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1 PROCESS FOR ISOLATING A PROTEIN COMPOSITION AND A FAT
2 COMPOSITION FROM MECHANICALLY DEBONED POULTRY
3 Description
4  Technical
S This invention relates to a process for 1solating a protein composition and a
6  stable fat composition from a fatty composition comprising mechanically deboned
7 poultry containing animal muscle tissue. More particularly, this invention relates
8  tosuch a process wherein the animal muscle tissue 1s solubilized 1n an acid and
9  the liquid acidic protein composition so obtained 18 separated from solid animal
10 fat and impurities under conditions (a) to reduce calcium content (b) to reduce
11 sodium concentrations, and (¢) to reduce oxidation.
12 Background Art
13 At the present time, protein recovered from animal muscle tissue 18
14 obtained by solubilizing the animal muscle tissue 1n an edible acidic composition
15 such as citric acid, hydrochloric acid or mixtures thercof. Such processes are
16  disclosed in U.S. Patents 6,005,073; 6,288,216; 6,451,975 and 7,473,364. While
17  thcse processcs are well adapted for recovering protein from animal musclce tissuc,
18  they may have shortcomings when protein 1s extracted from starting material high
19  1n bone concentration. Chief among these are the potentially high amounts of
20  calctum, originally found m the mtrimsic bone material, that ends up 1n the tinal
21  mcat product. The final mcat product contains bonc and may or may not be
22 mechanically deboned to separate the majority of the bone from the meat. These
23 bone containing meats contain a high concentration of animal muscle tissue,
24 typically between 65-85% by weight with the remaining composition comprising
25  primarily fat and bone. Mechanically deboned poultry may also contain high
26  amounts of blood, a component that contributes hemoglobin and its constituent
27  1ron/heme molecules to the mix. Richards et al (1998) found that microgram
28  levels of heme pigment were found to be a controlling factor 1 the oxidation of
29  fish muscle. Thus, 1t 1s dcsirablc to recover the protein from the animal muscle
30  tissue for use as a food additive rather than discarding 1t. It 1s also desirable to
31  recover purified and stabilized fat from poultry containing bone such as
32  mechanically deboned poultry which has economic value such as tor a food
33 additive.
34 It 1s also desirable to process mechanically separated poultry derived
35  muscle tissue in a manner which retains functionality of the recovered protein
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1 product. Protein functionalities of most concern to food scientists are solubility,
2 water holding capacity, gelation, foam stability and emulsification properties.
3 It 1s also desirable to process the animal tissue 1n a manner which results in
4 a final product that has large fibers, which better produces better yield and has
5  better final product texture.
6 It 18 also desirable to provide a process for producing a fat fraction having
7 arelatively low concentration of water and which 1s stable against oxidation. Such
& aform of fat permits 1ts addition to a variety of food products.
9 The U.S. government provides that a certain quality of meat product
10  obtained from animal trimmings can be used undeclared 1n meat products of the
11 same species. For example, "finely textured beef' and "lean finely textured beef’
12 can be used in ground beet without being declared on the label. "Finely textured
13 meat" 1s required to have a fat content of less than 30%; a protein content of 14%
14 or greater, by weight; a protein efficiency ratio (PER) of 2.5 or higher, or an
15  essential amino acids (EAA) content of 33% of the total amino acids or higher;
16  must be prepared in a federally inspected plant; must not have a product
17  temperature during processing exceeding 110°F.; must be frozen 1n less than 30
18  minutes after processing; must not allow a significant increase 1 bacterial
19  numbecrs; and must not be trcatcd with chemicals or additives that recmain 1n the
20  meat. "Lean finely textured meat" (LEFTM) 1s required to have a fat content of less
21 than 10%,by weight, and complies with the other requirements of "finely textured
22 meat".
23 Accordingly, 1t would be desirable to provide a process for 1solating
24 animal muscle protein from fatty animal tissue containing animal muscle tissue
25 such as from poultry containing bone including mechanically deboned poultry
26  which provides high yields of functional animal muscle protein while significantly
