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MEAT TENDERING USING FOOD GRADE NATURAL PRODUCTS FOR
REDUCING MUSCLE CONTRACTION

CROSS-REFERENCE TO RELATED APPLICATION

(4]

[06001]  This application claims prionity to U.S. Patent Application No.
14/829,539 filed on 18 August 20135, the disclosure of which is incorporated herein, in its
entirety, by this reference.

BACKGROUND

6002}  Meat s a desired process in meat technology because a carcass of beaf
10 undergoes rigor mortis, during which process muscles in the carcass naturally contract,

thereby resulting in mcreased meat toughness.

[06003]  Providing effective solutions to improve the production of tender meat
has value across the roeat supply chain, including livestock farmers, producers, abattoirs,
meat packagers, providers of transport and logistics {(focal and mternational delivenies),

I3 government {(through improved importing/exporiing conditions), retaders, food service
providers, and consumers. Ensuring meat tenderness s of great importance, as, for the
consumer, the muscle fibers of meat that is not tender are difficult to chew making the
ealing experience less than pleasurable. This i3 a loss in potential value 1o many
stakeholders.

20 [0604]  Meat tendenzing can require chiliing and storage while aging in order
to mantain food safety and meat tenderness. Chulling and storage are costly in terms of
time, resources, energy, and inventory management, all of which increase expenses.

[B005]  There are several high cost technologies currently implemented such as
aging the meat after slaughtering for several hours in which during this process, the

25 enzymes within the meat break down the physical structure of the muscle which becomes
tender. This process 1s controlled via the change of pH from 7 to 5.4 at a controlled
femperature gradient. Aging however is highly costly and ttime consuming. As such, an
enhanced and economic process for meat tenderizing 1s much desired.

SUMMARY

30 [6006] A composition is disclosed for tenderizing meat. The composition

mcludes at least one of an organic acid including derivatives and salis thereof a

polypheno! including derivatives and salts thereof, or both an organic acid and a

polyphenol and derivatives and salts thereof, wherein the organic acid and the polvphenol
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are derived from natural plant or amimal sources. The composttion also includes at least
one additive. The compostiion may be a powder or a liqmd. The hquid composition may
have a pH of about 5.0 to about 7.0.
6007}  The organic acd mncluding denvatives and salts thereof may be
5 selected from fulvic acid, humuce acid, aitric acid, malic acid or gallic acid. The orgamc
acid mcluding denivatives and salts thereof may make up from about 1% to about 10%
{w/w) of the composition as a powder or from about 1% to about 10% (w/w} of the
composition as a liquid.
[6608] The at least one additive may be selected from p-coumaric acid,
10 tyrosol, hydroxvtyrosol, vanilic acid, siringic acid, caffeic acid, ferulic acid, sinapic acid,
cinnamic acid, dihvdroferulic acid, oleuropein, ellagic acid. glansrin, tannic acid, and/or
taxifolin, and may make up from about 1% to about 10% (w/w) of the composition as a
powder or from about 1% to about 10% (w/w} of the composition as a hiquid.
6009  In one variation, the composiiion may also include sodinm carbonate,
15 wherein the sodiwn carbonate may make up from about 1% to about 10% (w/w)} of the
composition as a powder or from about 1% to about 10% (w/w) of the composition as a
liguid.
[601¢]  In another vanation, the composition may also nclude sodium fri-
polyphosphate, wherein the sodium tri-polyphosphate may make up from about 1% to
20 about 10% (w/w) of the composition as a powder or from about 1% 10 abouwt 10% (w/w)
of the compostiion as a liquid.
[0011]  In another vanation, the composition may also include at least one
vitamin,

[0812]  In another variation, the composition may also include at least spice,

B2
(.

wherein the at least one spice may make up from about 1% to about 10% (w/w) of the
composition as a powder or from about 1% to about 10% {(w/w) of the composition as a
ligud.

[06013]  In another varation, the composition mav also include lignin or a
fignin dertvative, wherein the lignin or a ligrun derivative may make up from about 1% to
30 about 10% (w/w) of the composition as a powder or from about 1% to about 10% (w/w)
of the composttion as a iquid. The hgnin derivative may be obtained by lignin cleavage

by thermal decomposition, thermooxidative decomposition or catalytic cleavage.

,)
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[0014] A method for tendernizing meat 15 also disclosed. The method includes
contacting the meat with a composition for tendenizing meat under conditions sufficient to
tenderize the meat. The composition may be a powder or a liquid, which makes up from
about 1% to about 10% (w/w) of the composition as a powder or from about 1% to about
10% {w/w} of the compostiion as a liqud. The composition includes at least one of an
organic acid including denvatives and salts thereof, or a polyphenol including denvatives
and salts thereof, or both an organic acid and a polyphenol and derivatives and salts
thereof, wherein the organic acid and the polyphenol are derived from natural plant or
animal sources. The composition further includes at least one additive, selected from p-
coumaric acid, tyrosol, hvdroxytyrosol, vanillic acid, siringic acid, caffeic acd, ferulic
acid. sinapic acid, cimmanuc acd, dihydroferulic acid, oleuropein, ellagic acid, glansnin,
{annic acid, or taxifolin,

[B015]  The step of contacting the meat may inclode coating a surface of the
meat with the compostiion. The total surface of the meat may be substantially coated
with the composition. In another vartation, the step of contacting the meat may include
mnjecting the meat with a liquid form of the composition. The amount injected may make
up at least about 1% to about 2% (v/w) of the meat. In another variation, the step of
contacting the meat may include inumersing the meat 1o the composition, wherein the
composttion 1s a liqund.

(3016} The step of contacting may be performed for about 5, 6,7, 8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25. 26, 27, 28, 29 or 30 minutes. of any
other ttme pertod i the range defined by any two of these values. The step of contacting
may be performed at 5°C, 6°C, 7°C, 8°C, 9°C, or 10°C, or any other temperature in the
range defined by any two of these values.

{0017}  In avother varation, the step of comtacting the meat may include
njecting or feeding the composttion to an amimal before slaughter,

[0818]  In one erobodiment, the amount of composttion, 1 liqud form, used in
the step of contacting may be about 1 gallon per about 2 to about 4 kg of meat.

{3019 A tenderized meat product 1s disclosed m another embodiment. The
meat may be selected from lamb, beef, poultty and pork. The tenderized meat product
includes a composition, comprising about 1% to about 10% by weight of at least one an
organic acid including derivatives and salts thereof, or a polyphenol including derivatives
and salts thereof. or both an organic acid and a polvphenol and derivatives and salts
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thereof, wherein the organic acid and the polyphenol are derived from natural plant or
animal sources. The composition also includes at least one additive selected from p-
coumaric acid, Tyrosol, hydroxyiyrosol, vanillic acid, siringic acid, caffeic acid, ferulic

acid, sinapic acid, cinnamue acid, dihydroferulic acid, oleuropein, eliagic acid, glansyin,

(A

{annic acid, and taxifolin.
BRIEF DESCRIPTION OF THE DRAWINGS

006207  Figure 1 shows a representative diagram showing muscle contraction
mechanism via myosin calcium binding sites. As shown in panel A, when intracellular
calcium is low (<10™ M), tropomyosin blocks all actin site along one turn of the actin
10 helix. As shown in panel B, when intracellular calcium is elevated 107M), calcium
binds to troponin which then alters the position of tropomyvosin on the actin filament.
(Once tropomvosin has moved, the actin sites are exposed allowing myosin heads to
attach.

[66231]  Figure 2 show a reaction scheme showing the mechamsm of meat

15 tenderizing via replacement of the bivalent ions (Ca™ and Mg ™" with sodium ions or H'

via fulvic acids, 13 salts and cleaved products.

10022]  Figure 3 shows lignin products from cleavage.

0023}  Figure 4 shows lignin products from thermo-oxidative degradation of
lignin.

20 DETAILED DESCRIPTION
Delimilions

[0024] Al patents, applications, published applicalions and other publications
referred to herein are ncorporated by reference for the referenced material and o their
entireties. If a term or phrase is used herein in a way that is contrary 1o or otherwise

25  mconsistent with a definition set forth in the patents, applications, published applications
and other publications that are heremn 1ncorporated by reference, the use herein prevails
over the defimition that 1s incorporated herein by reference.

[0025]  As used herein, the singular forms “a”, “an”, and “the” include plural
references unless indicated otherwise, expressly or by contest.

30 66267  “Tenderzing” “tendering” or “tenderize” can refer {0 a process to
break down meat o make 1t tender, and can include processes to break down proteins,
such as collagens, for example, in to make it more palatable for consumption. The terms
“meat tenderizing” and “meat tendering” can be used interchangeably. Meat tenderizing

.
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can be performed by the addition of a composition to break down the meat, mechanical
tenderization, such as pounding or piercing, cooking, and/or braising. Tenderizing can
also be performed by the addition of naturally occurring enzymes, which can be added 1o
food before cooking. Examples of enzymes used for tenderizing can include by are not
limited to papan from papava, bromelain {rom pieapple and actimidin from kiwifrmt.
Meat tenderizing can also be performed by warinating the meat with a composition
comprising enzymes, vinegar, wine, lemon juice, buttermilk and/or vogurt. Brining the
meat in a salt solution and dry aging the meat at 0 to 2°C can also be performed to
tenderize the meat. In some embodiments, a method of tendenzing meat is provided. In
the broadest sense, the method can comprise contacting said meat with a composition for
tenderizing meat onder conditions such that the meat 1 tenderized, wherein the sad
composition is a powder or a liquid, and comprises a 1-10% w/w as a powder or a 1-10%
w/v as a liquid, of at least one of fulvic acid, humic acid, citric acid, malic acid, gaHic
acid, and/or polvphenols from natural sources, wherein the natural sources comprises di-
and - carboxyhe acds, pheoolic denvatives, and thewr sodium salts, and further
comprises at least one additive.

