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METHOD FOR IMPROVING MEAT QUALITY
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.

62/523,893, filed June 23, 2017, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Feeding calcium nitrate and other ingredients to ruminants is one way to mitigate
methane production. For example, U.S. Patent No. 8,771,723 titled “Compositions for Reducing
Gastro-Intestinal Methanogenesis in Ruminants™ issued to Hindrik Bene Perdok et al. discloses
one such method. Further, Van Den Bosch et al. (International Patent Application Publication
No. WO 2016/090366, published June 9, 2016) describes animal feed compositions containing a
nitrate compound and methods for using such a composition in an animal’s gestation phase
and/or lactation phase to improve the health of offspring.

[0003] In humans, dietary nitrate, as presented in beetroot juice, has been shown to
reduce blood pressure and the risk of adverse cardiovascular events in healthy individuals after a
single dose of 500 ml of beetroot juice. It is hypothesized that nitrate might represent a source of
vasoprotective nitric oxide (NO) via bioactivation (Webb et al. 2008). A non-enzymatic pathway
for the generation of NO has been proposed (nitrate-nitrite-NO pathway) for humans. Dietary
inorganic nitrate molecules may be reduced by facultative anaerobic bacteria on the dorsal
surface of the tongue to nitrite which can be chemically and enzymatically be further reduced to
NO (Lundberg et al. 2009). The endothelial isoform of the NO synthase uses arginine and
molecular oxygen as precursors to tonically release NO in the endothelium, which is important
for the control of vascular tone, smooth muscle growth, platelet aggregation and inflammation
(Umans and Levi, 1995; Bruckdorfer 2005). This induces vasodilation and increased blood flow
(Siervo et al. 2011; Kelm 1999).

SUMMARY OF THE INVENTION

[0004] Disclosed herein are methods and compositions for improving the quality of meat
obtained from an animal. In one aspect, the method relates to feeding an animal a diet containing
a nitrate compound, for example calcium nitrate. In one aspect, the method relates to improving

the redness of the meat color.
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[0005] In one embodiment, the method is a method for improving meat quality in an
animal comprising: feeding an animal an amount of a nitrate compound effective to improve at
least one meat quality characteristic of meat obtained from the animal. In one embodiment, the
method is a method for improving the color of meat obtained from an animal comprising,
feeding an animal a diet comprising an effective amount of nitrate, wherein the redness of the
color of meat obtained from the animal is greater than the redness of the color of meat obtained
from a control animal fed a diet that does not include an effective amount of nitrate. In one
embodiment, the composition is an animal feed diet, comprising: an amount of nitrate effective
for increasing the red color of meat obtained from the animal.

[0006] In some embodiments, the meat quality characteristic that is improved by the
methods or compositions described herein is color. In one aspect, the color of the meat can be
measured using methods established by the International Commission on Illumination (CIE),
i.e., CIE L*a*b* color measurement. The a* parameter corresponds to the red and green color
spectrum. Positive a* values indicate red color while negative a* values indicate green color.
Accordingly, an a* value of a meat which is greater than the a* value for a control sample
indicates that the color of the meat is more red than the color of the control sample. In some
embodiments, the a* value of the CIE L*a*b* color measurement of the meat obtained from the
animal is greater than the a* value for meat obtained from a negative control animal fed a diet
without nitrate compound. In some embodiments, the a* value of the meat from the animal is at
least 5%, at least 10 %, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, or at
least 40% greater than the a* value of meat from the negative control animal at about 24 hours
after slaughter of the animal. In some embodiments, the a* value of the meat from the animal is
at least 9.8 at about 24 hours after slaughter of the animal. In some embodiments, the redness of
the meat is measured according to the CIE L*a*b* color space method, and the a* parameter of
meat obtained from the animal is at least 5%, at least 10 %, at least 15%, at least 20%, at least
25%, or at least 30% greater than the redness of meat obtained from an animal not fed a diet
comprising an effective amount of nitrate.

[0007] In some embodiments, the animal is a monogastric animal. In some
embodiments, the animal is swine. In some embodiments, the animal is in a post-weening phase.
In some embodiments, the animal is in a growth phase. In some embodiments, the animal is in a

finishing phase.
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[0008] In some embodiments, the amount of nitrate fed to the animal is at least 0.01 wt%
of the daily diet. In some embodiments, the amount of nitrate fed to the animal is at least (.06
wt% of the daily diet. In some embodiments, the amount of nitrate fed to the animal is in the
range of 0.05 to 0.1% of the daily diet. In some embodiments, the nitrate compound is calcium
nitrate.

[0009] In some embodiments, the method is a method for improving meat quality in an
animal comprising: feeding an animal an amount of a nitrate compound effective to improve at
least one meat quality characteristic of meat obtained from the animal, wherein the meat from
the animal has an a* value of a CIE L*a*b* color measurement of the meat obtained from the
animal is at least 9.4 9.5, 9.6, 9.7, 9.8, or 9.9 at about 24 hours after slaughter of the animal. In
some such embodiments, an effective amount of nitrate for improving the a* value can be in any
of the following ranges: 0.01 to 0.07%, 0.05 to 0.07%, 0.05 to 0.08%, 0.05 to 0.1%%, 0.01 to
0.11%, 0.05 to 0.11%, 0.05 to 0.12%, 0.05 to 0.13%, 0.05 to 0.14%, 0.05 to 0.15%, 0.06 to
0.1%, 0.06 to 0.11%, 0.01 to 0.15%, 0.01 to 0.2%, 0.01 to 0.3%, 0.01 to 0.5%, 0.05 to 0.2%,
0.05 to 0.5%, or 0.05 to 1.0%. In some such embodiments, the a* value of the meat from the
animal can be at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, or 40% greater than the a* value of
meat from the negative control animal at about 24 hours after slaughter of the animal.

[00010] In one aspect, the methods described herein can be used to improve carcass yield.
In some embodiments, the method improves the carcass yield (%) of an animal fed an effective
amount of nitrate compared to a control animal fed a diet without an effective amount of nitrate.
In some embodiments, the carcass yield of the animal fed an effective amount of nitrate is at
least 1%, at least 2%, or at least 3% greater than a control animal fed a diet without an effective
amount of nitrate. In some embodiments, the carcass yield of the animal fed an effective amount
of nitrate is at least 80%, at least 81%, at least 82%, or at least 83%.

