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SYSTEMS AND METHODS FOR ESTIMATING FEED EFFICIENCY AND
CARBON FOOTPRINT FOR MEAT PRODUUING ANIMAL

CROSS-REFERENCE TO RELATED APPLICATIONGS

{0081 This application is being filed on December 31, 2014, as a PCT International
Patent application and claims priority to Canadian Patent Application Serial No. 2839029
filed on Janvary 2, 2014, the disclosure of which is incorporated herein by reference in its

cutirety.

TECHNICAL FIELD

[082] This application relates 10 a systems and methods for estimating and optimizing

feed efficiency and carbon footprint for meat producing andmal{s).
¥ g X

BACKGROUND

16081} Certain types of animals, referred to herein as meat producing animals, are
commonly raised for the primary purpose of producing meat that will ultimately be sold to
businesses or consamers as a source of food.

[082] Meat producing animals obtain the nutrients needed for meat produoction
through the food that they cat. The composition of animal feed is often selected 1o an
attempt to provide the animals with the proper nutrition needed to support mesat
production. Any portion of the animal feed that is indigestible by the animal passes
through the animal withouot benefitting meat production. The cost attributabie (o such
portions of the animal feed is, at least in theory, an unnecessary expense. Accordingly, it
would be beneficial if the composition of the animal feed could be evahiated and adjusted
to reduce the portion of the animal feed that is indigestible by the meat producing asnimal.
{06831 Another consideration in the selection of animal foed is the extent of
greenhouse gases generated and/or emitted from meat producing animals after they
consume the animal feed. Some compositions of animal feed will cause the meat
producing animal to gencrate more greenhouse gascs than others. The greater the
greenhouse gas emission, the greater the carbon footprint of the meat producing avuoal or
collection of meat producing amimals. Accordingly, it would be beneficial if the
composition of the feed could be evaluated and adjusted to reduce the resulting carbon

footprint.
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SUMMARY
[G084] The present application relates to sysiems and methods for estimating meat
producing animal feed conversion efficiency and carbou footprint, such as io allow
adjustments to be made in the animals” feed to improve meat production, reduce waste,
and/or reduce the carbon footprint. In embodiments of the present application, a system is
provided that integrates a digestion model of an animal feed with weight gain efficiency
and carbon footprint. Such systems and methods are useful to analyze and conpare
different ammal feed compositions that differ from one another in one or more
components and/or to analyze the effect of the addition of a feed supplement on weight
gain cfficiency and/or carbon footprint. In cmbodiments, the systers and methods
described herein provide a feed parameter-carbon footpring conpromise. A feed
parameter-carbon footprint compromise 1s usefol to adjust animal feed composition by
balancing weight gain efficiency with effects on carboun footprint. Differcnt feed
supplements or amounts of feed supplements, and/or difterent foed compositions are
selected based on the desired feed parameter-carbon footprint compromise. The systems
and methods can be used for a single animal or a plurality of animals,
[G085] The present application includes a method for estimating impact of a meat
producing animal on carbon footpring, comprising: providing one or mote privaary
parameters associated with one or more of: a) a measure of energy content for a selected
feed sample from a digestion model associated with the meat producing animal; b) a
measure of dry matter digestibility for the selected feed sample from the digestion model
associated with the meat producing animal; and ¢) an amount or a percent of components
in the feed sample; prodocing with a computing device a bascline performance comprising
one¢ or more of weight gain and feed efficicncy using at least one or more of the primary
parameters and one of more secondary parameters for the meat producing animal, wherein
the one or more secondary parameters are associated with one or more oft a measure of
animal weight, 2 meat price, 2 measure of animal dry matter intake, a breed of the animal,
a measore of animal activity, and a measure of onc or more envirenmental conditions: and
producing with the computing device a carbou footprint for the meat producing aniral
using the bascline performance.
{6006} In some embodiments, a method for adjusting a feed composition, comprisgs:

a) digesting a feed sample in an in vitro fermentation system for a meat producing animal
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to generate a value for a primeary parameter comprising a) a measure of energy content for
a selected feed sample from a digestion model associated with the meat producing animal;
b} a measure of dry matter digestibility for the selected feed sample from the digestion
model associated with the meat producing animal; b) measuring one or more secondary
parameters selected from the group consisting of aramal weight, animal meat production,
animal dry matter intake, animal meat price, animal activity, and an environmental
condition to generate a valoe for the onc or more secondary parameters; ¢} producing a
baseline performance value comprising meat production efficiency using at least one or
more of the values of the primary parameters and one or more of the values of the
secondary parameters using a computing device; d) producing a carbon footprint for the
meat producing animal using the bascline performance using a computing device; and ¢)
adjusting a component of the feed sample to change the bascline performance, the carbon
foot print or both.

08671 In other embodiments, & method for adjusting a feed composition, compriscs:
a} determining a characteristic of a first feed sample to generate a value for 2 primary
parameter; b) measuring one or more secondary parameters selected from the group
consisting of animal weight, animal meat production, animal dry matter intake, animal
meat price, animal activity, and an environmental condition to generate a value for the one
or more secondary paramcters; ¢) producing a baseline performance value comprising
meat production efficiency using the value of the primary parameter and one or more of
the values of the secondary parameters using a computing device; d) producing a carbon
footprint for the meat producing anitmal using the bascline performance using a computing
device; and e} adjusting a component of the first feed sample to change either the bascline
performance, the carbon foot print or both.

{0048 In embodiments, the steps of methods described herein are repeated until a feed
composition is identified that maintains or increases meat production cfficiency and
decreases carbon footprint as compared to the first feed sanple.

[6669] In some embodiments the digestion model is a chemical or biological
fermentation model. In some embodimenis the biological fermentation model is an in
vitro biological model. In some embodunents, the in vitro digestion system comprises
digesting the feed sample with one or more digestive enzymes in the presence of a

microbial population.
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10619 Some embodiments further include displaying the carbon footprint for the meat
producing animal. In some embodiments the displaying comprises displaving the carbon
footprint for the meat producing animal as a function of feed intake of the animal. In
some embodiments the producing with the computing device comprises calenlating with
the computing device.

{8011} Examples of primary parameters include a measure of energy content or a measure
of dry matter digestibility for a selected feed sample from a digestion model associated with the
meat producing animal. In some embodiments the digestion model is a chemical or
biological fermentation model. e some embodiments the biclogical fermentation model
1s an in vifro biological model.

{6812} Examples of an amount or percent of components in the feed sample mchide
but arc not limited to, an amount or percentage onc or more of a measure of fat, a measure
of carbohydrate, a measure of protein, 2 measure of calorics, a measure of fiber, a measure
of calcium, a measure of dry matter, a measure of gross energy, or a2 measure of
phosphoreus.

16613} In embodiments, determining the characteristic of the feed sample comprises
measuring a characteristic of the feed sample. In other embodiments, determining the
characteristic of the feed sample comprises calealating a characteristic of the foed sample.
In further embodiments, the characteristic of the feed sample is determined by a chemical
method or by near infrared spectroscopy.

{8014 Secondary parameters include but are not limited 1o a measure of animal
weight, 2 measure of animal dry matter intake, a meat price, a breed of the animal, a
measure of animal activity, and a measure of one or more environmental conditions. In
embodiments, & measure of animal weight comprises a birth weight, a geal weight,
average datly weight gain, weight gain per unit of time {e.g. from time period A to time
period B), and a carcass weight. Weight can be represented as kilograms or as a
percentage of the total weight of the animal.

{8015] In emboediments, a secondary parameter includes yicld. An example of a yield
calculation is dressing percent times carcass cutting yield times live weight. Dressing
percent is determined by dividing carcass weight by live weight. Carcass cutting vield is
the pounds of meat that result after cutting the meat and is calculated by the pounds of et

meat divided by the live weight.
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{6016] In embodiments, a meat price includes but is not limited to meat price per kg,
carcass price per kg and weight price per kg.

8817} In some embodiments the one or more environmental conditions include
temperature, bumidity, time of year, wind speed, arca of enclosure, and animal density per
area of enclosure.

[6618] Some embodiments further include producing with the computing device feed
cfficiency in unit of feed consumed per unit of meat production. Some embodiments
nclude producing with the computing device net energy reguired 1o support meat output
in unit weight/time based at least in part on one or more of the primary parameters. OGther
embodiments inchude producing with a computing device cscape protein in units of
weight. Further cmbodiments include producing with the computing device a change in
weight gain or feed efficiency for feed augmented with one or more feed supplements as
compared to a bascline performance without a feed supplement. In some embodiments,
producing with the computing device a change in weight gain ot feed efficiency comprises
an amount of the one or more feed supplements needed to obtain increased weight gain oy
feed efficiency. In embodiments, a change in weight gain or efficiency can be determined
by holding the values of one or more secondary parameters constant based on expected or
desired outcomes, such as, desired weight gain per day.