(66271 “Watural products”™ or “natural sources” as described herein, are
products or sources that are naturally occurring and can include plants, plant parts, {ruits,
vegetables, and organisms. In some embodiments, described herein, the substances
extracted from patural sources or products are capable of replacing alkaline earth metal
ions, Without being limuting, examples of natural products or natural sources for replacing
alkaline earth metal 1ons can include fulvic acid and its cleaved product with sodium salts,
humic acid and its cleaved products with sodium salis, citric acid and 1ts sodium salts,
malic acid and its sodium salts, gallic acid and its sodium salts and other natural sources
consisting di and tri carboxylic acids and their sodium salts that can replace alkaline earth
metal tons. In some embodiments described herein, the natural sources are from plants or
arumals as a synthesized product or a breakdown product. Without being limiting, natural
sources can be derived from plant matenal (for example, barley grain, Haxseed, Angelica
sinensis, ) such as roots, leaves, and cell walls, as a products from the mucrobial
degradation of dead plant matter, such as lignin, substances produced by biodegradation
of dead orgamic matter, fruits (for example. olives, and vegetsbles {for example,

tomatoes, carrots, and garlic),

-5
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0628}  Hunue acid 1s a principal component of humic substances, which are
the major organic constituents of soil (humus), peat, coal, many upland streams,
dvstrophic lakes, and ocean water. It is produced by biodegradation of dead organic
matter. It 1s not a single acid; rather, it 15 a complex mixture of many different acids

5 contammng carboxyl and phenolate groups so that the muxture behaves functionally as a
dibasic acid or, occasionally, as a inbasic acid. Typical hunuc acid compositions may
include a vartety of components including quinone, phenol, catechol and sugar moieties

as shown below.
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[0029]  Hunuc acids can form complexes with 1ons that are commonly found

in the environment creating humic collotds. Haomuce and {alvie acids (fulvic acids are

humic acids of lower molecular weight and higher oxvgen content than other humic acids)

are commonly used as a soul supplement in agricalture, and less commonly as a human

15 nutritional supplement. As a nutrition supplement, fulvic acid can be found in a lupud

form as a component of mineral colloids. Fulvic acids are poly-electrolytes and are
unique collotds that diffuse easily through mernbranes whereas all other colloids do not.

[6030]  Fulvic acid and its salts are known for their properties for tenderizing

meat. Fulvic acid can be derived from natural sources or natural products, as it can be

20 extracted from huomus that is found in sotl, sediment, or in aquatic environments. In some

embodiments, fulvic acid 15 derived from natural sources. Additionally, fulvic acid was

shown to improve the meat quality of pork when fed to domesticated pigs. Fulvic acid

-6 -
SUBSTITUTE SHEET (RULE 26)



WO 2017/030818 PCT/US2016/045966

(A

10

i5

sals can act as a cation exchanger. Fulvic actd 15 one of two classes of natural acidic
organic polvmer that can be extracted from humus found in sotl, sediment, or aquatic
environments. Its structure is best characterized as a loose assembly of aromatic organic
polymers with many carboxvl groups (COOH) that release hydrogen ions, resulting in
species that have electric charges at various sites on the 1on. It is especially reactive with
metals, forming strong complexes with Fe'', AP', and Cu™' in particular and leading to
their increased solubility in natural waters. Fulvic acid is believed 1o originate as a
product of microbial metabolism, although it is not synthesized as a life-sustaining carbon
or energy source. Reference 1s made to Figure 2, which shows the reaction scheme of
fulvic acid sodiwm salt binding to calcium from meat, thereby causing the meatfo be in a
non-contractible state. fn some embodiments, a composition for tenderizing meat is
provided, wherein the composition comprises fulvic acid In some embodiments, the
fulvic acid comprises a cleaved product of fulvic acid and its sodium saits, and wherein
the fulvic acid comprises a 1-10% w/w of the composttion as a powder or a 1-10% w/v of
the composition as a liguid.

[6031]  Hunuc acid and its salts are known for their properties for tenderizing
meat. Humie acid salt can act as a cation exchanger hike fulvic acid. Cleaved humic acid

derivatives can act as sodium salts in the presence of meat that 1s n a contracted state.
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06321  In some embodiments, a composition for tenderizing meat 1s provided,

wherein the composition comprises humic acid or denvatives thereof In some
embodiments, the humic acid comprises a cleaved product of fulvic acid and 1ts sodium
salts, and wherein the humic acid comprises a 1-10% w/w of the composition as a powder
or a 1-10% w/v of the composition as a liqud.

[0033]  “Citnic acid” as described herein, 15 a weak organic acid with the
formula CeHsO-. It 1s a natural preservative which can occur natwrally in citrus fruats, and
therefore can be denived from natural sources or natural products. In some embodiments,
citric acid 1s derived from natural sources. Citric acid can also be used to add an acidic or
sour taste to foods and drinks. Citric acid can be used mainly as an acidifier, as a
flavoring, and as a chelating agent. Citric acid can act as a mild chelating agent, and can
chelate calcium ions, which are known {o increase muscle contraction. Pre-rigor mortis
citric actd wyections have also been previously shown to umprove tenderness of meat
without affecting the color or the flavor of pork carcasses. Citric acid, salts and chelates

may be used to tenderize meat in some embodiments.
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[0634]  The citrate can be used to bind and chelate Ca’’, in a meat tenderizing
process. In some embodiments, a composition for tenderizing meat 13 provided, wherein
the composition comprises citric acid. In some embodiments, the citric acid comprises a
cleaved product of fulvic acid and its sodium salts, and wherein the citric acid compiises
1-10% w/w of the composition as a powder or a 1-10% w/v of the composition as a
liguad.

[B035) “Malic acid.” as described heretn, 18 an organic compound with the
formula HO,CCHCHORCO:H. It 15 a dicarboxylic acid that 18 made by all hving
organisms and therefore can be derived from natural products or sources such as plants
and plant materials. In some embodiments, malic acid is derived from natural sources.
Malic acid contributes to the pleasantly sour taste of fruits, and can be used as a food
additive. The salts and esters of malic acid are known as malates. The malate anion 1s an
intermediate in the citric acid cvele. Malic acid 18 also known to chelate divalent cations,
for example magnesium and calcium cations. Malic acid sodium salt can be used to
contact meat in order to chelate the calcium, rendering a non-contractible state for the
meat.

[6036]  In some embodiments, a composition for tenderizing meat is provided,
wherein the composition comprises malic acid In some embodiments, the malic acid
comprises a cleaved product of malic aad and its sodium salts, and wherein the malic
acid comprises a 1-10% w/w of the composition as a powder or a 1-10% w/v of the
composition as a liquid.

[6037]  “Gallic acid™ as described herein, is a tithydroxybenzoic acid, a tvpe of
phenoli¢ acid, a tvpe of organic acid, also known as 3.4, 5-frihvdroxybenzoic acid, found
m gallnuts, sumac, witch hazel, tea leaves, oak bark, and other plants. As such, gallic acid

can be denved from natural sources or natural products. In some embodiments, gallic acid

-9
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is derived from natural sources. The chemical formula is CsHy(OHRCOOH. Gallic acid s
found both free and as part of hvdrolvzable tannins. Gallic acid has the capacity to chelate
free iron as well as calcium cations. Sodium gallate salt can be used to contact meat
through tts ability to chelate calcium, thus rendering a meat in a non-coniractible state,

5 [0038]  In some embodiments, a composition for tenderizing meat is provided,
wherein the composition comprises gallic acid. In some emboduments, the gallic acd
coraprises a cleaved product of gallic acid and s sodiam salts, and wherein the gallic
acid comprises a 1-10% w/w of the composition as a powder or & 1-10% w/v of the
compaosition as a liquid.

i0 (06397  “Polyphenols™ as described herein, are a structural class of natural,
organic chemicals characterized by the presence of large nwltiples of phenol structural
units. Polvphenols can occur in nature and can be found i all families of plants. Without
being limiting, examples of plant material in which polvphenols can be found include leal
1ssue, the epidenns, bark lavers, flowers and fruit. As such, polvphenols can be denved

15 from natural products or natural sowrces. In some embodiments, polvphenols are derived
from natural sources. The number and characteristics of these phenol structures underlie
the unique physical, chernical, and by way of example and not of limutation, polyphenols
can include tammc acid, and ellagitannin. In some embodiments, a cormposition for
{enderizing meat 1s provided, wherein the composition comprises polyphenols from

20 natural sowrces, wherein the natural sources comprises di- and tri- carboxylic acids,
phenolic derivatives and their sodium salfs.

[0040]  “Flavonoids™ as described heremn, are a class of plant secondary
metabolites. Flavonoids can also be extracted from natural sources or products, as thev are
found widely distributed m plants and plant matenial. In some emboduments, flavonoids

25  are derived from wpatural sources. In some embodiments, the corpostiion [urther
comprises flavonoids.

[0041]  “Carboxyvlic acid” as described herein, refers to an organic compound
that contains a carboxyl group COOH. The general formula of a carboxviie acid 18 R-
COOH. Carboxylic acids occur widely, By way of example, carboxylic acids can include

30 the amino acids and as well as other organic acids.