[00011] It is also to be understood that the elements or aspects of any embodiment of the
processes, methods, or compositions described above can be applied to any other embodiment,

as would be understood by a person skilled in the art.

DETAILED DESCRIPTION

[00012] It is to be understood that the figures and descriptions of the present invention
provided herein have been simplified to illustrate elements that are relevant for a clear

understanding of the present invention, while eliminating other elements found in the related
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field(s) of art. Those of ordinary skill in the art would recognize that other elements or steps may
be desirable or required in implementing the present invention. However, because such elements
or steps are well known in the art or do not facilitate a better understanding of the present
invention, a discussion of such elements or steps is not provided herein.

[00013] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. As used herein, each of the following terms has the meaning associated with
it as defined in this section.

[00014] Throughout this disclosure, various aspects of the invention may be presented in
a range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 7 should be considered to have specifically
disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 6, from 2 to 5, from 3 to 5, etc.,
as well as individual numbers within that range, for example, 1, 2, 3, 3.6, 4, 5, 5.8, 6, 7, and any

whole and partial increments in between. This applies regardless of the breadth of the range.

Method for improving meat quality

[00015] Described herein are methods for improving the quality of meat by feeding an
animal a suitable quantity of a nitrate compound. In one aspect, the methods can be used to
increase the redness of the meat color of an animal by feeding the animal calcium nitrate or
another nitrate-containing compound during the growing and/or finishing stages. In some
embodiments, the animal is a monogastric animal, including but not limited to a pig.

[00016] While not intending to be limited by any particular theory, it is believed that
nitrate is a source for the biological messenger nitric oxide (NO) according to a non-enzymatic
pathway for the generation of NO (nitrate-nitrite-NO pathway). Unlike arginine conversion to
nitric oxide, nitrate conversion to nitric oxide via the nitrate-nitrite-NO pathway is not
dependent upon oxygen levels. It is believed that the release of NO in the animal is important for
the control of vascular tone, smooth muscle growth, platelet aggregation and inflammation. The

release of NO in the animal, for example, in a grower-finisher pig fed a supplement containing a
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nitrate compound, is believed to induce vasodilation and increased blood flow and exchange of
oxygen.

[00017] The term “vasodilation” (or vasodilatation) as used in this disclosure refers to the
widening of blood vessels in the animal. Vasodilation results from relaxation of smooth muscle
cells within the vessel walls, in particular in the large veins, large arteries, and smaller arterioles.
‘When blood vessels dilate in the animal, the flow of blood is increased due to a decrease in
vascular resistance. Vasodilation may be localized to a specific organ (depending on the
metabolic needs of a particular tissue, as during stress), or it may be systemic (seen throughout
the entire systemic circulation). The primary function of vasodilation is to increase blood flow in
the body to tissues that need it most. This is often in response to a localized need of oxygen, but
can occur when the tissue in question is not receiving enough glucose or lipids or other nutrients.
[00018] Based on the nitrate-nitrite-NO pathway, a potential mode of action of dietary
nitrate on heat stress reduction was conceived, and it was hypothesized that the increase in blood
flow would promote heat loss by the animal, which could result in a decrease in heat production.
This decrease in heat production was expected to decrease the core body temperature (the body
‘cools down’) which subsequently could result in a continued feed intake and growth
performance. Although improvements in heat loss promotion and associated effects were not
observed in pigs in such studies, it was surprisingly found that nitrate supplementation in animal
feed has significant effects on meat quality characteristics, specifically improved meat color.
Van Den Bosch (WO 2016/090366, which is hereby incorporated by reference in its entirety)
describes compositions and methods for improving the health of the offspring of a sow by
feeding the sow nitrate-containing feed during the sow’s gestation and/or lactation phase.
However, Van Den Bosch does not describe the use of nitrate in later phases of life, for example
during the growth and/or finishing phases. Further, Van Den Bosch does not describe the use of
nitrate to improve the specific meat quality characteristics described herein, e.g., increasing the
redness of meat.

[00019] Research conducted at Research farm Raalte the Netherlands under supervision
of the National Health Service for animals (Bouwkamp et al., 1988, Tijdschr Diergeneeskd 113
(13), 737-747) showed that nitrate can be dosed safely until at least the level of 0.1% nitrate in
swine feed. Trials performed in grower-finisher pigs at Raalte delivered nitrate in the water and
showed no effect on hemoglobin or met-hemoglobin in the blood for pigs fed nitrate. However,

no effect was found on meat and liver NO content and on meat color, smell or taste. Further,
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Cargill research has shown that in young piglets receiving a feed dose titration of 0.2, 0.4, 0.6,
0.8 and 1.0% calcium nitrate there are no adverse effects on performance, and that met-
hemoglobin, even at the highest level of calcium nitrate inclusion, stayed well within levels
considered as safe.

[00020] In one aspect, the nitrate compound used in the method described herein can be
any suitable nitrate-containing compound. As would be understood by a person skilled in the art,
a suitable compound is defined as any physiologically acceptable or tolerated nitrate compound.
In some embodiments, the nitrate compound is well-soluble in water, i.e., the compound has
sufficient solubility for bioavailability after administration to the animal. In some embodiments,
the nitrate compound is an ionic nitrate compound, preferably an inorganic nitrate salt. Non-
limiting examples of nitrate salts include sodium nitrate, potassium nitrate, calcium nitrate,
magnesium nitrate, or ammonium nitrate, all of which are readily soluble in water at standard
temperature and pressure. The salts can include different hydrated forms. The salts can also
include double salts (e.g. calcium nitrate and ammonium nitrate). In some embodiments, a
mixture of two or more different nitrate salts or salt forms can be used in the method.

[00021] According to an exemplary embodiment, the nitrate is provided as inorganic
calcium nitrate having the formula Ca(NQs)>. Calcium nitrate is also referred to as calcium
dinitrate, Kalksalpeter, nitrocalcite, Norwegian saltpeter, and lime nitrate. Calcium nitrate may
be produced by treating limestone with nitric acid, followed by neutralization with ammonia
according to the reaction: CaCOj3 + 2HNO3 = Ca(NO3): + CO» + H20.