{0019 In eroboediments, adjusting a component of the feed sampie comprises adding a
feed supplement to the feed sample. In specific embodiments, adjusting a component of
the feed sample comprises altering the form of protein or amount of protein in the sample.
in other embodiments, adjusting a component of the feed sample comprises altering the
digestibility of the feed sample.

{6328} The present application also includes a method for estimating impact ot a
plurality of meat producing animals on carbon footprint, comprising: providing one or
more privary parameters associated with one or more of! a) a measure of encrgy content
for a selected feed sample from a digestion model associated with the meat producing
animal; b) a measure of dry matter digestibility for the selected feed sample from the
digestion model associated with the meat producing animal; and ¢) an amount or a percent
of components in the feed sample; producing with a computing device a performance for
cach animal comprising weight gain or feed etficiency using at least onc or more of the
primary parameters and one or more secondary parameters for cach meat producing

animal, wherein the one of more secondary parameters are associated with one or more of:
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a measure of amimal weight, a rueat price, a measure of animal dry maticr intake, breed of
animal, a measure of animal activity, and a measure of one or more environmental
conditions; producing with the computing device a carbon footprint per animal using the
bascline performance; and aggregating the carbon footprint per animal for cach animal of
the plurality of meat producing animals to provide an aggregate carbon footprint.

{8021} Some embodiments further include displaying the carbon footprint for each
animal of the plurality of meat producing animals. Other embodiments further include
displaying the aggregate carbon footprint for the meat producing animals as a function of
weight gain or feed etficiency of the animals.

{6022} In some embodiments the plurality of meat producing animals inclodes animals
of different species or from different phylogenetic families. In some cmbodimenis the
plurality of meat producing animals is animals of the same species or from same
phylogenstic family. In other cmbodiments the producing with the computing device
compriscs calculating with a computing device.

16023} In some ershodiments the one ot maore primary parameters further include one
or more of: a measure of fat, a measure of carbohydrate, a measure of protein, a measure
of fiber, a measure of calcium, and a measure of phosphorous.

[024] In some cmbodiments the digestion model is a chemical or biological
fermentation model. To some embodiments the biclogical fermentation raodel is an in
vitro biological model,

[6625] Some embodiments further include producing with a computing device feed
cfficiency in unit weight of feed consumed per unit weight gain. Some embodiments
further include producing with a computing device NRC metabolizable protein required to
sapport meat production in anit weight/time based on one or more of the primary
parameters or based on one or more of the secondary parameters. Some embodiments
further include producing with a computing device escape protein in units of weight.
Additional embodiments inchlude producing with a computing device a change in weight
gain or feed efficiency for feed augmented with one or more feed supplements. In some
cmbodiments producing with the computing device a change in weight gain or feed
cfficiency comprises calculating an amount of the one or more feed supplements needed to
obtain an increase n weight gain or an ncrease W feed efficiency. In some embodiments
the producing with a computing device a carbon footprint per animal includes producing a

carbon footprind per animal using the increased weight gain or increased feed efficiency.
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16026} In some ershodiments the aggregating the carbon footprint per anweal for cach
animal of a plurality of animals includes aggregating a carbon footprint per animal for
cach animal of the plurality of animals with feed augmented with the one or more feed
supplements, 10 provide an aggregate carbon footprint as a function of an amound of the
one or more feed supplements, weight gain, or feed efficiency. Some embodiments
further inchade displaying the aggregate carbon footprint as a function of the sclected
amount of the one or more feed supploments, weight gain or feed efficicncy.

106271 Some embodiments further include producing with a computing device a
required protein level or protein savings.

§0828] The present application further includes a method for estimating an increase in
one or more of weight gain and weight gain efficiency in 8 meat producing animal
provided with animal feed contatning one or more feed supplements, comprising:
providing a baseline performance comprising one or more of weight gain and feed
cfficiency for the meat producing animal; providing a selected amount of one or more feed
supplements; and producing with the computing device an increase in one or more of
weight gain and feed efficiency in the meat producing animal fed using the sclected
amovnt of the one or more feed supplements relative to the baseline performance.

[6029] Some embodiments further include producing with a computing device a
carbon footprint for the animal. Some cmbodiments also include displaying the carbon
footprint as a function of the selected amount of the one or feed supplements, weight gain,
or feed efficiency. Other embodiments include producing with a computing device a
recuired dictary protein of protein savings.

[0636] The present application also includes a method for estimating an increase n
one or more of weight gain and weight gain efficiency in a plurality of meat producing
animals provided with animal feed containing one or more feed supplements, comprising:
providing a bascline performance comprising one or more of weight gain and feed
efficiency for the phurality of meat producing animals; providing a selected amount of one
or more feed supplements; and producing with a computing device an increase in one or
more of weight gain and feed efficicncy per animal in the plurality of meat producing
animals fed using the selected amounts of the one or more feed supplements relative to the
baseline performance.

6831} Some embodiments also include producing with the computing device a carbon

footprint per animal for cach animal of the plurality of animals. Some embodiments
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further fnclude aggregating the carbon footprint per antmal for cach animal of the plurality
of animals to provide an aggregate carbon footprint as a function of the selected amount of
the one or more feed supplements, animal daily weight gain, or feed cfficicncy. Some
crubodiments further include displaying the carbon footprint as a function of the selected
amount of the one or more feed supplements, animal daily weight gam, or feed efficiency.
{80321 The present application also includes a system for estimating the impact of a
meat producing animal on carbon fooiprint, the sysiem comprising: at least one processing
device; and at least one computer readable storage device, the at least one conputer
readable storage device stormg data instructions that, when executed by the at least one
processing device cause the at least one processing device to generate: a baseline
performance engine configured {0 receive one or more primary parameiers associated with
one or more of a measure of encrgy content and a measure of dry matter digestibility, and
to produce a baseline performance comprising one or more of weight gain and feed
cfficiency using at least one of the primary parameters and one or more secondary
parameters, wherein the one or more secondary parameters are associated with one oy
more of a measure of animal weight, a measure of animal dry matter intake, a breed of
animal, a measure of animal activity, and a measure of one or more environmental
conditions: and a carbon footprint engine configured to use the baseline performance to
produce a carbon footprint for the animal

{0833] Some embodiments further include a display device, wherein the carbon
footprint for the animal is displayed on the display device as a fumetion of feed intake,
weight gain, or feed efficiency of the animal, Other embodiments include a plurality of
computing devices, wherein a first processing device 1s part of a fivst computing device.
In some embodiments one computing device produces the baseline performance and the
carbon footprint. In some crobodiments the bascline performance engine operates on a
first computing device and wherein the carbon footprint ongine operates on a second
computing device. In some embodiments the first computing device 1s in data
commnnication with the second computing device across one or more data communication
networks, In other embodiments the baseline porformance engine is configured to
calculate the bascline porformance and the carbon footprint engine is configured to
caleulate the carbon footprint.

[6034] The present application further includes a system for estimating the impact of a

plurality of meat producing animals on carbon footprint, the system comprising: at least
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one processing device; and at least one computer readable storage device, the at least one
conputer readable storage device storing data instructions that, when executed by the at
least one processing device cause the at least one processing device to gonerate: a baseline
performance ongine configured to receive one or more primary pataraeters associated with
one or more of a measure of energy content and a measure of dry matter digestibifity, the
baseline performance engine further configured to prodace a baseline performance
comprising weight gain or feed cfficiency using at least one of the primary parameters and
one of rore secondary parameters, wherein the one or more secondary parameters are
associated with one or more of) a measure of animal weight, 8 measure of animal dry
matter intake, a meat price, a breed of animal, 8 measure of animal activity, and a measure
of one or more environmental conditions; and a carbon footprint engine configured to use
the baseline performance to produce a carbon footpriot for cach animal n the plurality of
animals and aggregate the carbon footprint produced for each animal in the plorality of
animals to provide an aggregate carbon footprint.

10635] Some embodiments further include a display device, whercin the display
device displays the aggregated carbon footprint for the phurality of andmals as a fimetion of
animal feed intake, weight gain, or feed efficiency of the plurality of animals.

{036} In some embodimenis the bascline performance engine is configured to
calculate the baseline performance and the carbon footprint engine is configured to
calculate the carbon footprint,

{66371 Some embodiments include a plurality of computing devices, wherein a first
processing device is part of a first computing device and a second processing device is part
of a second computing device. In some embodiments the first computing device is in data
commaunication with the second computing device across one or more data communication
networks.