10042]  “Additive” as described herein, can refer o a substance that you can
add to a food to flavor, enhance its faste and appearance, add vitaroins, and add
lenderizing components, Without being limiting, additives can be acids, food colonng,

-10-
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color retention agents, flavors, flavor enhancers, humectants, preservatives, stabilizers,
tenderizers, enzymes, sweeteners, and or thickeners. In some embodiments, a composttion
for tenderizing meat is provided, wherein the composition comprises at least one of fulvic
acid, humic acid, citric acid, malic acd, gallic acid, and/or polyphenols from natural
sources, wherein the natural sources comprises di- and iri- carboxylic acids, phenolic
derivatives and their sodiom salts and at least one additive,

06437  “p-coumaric actd” as referred to herein, is a hydroxycinnamic acid, an

organic compound that 1s a hvdroxy dertvative of cinnamic acid, as shown below.

AR,
5 rrsedads %

[0044]  There are three isomers of coumaric acud, o-cournaric acid, m-
coumaric acid, and p-coumaric acid that differ by the position of the hydroxy substitution
of the phenyt group. p~-Coumaric acid 1s the most abundant 1somer of the three in nature.
p-coumaric acid exists i two forms trans-p-cowmaric acid and cis-p-coumaric acid. p-
coumaric acid can be found in a variety of edible plants such as navy beans, carrots,
tomatoes, peamus, and garlic. Therefore, it can be extracted from natural sources or
natural products. In some embodiments, p-coumaric acid 1s derived from natural sources.
In some embodiments, a composition for tenderizing meat 15 provided, wheremn the
composition comprises at least one of fulvic acid, humic acid, citric acid, malic acid,
gallic acid, and/or polyphenols from natural sources, wherein the natural sources
comprises di- and tri- carboxylic acids, phenolic derivatives and their sodium salts and at
least one additive. In some embodiments, the at least one additive is p-coumaric acid.

[0045]  “Tvrosol” as described herein (also spelled “Tirosol™), refers to a

phenylethanoid, a derivative of pheneihyvl alcohol and 15 shown below.

-1 -
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[0846] It 15 a natwal phenohc antioxidant present in a varety of natural
sources. It 18 also one of the main natural phenols m argan oif and olive oil. As such,
tyrosol can be extracted from natural products or natural sources. In some embodiments,
Tyrosol 1s derived from natural sources. As an antioxidant, tyrosol can protect cells

5 agawnst mjwy due to oxidation. Although it 15 not as potent as other antiosidants present
m olive ol its higher concentration and good bioavailability mdicate that it may have an
important overall effect. In some embodiments, a composition for tenderizing rmeat s
provided, wherein the composition comprises ai least one of fulvic acid, humic acid, citric
acid, malic acid, gallic acid, and/or polyphenols from natural sources, wherein the natural

10 sources comprises di- and tri~ carboxyvhic acids, phenclic derivatives and their sodium
salts and at least one additive. In some embodiments, the at least one additive is tyrosol.

[0047]  “Hyvdroxvtyrosol” as described herein, refers to a phenviethanoid, a
type of phenclic phytochermical with antioxidant properties in witro. In nature,
hydroxytyrosol s found w olive leaf and olive oil, 1n the form of ifs elenolic acid ester

15 oleuropein and, especially after degradation, in its plain form, of which the structure is

shown below,
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[0048]  As such, hvdrotyrosol can be extracted from natural products or natural
20 sowrces. In some embodiments, hydrotyrosol is derived from natural sources. In some
emboduments, a composttion for tenderizing meat 15 provided, wherein the composition
comprises at feast one of fulvic acid, humc acid, aitric acid, malic acid, gallic acid, and/or
polyphenols from natural sources. wherein the natural sources comprises di- and tri-
carboxvlic acids, phenolic dertvatives and their sodium salts and at least one additive. In

25 some embodiments. the at least one additive is hydroxytyrosol.
10049]  “Vanllic acid” as described heremn. refers to a dihvdroxybenzoic acid

derivative used as a flavoring agent, and 1s shown below.
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[0050] It is an oxidized form of vanillin It is also an intermediate in the
production of vanillin from ferulic acid. Vanillic acid can be obtained from plants, for
example, n the root of Angelica sinensis. In some embodiments, vanillic acid 15 dexived
from natural sources. In some embodiments, a composition for tenderizing meat i3
provided, wherein the composition comprises at least one of fulvic acid, humic actd, citric
acid, malic acid, gallic acid, and/or polyphenols from natural sources, wherein the natural
sources comprises di- and tri- carboxvlic acids, phenolic denvatives and their sodium
salts and at least one additive. In some embodiments, the at least one additive 15 vanilhc
acid.

66517  “Syringic acd” as descrtbed heretn, s a natwrally occurring O-
methylated trihvdroxybenzoic acid, a type of chemical compound. The structure is shown

below.

08652}  Syringic acid can be found in plants, for example in Ardisia ellipiica,
an evergreen tree. As such, syringic acid can be extracted from natural products or natural
sources. In some embodiments. syningic acid 1s derived from natural sources. In some
embodiments, a composition for tenderizing meat is provided, wherein the composition
comprises at least one of fulvic acid, humic acid, citric acid, malic acid, gallic acid, and/or
polyphenols from natural sources, wherein the natural sources comprises di- and tri-
carboxylic acids, phenolic dertvatives and their sodium salts and at least one additive. In

some embodiments, the at least one additive is syringic acid.
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(086331 “Caffeic acid” as descnibed herein, refers to an organic compound that

15 classified as hvdroxyvemnnamic acid, and 1s shown below.
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[0054]  This vellow solid consists of both phenolic and acrylic functional
5  groups. It is found in all plants because it 15 a key intermediate in the biosynthesis of
lignin, one of the principal components of plant biomass and its residues. Caffeic actd can
be found, for example, 1n the bark of Eucalyptus blobulus. in the freshwater ferm Salvinia
molestar, and in the mushroom Phellinus linfeus. As such, caffeic acid can be extracted
from natoral products or natural sources. In some embodiments, caffeic acid is derived
10 from natural sources. In some embodiments, a composition for tenderizing meat is
provided, wherein the composition comprises at least one of fulvic actd, humic actd, citric
acid, malic acid, gallic acid, and/or polyphenols from natural sources, wherein the natural
sources comprises di- and tri- carboxyhic acids, phenolic derivatives and thetr sodium
salts and at least one additive. In some embodiments, the at least one additive is caffeic

15 acid
[0055]  “Ferulic actd” as described herein, refers to a hydroxycinnamic acid, a

type of organic compound and 1s shown below.

3
N
3
3
¥

[6056]  H is an abundant phenolic phytochemical found n plant cell wall

20 componenis such as arabinoxylans as covalent side chains. For example, {ferulic acid can
be found in the dried latex produced from giant fennel, Ferula communis, in the mvasive

plant species, Carpobrotus edulus, the seeds of coffee, apple, artichoke, peanut, and

orange, as well as in both seeds and cell walls of plants, {or example, commelimid plants
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(such as rice, wheat, oats, the Chinese water chestnut (Fleocharis dulcisy and pineapple}.
As such, ferudic acid can be extracted from natural products or natural sources. In some
embodiments, ferulic acid is derived from natural sources. It is related to irans-cinnamic

acid. As & component of lignin, ferulic acid 15 a precursor in the manufacture of other

(A

aroraatic compounds. In some embodiments, a composition for lenderizing meat 1§
provided, wherein the composition comprises at least one of fulvic acid, homic acid, aitrie
acid, malic acid, gallic acid, and/or polyphenols from natural sources, wherein the natural
sources comprises di- and tri- carboxylic acids, phenolic derivatives and thetr sodium
salts and at least one additive. In some embodiments. the at least one additive 15 ferulic
0 aad

{0057}  “Smapic acud” or sinapioic acid as described herewn, refers to a small

naturally occurring hvdroxycinnamic acid and is shown below,
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[0058]  Sinapic acid can be found, for example m plant material, such as black
15 roustard seeds. As such, sinapic acid can be extracted from vatural products or natural
sources. In some embodiments, simapimic acid 1s derived from natoral sources. It 15 a
member of the phenylpropanoid family. In some embodiments, a composition for
tenderizing meat is provided, wherein the composiiion comprises at least one of fulvic
acid, humuc acid, ciiric acid, malic acid, gallic acid, and/or polyphenols from natural
20 sources, wherein the natural sources comprises di- and tri~ carboxylic acids, phenolic
denivatives and their sodium salts and at least one additive. In some embodiments, the at

least one additive is sinapic acid.
66597  “Cinnamic acid” as described hersin, refers to an organic compound

with the formula CHCHCHCOH and 15 shown below.
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{3060} It is a while crystalline compound that is slightly soluble in water,
{lassified as an unsaturated carboxylic acid, it occurs naturally in a number of plants. For
example, without being limiting, cinnamic acid can be found in the oif of cinnamon. As
such, cinnamic acid can be extracted from natural products or natural sources. In some
embodiments, cinnamic acid is derived from natural sources, It 15 freely soluble in many
organic solvents and can exist as both a ¢is and a trans 1somer. In some embodimenis, a
compostiion for tenderizing meat 1s provided, wherein the composition comprises at least
one of fulvie acid, humic acid, citric acid, malic acid, gallic acid, and/or polyphenols from
natural sources, wherein the natural sources comprises di- and tri- carboxylic acids,
phenolic denvatives and their sodiwm salis and at least one addifive. In some
embodiments, the at least one additive 1s cinnamic acid.