27  destroying microorganisms. Furthermore, 1t would be desirable to provide a fat
28  product from poultry meat containing bone such as mechanically deboned poultry
29  which 1s stable against oxidation and which has a relatively low concentration of
30  water. Also, 1t would be desirable to provide an animal muscle protein product
31  that has similar or reduced sodium content as compared to the origimal meat. In
32 addition, 1t would bc dcsirable to provide such a process which climinates
33 undesirable smell characteristics such as the smell of ammonia. Furthermore 1t
34  would desirable to produce a final meat product that has large fibers which results
35 1 a more desirable ground meat-like texture and mouth feel. Such a process
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1 would provide high recovery rates of fat stable against oxidation and of animal
2 muscle protein in a low microorganism environment while avoiding the addition
3 and retention of ingredients which adversely affect edibility of the protein product.
4 Disclosure of Invention
5 In accordance with this invention, a process 1s provided for 1solating both
6 animal muscle protein having a satistactory color and fat stabilized against
7 oxidation from poultry containing bone such as mechanically deboned poultry
8  comprising animal muscle tissue and fat. The process provides high yields of
9  functional animal muscle protein having satisfactory color while avoiding
10  problems due to the presence of microorganisms and avoiding problems which
11 render the recovered proteins inedible. The process of this invention also provides
12 a fat product which 1s stable against oxidation and which contains a relatively low
13 water concentration. The process of this invention 1s capable of meeting the
14 definition of "finely textured meat" or "lean finely textured meat" as detmed by
15  the U.S. government for beef and hopetully extended to poultry.
16 The process of this invention includes the process steps of comminuting
17 fresh or frozen poultry containing bone such as mechanically deboned poultry,
18  adding cold potable water to the comminuted poultry; optionally adding a food
19  gradc acid; homogcnizing the comminutced poultry-water mixturc; adding a food
20  grade acid to the homogenized mixture to lower the pH of the resultant mixture to
21  between 3.6 to 4.4, preferably between 3.6 and 3.8 to selectively dissolve the
22 animal muscle tissue; separating the solid fat from the acidic solution of animal
23 muscle protein; recovering the solid fat; optionally evaporating water from the
24 acidic solution of animal muscle protein to form a concentrated protein solution;
25  recovering the acidic solution of animal muscle protein or adding a food grade
26  alkaline composition to the acidic animal muscle protein solution to increase the
27  pH to between about 4.9 and about 6.4, preferably between about 5.2 and about
28 5.8 to form a salt from the reaction of the acid with the alkaline composition and
29  to precipitate the protein, separating the solid protein from the remaining liquid
30  such as by centrifugation and/or screen filtration and optionally freezing the
31  resultant essentially neutral animal muscle protein composition.
32 It has been found that when reducing the pH of animal muscle tissuc from
33 3.6 t0 4.4 1n accordance with this invention, the animal muscle tissue 18
34 solubilized while retaining essentially its original color and that satisfactory yields
35  of muscle tissue (protein) are obtained. It has also been found that solubilization
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of the animal muscle tissue in acid results in a significant reduction of viable
microorganisms, particularly when utilizing food grade hydrochloric acid as the acid. One
particular food grade acid and base combination of interest in this present invention is citric
acid to lower the pH and sodium bicarbonate to raise the pH. It has also been found that
mixing the fat with food grade acid in accordance with this invention, stabilizes the fat
against oxidation. In addition, it has been found that when mixing the fat containing acid with
a food grade base to a pH between about 4.9 and about 5.8 effects separation of water from
the fat from about 70 to about 50 weight % down to a water content between about 30 and
about 20 weight percent. This result simplifies subsequent water removal trom the fat if such
additional water removal 1s desired. Lastly, 1n the process of this invention, the presence of
undesirable acidic or alkaline additives in the final protein product is eliminated due to the