{038} In some embodiments the plurality of meat producing animals jocludes animals
of different species or from different phylogenctic familics. In other embodiments the
plurality of meat producing animals is animals of the same species or from same

phylogenetic family.

BRIEF DESCRIPTION OF THE DRAWINGS

[6039] FIG. 1is aschematic block diagram illustrating an example system for

estimating the impact of a meat producing animal on carbon footprint.
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16040} FIG. 2 is a schematic block diagram illustrating an example system for
estimnating the impact of a feed supplement on weight gain and/or carbon footprint of a
meat producing animal.

{0411 FIG. 3 is a screen shot of an example user interface display 300 according to

some embodiments of the present application.

DBETAILED BESCRIPTION

{0642} Definitions

B843] The following detailed description refers to subject matter in the accompanying
drawings which show, by way of illustration, specific aspects and embodiments in which
the prosent subject matter may be practiced. These embodiments are described in
sufficient detail to enable those skilled 1n the art to practice the present subjoct matter.
References to “an”, “one”, or “various” embodiments in this application are not
necessarily {o the same embodiment, and such references contemplate more than one
embodiment.

{6844] As used in this application, the term “antmal(s)” refers to non-human animals
raised or used as a source of food. For example, animals include, but are not himited to,
domesticated livestock such as cattle, goats, sheep, pigs, buffalo, camel, horse, water
butfalo, and fish and other aquatic animals. A “meat producing snimal{s}” s an animal
raised or used for meat production.

{804 5] As used in this application, the term “baseline performance” refers to various
aspecis of a meat producing animal when the meat producing animal is fed animal feed
without one or more optional feed supplements. Examples of baschne performance
include a meat prodocing animal’s weight gain and/or weight gain efficiency. The term
“bascline performance engine” refers to a machine or portion of a machine that produces
and/or calculates a baschine performance associated with a meat producing animal. In
some embodiments, the baseline performance engine inchides data mstructions, which
when executed by a processing device cause the processing device to produce and/or
calculate a bascline performance.

16046} As used in this application, the term “carbon footprint” refers to the gencration
and/or emission of a sct of greenhouse gases. As used herein, carbon footprint 1s primarily
focused on the gencration and/or emission of greenhouse gases by a meat producing

animal. Typical greenhouse gases gencrated by an antmal include carbon dioxide and
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methane. Carbon footprint can refer 1o the generation and/or cmission of gases by an
individual animal or a collection of animals. The term “aggregate carbon footprint” refers
to the sum of the carbon footprinés of g collection of animals. A collection of animals can
be part of a single farm or distributed across a collection of one or more farms or other
locations. A collection of one or more ammal locations is referred to herein as an
“enterprise.” The term “carbon footprint engine” refers to a machine or portion of a
machine that produces and/or calculates a carbon footprint associated with a meat
producing animal or collection of meat producing animals. In some embodirgents the
carbon footprint engine fncludes data nstructions, which when executed by a processing
device cause the processing device to produce and/or calculate a carbon footprint,

{047} As used herein in this application, the term “dry matter intake” (DMI) refers to
the amount of a feed an animal consumics per day on a mwoisture free basis,

{80438} As used in this application, the term “estimating” refers to producing,
determining, and/or calculating one or more valucs that predict or approximate an actual
value.

[B849] As used in this application, the term “formentation model(s)” or “digestion
model(s)” refers to an in vitro digestion model that mimics in vivo digestion of an animal.
In embodiments of the present application the animal is a ruminant animal. The
gastroiniestinal tract of rununant animals is characterized by multi-compartioent stomachs
and microbial fermentation of components of the feed. An example of a fermentation or
digestion model is a batch-culture, numen-fhiid, gas-fermentation system combined with
mathematical apalysis to allow for the diffcrentiation of rapid and slowly-fermenting
carbohydrate pools n individual fecdstoffs or TMR samples. The rate and extent of
organic matter degradation, can be determined with such system by monitoring gaseous
fermentation produocts (COZ, methane) of microbial metabolism o addition to COZ
produced by the buftering of microbial produced short-chained fatty acids (SCFA,
primarily acetate and butyrate).

{8850 As used in this application, the term “feed{s}” or “amimal feed(s)” refers to
material{s) that are consumed by animals and contribute cnergy and/or notricnts to an
aniroal’s dict. Animal feeds typically include a mumber of different components that may
be present in forms such as concentrate(s), premix{es) co-product(s), or peliets . Examples
of feeds and feed compenents include, but are not limited to, Total Mixed Ration (TMR),

corn, soybean, forage(s), grain(s), distiller grain(s), sprouted grains, legumes, vitanmins,
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amino acids, minerals, molasses, fiber(s}), fodder(s}, grass(es}, hay, straw, silage, kernel(s),
leaves, meal, soluble(s), and supplement(s). As used hercin the term “selected animal
feed(sy” refors (o an animal feed selected for analysis using the methods and systems
described herein.

{8051 As used in this application, the term “sample(s) of animal feed” or “feed
sample(sy” refers to a representative portion of an animal feed. In embodiments of the
prosent application, a representative portion of an animal foed contains the same
compounends in similar proportions to that of the animal feed. A ropresentative sample is
preferably homogenous or substantially homogenous.

{8052} As used in this application, the term “feed efficiency” refers to a ratio of an
amount of animal feed or component of animal foed that needs to be consumed by an
animal to obtain a unit of production, such as weight gain, meat production, or egg
production. The term “weight gain efficiency” refers to a ratio of an amount of animal
feed or component of animal feed that needs to be consumed by a meat producing animal
to increase the animal’s weight by one unit. The term “meat production cfficiency” refors
10 a ratio of an amount of animal feed or component of animal feed that needs to be
consumed by a meat producing animal to obtain a unit of meat production.

053] As used in this application, the torm “feed parameter(s)” refers to onc or more
qualities or characteristics associated with an animal feed saropie. One example of a feed
parameter is a cost of the feed, such as per unit weight or per unit volume,

{8054} As used in this application, the term “feed parameter-carbon footprint
compromise” refers to a sohution determined by balancing one or more feed parameters
against one or more carbon footprint parameters. The term “optimal feed parameter-
carbon footprint compromise” refers to a most preferred solution determined by balancing
ong or more foed parameters against one or more carbon foolprint parameters.

[0855] As used in this apphication, the torm “feed supplement” refers to an animal feed
additive that, when combined with an animal feed, causes an increased weight gain,
weight gain efficiency, meat production, or meat production efficiency.

16056} As used in this application, the term “heat production” refers to an estimate of
the heat produced when feed is ingested and utilized. Heat production can be cstimated by
measuring oxygen consumed and carbon dioxide and methane produced. Heat increment
is calculated as the difference between heat preduction in fed animals and the heat

production in animals that were fasted.
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{6857} As used in this application, the term "in vive" refers 1o processes occurring
within a living biclogical organism.

[G658] As used in this application, the term "in vitro” refers to processes occurring in
an artificial covironment outside the living organism and to biclogical processes or
reactions that would normally occur within an organism but are made to ocour n an
artificial environment, In vitro environments can include, but are not limited to, test tubes
and cell culture.

16859} As used in this application, the term “measure” refors to a quantifiable urdt.
{6060] As used in this application, “metabolizable energy” (ME) vefers to the
digestible encrgy (DE) minugs the energy lost as waste products. “Digestible cnergy” gives
an indication of the actual amount of energy the animal has for use. Digestible encrgy can
be caleulated by determining the total gross energy {(GF) content in the feed and
subtracting the fecal energy. Digestible energy can also be calenlated by the product of
the gross energy of 8 feed sample and the dry maticr digestibility of the feed sample. The
term “encrgy content” refers to the gross energy i the feed. Gross energy can be
determined using analysis in a bomb calorimeter or by techniques such as NIR. Fecal
energy can be determined by bomb calorimetry of fecal samples. Metabolizable energy
can be calculated by multiplying the digestible energy by a conversion cocfficient. For
example, for beef cattle ME=0.82xDE. Such conversion cocfficients and values for net
energy of maintenance, metabolizable energy, net encrgy of gain for types of feed are
available from United States Canadian Tables of Feed Composition (National Academies
Press websiic).

{6061] As used in this application, the term “dry matter digestibility” refers to the
amaovnt or percent of the gross energy contained in a feed sample that is digestible by the
animal to provide usable encrgy to the animal.