[0061]  “Dihydroferulic acid” as described herein, refers io a hydroxycinnamic

acid, a type of organic compound and 1s shown below.
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100627 | is an abundant phenolic phvtochemical found m plant cell wall
components such as arabinoxylans as covalent side chams. It is related to trans-cinnamic
acid. As a component of hignin, ferulic acid 1s a precursor n the manufacture of other
aromatic compounds. Without being limiting, for example, dihydrofervlic acd can be
found in the seeds of coffee, apple, artichoke, peamut, and orange, as well as in both seeds
and cetl walls of commelinid plants {(such as rice, wheat, oats, the Chinese water chestnut
{Fleocharis dulcisy and pineapple). As such, dihvdroferulic acid can be extracted from
natural products or natural sources. In some embodiments, dihyroferulic acid is denived

from natural sources. In some embodiments, a composition for tendenizing meat is
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provided, wherein the composition comprises at least one of fulvic acid, humic acid, citric
acid. malic actd, gallic acid, and/or polyphenols from natural sources, wherein the natural
sources comprises di- and tri- carboxylic acids, phenolic derivatives and their sodium

salis and at least one additive. In some embodiments, the at least one additive is

5 dihvdroferulic acid.

[0863]  “Oleuropein” as described herein, refers to a phenylethanoid, a type of
phenolic compound found in ohive leaf from the olive tree together with other clogely
related compounds such as  10-hvdroxyoleuropein, ligusiroside, and  10-
hydroxyligustroside and is shown below.

10

NS E R
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[0064]  As such, oleuropein can be extracted from natural products or natural
15 sources. In some embodiments, oleuropein is derived from natural sources. These
compounds are tyrosol esters of elenolic acid that are further hydroxylated and
glycosylated. Oleuropein and its metabolite hvdroxytyrosol have powerful antioxidant
activity both n vivo and in vitro and give extra-virgin olive oil its bitter, pungent taste.
Oleuropein preparations have been claimed for several pharmacological effects, which
20 can imclude but 1 is not hmited to strengthening of the immune svsiem. fn some
embodiments, a composttion for tenderizing meat 1 provided, wherein the composition
comprises at feast one of fulvic acid, humc acid, aitric acid, malic acid, gallic acid, and/or
polyphenols from natural souwrces, wherein the natural sources comprises di- and tri-
carboxvlic acids, phenolic derivatives and their sodium salts and at least one additive. In

25 some embodiments, the at least one additive is oleuropein.
06657  “Ellagic acid” as described herein, refers to a natwral phenol

antioxidant found 1 numerous fruits and vegetables and 1s shown below.
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[0066]  Without being limiting, for example, ellagic acid can be found in the
oak species Quercus alba and i Quercus robur, the macrophyte Myriophvilum spicatum,
and in fruits and plant food, such as, for example, blackbernies, cranberries, pecans,

5 pomegranates, raspbermes, strawberries, walmis, woltberries, grapes, and peaches. As
such, ellagic acid can be extracted from natural products or natural sowrces. In some
embodiments, ellagic acid is derived from natural sources. The antiproliferative and
antioxidant properties of ellagic acid have prompted research mio s potential health
benefits. In some embodiments, a composition for tendenizing meat 1s provided, wheremn

10 the composition comprises at least one of fulvic acid, humic acid, citric acid, malic acid,

gallic acid, and/or polyphenols from natural sources, wherein the natural sources
comprises di- and tri- carboxvlic acids, phenolic derivatives and thetr sodium salts and at
least one additive. In some embodiments, the at least one additive is ellagic acid.

[0067]  “Glansrin” as described herein, refers to ellagitannins, a diverse class

15 ofhvdrolyzable tannins, a type of polyphenol formed primarily from the oxadative linkage

of galloyl groups in 1,2,3.4,6-pentagallovl glucose and 15 shown helow.
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Siwrsaeiee, a0 slagiannin polypheno prssent by vl

0068  Ellagitannins differ from gallotanmins, in that their galloyl groups are
linked through C-C bonds, whereas the gallovl groups in gallotannims are linked by
peptide bonds. Ellagitannins can be found, for example, in fruits, such as red raspberry.
Rubus idoeu. As such, ellagitannins can be extracted from natural products or natural
sources. In some embodiments, ellagitannins or glansrin is derived from natural sources.
Ellagitannins coniain various numbers of hexahvdroxydiphenoyt (HHDP) units, as well as
galloyl unuts and/or sanguisorboyl units bounded to sugar moiety. In order to determine
the quantity of every individual unit, the hvdrolysis of the extracts with trifluoroacetic
acid in methanol/water system is performed. Hexahydroxydiphenic acid, created after
hrydrolysis, spontaneousty lactonized to ellagic acid, and sanguisorbic acid to sanguisorbic
acid dilactone, while gallic acid remaims mtact In some embodiments, a composition for
tenderizing meat s provided, wherein the composition comprises at least one of fulvic
acid. humic acid, cifric aad, malic aad, galhic aad, and/or polyphenols from natural
sources, wherein the natural sources comprises di- and tri- carboxylic acids, phenolic
derivatives and their sodium salts and at least one additive. In some embodiments, the at
least one additive 1s glansin,

[806%]  “Tannic acid” as described herein, refers to 1s a specific commercial

form of tannin, a type of polyphenol and is shown below
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Tannicaod

[6070]  Hs weak acidity {pKa around 10} is due to the numerous phenol groups

n the structure. Tannic acid can be extracted from plant parts, such as, for example, tara

5 ypods ( Caesalpinia spinosa), gallouts from Rhus semialata ot Quercus infectoria,and

Steilian sumac leaves {(Rhaus coriaria). As such, tannic acid can be extracted [rom natural

products or natural sources. In some embodiments, tannic acid 1S derived from natural

sources. The chemical formula for commercial tannic acid 1s often given as C76H52046,

which corresponds with decagalloyl glucose, but in fact it 15 a muxture of polygallovi

10 glucoses or polygalioyl quinic acid esters with the nurober of galloyl moieties per

molecule ranging from 2 up to 12 depending on the plant source used to extract the tannic

acid. In some embodiments, a composition for tendenizing meat 15 provided, wherein the

compostiion comprises at least one of fulvic acid, humic acid, citric acid, malic acid,

gallic acid, and/or polyphenols from natural sources, wherein the natural sources

15 comprises di- and tn- carboxvlic acids, phenolic denvatives and their sodium salts and at
least one additive. In some embodiments, the at least one additive is tannic.

(0671}  “Taxifohin™ as described heremn, refers to a flavanonol, which is a type

of flavonoid (shown below).
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[6072]  Taufolin can be found in plants or plant parts, such as, for example,

Stbenian larch (Larix sibirica), Pinus roxburghii, Cedrus deodata, the Chinese Yew
(Taxus chinensis var. mairei), stiymarin extract from milk thistle seeds, and in vinegars

5 from aged cherrv wood. As such, taxifolin can be extracted from natural products or
natural sources. In some ersbodiments, taxifolin 1s denved from vatural sources. In some
embodiments, a composition for tenderizing meat 13 provided, wherein the composition
comprises at ieast one of fulvic acid, humic acid, citric acid, malic acid, gallic acid, and/or
polyphenols from natural sources, wherein the natural sources comprises di- and tni-

10 carboxylic acuds, phenolic derivatives and their sodium salts and at least one additive. In

some embodiments, the at least one additive 1s taxafolin,

[0073]  In soroe embodiments, the at least one additive comprises p-~cournaric
acid, Tyvrosol, hvdroxviyrosol, vanillic acid, siringie acid, caffeic acid, ferulic acid, sinapic
acid, cinnamic actd, dibvdroferulic acid, oleuropein, ellagic acid, glansnn, tannic actd,

15 and/or taxifolin, and wherein the additive comprises a 1-10% w/w of the composition as a
powder or a 1-10% w/v of the composition as a hqud.

6074}  “Vitamin~ as referred to herein, is a group of organic substances
essential in small guantities to normal metabolism. In some embodimnents, a composition
for meat 1s provided, wherein the composition comprises at least one of fulvic acid, humic

20 acd, atric acid, mahic acid, gallic acd, and/or polyphenols from natural sources, wherein
the natural sources comprises di- and tri- carboxyvlic acids, phenolic derivatives and their
sodium salts and at least one additive. In some embodiments, the conposition further
comaprises at least one vitamin. By way of example and not of limifation, vitarnins can
mclude vitamm A, vitamin B, vitanun Bl, vitanun B2, vitamin B3, vitamin BS, vitamin

25 B6, vitamin B7, vitamin BY, vitamin B12, vitamin C, vitamun D, vitamin E, and Vitamin

K. In some embodimenis the at least one additive 1s at least one vitamin. In some

-21-

SUBSTITUTE SHEET (RULE 26)



WO 2017/030818 PCT/US2016/045966

10

15

30

embodiments the at least one vitamin comprises vitamin A, vitanmun B, vitamin Bi,
vitamin B2, vitamin B3, vitamin B3, vitamin B6, vitamin B7, vitamin B9, vitamin B12,
vitamin C, vitamin D, vitamin E, and/or Vitamin K.

[6075]  “Sodrum tri-polyphosphate™ as described herein, refers to an inorganic
corapound with formula NasP:Ohe. 1t 15 the sodium salt of the polyphosphate penta-anion,
which is the comjugate base of triphosphoric acid. In some embodirments, a composition
for tenderizing meat 1s provided, wherein the composition comprises at least one of fulvic

gallic acid, and/or polyphenols from natural

DO

acid, humic acid, ciiric acid, malic acid
sources, wherein the natural sources comprises di- and tri- carboxylic acids, phenolic
derivatives and their sodium salts and at least one additive. In some embodiments, the
composition for tenderizing meat further comprises sodium tri-polyphosphate. In some
erabodiments, the sodium tri-polvphosphate comprises a 1-10% w/w of the composition
as a powder or a 1-10% w/v of the composition as a hquid.