[00022] A variety of related complex inorganic salts of calcium nitrate include calcium
ammonium nitrate decahydrate and calcium potassium nitrate decahydrate. Calcium ammonium
nitrate is a double salt (calcium nitrate and ammonium nitrate) having the formula
5Ca(NO3)2:NH4NO3+10H20. According to an exemplary embodiment, the calcium ammonium
nitrate is pentacalcium ammonium nitrate decahydrate commercially available from Bri-Chem
Supply Limited with the following specification: Ammonium-N (NHs-N) 1.1%; Nitrate-N (NOs-
N): 14.4%; Total N: 15.5%; Calcium (Ca): 18.8%. According to another exemplary
embodiment, the calcium nitrate is BOLIFOR CNF calcium nitrate feed grade having the
formula 5Ca(NO3)2«NH4NO3+10H>0 commercially available from Yara Phosphates Oy of
Helsingborg Sweden. According to an exemplary embodiment, the calcium nitrate can have the
following specification: Calcium (Ca): 18.9%; Nitrogen (N) 15.5%; pH (10% solution): 6; bulk
density kg/m3: 1050; appearance: prilled; size: <1.0mm: 2%; 1.0-2.0mm: 78%; >2mm: 20%.
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Exemplary formulations of calcium nitrate lacking ammonia include Ca(NO3)2+4H20. An
exemplary anhydrous air-stable derivative of calcium nitrate includes the urea complex
Ca(NO3)2:4[OC(NH2):].

[00023] The nitrate compound may also be provided by a variety of plant ingredients
according to alternative embodiments. Such plant ingredients may include, for example, leafy
greens such as spinach, arugula and beetroot. Beetroot has an inorganic nitrate content typically
ranging from 110 to 3670 mg nitrate/kg.

[00024] The amounts or levels of nitrate included in a feed or otherwise administered to
the animal according to the method described herein correspond to nitrate ion amounts or levels.
For example, Bolifor CNF™ calcium nitrate contains about 63% nitrate. As would be
understood by a person skilled in the art, the amounts or levels of nitrate can be expressed as a
mass or weight percent of nitrate compound by adjusting the mass or weight percent based on
the total molecular weight of the nitrate compound, i.e., accounting for the portion of the
compound other than the nitrate ion(s).

[00025] In one aspect, the level of nitrate fed to the animal in the method is an amount
suitable, i.e., effective, for improving meat quality without producing deleterious effects in the
animal. As described above, an amount of nitrate up to 0.1% is known to be safe in swine feed.
Accordingly, in some embodiments, the amount of nitrate used in the method of the present
invention can be 0.1% or less. However, it is contemplated herein that amounts of nitrate greater
than 0.1% may be used safely in a feed diet for an animal. The maximum safe amount of nitrate
for an animal feed can be readily determined by known methods in the art, based on factors
including, but not limited to the type of animal and the age of the animal. In other embodiments,
the amount of nitrate administered to the animal can be 0.5% or less, 0.4% or less, 0.3% or less,
0.2% or less, 0.15% or less, 0.09% or less, 0.08% or less, 0.07% or less, 0.06% or less, 0.05% or
less, 0.04% or less, 0.03% or less, 0.02% or less, or 0.01% or less of an animal feed diet. In
some embodiments, the amount of nitrate administered to the animal in the feeding methods
and/or feed diet compositions can be in the range of 0.01 to 0.1%, 0.01 to 0.11%, 0.01 to 0.12%,
0.01 t0 0.13%, 0.01 to 0.14%, 0.01 to 0.15%, 0.03% to 0.08%, 0.03 to 0.09%, 0.03 to 0.1%, 0.03
to 0.11%, 0.03 to 0.12%, 0.03 to 0.13%, 0.03 to 0.14%, 0.03 to 0.15%, 0.05 to 0.07%, 0.05 to
0.08%, 0.05 to 0.09%, 0.05 to 0.1%, 0.05 to 0.11%, 0.05 to 0.12%, 0.05 to 0.13%, 0.05 to
0.14%, 0.05 to 0.15%, 0.06 to 0.08%, 0.06 to 0.09%, 0.06 to 0.1%, 0.06 to 0.11%, 0.06 to
0.12%, 0.06 to 0.13%, 0.06 to 0.14%, 0.06 to 0.15%, 0.01 to 0.2%, 0.05 to 0.2%, 0.05 to 0.3%,
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0.05 to 0.4%, or 0.05 to 0.5% of an animal feed diet. For the purposes of this disclosure, any of
the above ranges can be considered to be an effective amount of nitrate for improving a meat
quality characteristic such as color, including improving red color. Further, it is contemplated
that a diet used as a control for reference purposes to compare to the compositions and methods
of the present disclosure can contain some amount of nitrate (e.g., a trace amount) without such
amount being considered an effective amount of nitrate.

[00026] In one aspect, the amount of nitrate administered to the animal can be expressed
in terms of mg per kg of animal body weight per day. For example, the method can include
providing to the animal less than 35 mg nitrate per kg of body weight of the animal per day, less
than 30 mg nitrate per kg of body weight, less than 25 mg nitrate per kg of body weight, less
than 20 mg nitrate per kg of body weight, less than 15 mg nitrate per kg of body weight, less
than 10 mg nitrate per kg of body weight, or less than 5 mg nitrate per kg of body weight. The
amount of nitrate in the feed (and the amount of nitrite) may be measured via ion
chromatography. According to the ion chromatography method, samples are extracted with
water, filtered, diluted and then applied to an anion exchange column. Nitrate is separated and
identified using isocratic carbonate/bicarbonate elution coupled with suppressed conductivity
detection. Concentration is determined using a standard curve of known nitrate solutions.
[00027] In another aspect, the amount of nitrate administered to the animal can be
expressed in total mass per day. Accordingly, the nitrate compound can be fed to the animal
such that the amount of nitrate fed per animal per day is less than 10 g nitrate, less than 5 g
nitrate, less than 4 g nitrate, less than 3 g nitrate, less than 2 g nitrate, less than 1 g nitrate, or less
than 0.5 g.