{00621 As used in this application, the torm “nutrient(s)” refers to a substance that is
needed for an organism to live and/or grow. Nutrients inchude, but are not limited to,
compounds such as protein, fat, carbohydrates (¢.g., sugars), fiber, vitamins, calctum, iron,
niacin, nitrogen, oxygen, carbon, phosphorus, potassium, sodiom chloride, and mixtures
thercof. The term “total digestible vutrients” refers 1o a sum of the digestible nutricnts in
an animal feed, often determined from a digestion model as defined herein.

[6063] As used in this application, the torm “net energy” refers to metabolizable

energy nuinus the heat increment of feeding. Net energy includes “net encrgy for
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maintenance” and “net energy for growth”. As used in this application, the torm “Net
energy for growth” as used herein is an estimate of the energy value of a foed used for
weight gain. As used in this application, the term “Net cnergy for maintenance™ as used
herein is an estimate of the energy value of a feed used to keep and animal in energy
equilibrivmm, without gaining or losing weight. Value for net energy for different feeds are
available from United States Canadian Tables of Feed Composition (National Academies
Press websiic).

16064] As used in this application, the term “primary parameter{s)” refers to data or
mformation relating to energy content of a feed sample. Examples of primary parameters
include a) a measure of encrgy content for a foed sample; b) a measure of dry matter
digestibility for a feed sample; net energy of the foed sample; and ¢} an amount or a
percent of components in the selected foed sample.

{80s5] As used in this application, the term “sccondary parameter(s)” refers to data or
information relating to factors that may influence an animal’s meat production or carbon
footprint, or the value or cost of same. Exanples of sccondary parameters include a
measure of animal weight, a measure of animal meat production, a birth weight, a goal
weight, an average daily weight gain, a processing age for the animal, a carcass weight, a
vicld, a meat price, a measure of animal meat protein, a measure of animal dry matter
ake, a measure of animal dictary protein, a measure of an activity level, and a mueasure
of environmental conditions. The term “carcass weight” refers to a weight of an animal’s
carcass after being partially butchered, such as after removal of one or more of the head,
skin, internal organs, legs, and tail. The carcass includes the muscle, bones, fat, and other
body tissues that remain after the partial butchering. The term “yield” refers to a percent
of the carcass weight that remains after the carcass has been butchered into specific cuts of
meat,

0066} As used in this application, the torm “microbial protein” refers to the protein
provided by romen microbes In @ romunant, or generated through a digestion model of a
rupinant. Microbial protein is one of the sources of protein for a meat producing amimal.
18667} As used in this application, the torm “metabolizable protein” refers to a sum of
protein and amino acids reaching the small intestine from ruminally vndegraded protein
(RUP) and microbial protein, in ruminants, Microbial protein is one source of
metabolizable protein in a meat producing animal. The term “NRC metabolizable protein”

refers to how much protein is required to support the desired meat production. The NRC
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metabolizable protein requirements n gros/day are provided by the National Research
Council of the United States (such as available at the National Academies Press website)
or Canada.

[0068] As used in this application, the torm “cscape protein” or “rumaen —
undegradable protein” (RUF) refers to a portion of protein n an animal feed that resists
rumen degradation.

{6069} As used in this application, the term “rumen degradable protein” (RDP) refers
10 a portion of protein in an animal fecd that degraded v the romen and can be digested in
the stomach of 4 meat producing animal.

{6376 As used in this application, the term “protein savings” refers to an amount or
percent of protein in excess of a bascline performance. For example, the protein savings is
an additional amount of protein digested by a meat producing animal when fed a feed
supplement along with an animal feed.

108711 Detailed Diescription

16072} The present application relates to systems and methods for estinating and
optimizing meat producing animal feed conversion and carbon footprint.

{8373} In emboediments of the present application, a system is provided that integrates
a digestion model of an animal feed with meat production efficiency and carbon footprint.
Such systems and methods are usetul to analyze and compare different animal feed
compositions that differ from one another in one or more components and/or to analyze
the effect of the addition of a feed supplement on meat production efficiency and/or
carbon footprint.

{6074 {n some embodiments, an animal feed sample s tested to determine an energy
content of the feed sample. For example, in some embodiments the feed sample is
analyzed in 2 bomb calorimeter. In other embodiments, the feed sample is analyzed using
NIR technigues.

180751 In embediments, an animal feed sample 1s digested using an in vitro
fermentation model to generate 8 measore of dry matter digestibility, to determine an
amount or pereent of the energy in the feed sample that is available as encrgy to the
aniroal. The primary parameters can be used along with one or maore secondary
parameters, sach as animal weight (kg), animal meat production (kg), birth weight (kg),
goal weight (kg), average daily weight gain (kg), processing age for the animal (days),

carcass weight (kg), vield (96), meat price ($/kg), animal meat protein (%), animal dry
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matter intake (kg), animal dictary protein (%), activity level, and environmental conditions
to produce a baseline performance of weight gain, weight gain efficiency, meat
production, or meat production efficiency. The baseline performance and other
parameters are entered into a carbon footprint engine. Such parameters comprise farmg
variables and/or meat production efficiency measure of the baseline performance. Farm
variables include but are not limited to number of animals in herd, average live weight,
average base meat price, farm size and combinations thereofl Other parameters inchude
but are not luoited to weight gain vicld, herd culling rate, calving interval, first calving
age, total feed use per kg weight gain, diet soya inclusion rate, nitrogen use per ha, diesel
use per cow, electric use per kilogram weight gain and combinations thereof. The output
of carbon footprint tncludes grams CO»,

{8076] In embodiments, the systoms and methods described herein provide feed
parameter-carbon footprint compromise. A feed parameter-carbon footprint compromise
is uscful to adjust animal feed composition by balancing meat production efficiency with
cffects on carboun foot print. Different foed supplement or amounts of supplements, and/or
different feed compositions are sclected based on the desired feed parameter-carbon
footprint compromise. The systems and methods can be used for a single animal or a
plurality of animals.

180771 Methed For Estimating Impact of Meat preducing Animal(s} en Carbon
Footprint

18078} The present application includes a method for estimating impact of a meat
producing animal on carbon footprint, comprising providing one or more primary
parameters associated with one or more of! a) a measure of energy content for a selected
feed sample from a digestion model associated with the meat producing animal; by a
measure of dry matier digestibility for the sclecied feed sample from the digestion model
associated with the meat producing animal; and ¢} an amount or a percent of components
n the feed sample; producing with a computing device a baseline performance comprising
one or more of weight gain and feed efficiency using at least one or more of the primary
parameiers and one or more secondary parameiers for the meat producing animal, wherein
the one or more secondary pararmaeters are associated with one or more oft a measure of
animal weight, a measure of animal dry matter intake, a breed of the animal, a meat price,

a measure of antmal activity, and a measure of one or more environmenial conditions; and
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producing with the computing device a carbon footprint for the meat producing animal
using the baseline performance.

[0379] The present application further includes a method for estimating impact of a
plurality of meat producing animals on carbon footprint, comprising providing oune or
more primary parameters associated with one or more of: providing one or more primary
parameters associated with one or more of: a) a measure of encrgy content for a selected
feed sample from a digestion model associated with the meat producing animal; b) a
mecasure of dry matier digestibility for the selected feed sample from the digestion modcel
associated with the meat producing animal; and ¢) an amount or a percent of components
in the feed sample; prodacing with a computing device a performance for each animal
comprising weight gain or feed efficiency using at feast one or more of the primary
parameters and one or more secondary parameters for cach meat producing animal,
wherein the one or more sccondary parameters are associated with one or more of: a
measure of animal weight, 2 measure of animal dry matter intake, a meat price, breed of
aniroal, a measure of antmal activity, and a measure of one or more environental
conditions; prodacing with the computing device a carbon footprint per animal using the
baseline performance; and aggregating the carbon footprint per animal for cach animal of
the plurality of meat producing avimals to provide an aggregate carbon footprint.