[6076]  As described herein, “spice” refers o a dried seed, fnai, root, bark, or
vegetable substance primartly used for flavoring, colonng or preserving food. Sometimes
a spice is used to hide other flavors, Without being linuting examples of uses for spice
can include flavoring, and for medicinal purposes. Without bemg limiting, spices can
mclude alkanet root, aniseed, red chilli, black cadamon, white pepper, black pepper,
peppercoms, black cumun, capers, celery seed, indian bay leaf, cinmamon, coriander,
cubeb, cumin, curry, fennel, fenugreek, garam masala, garlic, ginger, black salt, licorice,
pepper, mint, mustard seed, basil, saffron, star anise, turmeric, and coriander. In some
embodiments, a composttion for tenderizing meat is provided. wherein the composition
comprises at feast one of fulvic acid, hunic acid, citric acid, malic acid, gallic acid, and/or
polyphencls from natural sources, wherein the natural sources comprises di- and tri-
carboxvlic acids, phenolic derivatives and their sodiom salts and at least one additive. In
some embodiments, the composition further comprises at least one spice, and wherein the
at least one spice comprises a 1-10% w/w of the composttion as a powder or a 1-10% w/v
of the composition as a ligwd. In some embodiments. the at least one spice coruprises
alkanet root, aniseed, red chilli, black cadamon, white pepper, black pepper, peppercoms,
black cumin, capers, celery seed, mdian bav leaf, cinnamon, conander, cubeb, cumin,
curry, fennel, fenugreek, garam masala, garlic, ginger, black salt, licorice, pepper, mint,

mustard seed, basil, saffron, star anise, turmeric, and/or coriander.
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{00771  “Lignin” as described herein, refers to a complex polymer of aromatic

alcohols known as monolignols {shown below).
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[0078] | s most commonly derived from wood, and 1s an mtegral part of the

5 secondarv cell walls of plants and some algae. As such, hignin can be extracted from

natural products or natural sources. In some embodiments, lignin 1s dertved from natural

sources. The structwre of lignin is across-linked racemic macromolecule. Tt is relatively

hydrophobic and aromatic in nature. The degree of polymerization in nature is difficult to

measure, since it 15 fragmented during extraction and the molecule consists of various

10 types of substructures that appear to repeat in a haphazard manner. Different types of
lignin have been deseribed depending on the means of isolation.

{30797  There are three monolignol monomers, methosyiated o various

degrees: p-coumaryl aleohol, coniferyl alcohol, and sinapyl alcohol. These lignols are

incorporated into lignin in the form of the phenvipropanotds p-hydroxvphenyl (H),

15 guatacyl (G), and syringyl (8), respectivelv. All lignins contain small amounts of
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mncomplete or modified monolignols, and other monomers are prominent in non-woody
plants.

{6680}  Lignin can undergo cleavage, as illustrated m Figure 3, as well as
undergo thermooxidative degradation, as illustrated in Figure 4. In some embodiments, a
composition for tenderizing meat is provided, wherein the composition comprises at least
one of fulvic acid, humic acid, citric acid, malic acid, gallic acid, and/or polyphenols from
natural sources, wherein the natural sources comprises di- and tri- carboxylic acids,
phenolic denvatives and their sodium salts and at least one additive. In some
embodiments, the composition further comprises lignin and/or a lignin derivative thereof,
wherein the lignin dertvative 13 obtained by lignin cleavage by thermal decomposition,
thermooxidative decomposition or catalytic cleavage, and wherein the lignin and/or lignin
derivative comprises a 1-10% w/w of the composition as a powder or a 1-10% w/v of the
compaosition as a liquid.

[6081]  “Meat” as described herein, refers fo ammal flesh that 15 eaten as a
food source. Meat most ofien refers to skeletal muscle and associated fai and other
tissues. Without being limiting sources of meat can come from lamb, sheep, goat, catile,
domestic pigs and poultry. In some embodiments, a compostiton for tenderizing meat 1s
provided, wherein the composition comprises at least one of fulvic acid, humic acid, citric
acid, malic acid, galhic acid, and/or polyphenols from natural sources, wherein the natural
sources comprises di- and tri- carboxvhic acids, phenolic derivatives and thetr sodium
salts and at least one additive. In some embodiments, the meat is selected from lamb,
beef, poultry and pork.

[0082]  Ingredients are described herein that can retard the contraction of
muscles in the meat based on the confirmed mechanism of the nmuscle contraction.
Figure I shows a representative diagram showing muscle coniraciion mechanism via
myosin calcium binding sites. As shown in panel A, when infracellular calcium 15 low
(<10 M), tropomyosin blocks all actin site along one turn of the actin helix. As shown in
panel B, when intracellular calcium is elevated (>107M), calcium binds to troponin which
then alters the position of tropomyosin on the actin filament. Once tropomyosin has
moved, the actin sites are exposed allowing myosin heads to attach.

106837  Rigor mortis is one sign of death and is seen as a chemical changes in
the muscles after death, causing the limbs of the corpse to become stiff and difficult to
move or manipulate, Rigor mortis 1s very important in meat technology, The onset of
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rigor mortis and its resolution partially determines the tenderness of meat. H the post

slaughter meat is immediately chilled to 15°C (59°F}, a phenomenon known as cold

shortening occurs, where the muscle sarcomeres shrink to a third of their original length.
[6084]  Cold shortening 15 caused by the release of stored calcium ions from

the sarcoplasmic reticutum of muscle fibers m response to the cold stirnulus. The calcium

shortening, a process known as electrical stimudation is carried oui, especially in beef
carcasses, immediately after slaughter and skiming In this process, the carcass is
stimulated with alternating current, causing it to contract and relax, which depletes the
ATP reserve from the carcass and prevents cold shortening.

[0085]  In the 8 to 10 hours immediately following slaughter, a carcass of beef
undergoes ngor mortis, during which process muscles in the carcass naturally contract,
thereby resuliing in increased meat toughness. While some toughness can be alleviated by
aging the meai, this requires sioring the meat for sore period of time before consumption,
with the assoctated energy and logistic costs.

[0036] Standard meat processing during this period of time requires chilling
the carcass or primal cut. As temperature declines during chilling, the pH of the meat also
declines, such that meat with a pH just above 7.0, which is typical at slaughter, will have a
final pH of about 5.4, depending on the amount of glvcogen stored in the nuscle. The
relationship between temperature and pH changes has major iropacts on the dynamies of
muscle fibers.

[3087]  H the carcass undergoes rigor at higher than optimum temperature, the
pH declines too fast. For example, if the pH falls below 6.0 while the loin temperature is
greater than 33°C, the sarcomereas gather together, and the meat becomes tough even upon
aging; this 13 termed “heat shortening.” Conversely if the carcass is chilled too quickly, for
example entering rigor while the muscle temperature 15 below 15°C, the pH dechne 15 too
slow, and the meat 1s toughened; this is fermed “cold shortening’. Toughness from either
heat or cold shortening cannot be alleviated by aging in the majority of cases.

[6088]  Meat tenderness can be significantly improved if select high-value
muscles (the primal cuts} are prevented from contracting, or even forced to lengthen,
during rigor, thus resulting in a decreased need for aging and benefits across livestock
producers, meat processors, wholesale distributors, retailers, and consumers. Inventions
are sought which encompass materials, stractures, or syvstems to regulate and optimize
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thermodynamic and chemical properties during rigor, 1 order to simubianeously prevent
contraction of specific muscles, for example by mechanical means to tenderstretch or
superstretch the muscles, thus producing higher value meat.
6089}  However. there is a need for cheaper and faster ways to prevent the
5 contraction of the meat after slaughter. The amimals can be fed specific compositions
before slaughter, or the anumal flesh can be treated with compositions for tenderizing
before rigor mortis sets in,
[0090]  As depicled in Figure 1, replacing earth alkaline tons mainly calcium
and magnesium tons present in the binding stte of the muscles can prevent the muscle m

10 the meat from contracting thus leading to successful processing tendered meat. The
natwral products that are capable of replacing alkaline earth metal ions are: fulvic acid,
hunue acid, their cleaved products, and their sodium salts, citric acid and uts sodium salis,
malic acid and its sodium salts, gallic acid and its sodim salts and other natural sources
consisting di and tri carboxvhic acids and their sodiom salts.

15 [0091]  The chemucal explanation, for adding these natural products s for
replacing divalent ions Ca'' and Mg ions, which are confirmed binding cations for
binding sites in muscle fibers which lead to muscle contraction, with sodium ions or H+
which are in active in contraction of muscles. In an example reaction scheme of Figure 2,
fulvic acid sodium salt 1s added to contracted meat that has been bound with calcum. The

20 fulvic acid sodium salt 1s able to chelate the calcium ions rendering a muscle that cannot
contract and is thus tenderized. Additionally, the presence of sodium salt i the muscle
will lead to absorption of water into the mwusele based on osmotic phenomenon which will
lead to further extension of the muscles in the meat thus enhancing its tenderizing or
tenderizing features. Also, this method 1s very cost effective, and the ingredients are food

25 grade non-toxic chenucals from natural resources. Additionallv, the reagents used can be
a food ingredient, have additional food additives and antioxidants. Accordingly the
nufribon value of the final treated meat will be eshanced by this tenderizing or
tenderizing process plus it increases the stability and oxidation resistance, thus
maintaining the onginal color and freshness. Other benefits of the composition

30 comprising a chelator 1s that the composition would be easy to apply as the elements in
the composition are completely soluble in water thus can be applied by spraying,
injection, immersion or possibly mjection or feeding the ammal pre~slaughtering. The
ingredients are easy to prepare and to apply, as their salts are completely soluble in water
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thus can be applied by spraying, mjection, immersion or possibly feeding pre slaughtening
as they are small molecules which act as internal antioxidants and pH regulators. In some
embodiments, methods are provided for tenderizing meat, wherein the meat is tenderized

by contact with a composition for meat tenderizing. fn some embodiments the

(A

compostiton 18 applied by spraving, mjection, immersion or feeding and animal prior to
slaughtering.