[00028] The method of improving meat quality can be used to improve at least one
characteristic of meat quality. In some embodiments, the characteristic is color. In some such
embodiments, the color improvement is an increase in redness of the meat. For example, cuts of
meat having a high level of redness are often more desirable and/or are indicative of higher
quality, and therefore more valuable than cuts of meat with less redness. In some geographic
regions, for example some countries in Asia, more value is often placed on meats, for example
pork, having a deeper or more apparent red color. Accordingly, in some embodiments, the
methods and/or compositions described herein are useful for improving the quality of pork, e.g.,

the redness of the pork.
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[00029] In some embodiments, the color characteristic can be evaluated using a color
analyzer for measuring reflective colors of surfaces. These tools use the color differences one
perceives to distances when measured colorimetrically. The a-axis measures the green (-a) to
red (+a) spectrum, b-axis measures the blue (-b) to yellow (+b) spectrum and L. measures
brightness. These three measures create a three-dimensional model to more accurately define
color perception of meat. In such a method, an increase in the a* parameter measured in a meat
sample corresponds to an increase in redness. For the purposes of this disclosure and any related
claims, an improvement or increase in the a* parameter of meat refers to a more positive value
of the a* parameter, which corresponds to an increase in the redness of the color of the meat. As
described above, the a* parameter can have a negative value (more green on the color spectrum)
or a positive value (more red on the color spectrum). Accordingly, when a meat is described
herein as having an a* parameter greater than a negative control sample, such description refers
to a more positive (or less negative) a* value. Therefore, a meat referred to as having a greater
a* parameter or a* value is more red in color than the control.

[00030] In some embodiments, the color characteristic can be evaluated using other
methods, for example by comparing color templates corresponding to various levels of redness
using a human tester, i.e., a visual scoring method, or a suitably configured computer or other
testing machine. In one aspect, the improvements to meat quality can be more significant as time
elapses after slaughter. For example, the improvement in the a* parameter of meat can be greater
approximately 24 hours after slaughter than at the time of slaughter.

[00031] In one aspect, the a* value of the meat from the animal fed an effective amount of
nitrate is at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, or at least 40% greater than the a* value of meat from a negative control animal at about
24 hours after slaughter of the animal. As would be understood by a person skilled in the art, a
negative control animal is an animal of the same species that has not been fed an effective
amount of nitrate, but otherwise was raised substantially the same as an animal fed an effective
amount of nitrate. Further, the improvements to meat quality may be more apparent after a time
period longer than 24 hours, i.e., the meat from the negative control may lose color as time
elapses, for example 36, 48, 60, 72, 84, or more hours after slaughter. Accordingly, meats
produced using the methods described herein can have significantly better color characteristics
at the time of purchase by a consumer, i.e., after time has elapsed to due shipping and/or

packaging, than meats produced without an effective amount of nitrate.
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[00032] In one aspect, the a* value of the meat from an animal administered an effective
amount of nitrate is higher, i.e., more positive, than can be achieved without nitrate
administration. In some embodiments, the a* value of the meat from an animal administered an
effective amount of nitrate is at least 9.8 at about 24 hours after slaughter of the animal. In some
embodiments, the a* value of the color of the meat from an animal administered an effective
amount of nitrate is at least 9.3, 9.4, 9.5, 9.6, 9.7, 9.9, or 10.0 about 24 hours after slaughter of
the animal. In some embodiments, the a* value of the color of the meat from an animal
administered an effective amount of nitrate is at least 8.0, 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7, 8.8, 8.9,
9.0,9.1,9.2,9.3,9.4, or 9.5 about 12 hours after slaughter of the animal. In some embodiments,
the a* value of the color of the meat from an animal administered an effective amount of nitrate
is at least 9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, or 10.0 about 36 hours after slaughter of the animal. In
some embodiments, the a* value of the color of the meat from an animal administered an
effective amount of nitrate is at least 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, or 10.0 about 48 hours after
slaughter of the animal. In some embodiments, the a* value of the color of the meat from an
animal administered an effective amount of nitrate is at least 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, or 10.0
about 72 hours after slaughter of the animal.

[00033] The method of improving meat quality described herein can be used for
monogastric animals, for example swine. In some embodiments, the method can also be used in
other types of animals, for example ruminants, including cattle.

[00034] In one aspect, the nitrate is administered to the animal via feed, as described
above. However, in other embodiments, a nitrate compound can be administered via other
methods or routes, for example in a supplement pill or bolus, or via drinking water.

[00035] In another aspect, the methods described herein can be used to improve carcass
characteristics. For example, the use of the methods can result in improvements to backfat,
muscle, and/ or lean meat percent compared to an animal not administered a nitrate compound.
[00036] In some embodiments, use of the methods result in higher carcass weight. In
some embodiments, the carcass weight of an animal fed an effective amount of nitrate can be at
least 1%, 2%, 3%, 4%, 5%, 6%, 1%, 8%, 9%, or 10% greater than a control animal fed a diet
without an effective amount of nitrate.

[00037] In some embodiments, the methods can result in improvements to carcass yield.
In some embodiments, the carcass yield of an animal administered a nitrate compound is at least

80%, 81%, 82%, 83%, 84%, or 85%. In some such embodiments, a control animal administered
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the same diet without inclusion of a nitrate compound will have a carcass yield significantly
lower, for example less than 80%. In some embodiments, the carcass yield of the animal
administered an effective amount of nitrate is at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or
10% greater relative to the carcass yield of a control animal fed a diet without an effective

amount of nitrate.

Feed diet composition

[00038] In another aspect, the present invention relates to animal feed diet compositions
and/or animal feed supplement compositions including an amount of nitrate suitable for
improving one or more meat quality characteristics. In some embodiments, the feed diet
composition includes 0.5% or less, 0.4% or less, 0.3% or less, 0.2% or less, 0.15% or less, 0.1%
or less, 0.09% or less, 0.08% or less, 0.07% or less, 0.06% or less, 0.05% or less, 0.04% or less,
0.03% or less, 0.02% or less, or 0.01% or less of an animal feed diet. In some embodiments, the
amount of nitrate in the feed diet composition is in the range of 0.01 to 0.1%, 0.05 to 0.1%, 0.06
to 0.1%, 0.05 to 0.15%, or 0.05 to 0.2% of an animal feed diet. Other ranges or amounts of
nitrate useful in the present invention are described above in relation to methods and are
applicable to both methods and compositions of the present invention.