R In embodiments, a method for adjusting a foed composition, comprises:

a) digesting a feed sample in an in vitro formentation system for a meat producing animal
to generate a value for a primary parameter comprising a) a measwe of energy content for
a s¢lected feed sample from a digestion model associated with the meat producing animal;
b) a measure of dry matter digestibility for the selected feed sample from the digestion
model associated with the meat producing antmal; b) messoring one or more secondary
parameters s¢lected from the group consisting of animal weight, animal meat production,
andmal dry matier intake, andmal meat price, animal activity, and an cavironmental
condition to generate a value for the one or more secondary parameters; ¢) producing a
baseline performance value comprising meat production efficiency using at least one or
more of the values of the primary parameters and one or more of the values of the
secondary parameters using a computing device; d) producing a carbon footpring for the
meat producing animal using the bascline performance using a computing device; and ¢)
adjusting a component of the feed sample to change the bascline performance, the carbon

foot print or both
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e8] 1n other embodiments, & method for adjusting a feed composition, comprises:
a) determining a characteristic of a first feed sample to generate a value for a primary
parameter; b) measuring one or more secondary parameters selected from the group
consisting of animal weight, animal meat production, animal dry matter intake, animal
meat price, animal activity, and an environmental condition to generate a value for the one
or more secondary parameters; ) producing a baseline performance value comprising
meat production cfficiency using the value of the primary parameter and onc or more of
the values of the secondary parameters using a computing device; d) producing a carbon
footprint for the meat producing animal using the bascline performance using a computing
device; and e} adjusting a component of the first feed sample to change either the bascline
performance, the carbon foot print or both.

{0087} Primary parameters

[B883] Some embodiments include providing or calculating one or more primary
parameters. In some embodiments, primary parameters are generated by digesting a feed
sample with an in vitro fermentation system.  In some embodiments, the primary
parameters include, but are not hmited to, data or information relating to the energy
content of an animal feed sample. Once provided or calculated, the primary parameters
can be used to produce or calculate a bascline performance associated with an antmal feed,
for example, as described hercin.

{0054 One example of 4 primary parameter is a measure of energy content for 4
selected feed sample from a digestion model associated with the meat producing animal.
Another example of a primary parameter is a measure of dry matter digestibility for the
selected feed sample from the digestion model associated with the meat producing animal.
A further example of a primary parameter is an amount or a percent of components i the
sclected feed sample. Each of these example primary parameters arc described in forther
detail herein.

{08851 Feed samples

{8086} One of the examples of a primary parameter, discussed above, is an amount or
a percent of components in a sciecied feed sample. Once an animal feed of interest has
been identificd, an amount or a percent of one or more components in the selected animal
feed can be identified. In some embodiments of the present application, the amount or
percent of components can be determined analytically using wet chemistry or

spectroscopic methods such as NIR. In some embodiments, the amount or the percent is
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obtained from, retrieved from, or looked up in a table providing the amount or a percent of
components in the selected feed sample including but not imited to dry matter, crude
protein, crude digestible fiber, acid digestible fiber, neutral digestibie fiber, mincrals,
vitamins, digestible cnergy, net energy, fat, gross energy, carbohydrate, protein, and
combinations thereof. Examples of such tables are available for example, at the website
for National Research Council of the United States.

{0887} Bigestion Models

1H68R] A drawback with using data identifying the components in a selected feed
sample, however, 1s that there are numerous variables that can impact the digestion of
animal feed by a meat prodocing animal. As a result, some embodiments utilize one or
more digestion models to obtain a more accurate understanding of how a feed sample will
be digested by meat producing animals.

168891 In embodiments, the digestion model is a chemical or biological fermentation
model In other embodiments the biological fermentation model is an in vifre biclogical
model.  In embodiments, a feed saraple is digested with one or more digestive enzymes in
the presence or absence of a microbial population.

[6856] Some embodiments involve providing or calenlating a measure of energy
content {mega joules/kilogram) for a selected feed sample from an in vitro digestion model

associated with the meat producing animal. Example of a suttable digestion model is the

in Vitro Fermentation Model (IFM) (Alltech of Nicholasville, KY, US) or the Fermentrics
Gas Fermentation System (the “Fermentrics System”), (as deseribed on the Fermentrics
website). An in vitro digestion model comprises contacting 2 feed sample with ong or
more digestive enzymes and/or micrebial populations under conditions of pH, time and
temperature that simulates the in vivo digestive process of the animal. Adjostments in the
digestive process such as pH, time and temperature are adjusted depending on the species
of the antmal,

{8091 Specific examples of fermentation digestion models include IFM and
Fermentrics. The IFM process tnvolves the fermentation of a feed sample (typically a
total mixed ration (TMR}) by incubating the foed sample in buffered rumen fluid for 48
hours, which simulates the in vivo digestive process of a meat producing animal. During
the process, volatile fatty acids and microbial biomass are produced, along with
greenhouse gases such as carboun dioxide and methane. The IFM detormines, for example,

how carbohvdrates and protein are formented and as a result the amount or percent of
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nutricnts that arc available for digestion by a meat producing animal. In particular, in
some embodiments the IFM provides a measure of microbial protein for the selected feed
sample. The Fermentrics Systen utilizes 3 rumen-fhid batch culture, gas foermentation
systern to evaluate 2 foed sarople and generate gas fermentation data, including
carbohydrate (B, By, Bs) digestion rates.

{80921 Other embodiments involve providing or calculating a measure of dry matter
digestibility for the selecied feed sample from the digestion modcl associated with the
meat producing antmal. The dry matter digestibility can be calculated based on feed
analysis by measuring neutral digestible fiber before and after in vitro digestion model.
{6093} In some embodiments, total digestible nutrients are calculated by dividing
digestible energy by 0.44. Such conversion coefficienis and values for net energy of
maintenance, metabolizable energy, net encrgy of gain for types of foed are available from
United States Canadian Tables of Feed Composition (National Academies Press website).
18094} Secendary parameters

16095] Some embodiments of the present application, involve ong or more secondary
parameters. In some embodiments the secondary parameters include, bot are not limited
to, data or information relating to factors that may infhuence an animal’s meat production
or carbon footprint, or the value or cost of same. In some embodiments, one or more of
the secondary parameters are measured. In some embodiments the secondary parameters
are provided or calculated, and can be used along with the primary parameters to produce
or calculate a bascline performance associated with an amimal foed. Secondary parameters
can in some cascs be calculated using cocfficionts as published in look up tables. In other
cases, the secondary parameter is measured, e.g. average weight gain per day. In yet other
embodiments, a secondary parameter 1s a desired or expected amount e.g. goal weight.
[6096] One example of a secondary parameter is 3 measure of animal weight, such as
a weight of a meat producing animal (such as 600 Kg).

{80971 Another example of a secondary parameter is a2 measure of an animal’s birth
weight (such as 38.5 Kg). Another example of a secondary parameter 15 a measure of an
animal’s goal weight. The difference between the goal weight and the birth weight
indicates the amount of weight gain that needs to occur over the life of the animal
Another secondary parameter 1s a processing age which identifies a target life span for the
animal before processing (such as in days). In embodiments, animal weight is weight gain

per unit of tiwe (e.g. from time period A o time period B), and a carcass weight. The
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carcass weight fndicates an amount or percent of an animal that remaius after partial
butchering. [n some embodiments, for example, a beef carcass weight 1s in a range of
62% to 64% of the animal’s overall weight. Weight can be represented as kilograms or as
a percentage of the total weight of the animal.

[B898] In embediments, a secondary parameter includes vield. The yicld indicates an
amount or percent of an animal that remains after butchering into cuts of meat. In some
cmbodiments, for example, the yield of beef caitle is in a range from about 55% to about
75% of the carcass weight. An example of a yield calculation is dressing percent times
carcass cutting vield fimes five weight, Dressing percent is determined by dividing
carcass weight by hive weight. Carcass cutting vield is the pounds of meat that result after
cuiting the meat and is calculated by the pounds of cut meat divided by the live weight.
{8099 Another example of a secondary parameter is a measure of animal meat
production. In some embodiments the measure of animal weight gain 1s expressed as a
function of weight over a period of time {such as kilograms per day).

1061801  Another cxample of a secondary parameter is a measure of animal meat
protein. In some embodiments the measure of animal meat protein is expressed an amount
of protein per unit weight. In another embodiment, the measure of animal meat protein is
expressed as a percent (such as 3.2%).

{08103 Anocther example of a secondary parameter is 2 measure of antal dry matter
intake (DM, In some embodiments the measure of animal dry matter intake is the
weight of animal feed excluding water content. In some embodiments the measore of
animal dry matter intake is cxpressed as a weight over a period of time (such as 22 Kg per
day).

[08182] A further example of a secondary parameter is a measure of animal meat price.
In some embodiments the measure of animal meat price is the value at which the meat can
be sold per unit velume {such as dollars per kg}. In some embodiments the meat price is
an average price of an amimal’s meat, based on known averages of meat production ina
meat producing animal.

[08163] Another cxample of a secondary paramcter is a measure of animal dictary
protein. In some embodiments the measure of dietary protein is expressed as an amount,
while in other embodiments ¥ is expressed as a percent {such as 16%).

