. Stuffing and cooking:
{0114} Tumbled meat is stuffed into VicoFan caramel color fibrous casings to form
‘D shape logs. Both ends of each log are poly-clipped. Logs are cooked and

smoked (Hardwood Oak chips) to an internal teraperature of 155°F and chilled.

B, Klicing and packing:
{8115] Casings are removed from logs before slicing. Logs are sliced into 2.4-2.6 mm
thick slices, packaged into 2 1b single-shingle format in modified atmosphere

packages (80% N: and 20% CGOy) and frozen.

(98]
Lo
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Example 5. Sliced Smoked Uncured Ham with Natural Juices

Ingredients % Final | % in Brine
Pork Ham muscles £9.390

1/8” ground Pork Ham Shank 8.743

Brine 1
Water 8.404 | 38.434
Ham Shanks 1/8" Ground 3.499 16.000

- 9.09 % reacted Sodium bicarbonate ’
ﬁ 3.936 18.000

- solution

“Mostatin VLS (Vinegar Low Sodium) 2350 10,290

“Salt 1766 7.774

- Cane Sugar 1.365 6.242

- Veg Stable 504 (Celery powder) A TTTTET
Veg Cherry 515 0.360 | 1.372
Charsol 5105 liquid smoke 0.013 0.059

100.06 | 100.00

A. Brine Preparation:

{8116} Water, reacted sodium bicarbonate, and Mostatin VLS were added to the brine
mixing tank and mixed together. Then, salt, cane sugar, celery powder, cherry
powder and liquid smoke were added to the mixing tank, mixed and emulsified
{(particle reduction). Ground pork shank meat were added to the brine, mixed

together and emulsified. pH of the emulsion was between 6.8-8.0 (target 7.2-7.8}.

B. Enjection, maceration, and tumbling:

[6117] Brine was injected into whole pork ham muscles at 31.5%. Injected muscles
were run through a macerator o get %-17 deep surface cuts, Then, macerated pork
ham muscles were added to the tumbler and vacuum-tumbled for 15 min at 20

rpm. Then, binder meat (1/8” ground Pork Ham Shank) was added to the tumbler
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at §2.6% based on whole pork ham meat weight and tumbled for another 15 min

at 20 rpm. Tumbled meat was held for at least 18 hours for cure before cooking.

C. Stuffing and cooking:
[8118] Tumbled meat was stuffed into fibrous casing (Kalle PH6 Prestuck Nalo).
Both ends of each log were poly-clipped. Logs were cooked to an internal

temperature of 155°F and chilled.
B. Slicing and pacling:
{8119} Logs were sliced into 1.6 nun thick slices, packaged into 2 1b in modified

atmosphere packages (80% Nz and 20% €Oy} and refrigerated.

Exampie 6. Fully Cooked Seasoned Anzus RBoast Beef

Ingredienis % Final | % in Brine
Angus Bottom round 68.906

Brine

Water 19.831 | 63.790
Angus beef trim (757s) 15,168 116620

6.25 % Sodium carbonaie solution 1.382 4.400
Sodium phosphate 0.300 0.960
Potassium Lactate & sodium diacetate

{Opti PD4 ultra; antimicrobial} 200 5040
T i iy —
‘Salt 0.600° 1 1.930
Roast beetf Seasoning (G76319) 0.113 (.360

Garlic Juice 0.200 0.640
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A. Brine Preparation:

[8128] Water and ground meat were added to mixing tank and mixed well. Sodium
phosphate, salt, dextrose, roast beef seasoning, and garlic juice were added to the
brine mixing tank and mixed together. Then, the mixture was emulsified {particle
reduction). Then, sodivm carbonate solution was added to the emulsion and mixed

to adjust the pH to 6.8-8.0 (farget 7.2-7.8).

B, Injection and tumbling:
[8121] Brine was injected to beef bottom rounds at 45.1%. Injected muscles were
added to the tumbler and vacuum-tumbled for 30 min at § rpyo. Rub was added

and tumbled for 3 min.

. Stuffing and cooking:
[8122] Tumbled beef round muscles were vacuum-bagged, sealed and the bags were
heat-shrunk. They are cooked to a final internal temperature of 140°F and then

they are chilled.

D. Post-cook processing:
{8123} Bags were removed and cooked bottom rounds were cut into halves {deli-
faced). Halves were rebagged and vacuum-sealed. Then, the bags were heat~

shrunk and refrigerated.