neutralization of the acid with the alkaline.

According to one aspect of the present invention, there is provided a process for
recovering, from mechanically deboned poultry containing fat, bone and protein and initial
levels of calcium and sodium, a protein composition with reduced levels of calctum and
sodium as compared to the initial levels of calctum and sodium, wherein the mechanically
deboned poultry has 65-85% by weight lean and 5-50% by weight fat, the process comprising
the steps of: a) comminuting the poultry in water, b) adding a food grade acid to the
comminuted poultry to effect a pH of 3.6 to 4.4 thereby to solubilize the protein, wherein
calcium remains insoluble, ¢) after addition of the food grade acid in step b), separating solid
fat from the solubilized protetn, wherein calcium 1s separated together with the solid fat from
the solubilized protein, d) adding a food grade alkali to the fat to neutralize acid in the fat and
to the solubilized protein to neutralize acid in the protein and to precipitate the protein,
wherein sodium remains soluble, and e) recovering from the precipitate the protein
composition with reduced levels of calcium and sodium as compared to the initial levels of
calcium and sodium, wherein the protein composition has 14% or greater by weight protein

and less than 10% by weight fat, wherein the less than 10% by weight fat is stabilized against

oxidation.

CA 2861801 2017-12-21
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Brief Description of the Drawing

Figure 1 is a process flow diagram of the process of this invention.

Description of Embodiments

The present invention relates to a method for processing animal trimmings to recover
meat products low in fat content and high in protein and essential amino acid content as well
as a stabilized fat product. "Meat product” describes a protein-containing product which 1s
suitable for human consumption as meat because it contains a certain amount of protein.
Generally, "mechanically deboned poultry" refers to the tissue separated from poultry
containing fat and bone during butchering operations. The conventional poultry cuts or parts
are generally sold directly to consumers or further processed such as grinding into ground
poultry. The tissue remaining after the conventional cuts are removed, generally has a fat

content which is too high for human consumption as meat, but contains proteins which can be

recovered.

According to the present invention, once the poultry pieces containing bone such as
mechanically deboned poultry are removed from the carcasses, they are preferably forwarded
directly to the process of the present invention. Alternatively, the recovered poultry can be
frozen or cooled and stored prior to processing. The temperature of the recovered poultry
upon removal from the carcasses is usually about 33 - 40°F which corresponds to the

temperature at which the carcasses are stored prior to butchering. Warmer or cooler

trimmings can be used in the process of the present invention.

CA 2861801 2017-12-21
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] The poultry containing bone processed by the present invention can

2 1nclude all the parts normally found 1n an animal, including adipose tissue, fat,

3 lean ligaments, tendons, bone parts, and the like. It 1s generally desirable that 1f

4 components other than fat, lean, and moisture are present, they are present in

5  small quantities and/or can be removed 1n the desinewing step or by hand, 1f

6  desired, or can be left therein 1f their presence does not adversely aftect the

7 properties of the poultry meat product. If large amounts of certain components are