[08184]  Anocther example of a secondary parameier is animal activity., When ap animal

moves it consumes additional energy, which increases the required net energy for
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maintenance. in some embodimnents animal activity includes whether or not an animal is
permitied to graze. In other embodiments, animal activity includes a measure of the
amount of animal activity, such as in torms of an amount of energy consumed by activity
over a period of time, or in terms of other values that can be used to compute the animal’s
energy consumption due 1o activity,

{08165]  Another secondary parameter inchudes one or more environmental conditions.
Examples of covironmental conditions include temperature, humidity, time of year, wind
speed, area of enclosure, and animal density per area of enclosure. Environmental
conditions can also cause the animal to consure additional energy, thereby increasing the
required net energy for maintenance. For example, if the amimal is in a cold environment,
the animal’s body will consume additional energy to generate heat.

{80106]  Other secondary parameters include but are not limited to measure of fat, a
measure of carbohydrates, a measure of fiber, a measure of calehum, a measure of
phosphorous, or 3 measure of engrgy.

0681871 Any one or more of the secondary parameters, or other sccondary parameters,
can be used in various embodiments.

[BG188] Producing a baseline performance

{08189  Somc embodiments include producing a bascline performance comprising one
or more of weight gain, feed efficicncy, weight gain cfficiency, meat production, and meat
production efficiency, using at least one or more of the primary parameters and one or
more secondary parameters for the meat prodocing animal. The bascline performance
indicates one or more aspects of a performance of an animal feed absent the presence of
optional feed supplements, for example.

[08118]  In some embodiments of the present application, producing a baseline
performance imvolves producing or caleulating an estimate of a meat producing animal’s
weight gain when fed the animal feed sample, based upon one or more of the primary and
secondary parameters. In some embodiments, producmg a baschine performance fnvolves
producing or calculating an estimate of the meat producing animal’s meat production
cffictency when fed the animal feed sample, soch as a measure of a volome of weight gain
per vnit weight of foed consumed. Some embodiments produce or calculate a measure of
net energy required to support weight gain for the meat producing animal given the one or

0ore secondary parameters.

)
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081131 A selected foed has a total (gross) encrgy content that can be determined as
discussed herein. Once consumed by an animal, only a portion of the total energy content
will be available to the animal as encrgy. This portion is quantified by the dry matter
digestibility. Dry matier digestibility for a selected foed sample can be determined using
an in vitro fermentation model as deseribed herein. The portion available to the animal
can be computed as the product of the total encrgy content and the dry matter digestibility
{%), also referred to as metabolizable energy. Some of the metabolizable encrgy s lost to
the heat increment of feeding. The remainder is the net encrgy, which includes both net
energy for maintenance and net energy for growth. The net energy for maintenance can be
calculated or estimated based on one or more of the secondary parameters, discussed
herein, The difference between the net ¢nergy and the net cnergy for maintenance is the
net energy for production. The net energy for production is the amount of energy that is
available for weight gain and meat production. In some embodiments, the net energy for
production can be used to calculate or estimate an amount of weight gain, such as in
Kg/day. In embodiments, calculations can be determined based on 2 plurality
measurements of weight gain per anit time and one or more of the measured primary
parameters of the same feed sample from the in vitro digestion model to establish a
pradictive relationship between feed efficicncy and one or more of the primary parametors.
A variety of predictive relationships can be identificd using statistical methods.

{B0112]  Weight gain can be converted into carcass weight gaim {such as Kg/ day) by
nuiltiplying by the carcass weight (%), The carcass weight gatn can be converted into
meat production (such as in Kg / day} by multiplying by the yield. The value of the meat
production can be obtained by multiplying the meat production by the meat price.

B0113]  Insome embodiments the basehine performance includes an estimate of feed
cfficiency. Feed efficiency (kg per kg, or g per kg) can be computed by dividing the meat
production (kg or g) by the dry matter intake (kg). Weight gain efficiency and meat
production efficiency can be similarly computed for the respective weight gain or meat
production of the amimal. The carcass weight and yield values can be used to convert
between weight gain and meat production, for example.

{60114]  Other values are included in the bascline performance in some embodiments.
{B0115] Producing a carbon feotprint

[08116] Somc embodiments include producing a carbon footprint for the meat

producing animal using the bascline performance. 1o some embodiments, the carbon
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footprint 1s produced or calculated using a carbon footprint engine. One suitable example
of a carbon footprint engine is the E-CO; carbon footprint software discussed herein. In
some embodiments, the carbon footprint is produced or calculated using the baseline
performance. To some embodinents the carbon footprint includes an estimated amount of
greenhouse gas emissions that would be generated by one or more meat producing animals
over a period of time. In some embodiments the estimate is a weight of the emissions over
a period of time, and in other embodiments the estimate is 3 weight of the emissions per
unit weight of meat producing animal over 2 period of time {such as kg CO» / kg weight).
In some embodiments the carbon footprint includes other aspects in addition to
greenhiouse gas emissions,

{08117  In some cmbodiments of the present application, the carbon footpriat is
displayed as a function of feed parameters to provide 2 foed parameter-carbon footprint
compromise. A feed parameter-carbon footprint compromise is usetul for selecting a feed
composition or adjusting a feed composition in order to balance feed parameters with a
desired carbou footprint. Feed parameters include one or more qualities or characteristics
associated with an animal feed sample. One example of a feed parameter 1s a cost of the
feed or feed component, sach as a cost of the feed per onit weight or per unit volume.
Another cxample of a feed parameter is the feed efficiency or meat production efficiency.
Similarly, some embodiments include carbon footprint parameters. Carbon footprint
parameters include one or more characteristics of a carbon footprint. One example of a
carbon footprint parameter is 8 cost associated with the carbon footprint, such as a cost per
unit weight.

{B01I8]  Insome cases, a more expensive animal feed may provide & reduced carbon
footprint than a less expensive feed. As a result, the feed parameters and the carbon
footprint parameters can be used o provide or calculate an optimal feed parameter-carbon
footprint comprise. In sone cmbodimenis the optimal value is the value that has the
lowest cost feed to achieve a carbon footprint having redaced carbon footprint as
compared to a reference feed sample or other feed sample ander consideration, for
cxample.

1081191 Another cxample feed parameter-carbon footprint compromise includes
determining a baseline carbon footprint for a feed using the methods and systems as
described herein and then determining the effect of alicring the feed composition on

carbon foot print and selecting the feed compaosition that provides a decrease in carbon



WO 2015/103361 PCT/US2014/072935

10

]
<

footprint form the bascline carbon foot print. For example, if it is desired to obtaina
certain revenue per cow based on price of meat per unit weight, an initial feed composition
is selected that has a level of net encrgy that provides for weight gain in kilograms
sufficient to attain the desired revenue per cow. In embodiments, the meat production can
be mput into a carbon footprint engine to produce a baseline carbon foot print for that
level of microbial protein. The effect of changes to the animal feed composition, such as
adding at least one feed supplement, is assessed on meat production and carbon fooiprint.
The process of changing the antmal feed composition can be repeated untid the foed
supplement or combination of ammal feed changes achieve the optimal feed parameter-
carbon footprint compromise. In embodiments, the ammal foed composition is adjusted to
maintain meat production at a desired level while decreasing the carbon footprint from the
baschine carbon footprint. Such analysis can be conducted in a single cow or plurality of
cows. Such analysis can be conducted on an annual basis, and feed composition adjusted
to decrease carbon footprint on an annual basis.

061201 1o cobodimenis, adjusting a component of the feed sample comprises adding a
feed supplement to the feed sample. In further embodiments, adjusting a component of
the feed sample comprises altering the form of protein or amount of protein in the sample.
In yet other embodiments, adjusting a component of the feed sampic comprises altering
the digestibility of the feed sanple.

{08121 Some embodiments include aggregating the carbon footprint per animal for
cach animal of the plorality of meat producing animals to provide an aggregate carbon
footprint. As onc cxample, the aggregate of the carbon footprint per animal is the sum of
the individual meat producing animal carbon footprints among a collection of meat
producing animals in an enterprise, for the selected feed sample.

[08122]  In cmbodiment of the present application, the plurality of meat producing
animals includes animals of different species or from different phylogenetic families. In
other embodiments, the plurality of meat producing animals 1s amamals of the same species
or from same phylogenetic family. Typically the phurality of animals are of the same
specics and from the same berd. Herds range in size from about 5 to SO0 animals or more.
i60123] Preducing feed efficiency

[68124]  Some embodiments include producing or calculating feed efficiency. In some
crbodiments the feed efficiency is produced or calculated in unit volume of weight gain

per unit weight of feed consumed. In some embodiments the feed cfficiency is computed
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by dividing the estimated meat production (with or without feed supplements) by the
animal dry matter intake.