[00039] In one aspect, the animal feed supplement is a composition containing nitrate that
can be fed or administered to the animal before, during, or after providing the animal the feed
diet, i.e., the nitrate is provided in a supplement separately from the feed diet or is provided in a
supplement that is mixed with the feed diet. As would be understood by a person skilled in the
art, the amount of nitrate in the supplement would typically be different from the final feed diet,
i.e., the supplement includes a higher concentration of nitrate than the final diet itself.

[00040] The animal feed diet is the vehicle to deliver nutrients to the animal. Accordingly,
the feed diet composition can include other nutrients. There are six major classes of nutrients:
carbohydrates, fats, proteins, vitamins, minerals, and water. These nutrient classes can be
categorized as either macronutrients (needed in relatively large amounts) or micronutrients
(needed in smaller quantities). The macronutrients are carbohydrates, fats, fiber, proteins, and
water. The micronutrients are minerals and vitamins. The macronutrients (excluding water)
provide structural material (amino acids from which proteins are built, and lipids from which

cell membranes and some signaling molecules are built) and energy. Vitamins, minerals, fiber,
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and water do not provide energy, but are required for other reasons. Micronutrients include
antioxidants and phytochemicals. Nutrients are delivered by sources of ingredients.

[00041] Macromineral (also referred to as bulk minerals) nutrients include, for example,
calcium, chlorine (as chloride ions), magnesium, phosphorus, potassium, sodium, and sulfur.
Micromineral (also referred to as trace minerals) nutrients include, for example, cobalt, copper,
chromium, iodine, iron, manganese, molybdenum, nickel, selenium, vandadium, and zinc.
[00042] Vitamins nutrients include, for example, vitamin A. Ingredient sources of
vitamin A include, for example, vitamin A supplement, vitamin A oil, etc. Vitamins also
include, for example, vitamin B1, vitamin B2, vitamin B3, vitamin B4, vitamin B5, vitamin B6,
vitamin B7, vitamin B9, vitamin B12, and vitamin C. Vitamins also include, for example,
vitamin D. Ingredient sources of vitamin D include, for example, vitamin D supplement.
Vitamins also include, for example, vitamin E. Ingredient sources of vitamin E include, for
example, vitamin E supplement. Vitamins also include, for example, vitamin K. Other vitamin
product ingredients may include, for example, riboflavin, vitamin D3 supplement, niacin,

betaine, choline chloride, tocopherol, inositol, etc.

EXPERIMENTAL EXAMPLES

[00043] The invention is further described in detail by reference to the following
experimental examples. These examples are provided for purposes of illustration only, and are not
intended to be limiting unless otherwise specified. Thus, the invention should in no way be
construed as being limited to the following examples, but rather should be construed to encompass

any and all variations which become evident as a result of the teaching provided herein.

Example 1: Effect of nitrate and heat stress on swine

[00044] A trial was conducted to test two different levels of Bolifor™ CNFR (calcium
nitrate) for its effect on technical performance and carcass characteristics, including pH and
meat color, in both normal and high temperature conditions.

[00045] Based on the nitrate-nitrite-NO pathway it was hypothesized that the increase in
blood flow could promote heat loss by the animal, which could result in a decrease in heat
production. This decrease in heat production was expected to decrease the core body
temperature which subsequently should result in a continued feed intake and growth

performance in animals under heat stress. In addition, it was also hypothesized that, due to the
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increase in blood flow, a redder meat color would be seen in the group of pigs under nitrate level
0.1%.

[00046] No interaction effects between nitrate and temperature were observed for
performance, carcass characteristics, and meat color (L*, a * and b*) and pH. Heat stress had a
negative effect on technical performance. Pigs under heat stress reduced their average daily gain
(ADG) and average daily feed intake (ADFI) (-5% and -7%, respectively) compared to pigs
under thermo-neutral conditions. Significant difference was observed for L* and b* at 27 h
postmortem for main effect of temperature. Results indicate a PSE meat (pale, soft and
exudative) for pigs under heat stress conditions; Minolta L* was 55 and ultimate pH was 5.35.
[00047] Regarding the effect of nitrate level, a significant difference was observed for a*
at day 2 after slaughter. The parameter a* linearly increased with an increase in level of calcium

nitrate in the diet. A redder meat color was found in the group of pigs fed nitrate level 0.1%.

MATERIALS AND METHODS

[00048] The trial was conducted in the grower-finisher unit 1 and 2 of Cargill Innovation
Center Velddriel, The Netherlands. Pigs were allocated with 64 days of age. A randomized
block design was used using 6 treatments divided over 48 pens by using 8 weight blocks in total.
A pen was the experimental unit. Each pen contained 4 animals. Barrows and gilts were equally
distributed among treatments. The experiment consisted of a 3x2 factorial design with three
different levels of Bolifor™ CNFR (calcium nitrate) and with and without heat stress, with 8
replications per treatment (Table 1). During phase 1 (day O to day 24, i.e., d0-24) a common diet
was fed. In phase 2 (d24-56) and phase 3 (d56-101) pigs were fed one of the 6 experimental
diets (pellet form).