[6124] As used herein, the terms "about” or "approximately” mean within an
acceptable range for the particular parameter specified as determined by one of
ordinary skill in the art, which will depend in part on how the value is measuored or
determined, e.g., the limitations of the sample preparation and measurement
system. Examples of such limitations include preparing the satople in a wet versus
a dry environment, different instruments, variations in sample height, and
differing requirements in signal-to-noise ratios. For example, "about” can mean
greater or lesser than the value or range of values stated by 1/10 of the stated

values, but is not intended to Hmit any value or range of values o only this

36



WO 2016/100299 PCT/US2015/065747

broader definition. For instance, a concentration value of about 30% means a
concentration between 27% and 33%. Each value or range of values preceded by
the term "about” is also intended to encompass the aspect of the stated absolute
value or range of values. Alternatively, particularly with respect to biological
systems or processes, the term can mean within an order of magnitude, preferably
within 5-fold, and more preferably within 2-fold, of a value.

{0125} Throughout this specification and claims, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and
“comprising”, will be understood to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any other integer or step or
group of integer or step. When used herein “consisting of” excludes any element,
step, or ingredient not specified in the claim element. When used hergin,
"consisting essentially of" does not exclude materials or steps that do not
materially affect the basic and novel characteristics of the claim. In the present
disclosure of various aspects, any of the terms "comprising”, "consisting
essentially of” and "consisting of" used in the description of an aspect may be
replaced with either of the other two terms.

{0126] All patents, patent applications {including provisional applications), and
publications cited herein are incorporated by reference as if individually
incorporated for all purposes.  Unless otherwise indicated, all parts and
percentages are by weight and all molecular weights are weight average molecular
weights. The foregoing detailed description has been given for clarity of
understanding only. No unnecessary limitations are to be understood therefrom.
The invention is not Hmited 1o the exact details shown and described, for
variations obvious to one skilled in the art will be included within the invention

defined by the claims.
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WHAT IS CLAIMED IS:

I. A process for ireating an animal muscle portion to form an enhanced muscle
portion comprising:

providing a comminuted meat emulsion having a pH of from about 6.5 to
about 9.5, the cornminuted meat emulsion being prepared from a first animal muscle
tissue; and

adding the comminuted meat emulsion (o an animal muscle pottion ina
manner that promotes uptake and/or distribution of the comminuted meat emulsion
into the animal muscle portion to form an enhanced muscle portion;

wherein at least about 70% by weight of the protein of the first animal muscle
tissue in the comminuted meat eroulsion is solubilized, and the protein of the frst
animal muscle tissue in the comminuted meat emulsion is not isolated from the first

animal muscle tissue in the comminuted meat emulsion.

2. A process for treating an animal muscle portion to form an enhanced muscle
portion comprising:

providing a comminuated meat emulsion having a pH of from about 6.5 to
about 9.5, the comminuted meat emulsion being prepared from a first animal muscle
tissue; and

adding the comminuted meat emulsion to an animal muscle portion ina
manner that promotes uptake and/or distribution of the comminuted meat emaulsion
into the animal muscle portion to form an enhanced muscle portion;

wherein no more than about 30% by weight of the protein of the first animal

musele tissue in the comminuted meat emulsion is precipitated.

3. A process for treating an animal muscle portion to form an enhanced muscle
portion comprising:

providing g comminuted meat emulsion having a pH of from about 6.5 to
about 9.5, the comminuted meat emulsion being prepared from a first antmal muscle

tissue; and
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adding the comminuted meat emulsion to an animal muscle portion in a
manner that promotes uptake and/or distribution of the comminuted meat emulsion
into the animal muscle portion to form an enhanced muscle portion;

wherein the first animal muscle tissue is not exposed to acid in 8 manner that

would cause the pH of the first antmal muscle tissue to be less than about 5.3.

4. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion is prepared
by

comminuting a first animal muscle tissue to provide a comminuted animal
muscle tissue; and

mixing the comminuted animal muscle tissue with a food grade alkaline

composition to form a comminuted meat emulsion having a pH of at least about 6.5,

5. The process of claim 4, wherein the comminuted animal muscle tissue has an

average particle size of from abowt 1 to about 2 mm.

6. The process of claim 4, wherein the mixing step further comprises comminution to

further reduce particle size of the comminuted animal muscle tissue.

7. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has an

average particle size of less than about 0.1 mm.

8. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has an

average particle size of from about 6.1 to about 0.4 mm.

9. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has

maximum particle size of less than about 1 mm.

10. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a pH
of

from about 7 to about 9.
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11, The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a pH
of

from about 7.5 to about 8.5.

12. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a fat

content of less than about 25% by weight.

13. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a fat

content of less than 5% by weight.

14. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion comprises
myofibrillar protein that is at least about 50 wt % of the protein content of the meat in

the comminuted meat emulsion.
15. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion comprises
myofibritiar protein that is from about 70 wi % o about 90 wit % of the protein

content of the meat in the comminuted meat emulsion.

16. The process of claim 1, 2 or 3, wherein the myofibrillar protein is at least about 2

wt Y% of the comminuted mest emulsion.

17. The process of claim 1, 2 or 3, wherein the myofibrillar protein is at least about

2.5 wi % of the corymimited meat emuision.

18. The process of claim 1, 2 or 3, wherein the myofibrillar protein is from about 2.5

wit % to gbout 10 wit %% of the comminuied meat emulision,

19, The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a

vield stress of from about 1 {0 about 15 Pa.
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20, The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a

Consistency Index of from about from about 0.2 to about 10 Pa-s". .

21, The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a

Flow Behavior Index of less than 1.

22. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a

Flow Behavior Index of from about §.1 to about 0.9,

23. The process of claim 1, 2 or 3, wherein the commimuted meat emulsion has a

Flow Behavior Index of from about 8.2 to about 8.8,

24. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion has a
vield stress of from about 10 to about 15 Pa, a Consistency Index of from about 8.2 to

about 10 Pa-s®, and a Flow Behavior Index of less than 1.

25. The process of claim 1, 2 or 3, wherein the commimsted meat emulsion is added
to the animal muscle portion by a process comprising injecting the comminuted meat

emulsion into the animal muscle portion,

26. The process of elaim 1, 2 or 3, wherein the comminuted meat emulsion is added
to the animal muscle portion by a process comprising physically manipulating the
animal muscle portion in a manner that causes uptake of the comminuted meat

emulsion into the animal muscle portion.

27. The process of elaim 1, 2 or 3, wherein the enhanced muscle portion comprises

from about 10% fo about 50% by weight of comminuted meat emulsion.
28. The process of claim 4, wherein the food grade alkaline composition is an
alkaline composition comprising one or more alkaline materials selecied from sodium

hydroxide, potassium hydroxide, calcium hydroxide, magnesium hydroxide, sodium
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bicarbonate, potassium bicarbonate, calcium bicarbonate, magnesium bicarbonate,
sodium carbonale, potassium carbonate, calcium carbonate, magnesium carbonate, or

mixtures thereof,

29. The process of claim 4, wherein the food grade alkaline composition consists of
sodium bicarbonate or potassium bicarbonate, calcium bicarbonate, magnesium
bicarbonate, sodium carbonate, potassiumn carbonate, calciurm carbonale, magnesiom

carbonate, or mixtures thereof,

30. The process of claim 4, wherein the food grade alkaline composition is an
afkaline composition consisting of sodium bicarbonate, sodium carbonate or mixtures

thereof.

31, The process of claim 4, wherein the food grade alkaline composition is an
alkaline composition consisting of potassium bicarbonate, potassium carbonate or

mixiures thereof.

32. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion is
prepared as an intermediate product and is packaged and stored for addition fo the

animal muscle portion at a later time.

33. The process of claim 1, 2 or 3, wherein the comminuted meat emulsion is
prepared as an intermediate product and is added to the animal muscle portion in a

separate manufacturing facility.

34. An enhanced muscle portion made by the process of claim 1, 2 or 3.
35, The process of claim 1, 2 or 3, wherein at least about 70% , 75%, 80%, 85% or

0% by weight of the protein of the first animal muscle tissue in the communuted

meat emulsion is solubilized.
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36. - The process of claim 1, 2 or 3, wherein from abowt 753% to about 98% by weight
of the protein of the first animal muscle tissue in the comminuted meat emulsion is

solubilized.

37. The process of claim 1, 2 or 3, wherein from about 0% to about 95% by weight
of the protein of the first animal muscle tissue in the comminuted meat emulsion is

solubilized.

38. The process of claim 1, 2 or 3, wherein no more than about 30%, 25%, 20%, 13%
or 16% by weight of the protein of the first animal moscle tissue in the comminuted

meat emulsion is precipitated.

39, The process of claim 1, 2 or 3, wherein from about 30% to about 2% by weight of
the protein of the first animal muscle tissue in the comminuted meat emulsion is

precipitated.

40, The process of claim 1, 2 or 3, wherein from about 25% to about 5% by weight of
the protein of the first animal muscle tissue in the comminuted meat emulsion is

precipitated.
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