[08125] Additional embodiments include producing s change in meat production or
feed cfficiency for feed augmented with one or more feed supplements, as discussed in
further detail herein. In some embodiments, producing the change in meat production or
feed efficiency comprises calculating an amount of the one or more feed supplements
needed to obtain increasced meat production or increased meat production efficiency.
i60126] Preducing MR metabeolizable protein

[B8127]  Some embodiments include producing NRC metabolizable protein required to
sapport weight gain in unit weight/time based on one or more of the secondary parameters.
In some embodiments the NRC metabolizable protein requirement is obtained from a
lookup table or chart, such as available from the National Research Council, as discussed
herein, such as based at least in part on the weight of the animal, and possibly additional of
the secondary parameters, of other parameters.

i60128] Preducing escape protein

{68129  Further embodiments inchide producing escape protein in units of weight., In
embodiments, it 13 desirable to increase escape protein so that more protein can be
absorbed in the small intestine

[06136] Routing

{08131 Some embodiments include or involve a routing mode of operation. The
routing mode of operation involves fixing the animal’s meat prodoction or weight gainat a
constant rafe, and determining a reduction in the required dry matter intake or required
energy content that can be accomplished by including one or more feed supplements as
part of the animal’s feed. The feed supplements can be used to increase the animal’s
digestion of the feed, so that the required dry matter intake and/or required cnergy content
of the feed can be reduced without reducing the total amount of energy that the animal
receives. In some embodiments of the present application an appropriate decrease m dry
matter intake or in required energy content is produced or computed. In some
cmbediments a cost savings is determined based on the vse of one or more feed
supplerents, as a result of the reduction in required dry matter jntake or required cunergy
content.

[64132] Increased meat production

)
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1081331 1o some embediments feed supplements are used to increase meat production.
The feed supplements can provide additional energy, or can include components that
enhance the digestion of the feed or absorption of the energy into the animal’s body,
thereby in etther case (ot both) increasing the animal’s energy intake. The increase in
meat production can be estimated based on the amount or percent of cnergy consumed in
excess of the encrgy required for maintenance {net energy of growth).

{60134] Increased meat production efficiency

081351 Some embodiments produce an estiraate of an increase in meat production
ctficiency that can be obtained by the use of one or more feed supplements. The increase
in meat production efficiency can be computed, for example, by computing the {otal
increased meat production (the sum of the bascline meat production and the increased
meat production, and dividing the total jncreased meat production by the dry matter
intake).

[08136] Increased revenue

{B0137] Some embodimenis produce an estimate of an amount of increased revenue
that can be obtained by the use of one or more feed supplements. In some embodiments
an estimate of the increased revenue is computed as the produet of the increased meat
production and the meat price.

[80138] Method For Estimating Impact of Feed Supplement on Production of
Wieat producing Animal{s)

i30139]  The present application also includes a method for estimating an increase in
one of more of meat production, meat production efficiency, weight gain, and weight gain
ctficiency of a meat producing animal provided with animal feed containing one or more
feed supplements, comprising providing a baseline performance comprising one or more
of weight gain, meat production, and feed efficiency for the meat producing animal;
providing a selected amount of one or more foed supplemends; and calculating with the
computing device an increase in one or more of weight gain, meat production, and meat
production efficiency in the meat producing animal fed using the selected amount of the
one or more feed supploments relative to the bascline performance.

[80140]  In cmbodiments of the present application, a method comprises producing with
the computing device a change in weight gain, meat production, or feed efficiency for feed
augmented with one or more feed supplements. In embodiments, the change in weight

gain, meat production, or feed ctficiency comprises calculating an amount of the one or
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more foed supplements needed to obtain increased weight gain, meat production, or foed
ctficiency.

{80141]  In some cmbodiments, a method for adjusting a feed composition, comprises a}
digesting a feed saraple in an in vitro formentation system for a meat producing animal to
generate a value for a primary parameter comprising 4) a measure of encrgy content for a
selected feed sample from a digestion model associated with the meat producing animal;
b) s measure of dry matter digestibility for the selected feed sample from the digestion
model associated with the meat producing animal; by measuring one or more secondary
parameters selected from the group consisting of animal weight, animal meat production,
animal dry matter intake, animal meat price, animal activity, and an envirommental
condition to gencrate a value for the one or more secondary parameters; ¢) prodocing a
baseline performance value comprising meat production efficioncy using at least one or
more of the valoes of the primary parameters and one or more of the valoes of the
secondary parameters using a computing device; d) producing a carbon footprint for the
meat producing antmal using the bascline performance using 2 computing device; and ¢)
adjusting a component of the feed sample to change the baseline performance, the carbon
foot print or both.

[08142] In other cmbodiments, a method for adjusting a feed composition finrther
comprises: Digesting a feed samplic comprising a feed supplement inan in vitro
fermentation system for a meat producing animal to generate a valoe for a primary
parameter comprising a) a measure of microbial protein for the feed sample; or by a
measure of total digestible nutrients for the feed sample; Holding a value for one or more
of the secondary parameters constant , wherein the secondary parameters selected from the
group consisting of animal weight, animal meat production, animal meat protein,
measuring animal dry maiter intake, animal meat price, animal dictary protein and
combinations thereof; producing a supplement performance value comprising meat
production efficiency using at least one or more of the values of the primary parameters
and one or more of the values of the secondary parameters using a computing device;
producing a supplement carbon footprint for the mesat producing animal using the
supplerment performance using a computing device; and comparing the supplement
performance to the baseline performance and/or comparing the supplement carbon
footprint to the carbon fooiprint and sclecting the feed supplement that changes meat

production ctficiency, carbon foot print or both,
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1081431 Such methods are useful to select a feed composition and/or a feed supploment
in order to increase feed efficiency, and/or to balance any increase in feed efficiency with
effects on carbon footprint. The methods may be repeated any number of times using
diffcrent fecd compositions and/or different feed supplements or amounts, and the resulis
compared to onc another to allow a selection of a feed composition and/or supplement that
achieves the desired feed parameter-carbon footprint compromise.

{60144]  Feed Efficiency / Meat production Efficiency

10814581 1o some emboediments the feed or meat production efficiency can be improved
by feeding a meat producing anineal one or more feed supplements along with an animal
feed. Some embodiments involve estimating an tncrease in, or calculating an
improvement in, feed officiency, weight gain efficicncy, meat production efficiency
between the bascline performance and the supplement performance. The supplement
performance refors to the an estimate of a performance associated with the meat prodacing
animal when the meat producing animal is fed one or more feed supplements along with
selected animal feed. In embodiments, one or more of the secondary parameters can be
held constant from the baseline performance. In other embodiments, one or more
secondary parameters can be measured in an animal(s) fed with a supplement. In
cmbodiments, one of more secondary parameters is sot at a desired or expected value by a
farmer or nuiriionist,

{80146]  Feed Supplements

[08147] Feed supplements as used herein refer to components that are added to a feed
composition in order to change the characteristics of the foed composition. Feed
characteristics include but are not imited to, a residual component after digestion,
microbial protein, total digestible nutrients, nitrogen source, profein source, and neutral
detergent fiber. Feed supplements are components that adjust digestibility of feed
components such as protein, neutral detergent fiber, and non protein nitrogen. Feed
supplements include but are not Himited to, protein, amino acids, non protein nirogen
sources, enzymes, microbial protein, and microbial derived components. Specific
cxamples of supplements include Amaize, Yea-Sace, Fibrozyme, DEMP, Optigen,
Bio-Mos/Actigen, moneusin, tylosin, chiorotetracycline, zilpaterol, ractopamine, and
natural or synthetic hormones.

[68148] Baseline Performasnce
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1061491 In cmbodiments, of the present application a method provides a baseline
performance comprising one or more of weight gain, meat production, or feed efficiency
as described herein. A bascline performance of weight gain for a particular feed sample
can be determined by calculating the amount of weight gatn per unit of feed fed to the
amimal. In embodiments, a baseline performance comprising feed efficiency is produced
using at least one of the primary parameters and one or more secondary parameters,
wherein the one or more secondary parameters arc associated with one or more of a
measure of animal weight, 2 measure of animal weight gain, a measure of antmal meat
production, a measure of animal meat protein, a measure of animal dry matier intake, a
breed of animal, a measure of animal activity, smimal meat price, animal dietary protein,
and one or more environmental conditions as described above. In embodiments, baseline
performance is calculated based on a predictive refationship determined by one or more of
the primary parameters measured for a particular feed sample and one or more secondary
parameters that are constant or measured. Bascline performance results can be displayed
and/or stored as described herein.