[00049] On day 83 of the trial one pig per pen was removed and transported to a
commercial processing plant. On day 102, pigs were weighed and transported to a commercial
processing plant (Compaxo, Zevenaar, The Netherlands). Each pig received an ear tag according
to pen number to allow for data retrieval by pen and carcass data collection at the packing plant.
Hot carcass weights (HCW) were measured immediately after evisceration and each carcass was
evaluated for backfat, loin depth, and lean percentage. Fat depth and loin depth were measured
with an optical probe inserted between 3rd and 4th last rib. Lean percentage was provided from
the packing plant by using a proprietary equation. Percentage yield was calculated by dividing

HCW by live weight obtained before transport to the packing plant.
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Table 1: Experimental Design

Treatment | Temperature Description Bolifor CNF* Nitrate
(kg/mton) (kg/mton)

1 Negative control (NC) 0 0

2 Normal NC + Ca(NOs); level 1_N 1.00 0.63
3 NC + Ca(NOs); level 2_N 1.58 1.00
4 Negative control (NC) 0 0

5 High NC + Ca(NOs); level 1_N 1.00 0.63
6 NC + Ca(NOs); level 2_N 1.58 1.00

* Diets were formulated with Bolifor CNF, containing 63.12% of nitrate

Housing

[00050] Temperature, humidity and ventilation were automatically controlled. During
phase 1 (from experimental day O until 24) pigs were not submitted to heat stress conditions.
From experimental day 32 onwards pigs in Unit 2 were exposed to heat stress conditions (total
period length of 66 days). During this period of heat stress the temperature was raised to 30°C
(from 8 AM — 6 PM) and decreased to 26°C from 6 PM — 8 AM. During the heat stress period
the relative humidity was kept at 80% in Unit 2 and the minimum ventilation was adjusted
according to the body weight of the pigs. Temperature, humidity and ventilation settings in Unit
1 and 2 are presented in Table 2. Actual temperature, humidity and ventilation values did not

deviate significantly from the settings during the trial.
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Table 2: Temperature, humidity and ventilation during the trial

Temperature (°C) Humidity (%) Min. Ventilation
(%)
Pigs Exp. Unit 1 Unit 2 Unitl | Unit2 | Unit1l | Unit2
age (d) days Day* | Night*
63-72 0-9 24 24 24 50 50 10 10
72-78 | 9-15 22 22 22 50 50 10 10
78 -84 | 15-21 21 21 21 50 50 10 10
84-91 ] 21-30 20 20 20 50 50 10 10
92 31 20 22 22 50 50 10 18
93 32 20 24 24 50 50 10 18
94 33 20 26 26 50 50 10 18
95 34 20 28 26 50 50 10 18
96-162 | 35-101 20 30 26 50 80 10 23-28
(from
day 70)

*Day: 8 AM — 6 PM / Night: 6 PM - 8 AM

Diets

[00051] Batches of raw materials (Barley, Wheat, Soybean meal, Corn and Corn Dried
Distillers Grains and Solubles (DDGS)) were reserved at the ABZ-Diervoeding production
factory, Leusden, The Netherlands. Reserved batches were analyzed on crude protein, crude fat,
crude ash, moisture, crude fibre (NIRS) and ICP at Provimi Rotterdam Laboratory, The
Netherlands.

[00052] Formulation of diets was based on the analyzed nutrient content of the
ingredients. A corn/soybean meal (SBM) basal diet was formulated and the nutrient profile was
based on Grower-Finisher Shadow feeds for three phases with a market weight of 115 kg live
body weight. Final experimental feeds were produced at ABZ-Diervoeding Leusden and

delivered at GIC Velddriel. Diets are shown in Tables 3, 4, and 5.
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Ingredient Amount (%)
Barley - Ground 5.138
Vleesvark. 0.75/0.5% 0.75
Limestone 1.658
L-Threonine 0.007
L-Lysine HCI] 0.206
Monocalcium phosphate 0.778
Salt 0.286
Corn - Fine Ground 40.133
Sugarcane molasses SUG < 47.5% 1.0
Soybean Meal - 48% Protein 21.542
Fat - Animal Blend 1.0
Corn DDGS 7.5
Wheat - Ground 8-14% NDF 20
Table 4: Experimental diets phase 2 (d24-56)

Ingredient Amount (%)

NC NC + NC +

Ca(NO3)2 Ca(NOs)2
level 1_N level 2 N

Bolifor CNF 0.00 0.100 0.158
Vleesvark. 0.75/0.5% 0.75 0.75 0.75
Limestone 1.457 1.426 1.407
Sunflower Meal 28% Protein 4.00 4.00 4.00
L-Threonine 0.027 0.027 0.027
L-Lysine HCI] 0.29 0.29 0.29
Monocalcium phosphate 0.829 0.786 0.761
Salt 0.385 0.385 0.385
Corn - Fine Ground 42.95 42.90 42.87
Sugarcane molasses SUG < 47.5% 1.00 1.00 1.00
Soybean Meal - 48% Protein 14.68 14.69 14.69
Fat - Animal Blend 1.14 1.15 1.16
Corn DDGS 12.5 12.5 12.5
Wheat - Ground 8-14% NDF 20.0 20.0 20.0
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Table 5: Experimental diets phase 3 (d56-101)

Ingredient Amount (%)
NC NC+ NC+
Ca(NOs): Ca(NOs)»
level 1_N level 2_N
Bolifor CNF 0.00 0.100 0.158
Vleesvark. 0.75/0.5% 0.50 0.50 0.50
Limestone 1.167 1.119 1.090
Sunflower Meal 28% Protein 7.32 7.18 7.09
L-Threonine 0.003 0.002 0.002
L-Lysine HCI] 0.349 0.348 0.347
Monocalcium phosphate 0.115 0.114 0.114
Salt 0.383 0.384 0.385
Corn - Fine Ground 41.542 41.544 41.546
Sugarcane molasses SUG < 47.5% 1.00 1.00 1.00
Soybean Meal - 48% Protein 6.50 6.59 6.65
Fat - Animal Blend 1.00 1.00 1.00
Corn DDGS 20.0 20.0 20.0
Wheat - Ground 8-14% NDF 20.0 20.0 20.0
Measurements
[00053] Feed intake and body weight were measured at day 0, 24, 39, 59, 83 and 101.

Ultrasound measurements were made at day 24, 59 and 101. To get more insight on metabolic
defenses when pigs are submitted to heat stress, urine samples were taken at experimental day
84 (105 kg average BW) in the morning from the control animals (16 animals) in the heat stress
group and the non-heat stressed group to measure pH, and calcium and phosphorus content. The
pH was measured right after collection. During the first three weeks of heat stress skin
temperature was measured daily with an infrared device (Testo 845). From 3 weeks onwards,
skin temperature was measured weekly.