[6092]  Compositions can also include additives such as vitamins, spices
and/or preservatives for added flavor, nutrients and/or the preservation of the meat. In
some embodiments, compositions for tenderizing meat comprise vitamins, spices and/or
10 preservatives for added flavor, nutrients and/or the preservation of the meat.

[6093]  In some embodiments, a composition for tenderizing meat is provided
such that the composition can be given to an animal before slaughter or the conposition
can be contacted with the animal meat post-slaughter. In some embodiments, the
composttion comprises at least one of Rulvic acid, humic acid, cifric acid, mahe acd,

15 gallic acid, and/or polyphenols from natural souwrces, wherein the natwral sources
comprises di- and tri- carboxylic acids, phenolic derivatives and their sodivm salts and at
least one additive. In some embodiments, the composition is a powder or a hiquid.

[0094]  Asthe pH of the meat also plays a role in the contraction of the muscle,
the pH of the meat tendenizing composition must also be taken into consideration. In

20 some embodiments, the composition is a liquid having a pH of about 5.0 to about 7.0, In
some embodiments, the fulvic acid comprises a cleaved product of fulvic acid and its
sodium salts, and wherein the fulvic acid comprises a 1-10% w/w of the composition as a
powder or a 1-10% w/v of the composition as a liquid In some embodiments, the humic
acid comprises a cleaved product of humic acid, and its sodium salts, and wheremn the

25 humic acid comprises a 1-10% w/w of the coraposition as a powder or a 1-10% w/v of the
compostiion as 3 haguid. In some embodiments, the citric acid cormprises ciinc acid
chelates and citric acid sodium salts, and wherein the citric actd comprises a 1-10% w/w
of the composition as a powder or a 1-10% w/v of the composition as a hiquid. In some
embodiments, the malic acid comprises malic acid chelates and malic acid sodium salts,

30 and wherein the malic acid comprises a 1-10% w/w of the composition as a powder or a

1-10% w/v of the composition as a hiquid. In some embodiments, the gallic acid

comprises gallic acid chelates and gallic acid sodium salis, and wherein the gallic acid
comprises a 1-10% w/w of the composition as a powder or a 1-10% w/v of the
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composition as a liquid. In some embodiments, the compostiion further comprises sodium
carbonate, and wherein the sodium carbonate comprises a 1-10% w/w of the composition
as a powder or a 1-10% w/v of the composition as a liquid. In some embodiments, the
composition further comprises sodium iri-pelyphosphate. In some embodiments, the
sodium tri-polyphosphate comprises a 1-10% w/w of the composition as a powder or a 1-
10% wiv of the composition as a hquid. In some embodiments, the composition further
comprises at feast one vitamin. In some embodiments, the at least one additive comprises
p-coumaric acid, Tvrosol, hvdroxviyrosol, vanillic acid, siringic acid, caffeic acid, ferulic
acid, snapic acid, cinnamic acid, dihydroferulic acud, oleuropein, ellagic acid, glansrin,
tannic acid, and/or taxifolin, and wherein the additive comprises a 1-10% w/w of the
composition as a powder or a 1-10% w/v of the composition as a liqud In some
embodiments, the composition further comprises at least one spice, and wherein the at
ieast one spice comprises a 1-10% w/w of the composition as a powder or a 1-10% w/v of
the composition as a ligmd. In some embodiments, the composition further comprises
lignin and/or a hignin derivative thereof, wherein the hignin denvative 15 obtained by
lignin cleavage by thermal decomposition, thermnooxidative decomposttion or catalytic
cleavage, and wherein the lignin and/or lignin derivative comprises a 1-10% w/w of the
composition as a powder or a 1-10% w/v of the composition as a liqmd.

[0095]  Tenderizing the meat is a process which involves tenderizing the meat
as soon as the amimal s slaughtered, before the release of calcium ions in the system that
can lead 1o the rigor mortis process. In some embodiments, a method of tenderizing meat
is provided. In the broadest sense the method can comprise contacting said meat with a
composition for tenderizing meat under conditions such thal the meat 15 {enderized,
wherein the said composition s a powder or a liqud, and comprises a 1-10% w/w as a
powder or a 1-10% w/v as a liquid, of at least one of fulvic acid, humic acid, citric acid,
malic acid, gallic acid, and/or polyphenols from natural sources, wherein the natural
sources comprises di- and tr1- carboxylic acids, phenolic derivatives, and their sodium
salts, and further comprises at least one additive. In some embodiments, the composition
18 a hiqud and having a pH of about 5.0 to abowt 7. In some embodiments, the
composition further comprises sodium carbonate, wherein the sodnum carbonate
comprises a 1-10% w/w of the composition as a powder or a 1-10% w/v of the
comaposition as a iguid. In sorme emboduments, the composition further comprises sodium
tri-polyphosphate, and wherein the sodium in-polyphosphate comprises a 1-10% w/w of
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the composttion as a powder or a 1-10% w/v of the composition as a hiquid. In some
embodiments, the composition further comprises a vitamin. In some embodiments, the at
least one additive comprises p-coumaric acid, Tyrosol, hydroxviyrosol, vanillic acid,
siringic acid, caffeic acid, feruhic acid, sinapic acid, cinnamic acid, dihvdroferulic acid,
oleuropein, ellagic acid, glansrin, tannic acid, and/or taxifolin and wherein the at least one
addifive comprises a [-10% wiw of the composition as a powder or a 1-10% w/v of the
composition as a liquid. In some embodiments, the composition further comprises at least
one spice, and wherein the at least one spice comprises a 1-10% w/w of the composition
as a powder or a 1-10% w/v of the composition as a liquid. In some embodiments, the
coraposition further comprises lignin and/or a ligrin denivative thereof, wherein the lignin
derivative 13 obtained by hgnin cleavage by thermal decomposition, thermooxidative
decomposition or catalytic cleavage, and wherein the lignin and/or lignin derivative
comprises a i-10% w/w of the composition as a powder or a 1-10% w/v of the
composifion as a lpud. In some embodiments, the meat 1s selected from lamb, beef
poultry and pork. In some embodiments, the comtacting comprises coating the
composition onio a surface of the meat. In some embodiments, a total surface of the meat
is substantially coated with the composition. In some embodiments, the composition is a
liqud and the contacting comprises injecting the meat with the composition. In some
embodiments, the composition 1s injected in an amount of at least 1-2% v/w of the meat.
in some embodirents, the contacting comprises imomersing the meat in the composition,
wherein the composition 1s a Hquid. In some embodirments, the contacting is performed
for5.6.7,8,9,10, 11, 12, 13, 14. 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25. 26, 27, 28, 29
or 30 minutes or any other value in a range defined by any two of these values. In some
embodiments, the contacting 1s performed a 5°C, 6°C, 7°C, 8°C, 9°C, or 10°C or any
other value 10 a range defined by any two of these values. In some embodiments, the
contacting comprises injeciing or feeding the composition {0 an arumal before slaughter,
In some embodiments, the composition 15 1 gallon/2-4kg of meat, and wherein the
g 2.2

~

kg 24 kg 26kg, 28 kg, 3.0keg 32kg 34 ke 3.6kg 38 ke, or 4 kg of meat or any

composition is a hiqud. In some embodiments, the composition 15 1 gallon per 2 k

other value in a range defined by any two of these values, and wherein the compaosition is
a hquid. In some embodiments, the composition 15 1 gallon per 2 kg, 2.2 kg, 24 kg, 2.6
kg, 28 kg 3.0kg, 32 ke 34 kg 3.6kg 3.8 kg, or4 kg of meat or any other valoe n a
range defined by any two of these values, and wherein the composttion 1s a hiqud and

DI
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wherein the meat part 1s covered with the tendernizing solutton. In some embodiments, the
contacting 1s performed at 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17 or 18 howrs
after slaughter, or any other value in a range defined by anv two of these values.

Meat tenderizing using compositions with lisnin hvdrolvzed and cleaved products

5 [0696]  In some embodiments, composttions for tendenizing mweat can further
comprise lignins and/or fragmented higrin that 1s obtained by 115 cleavage and/or thermo
oxidative degradation by several processes. Cleaved lignin and/or thermo oxidative
products, which are all substituted phenolic derivatives, can act as antioxidants,
preservatives and chelating agents fo extract calctum and magnesium ions and/or to react

10 with chemical agents which are responsible of muscle contraction in the meat. The
mechanism of these new active mgredient act 15 based on the well-known process of
tenderizing, preserving and Javoring meat by smoking because the smoke produced from
lignin buming and charcoal consists of aromatic phenols formed from the thermo-
oxidative degradation of lignin.  In other words, the process can use the same active

15 ingredients. but these ingredients may be produced from lignin by chenucal cleavage and
thermo oxidative processes of the aromatic ether linkage of phenohic structures in hignin,
rather than by smoking. In some embodiments, the composition further comprises ligning
and/or derivatives of hgnin.

[6097] The thermo-oxadative product mixtwe or mdividual phenolic

20 derivatives such as vanilla obtained from good sourced lignin under predetermined
conditions can also be used for meat preserving and tenderizing. The method is cheap,
cost effective. natural non-toxic chemicals from lignin, food additives, preservative, and
antioxidants accordingly the nutrition value of the final treated meat will be enhanced by
this tenderizing process plus mcreasing the stability, oxidation resistant and maintaining

25  the orginal color and freshness. In some embodimenis, a composition for meat
lendenzing 1s provided, wherein the composition comprises thermo-oxidative product
muxture or individual phenolic derivatives from lignin.