8  present, it may be desirable to have them removed by conventional separation

9  techniques prior to processing according to the present invention. For example, it
10 1s generally desirable not to have large amounts of bone present or large amounts
11 of low quality ligaments.
12 "Meat producing animals" includes animals which are known to provide
13 meat. Such animals 1nclude poultry such as chicken or turkey, e.g. mechanically
14  deboned chicken, and the like. The lean material can be referred to as protein-
15  contaming material, and can be 1n the form of water soluble protein which include
16  muscle fiber, and non- water soluble protein which are generally the myofibrillar
17  or locomotion proteins or the connective tissue which surrounds muscle fiber and
18  which attach the muscle fibers to ligaments. Of particular interest for purposes of
19 thc¢ present invention 1s the presence of the watcer solublce protein and the acid
20  soluble protein from the animal muscle tissue in the fatty tissue within the fat
21  trimmings. By separating this protein material from the animal trimmings, a high
22 quality meat product can be provided. This product can be utilized as an additive
23 to conventional meat products such as to hamburg.
24 Poultry containing meat, fat and bone, which can be used 1n the present
25 1nvention preferably, have an average fat content of between about 5 and 50% by
26  weight, preferably between about 10 and 30% by weight. The lean content of the
27  poultry containing bone 1s preferably between about 65% and 85% by weight, and
28  more preferably between about 75 and 85% by weight. The lean content includes
29  protein and moisture. In order to ensure reliable and consistent results, 1t 18
30  preferable that the lean content of the animal trimmings 1s at least about 30% by
31  weight and preferable at least about 39% by weight.
32 Referring to Figure 1 which illustratcs a preferred cmbodiment of this
33 1nvention, a feed 12 such as mechanically deboned or separated poultry containing
34 about 50% by weight muscle tissue and about 50% by weight fat, mechanically
35  separated chicken or the like are directed to a comminution step 14 which
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1  1ncreases the surface area of the poultry rendermg 1t more suitable for further
2 processing. Suitable comminution apparatus include meat grinder available from
3 Weiler and Company Corporation located in Whitewater, W1 or Carnitec USA,
4 Inc, located 1n Seattle, WA. The starting poultry 1s first ground to a size that
5  enables 1t to be put through a micro-cutter. It 1s preferable to coarse cut 3/4 inch,
6 tollowed by a 1/8inch grind. Some mechanically deboned meat may not need to
7  be pre- ground because it 1s already at the appropriate particle size. Once ground,
8  the material 1s mixed with water (33-40°F) at a ratio of one part ground meat to
9  approximately 5-6 parts water. This amount of water can vary and can go as high
10 as approximately 1 part ground meat to 10 parts cold water. The addition of water
11 lowers the 10onic strength of the homogenate which 1s required for complete
12 solubilization of the proteins. Optionally, acid can be added to the poultry 1n step
13 20 to improve protein solubilization. The comminuted poultry 1s directed to
14  homogenization step 16 where 1t 1s mixed with potable water 18 at a water
15  temperature typically between about 33°F and about 40°F and homogenized,
16  typically to an average particle size of about 0.5 to about 4 millimeters preferably
17  between about 1 to about 2 millimeters. A preterence has been shown for a micro-
18  cut with a 0.035 mm cutting head size. Representative suitable homogenizers for
19 this purposc includc cmulsificrs or micro-cutters, available from Stcphan
20  Machinery Corporation, located in Columbus, OH or high-shear mixers available
21  from Silverson, located in East Longmeadow, MA or the like.
22 In a step to control microorganisms, the temperature of the homogenate 1s
23 kept cold throughout the process (33-40°F). The cold temperature 18 most
24 eftective for separating the fat from the protein. This unit operation 18
25 accomplished while the pH 1is still near the pH of the initial muscle. An alternative
26 18 to add enough food-grade acid to bring the composite pH to the 1soelectric
27  point. Typically, the 1soelectric point 1s about pH 5.5, but 1t can vary from species
28  to species. At the 1soelectric point, proteins are least able to form emulsions with
29 lipid molecules, and, therefore, more lipid renders away from the proteins during
30 the extraction process. Once the tissue 1s homogenized, 1t 1s ready to be adjusted
31  toalowpH.
32 The rcsultant homogcenate 1s dirceted to step 22 whercin 1t 18 mixed with a
33  food grade acid 24 such as dilute hydrochloric acid, dilute phosphoric acid, dilute
34  citric acid, ascorbic acid, tartaric acid or mixtures thereof or the like 1n order to
35  reduce the pH of the homogenate to between pH 3.6 and pH 4.4, preferably
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1  between pH 3.6 and pH 3.8 to dissolve animal muscle tissue thereby to obtain a

2 satisfactory yield of protein such as 80% yield or higher 1n an acidic protein

3 solution thercof while retaining the fat portion in solid form. It is preferred to

4 utilize hydrochloric acid since its use results in more significant reduction of

5  wviable microorganisms in the acidic protein solution.