[00054] At slaughter, meat samples were taken to measure meat color. Color was
evaluated at the longissimus muscle for L* (lightness), a* (redness), and b* (yellowness) values
using a Minolta spectrophotometer. The first measurement was taken 3 hours postmortem and
the second measurement 24 hours after first measurement. At the time of the 2nd color

measurement, pH was also measured.

Statistics
[00055] For comparison of the different treatments, the parameters ADG, ADFI and Feed
conversion ratio (FRC) (all normally distributed) were subjected to Mixed Model analysis, using
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SAS JMP (Version 9.0, SAS Institute Inc., Cary, NC, 2008) according to the following
statistical model:

Yijk = 1+ ai + Bj + (af)ij + Sexx + 6i1 + BW24, + &jjum
Where,

u = population mean;

oi = main effect of temperature / roomi (A),i=1, 2;

Bj = main effect of calcium nitrate level j (B),j =1, 2, 3;

Sex; = random effect of sex, | = barrow, gilt;

BW24,, = BW at day 24 (covariable)

(of);j is the interaction effect of A and B; for each j and for each i

Sik ~ Niid(0, s2,) is the whole plot (block) error, k=1, 2, ..., 8 ;

gijk ~ Niid(0, s%) is the sub plot (pen) error, k=1, 2, ..., 8.
Linear and quadratic contrast for calcium nitrate level was tested. Differences between treatment
means were assumed to be significant based on the probability of P < 0.05 (Student t-test);

unless other probability value is stated.

RESULTS

[00056] No interaction effects were observed between the temperature and the calcium
nitrate level on weight, ADG and ADFI during the trial. For FCR, a tendency (P=0.09) was
found for overall period (24-101 days), showing better FCR for the pigs under nitrate level 1
(0.063%) in heat stress conditions.

[00057] Heat stress had a negative effect on technical performance. Pigs under heat stress
reduced their ADG, ADFI (-5% and -7%, respectively) and have shown better FCR during phase
3 (-3%; P<0.05) compared to the normal temperature and humidity conditions. Pigs were lighter
by the end of the trial (d101; 2 kg lighter; P<0.05).

[00058] The calcium nitrate level had a quadratic effect on weight on day 83 and 101
(P<0.05). ADG tended to show a quadratic effect in phase 3 (d59-101; P<0.10) and showed a
quadratic effect over the whole trial (d24-101; P<0.05). ADFI also showed a quadratic effect in
phase 3 and over the whole trial (P<0.05). For efficiency two linear effects were observed. FCR
linearly increased with an increasing in level of calcium nitrate in the diet in phase 2 (d24-59)

and over the whole trial (d24-101; P<0.05).
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Table 6A: Carcass characteristics

Temperature Normal Heat stress

Treatment NC Nitrate Nitrate | NC Nitrate Nitrate
0.063 % 0.1% 0.063 % 0.1%

Weight full, 129.9 128.2 129.6 128.7 125.0 127.6

kg

Slaughter 127.2 126.0 127.3 125.9 122.8 124.9

weight, kg

Carcass 101.3 105.1 99.5 100.3 100.2 101.2

weight, kg

Backfat, mm 19.5 20.3 16.8 18.6 18.7 18.9

Muscle, mm 66.1 67.8 69.3 69.4 68.6 68.5

Lean meat, 55.4 55.0 57.4 56.2 56.1 55.9

%

Carcass 79.7 83.6 78.3 79.7 81.7 81.2

yield, %

Table 6B: P values for carcass characteristics

Temp x Temp Nitrate Nitrate Nitrate
Nitrate Linear quadr
Weight 0.635 0.030 0.094 0.491 0.018
full, kg
Slaughter 0.642 0.011 0.123 0.696 0.046
weight, kg
Carcass 0.099 0.236 0.269 0.751 0.113
weight, kg
Backfat, 0.116 0.881 0.196 0.250 0.596
mm
Mauscle, 0.124 0.168 0.520 0.991 0.504
mm
Lean meat, 0.927 0.968 0.515 0.267 0.703
Y
Carcass 0.170 0.771 0.030 0.949 0.046
yield, %
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Table 7A: Meat color and pH

Temperature Normal Heat stress
Treatment NC Nitrate Nitrate | NC Nitrate Nitrate
0.063 % 0.1% 0.063 % 0.1%

L* day 1 41.7 42.5 43.0 43.8 43.1 42.5
a*day 1 7.2 7.3 7.2 6.8 7.0 7.1
b* day 1 -1.6 -1.5 -1.4 -1.5 -1.5 -1.6
L* day 2 53.1 53.5 53.7 55.1 55.5 55.1
a* day 2 9.3 9.8 9.9 9.3 9.5 9.8
b* day 2 -1.3 -1.0 -0.9 -0.8 -0.4 -0.7
pH* day 2 5.61 5.60 5.58 5.33 5.36 5.35

Day 1 = at the day of slaughter
Day 2 = 24 hours after slaughter

Table 7B: P values for Meat color and pH

Temp x Temp Nitrate Nitrate Nitrate
Nitrate Linear quadr
L* day 1 0.081 0.117 0.998 0.970 0.958
a*day1 0.731 0.078 0.573 0.296 0.937
b* day 1 0.582 0.551 0.982 0.881 0.904
L* day 2 0.774 0.000 0.814 0.640 0.674
a* day 2 0.652 0.353 0.034 0.012 0.593
b* day 2 0.478 0.001 0.064 0.081 0.115
pH* day 2 0.763 0.000 0.757 0.796 0.487
[00059] As shown in Tables 6A and 6B, no interaction effects were observed between

temperature and calcium nitrate level for carcass characteristics. There tended to be an
interaction for carcass weight (P<0.10). The treatment with normal temperature and 0.063%
calcium nitrate had a higher carcass weight, compared to the other treatments.
[00060] Temperature had an effect on full weight and slaughter weight (P<0.05). The pigs
exposed to heat stress had a 2% lower full weight and slaughter weight. No significant effect for
temperature was seen on carcass weight, back fat, muscle depth, lean meat percentage or carcass
yield.
[00061] Regarding the effect of nitrate level, a quadratic effect was observed for full
weight, slaughter weight and carcass yield of the pigs (P<0.05). The lowest slaughter weight was
seen at 0.063% nitrate inclusion in feed, although carcass yield was the highest for the same
treatment.
[00062] As shown in Tables 7A and 7B, no significant effects were observed for the pH
values determined in longissimus dorsi when interaction and main effect of nitrate was studied.
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A significant difference (P=0.0001) was observed for temperature, showing the lowest pH in
pigs under heat stress conditions (5.60 vs. 5.35).