Additional embodiments

[0098]  In some embodiments, a compaosition for tenderizing meat is provided.

30 In some embodiments, the corposition comprises ai least one of fulvic acid, humic acid,
citric acid, malic acid, galhce acid, and/or polyphenols from natural sources, wherein the
natural sources comprises di- and tri- carboxylic acids, phenolic dernvatives and their
sodium salts, wherein the natural sources are selected from plant, plant material, and
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organisms, and at least one additive. In some embodiments, the composition 13 a powder
or aligmd In some embodiments, the composition s 3 liguid having a pH of about 5.0 to
about 7.0, In some embodiments, the fulvic acid comprises a cleaved product of fulvic
acid and its sodiurn salts, and wherein the fulvic acid comprises a 1-10% w/w of the
compostiion as a powder or a 1-10% w/v of the composition as a hquid I some
embodiments, the humic acid compnses a cleaved prodact of humic acid, and its sodium
salts, and wherein the humic acid comprises a 1-10% w/w of the composition as a powder
or a 1-10% w/v of the composition as a hiquid. In some embodiments, the citric acid
comprises citric acid chelaies and citric acid sodium salts, and wherein the citric acid
comaprises a §-10% w/w of the composition as a powder or a 1-10% w/v of the
composition as a hqud. In some embodiments, the malic acid comprises malic acid
chelates and malic acid sodium salts, and wherein the malic acid comprises a 1-10% w/w
of the composition as a powder or a 1-10% w/v of the composition as a hiquid. In some
embodiments, the gallic acid comprises gallic acid chelates and gallic acid sodium salts,
and wherein the gallic acid comprises a 1-10% w/w of the composition as a powder or a
1-10% w/v of the composition as a ligaed. In some embodiments, the composition further
compiises sodium carbonate, and wherein the sodium carbonate comprises a 1-10% w/w
of the composition as a powder or a 1-10% w/v of the composttion as a liquid. In some
embodiments, the composition further comprises sodiwm ftri-polyphosphate. In some
ermnbodiments, the sodium tri-polyphosphate comprises a 1-10% w/w of the composition
as a powder or a 1-10% w/v of the composition as a liquid. In some embodiments, the
compostiion further corprises at least one vitamin. In some embodiments, the at least one
additive comprnises p-coumaric acid, Tvrosol, hvdroxytyrosol, vanitlic acid, siringic acid,
caffeic acid, ferulic acid, sinapic acid, cinmamuc acid, dihvdroferulic acid, oleuropern,
ellagic acid, glansrin, tannic acid, and/or taxifolin, and wherem the additive corprises a
1-10% wiw of the composition as a powder or g 1-10% w/v of the composition as a
Hauid. In some embodiments, the composition further comprises at least one spice, and
wherein the at least ong spice comprises a 1-10% wiw of the composition as a powder or
a 1-10% w/v of the composition as a liqud. In some embodiments, the composition
further comprises lignin and/or a lignin derivative thereof, wherein the lignin derivative is
obtained by lignin cleavage by thermal decomposition, thermooxidative decomposition or
catalviic cleavage, and wherein the hignim and/or lignin denivative comprises a 1-10% wiw

of the composition as a powder or a 1-10% w/v of the composition as a hiquid.
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[009%]  In some embodiments, a method of tenderizing meat is provided. In the
broadest sense the rethod can compnse contacting satd meat with a composition for
tenderizing meat under conditions such that the meat i {enderized, wherein the said
composition 15 & powder or a liquid, and comprises a 1-10% w/w as a powder or a 1-10%
w/v as a liqud, of at least one of fulvic acid, hunuc acid, citric acid, malic acid, gallic
acid, and/or polyvphenols from natural sources, wherein the natural sources comprises di-
and tri- carboxyvhe acids, phenolic derivatives, and their sodiam salts, wherein the natural
sources are selected from plant, plant material, and organisms, and further comprises at
least one additive. In some embodiments, the composition is a hquid and having a pH of
about 5.0 to about 7. In some embodiments, the composition further comprises sodium
carbonate, wherein the sodium carbonate comprises a 1-10% w/w of the composition as a
powder or a 1-10% w/v of the composition as a Hquid. In some embodiments, the
composition further compiises sodium tri-polyphosphate, and wherein the sodium tri-
polyphosphate comprises a 1-10% w/w of the composttion as a powder or a 1-10% w/v of
the composition as a hiqud. In some embodiments, the composition further comprises a
vitamin,  In some embodiments, the at least one additive coraprises p-coumaric acid,
Tyrosol, hvdrosytyrosol, vanillic acid, siringic acid, cafteic acid, ferulic acid, sinapic acid,
cinnamic actd, dihydroferulic acid, oleuropein, ellagic acid, glansrin, lannic acid, and/or
taxifolin and wherein the at least one additive comprises a 1-10% w/w of the composition
as a powder or a 1-10% w/v of the composition as a liquid. In some embodiments, the
composition further comprises at least one spice, and wherein the at least one spice
comprses a ~10% w/w of the composition as a powder or a 1-10% w/v of the
composition as a liqud. In sorve embodiments, the composition further comprises lignin
and/or a lignin denivative thereof, wherein the lignin derivative 1s obtained by lignin
cleavage by thermal decomposition, thermooxidative decomposition or catalytic cleavage,
and wherein the lignin and/or lignin demvative comprises a 1-10% w/w of the
compostiion as a powder or a 1-10% w/v of the composition as a hquid In some
embodiments, the meat 15 selected from lamb, beef, poultry and pork. In some
embodiments, the contacting comprises coating the composition onto a surface of the
meat. In some embodiments, a total surface of the meat is substantially coated with the
composition. In some embodiments, the compostiion 15 a liquid and the contacting
comaprises njecting the meat with the composittion. In some embodiments, the
composition 13 injected in an amount of at least 1-2% v/w of the weal. Tn some
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embodiments, the contacting comprises immersing the meat in the composition, wherein
the composition i a hiquid. In some embodiments, the contacting 1s performed for 5, 6, 7,
8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23. 24, 25. 26 27, 28. 29 or 30
minuies or any other value in a range defined by any two of these values. In some
embodiments, the confacting 13 performed a 5°C. 6°C, 7°C, 8°C, 9°C, or 10°C or any
other value in a range defined bv any two of these values. In some embodiments, the
contacting comprises injecting or feeding the composition to an animal before slaughter.
In some embodiments, the composition is 1 gallon/2-4 kg of meat, and wherein the
composition 15 a liquid. In some embodiments, the composition 15 1 gallon per 2 kg, 2.2
kg 24 kg 26kg, 28ke, 3.0 kg, 32k, 34 kg, 3.6kg, 3.8 kg, or 4 kg of meat or any
other value in a range defined bv anv two of these values. In some embodiments, the
composition is 1 gallon per 2 kg 22kg 24 kg, 26 kg, 28kg, 30ke, 3.2kg, 3.4 ke, 3.6
kg, 3.8 kg, or 4 kg of meat or anv other value in a range defined by any two of these
values, and wherein the composttion is a iquid and wherein the meat part 1s covered with
the fenderizing solution. In some embodiments, the contacting 15 performed at 1, 2, 3, 4,
5,6,7.8,9,10, 11, 12, 13, 14, 13, 16, 17 or 18 hours after slaughier, or any other value n
a range defined by any two of these values.

[3100]  In some embodiments, a lenderized meat 18 provided. In the broadest
sense, the tenderized meat can comprise a meat selected from lamb, beef, poultry and
pork, wherein the tenderized meat comprises a powder or a hiqud composition,
comprising a 1-10% w/w as a powder or a 1-10% w/v as a liquid, of at least one of fulvic
acid, hunic acid, ciiric acid, malic acd, gallic acid, and/or polyvphenols from natural
sources, wherein the natural sources comprises di- and tri- carboxylic acids, phenolic
derivatives, and their sodium salts, wherein the natwral sources are selected from plant,
plant material, and organisms, and wherein the composition further comprises at least one
additive, selected from p-coumaric acid, Tyrosol, hydroxytyrosol, vanillic acid, siringic
acid, caffeic acid, ferulic acid, smapic acid, cinmamic aad, dibvdroferulic aad,
olearopein, ellagic acid, glansrin, tanmic acid, and taxifolin,

06161}  The foregong detaled descripion of embodiments refers to the
accompanying drawings, which illustrate specific embodiments of the present disclosure.
Other embodiments having different structures and operations do not depart from the
scope of the present disclosure. The ferm “the invention™ or the like is used with
reference to certain specific examples of the many alternative aspects or embodiments of
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the applicants” mvention set forth in this specification, and neither its use nor s absence
13 intended to limit the scope of the applicants” invention or the scope of the claims. This
specification is divided into sections for the convenience of the reader only. Headings

should not be construed as fumiting of the scope of the mvention. The definitions are

(A

infended as a parl of the description of the invention. It will be understood that various
detals of the present invention may be changed without departing from the scope of the
present nvention. Furthermore, the foregoing description is for the purpose of tllustration
only, and not for the purpose of linutation,
16102} Al publications, including patent documents and scientific articles,
10 referred to in thus application and the bibliography and attachments are incorporated by
reference for the referenced materials and i their entireties for all purposes to the same
extent as if each individual publication were individually incorporated by reference,

(31837 Citation of the above publications or documents is not intended as an

adrmission that any of the foregoing is pertinent prior arl, nor does i constitule any
15 admission as to the contents or date of these publications or documents.