6 Acidification of the proteins under low salt conditions has been shown to

7 unfold the proteins, which 1s believed to create more surface arca along the

8  proteins and hence more potential water binding sites. Once the proteins are

9  soluble, the fat renders away from the proteins and floats to the surface of an
10 aqueous acidic solution. Other potential impurities, including any residual bone,
11 skin or sinew, stay insoluble as well. The pH 1s adjusted to 3.6 t0 4.4. As an
12 example, the approximate amount of acid needed to effect solubilization of the
13 muscle proteins 1s approximately 0.15 to 0.80 weight %, e.g. .0.198 weight %
14 based on the weight of HCI to total weight (pH 3.74). This amount 1s dependent
15  on the desired low pH (pH 3.6 or 4.4) and also on the pH of the starting material.
16  Suitable mixers to effect this step include Lightnin Mixers available from SPX
17  Corporation, located in Charlotte, NC or the like.
13 The resultant mixture of acidic solution of animal muscle protein and solid
19 fat then 1s directed to separation stcp 26 such as a decanter centrifuge and/or
20 screen filter 26 to separate the acidic protein solution from the solid fat.
21 Subsequent to the solubilization of the proteins and removal of impurities
22 and fat, the proteins are subjected to an increase in pH such as by the addition of
23 diluted, food- grade base such as sodium hydroxide (NaOH) or sodium
24 bicarbonate (NaHCQO3). The base 1s added until the 1soelectric point 1s obtained
25  and the proteins refold and rejoin with each other to form large, fiberized
26  molecules. Upon reaching the isoelectric point pH, the proteins easily release their
27 closely aligned water molecules, and the moisture content can be returned to the
28  moisture content found 1n meat or consistent with LE'TM. The solid fat in step 28
29 15 optionally mixed with a food grade alkali to separate water from fat and to
30  neutralize the fat. Optionally, cold potable water from step 29 can be added to the
31  fatin step 28. The alkali promotes separation of fat from water. The fat then 1s
32 filtered 1n step 31 to remove water from fat and rcducc the watcr content from
33  about 70 to 50 weight percent to about 30 to 20 weight percent. Optionally, the fat
34 can be refrigerated or frozen 1n step 33. Suitable filtration apparatus include
35  wvibrating screen available from Sweco Corporation, located in Florence, KY or
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1 the like. The screens have a size between about 4000 micron and about 2000
2 microns, preferably between about 3500 microns and about 2500 microns.
3 Additional base can be added 1n step 34 to bring the pH of the precipitated
4 proteins back to the original pH of the tissue. This assures that the base (NaOH or
5 NaHCO3) has fully reacted with and consumed all of the previously added acid
6  such as HCL or citric. An optional step 1s to direct the protein product to a unit
7 operation 35 which removes water to concentrate the liquid for the purpose of
8  creating larger fibers upon raising the pH. The unit operation could consist of any
9  device found to remove water 1n a continuous or batch manner, such as an
10 evaporator or more desirable an ultrafiltration unit. The amount of water removed
11 can vary, however, greater amounts of water removed results 1n larger and more
12 robust and sturdy fibers and increased protein recovery. The resultant protein
13 product 1s a viscous sediment containing protein at a concentration of about 4-14
14 percent by weight or higher to produce a protein containing solution which 1s
15  directed to mixing step 34 wherein 1t 1s mixed with food grade alkaline 36 such as
16  sodium hydroxide, potassium hydroxide, sodium bicarbonate, or the like. The
17  protein product 1s precipitated in step 38 and 1s recovered such as by
18  centrifugation and filtration 1n step 40. Optionally, an ultrafiltrate retentate having
19  a>5000-10000 molccular wcigh cut offt (MWCO) 1s recovered 1n step 41. This
20  ultrafiltrate can be blended as desired with the precipitated protein in step 43. This
21  results in a protein product having a reduced sodium content. The sodium is
22 concentrated in the lower molecular weight fraction that 1s discarded. The
23 resultant product has desired reduced sodium and 18 obtained by a process (pH
24 3.6-4.4) that provides high yield of protein from the starting poultry feed of about
25  80% or greater. Thus, the process of this mnvention, provides a greatly improved
26  protein product over the available prior art.
27 The protein product from step 40 contains 14 percent or greater by weight
28  protein, contains less than 10 percent by weight fat, 1s produced at a temperature
29  less than 110°F, can be frozen within 30 minutes in step 42 from process
30 completion, does not allow a significant increase in bacteria and, in the
31  embodiment wherein the protein precipitated with alkali does not retain chemicals
32 or additives other than a low concentration of salt such as sodium chloride or the
33  like.
34 The meat protein products of this invention are not significantly altered by
35  the processing method of this invention. An examination of the proteins associated
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with the starting meat source and the lean cold processed meats (precipitated
refolded protein) shows that the extraction process 1s mild enough not to eftect
changes 1n the proteins throughout the entire process. It also shows that very little
to no hydrolysis has occurred during the processing, partly due to the low
temperature. Refolding of the protein also does not affect 1ts profile.

In summary, the process of this mnvention produces protein in higher yields
as compared to the prior art, contamns fewer microorganisms as compared to the
prior art and 1s 1n a form by which 1t can be more easily mixed with meat as
compared to the products of the prior art. In addition, the fat product obtained is
stabilized against oxidation.

The following examples illustrate this invention and are not intended to
l[imit the same.