[00063] To facilitate color communication, tools have been developed to aid in analyzing
color, such has the CIE L*a*b* color space tool. In this system, color is expressed in a three
dimensional space. A positive a* represents red, and a negative a* represents green (scale from
+60 for red to —60 for green). A positive b* represents yellow, and a negative b* represents blue
(scale from +60 for yellow to —60 for blue). The L* is represented numerically where 100 is
white, and 0 is black. In present trial, there was no interaction between temperature and nitrate
level for L*, a* and b* values. When main effect of temperature was studied, a significant
difference was observed for L* (P=0.0001) and b* (P=0.001) at day 2 (27 h postmortem). Based
on these results it can be concluded that temperature affects meat quality and will generate a
PSE meat (pale, soft and exudative). Typical PSE-meat quality parameters are a Minolta L*
higher than 50 (in this trial, the L* value was 55) and ultimate pH lower than 5.5 (Sellier and
Monin 1994; PIC, 2003).

[00064] Regarding the effect of nitrate level, a significant difference was observed for a*
at day 2 (P=0.012). The parameter a* linearly increased with an increasing in level of calcium
nitrate in the diet. The lower a* and b* values in the negative control (a* = 9.3 and b* = -(.8)
indicate a low content of oxymyoglobin which is created in the oxidation process of myoglobin
when exposed to air in meat (Jaturasitha et al., 2006, ScienceAsia 32: 297-305). Although no
visual color measurements were taken, the significant effect seen from Minolta parameter a* in
nitrate level indicates that nitrate might affect meat color — a redder meat color was found in the
group of pigs fed nitrate level 0.1%.

[00065] Results from urinary pH, calcium and phosphorus did not show any significant
differences between normal and heat stressed pigs under control treatment. Regarding skin
temperature measurements, the heat stressed pigs had higher skin temperature compared to the
pigs under normal conditions, although no interaction was found between temperature and the

different nitrate levels.
CONCLUSIONS

[00066] No interaction effects between nitrate and temperature were observed for

performance, carcass characteristics, and meat color (L*, a * and b*) and pH. Heat stress had a
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negative effect on technical performance. Pigs under heat stress reduced their ADG, ADFI (-5%
and -7%, respectively) compared to pigs under thermo-neutral conditions.

[00067] Significant difference was observed for L* (P=0.0001) and b* (P=0.001) at day 2
indicating that heat stress can generate a PSE meat (pale, soft and exudative). Typical PSE-meat
quality parameters are a Minolta L* higher than 50 (current trial = 55) and ultimate pH lower
than 5.5 (current trial = 5.35).

[00068] Regarding the effect of nitrate level, a significant difference was observed for a*
at day 2 (P=0.012). The parameter a* linearly increased with an increasing in level of calcium
nitrate in the diet. A statistically significant redder meat color was found in the group of pigs fed
nitrate level 0.1%.

[00069] The disclosures of each and every patent, patent application, or publication cited
herein are hereby incorporated by reference in their entirety. While this invention has been
disclosed with reference to specific embodiments, other embodiments and variations of this
invention may be devised by others skilled in the art without departing from the true spirit and
scope of the invention. The appended claims are intended to be construed to include all such

embodiments and variations.
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AMENDED CLAIMS
received by the International Bureau on 13 November 2018 (13.11.2018)

1. A method for improving meat quality in an animal comprising:
feeding an animal an amount of a nitrate compound effective to increase the
redness of the color of meat obtained from the animal,
wherein the a* value of the CIE L*a*b* color measurement of the meat
obtained from the animal is greater than the a* value for meat obtained from a

negative control animal fed a diet without nitrate compound.

2. The method of claim 1, wherein the a* value of the meat from the animal is at least
30%, at least 35%, or at least 40% greater than the a* value of meat from the

negative control animal at about 24 hours after slaughter of the animal.

3. The method of claim 1, wherein the a* value of the meat from the animal is at least

9.8 at about 24 hours after slaughter of the animal.

4. The method of any of claims 1-3, wherein the animal is a monogastric animal.
5. The method of claim 4, wherein the animal is swine.
6. The method of any of claims 1-5, wherein the amount of nitrate fed to the animal is

at least 0.06 wt% of the daily diet.

7. The method of any of claims 1-6, wherein the amount of nitrate fed to the animal is

in the range of 0.05 to 0.1% of the daily diet.

8. The method of any of claims 1-7, wherein the nitrate compound is calcium nitrate.

9. A method for improving the color of meat obtained from an animal comprising,
feeding an animal a diet comprising an effective amount of nitrate,
wherein the redness of the color of the meat obtained from the animal is

greater than the redness of the color of meat obtained from a control animal fed a

diet without an effective amount of nitrate, and
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10.

11.

12.

13.

14.

15.

wherein the redness of the meat is measured according to the CIE L*a*b* color
space method, and the a* parameter of meat obtained from the animal is at
least 30% greater than the redness of meat obtained from an animal not fed a diet

comprising an effective amount of nitrate.

The method of claim 9, wherein the diet comprises at least 0.01% nitrate.

The method of any of claims 9-10, wherein the nitrate is from calcium nitrate.

The method of any of claims 9-11, wherein the method improves the carcass yield (%) of
the animal fed an effective amount of nitrate compared to a control animal fed a diet
without an effective amount of nitrate,

wherein the carcass yield of the animal fed an effective amount of nitrate is at
least 1%, at least 2%, or at least 3% greater than a control animal fed a diet without an

effective amount of nitrate.

An animal feed diet, comprising:
an amount of nitrate effective for increasing the red color of meat obtained from

the animal.

The feed diet of claim 13, wherein the diet comprises at least 0.01%, at least 0.05%, or at
least 0.06% nitrate.

The feed diet of claim 13, wherein the nitrate is from calcium nitrate.
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