[0104]  Akthough the present invention has been fully described in connection
with embodiments thereof with reference to the accompanying drawings. it is to be noted
that various changes and modifications will become apparent to those skilled in the art.
Such changes and modifications are to be understood as bemg included within the scope

20 of the present invention. The various embodiments of the invention should be understood
that they have been presenied by way of example only, and not by way of limitation.
Likewise, the various diagrams may depict an example architectural or other
configuration for the invention, which is done to aid in understanding the features and
functionality that can be mcluded in the invention. The 1ovention is not restricted to the

25 llustrated example architectures or configurations, but can be implemented using a
variety of altemative architectures and configurations.  Additionally, although the
nvention 15 described above in terms of vanous exemplary embodiments and
implementations, it should be understood that the various featwres and functionality
described in one or more of the individual embodiments are not limited m their

30 applicability to the particular embodiment with whach they are described. They nstead

can, be applied, alone or in some combination, {0 one or more of the other embodiments
of the mvention, whether or not such embodiments are described, and whether or not such
features are presented as being a part of a described embodiment. Thus the breadth and
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scope of the mvention should not be limited by any of the above-desertbed exemplary
embodiments.

[6105]  Terms and phrases used in this document, and embodiments thereof,
unless otherwise expressly stated, should be consirued as open ended as opposed to
imiting. As examples of the foregoing: the term “mncluding” should be read as meaning

>

“including, without lumtation” or the like; the terro “example” is used to provide

exemplary instances of the item in discussion, not an exhaustive or limiting list thereof;

LIRS LIRS

and adjectives such as “conventional,” “traditional,” “normal,” “standard,” “known”, and

termis of similar meaning

p=2l

should not be construed as himiting the item described to a
given time period, or to an tem available as of a given time. But instead these terms
should be read to encompass conventional, traditional, normal, or standard technologies
that may be available, known now, or at any time in the fiture. Likewise, a group of
items linked with the conjunction “and”™ should not be read as requiring that sach and
every one of those tiems be present in the grouping, but rather should be read as “and/or”
uniess apparent from the context or expressly stated otherwise. Swumilarly, a group of
iterns linked with the conjunction “or” should not be read as requiring mutual exclusivity
among that group, but rather should also be read as “and/or” anless it is apparent from the
conlext or expressly staled otherwise.  Furthermore, although items, elements or
components of the invention may be described or claimed in the singular, the plural 1s
contemplated to be within the scope thereof unless hmitation to the singular is explicitly
stated. For example, “at least one” may refer to a single or plural and is not linuted to
either. The presence of broadening words and phrases such as “one or more,” “at least.”
“but not limated 1o”, or other like phrases in some instances shall not be read to mean that
the narrower case 18 mntended or required in instances where such broadening phrases may

be ahsent.
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WHAT IS CLAIMED IS:

1. A composition for tenderizing meat, the composition comprising:

at least one organic acid including derivatives and salts thereof, a polyphenol
including derivatives and salts thereof, or both at least one organic acid and a polyphenol
and derivatives and salts thereof, wherein the at least one organic acid and the polyphenol
are derived from natural plant or animal sources; and

at least one additive.

2. The composition of claim 1, wherein the composition is a powder or a
liquid.

3. The composition of claim 2, wherein the composition is a liquid having a
pH of about 5.0 to about 7.0.

4. The composition of claim 1, wherein the at least one organic acid includes
at least one of fulvic acid, humic acid, citric acid, malic acid, or gallic acid.

5. The composition of claim 4, wherein the fulvic acid comprises a cleaved
product of fulvic acid and its sodium salts, and wherein the fulvic acid comprises from
about 1% to about 10% (w/w) of the composition as a powder or from about 1% to about
10% (w/v) of the composition as a liquid.

6. The composition of claim 4, wherein the humic acid comprises a cleaved
product of humic acid, and its sodium salts, and wherein the humic acid comprises from
about 1% to about 10% (w/w) of the composition as a powder or from about 1% to about
10% (w/v) of the composition as a liquid.

7. The composition of claim 4, wherein the citric acid comprises citric acid
chelates and citric acid sodium salts, and wherein the citric acid comprises from about 1%
to about 10% (w/w) of the composition as a powder or from about 1% to about 10% (w/v)
of the composition as a liquid.

8. The composition of claim 4, wherein the malic acid comprises malic acid
chelates and malic acid sodium salts, and wherein the malic acid comprises from about
1% to about 10% (w/w) of the composition as a powder or from about 1% to about 10%
(w/v) of the composition as a liquid.

9. The composition of claim 4, wherein the gallic acid comprises gallic acid
chelates and gallic acid sodium salts, and wherein the gallic acid comprises from about
1% to about 10% (w/w) of the composition as a powder or from about 1% to about 10%

(w/v) of the composition as a liquid.
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10. The composition of claim 1, wherein the at least one additive includes at
least one of p-coumaric acid, tyrosol, hydroxytyrosol, vanillic acid, siringic acid, caffeic
acid, ferulic acid, sinapic acid, cinnamic acid, dihydroferulic acid, oleuropein, ellagic
acid, glansrin, tannic acid, or taxifolin, and wherein the additive comprises from about 1%
to about 10% (w/w) of the composition as a powder or from about 1% to about 10% (w/v)
of the composition as a liquid.

11. The composition of claim 1, further comprising sodium carbonate, wherein
the sodium carbonate comprises from about 1% to about 10% (w/w) of the composition
as a powder or from about 1% to about 10% (w/v) of the composition as a liquid.

12. The composition of claim 1, further comprising sodium tri-polyphosphate,
wherein the sodium tri-polyphosphate comprises from about 1% to about 10% (w/w) of
the composition as a powder or from about 1% to about 10% (w/v) of the composition as
a liquid.

13. The composition of claim 1, further comprising at least one vitamin.

14. The composition of claim 1, further comprising at least one spice, wherein
the at least one spice comprises from about 1% to about 10% (w/w) of the composition as
a powder or from about 1% to about 10% (w/v) of the composition as a liquid.

15. The composition of claim 1, further comprising lignin or a lignin
derivative, wherein the lignin derivative is obtained by lignin cleavage by thermal
decomposition, thermooxidative decomposition or catalytic cleavage, and wherein the
lignin or lignin derivative comprises from about 1% to about 10% (w/w) of the
composition as a powder or from about 1% to about 10% (w/v) of the composition as a

liquid.
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16. A method of tenderizing a meat, the method comprising;

contacting said meat with a composition for tenderizing meat under conditions
such that the meat is tenderized, wherein the said composition is a powder or a liquid, the
composition comprises:

from about 1% to about 10% (w/w) of the composition as a powder or
from about 1% to about 10% (w/v) of the composition as a liquid, of at least one organic
acid including derivatives and salts thereof, a polyphenol including derivatives and salts
thereof, or both at least one organic acid and a polyphenol and derivatives and salts
thereof; wherein the at least one organic acid and the polyphenol are derived from natural
plant or animal sources; and

at least one additive.

17. The method of claim 16, wherein the at least one additive includes at least
one of p-coumaric acid, Tyrosol, hydroxytyrosol, vanillic acid, siringic acid, caffeic acid,
ferulic acid, sinapic acid, cinnamic acid, dihydroferulic acid, oleuropein, ellagic acid,
glansrin, tannic acid, or taxifolin; and wherein the at least one additive comprises from
about 1% to about 10% (w/w) of the composition as a powder or from about 1% to about
10% (w/v) of the composition as a liquid.

18. The method of claim 16, wherein the composition further comprises lignin
and/or a lignin derivative thereof, wherein the lignin derivative is obtained by lignin
cleavage by thermal decomposition, thermooxidative decomposition or catalytic cleavage,
and wherein the lignin and/or lignin derivative comprises from about 1% to about 10%
(w/w) of the composition as a powder or from about 1% to about 10% (w/v) of the
composition as a liquid.

19. The method of claim 16, wherein the contacting comprises coating the
composition onto a surface of the meat.

20. The method of claim 19, wherein a total surface of the meat is substantially
coated with the composition.

21. The method of claim 16, wherein the composition is a liquid and the
contacting comprises injecting the meat with the composition.

22. The method of claim 21, wherein the composition is injected in an amount
of at least 1-2% v/w of the meat.

23. The method of claim 16, wherein the contacting comprises immersing the

meat in the composition, wherein the composition is a liquid.
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24. The method of claim 16, wherein the contacting is performed for about 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25. 26, 27, 28, 29 or 30
minutes or any other time period in a range defined by any two of these values.

25. The method of claim 16, wherein the contacting is performed at 5°C, 6°C,

5 7°C, 8°C, 9°C, or 10°C or any other temperature in a range defined by any two of these
values.

26. The method of claim 16, wherein the contacting comprises injecting or
feeding the composition to an animal before slaughter.

27. The method of claim 26, wherein an amount of the composition in a liquid

10 formis about 1 gallon per 2 to 4 kg of meat.

28. A tenderized meat product, comprising:

a meat including lamb, beef, poultry, or pork; and

a powder or a liquid composition, comprising:

a 1-10% w/w as a powder or a 1-10% w/v as a liquid, of at least one

15  organic acid including derivatives and salts thereof, a polyphenol including derivatives

and salts thereof, or both at least one organic acid and a polyphenol and derivatives and

salts thereof; wherein the at least one organic acid and the polyphenol are derived from
natural plant or animal sources; and

at least one additive including at least one of p-coumaric acid, Tyrosol,

20  hydroxytyrosol, vanillic acid, siringic acid, caffeic acid, ferulic acid, sinapic acid,

cinnamic acid, dihydroferulic acid, oleuropein, ellagic acid, glansrin, tannic acid, or

taxifolin.
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