Example I

Frozen mechanically separated chicken was obtained from a commercial
production facility in Georgia. The product was fully thawed at refrigerated
temperatures and the thawed meat was mixed with cold water at a 1:4 ratio
(meat:water). The mixture was homogenized using a Kitchen Aid hand-held mixer
for 2 min at high speed. The homogenate was adjusted to pH 2.8 or 3.6 using
hydrochloric acid (2N), The acidificd homogcnate was filtcred through a 1000
micron stainless steel screen. The filtrate was adjusted to pH 5.5 using sodium
hydroxide (4N).and filtered through the same washed 1000 micron screen to de-
water. Precipitated samples were frozen and sent to Silliker Labs, Chicago
Heights, IL for analysis.

Table 1. Metal and oxidation values of precipitated Lean Cold Processed Chicken
madc for pH 2.8 and pH 3.6

Analyte Starting  |[LCPC from pH|LCPC from pH [Procedure
MDM 2.8 3.6

Calcium (mg/100g, [7.55 4.02 3.31 AOAC 984.27

dry wgt basis)

Sodium (mg/100g, [3.76 4.10 3.21 AOAC 984.27

dry wgt basis)

PeroxySate 0.020 0.014 0.004 AOAC R1

Peroxide value 03050

(meq/kg) (dry wgt

basis)
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] Processing of mechanically separated poultry through the mvention was
2 shown to lower sodium and calcium and overall reduce the amount of oxidation
3 that occurs in the final product compared to the starting material. Processing to pH
4 3.6 compared to pH 2.8 was shown to result 1n a great reduction in metals as well
5 as further reduce the amount of oxidation that had occurred. It can be found 1n the
6 literature that oxidation accelerates at low acidic pH values and therefore could
7 explain 1n this experiment the oxidation increase as the meat 1s processed at the
8  lower pH. It 1s probable that all of the increase 1n sodium 1n the lower pH sample
9  (2.8) compared to the pH 3.6 sample 1s due to the fact that it required more
10 sodium hydroxide to bring the lower pH sample to its 1so-electric point.
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CLAIMS:

1. A process for recovering, from mechanically deboned poultry containing fat, bone and
protein and initial levels of calcium and sodium, a protein composition with reduced levels of

calcium and sodium as compared to the initial levels of calcium and sodium, wherein the

mechanically deboned poultry has 65-85% by weight lean and 5-50% by weight fat, the

process comprising the steps of:
a) comminuting the poultry in water,

b) adding a food grade acid to the comminuted poultry to effect a pH of 3.6 to 4.4

thereby to solubilize the protein, wherein calcium remains insoluble,

c) after addition of the food grade acid in step b), separating solid fat from the

solubilized protein, wherein calcium is separated together with the solid fat

from the solubilized protein,

d) adding a food grade alkali to the fat to necutralize acid in the fat and to the
solubilized protein to neutralize acid in the protein and to precipitate the

protein, wherein sodium remains soluble, and

¢) recovering from the precipitate the protein composition with reduced levels of
calcium and sodium as compared to the initial levels of calcium and sodium,
wherein the protein composition has 14% or greater by weight protein and less

than 10% by weight fat, wherein the less than 10% by weight fat is stabilized

against oxidation.

2. The process of Claim 1 wherein said pH 1n step b is from 3.6 to 3.8.
3. The process of Claim 1 wherein step a) and step b) are performed simultaneously.

4, The process of Claim 2 wherein step a) and step b) are performed simultaneously.

CA 2861801 2019-01-16
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3. The process of Claim 1 wherein said food grade acid of step b) 1s hydrochloric acid
and/or citric acid.
6. The process of Claim 2 wherein said food grade acid of step b) is hydrochloric acid
and/or citric acid.
7. The process of Claim 3 wherein said food grade acid of step b) 1s hydrochloric acid
and/or citric acid.
8. The process of Claim 4 wherein éaid food grade acid of step b) 1s hydrochloric acid
and/or citric acid.
9. The process of Claim 1 wherein water 1s removed from said protein 1n step ¢) prior to

adding said food-grade alkali.

10.  The process of Claim 9 wherein step a) and step b) are performed simultaneously.

11.  The process of Claim 9 wherein said food-grade acid of step b) is hydrochloric acid

and/or citric acid.

12.  The process of Claim 1 wherein said food grade alkali of step d) is sodium hydroxide

or sodium bicarbonate.

13. The process of Claim 9 wherein said food grade alkali of step d) is sodium hydroxide

or sodium bicarbonate.

14. A protein composition with reduced levels of calcium and sodium obtained by the

process of any one of Claims 1 to 13.

CA 2861801 2019-01-16
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