{60150  Supplement Performance

{08151  In embodiments, of the present application a method provides a supplement
performance comprising onc or more of meat production or meat production efficiency for
a feed composttion with at least one added feed supplement as described herein,. A
baseline of meat production for a particular feed sanmple with a supplement can be
determined by calculating the amount of weight gain per unit of feed fed to the animal.
i80152]  Once a supploment performance is generated, it s compared to a bascline
performance for the feed composition without any added feed supplement. The etfect of
the supplement on performance is determined by identifying whether the presence or
amount of the supplement results in a change in bascline performance. In embodiments, a
feed supplement is selected that increases the meat production or meat production
efficiency. Tn embodiments, the feed sapplement is selected that that increases meat
production or meat production efficiency while maintaining or decreasing a carbon foot
print,

{60183] Carbon footprint

[B8154]  As described above, the systems and methods of the present application
comprise producing with the computing device a carbon footprint for the meat producing

animal using the baseline performance or the supplement performance. 1o some

30

PCT/US2014/072935



WO 2015/103361

10

]
<

embodiments the carbon footprint is produced or calculated using a carbon footpring
engine. One suitable example of a carbon footprint engine is the E-CO; carbon footprint
software, also known as the Alltech® “What-If” Tool availabic at
“alltech.ccolproject.com’ through a cooperative effort of E-COy of Crewe, Cheshire Bast,
UK, and Alltech of Nicholasvilie, KY, US. In some embodiments, the carbon footprint
inclades an estimated amount of greenhouse gas emissions that would be generated by one
or more meat producing animals over a period of ime. In some embodiments, the
cstiroate 15 a weight of the emissions over a period of time, and in other embodimenis the
cstimate 15 a weight of the emissions per unit weight of meat producing animal over a
period of time (such as kg CO, / kg weight). In some embodiments, the carbon footprint
includes other aspecis in addition to greenhouse gas emissions.

{80155]  In ombodiments, as described above, meat production or meat production
efficiency can be determined for a plurality of animals and a carbon foot print for the
plurality of animals can be aggregated to provide an aggregated carbon footprint for feed
samples with or without a supplement.

[B8156] n some embodiments of the present application, the carbon footprint is
displayed as a function of feed parameters to provide a feed parameter-carbon footprint
compromise in the presence or absence of a feed supplement. A feed parameter-carbon
footprint compronuse is useful for selecting a feed composition or adjusting a feed
composition i order to balance feed parameters with a desired carbon footprint. Feed
parameters inclode one or more qualitics or characteristics associated with an animal feed
sampie. One example of a feed parameter is a cost of the feed or feed component, such as
a cost of the feed per unit weight or per unit volume. Another example of a feed
parameter is the feed efficiency or meat production efficiency. Similarly, some
cmbodiments inchude carbon footprint parameters. Carbon footprint parameters include
one or more characteristics of a carbon footprint. One example of a carbon footprint
parameter is a cost associated with the carbon footprint, such as a cost per umt weight. In
embodiments, the carbon footprint associated with the supplement performance is
compared to that of the basehine performance and the feed supplement is selected that
adjusts the characteristic of a carbon footprint paramcter.

{B0157]  Insome cases, a more expensive animal feed may provide & reduced carbon
footprint than a less expensive feed. As a result, the feed parameters and the carbon

footprint parameters can be used to provide or calculate an optimal feed parameter-carbon
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footprint comprise. In soroe erobodiments, the optimal value is the value that has the
lowest cost feed to achieve a reduced carbon footprint as compared to a reference feed
sample or other feed composition under consideration, for example, a feed composition
having a feed supploment.

{80158] Implementation and display using one or more computling devices

[08159] Some embodiments are implemented or inclade at least one processing device
and at lcast one computer readable storage device. Computer readable storage deovices
store data wstructions that, when executed by the at least one processing device cause the
at lcast one processing device to implement the methods as described herein. In
embodiments a computer readable storage device contains data instructions that, when
exccuted by the at least one processing device cause the at least one processing device to
generate a basehine perforroance engine configured to recetve one or more primary
parameters associated with one or more of a measure of microbial protein and a measure
of total digestible mutrients, and to produce a bascline performance comprising one or
more of meat production and meat production efficiency using at least one of the primary
parameters and one or more secondary parameters, wherein the one or more secondary
parameters are associated with a measure of one or more of antmal weight, animal meat
production, animal meat protein, animal dry matter intake, animal meat price, and apimal
dietary protein; and a carbon footprint engine configured 1o use the baschine performance
to produce a carbon footprint for the antmal. In other embodiments, a carbon foot print is
generated for a phurality of animals and aggregated as described herein.

{08160  An example of a processing device is a central processing unit. A wide varicty
of other processing devices can also be used in other embodiments, sachas a
microprocessor, or other device capable of processing data instructions. Some
crbodiments inchide multiple processing devices. The multiple processing devices can
be part of a common device, or parts of separate devices. In some embodinments the
processing devices include or are in data communication with a data communication
device, which permit data communication between the processing devices. In some
cmbodiments the processing devices can communicate with cach other across one or more
networks, such as the Internet, a cellular comnumication network, & local arca network, or
other communication network that supports data communication.

{80161} Some embodiments include one or more computer readable storage devices

storing data structions that, when exccuted by the at least one processing device cause
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the at least one processing device to perform one or more of the methods, operations, or
fumctions disclosed herein. The computer readable storage device 1s a physical, tangible
device. A compuier readable storage device is or includes a non-transitory computer
readable mediun.

{80162]  Insome embodiments a processing device 13, or is a part of, a computing
device. An example of a computing device is a computer, sach as a server, a deskiop
computer, a laptop compuier, a tablet computer, a smartphone, and a wearable computing
device. In some embodiments a computer readable storage device is part of the computing
device, while in other embodiments it is separate from the computing device.

iB0163] Some embodiments include a first processing device and a second processing
device, wherein the first processing device 1s part of a first computing device and the
sccond processing device is part of a second computing device. In some embodimends the
first and second computing devices are local and in other embodiments the first and
second computing devices are remote. Some embodiments include three or more
computing dovices. In some embodiments the first processing device operates 1o produce
the baseline performance and the second processing device operates to produce the carbon
footprint, as described herein,

[60164] Some embodiments further inchude 2 display device. In some embodiments the
display device is part of or in data communication with a processing device. The display
deviee can be a display device comnected with a computing device, or may be a remote
display device connected to another computing device.

i00165] The Drawings

[B8166] FIG. 11s a schematic block diagram illustrating an example system 100 for
estimating the impact of a meat producing animal on carbon footprint. In this example the
system includes g feed sample evaloation engine 102, a basehine performance engine 104,
and a carbon footprint engive 106, In some cobodiments the sysiern also mvolves & feed
sample 101, primary parameters 103, secondary parameters 103, a baseline performance
107, and a carbon footprint 106,

i80167]  In some embodiments the feed sample evaluation engine 102 receives a feed
sample 101 or data or information related 1o a feed sample. Examples of the feed sample
evaluation engine 102 include a digestion model. In another example, the feed sample

evaluation cngine 102 operates to cvaluaic an amount or a percent of one or more
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componends in the sclected feed sample 201, such as based on the mformation related 1o
the feed sample.

[08168] The feed sample cvaluation cngine 102 gencrates one or more primary
parameters 103 for the selected feed sanple 101

[08169]  The bascline performance engine 104 utilizes the one or more primary and
secondary parameters 103 and 105 to produce the baseline performance 107. Insome
cmbediments the baseline performance engine 104 cxecutes a set of data instructions to
perform one or more computations of the primary and secondary parameters 103 and 105
to compute one of more baseline performance 107 values based on a predictive
relationship,

[08170] The baseline performance 107 is provided to the carbon footprint engine 106,
which operates to produce a carbon footprint 209 for one or more meat producing animals,
[08171]  In some cmbodiments the baseline performance 107 and/or the carbon footpring
169 are used to adjust the selected foed sample 101, and the process is repeated to
determine a bascline performance 107 and a carbon footprint for the adjusted selected feed
sample 101

[08172]  In some embodiments the selection of the feed sample is automated by a
computing device o determine an optimal feed parameter-carbon footprint compromise
based on the baseline performance 107 and/or the carbon footprint 109,

{81731 FIG. 2 is a schematic block diagram llustrating an example system 200 for
estimating the impact of a feed supplement on production and/or carbon footprint of a
meat producing animal. In this example the system includes a feed sample cvaluation
engine 202, a baseline performance and supplemented performance engine 204, and a
carbon footprint engine 206, In some embodiments the system also mvolves a feed
sample 201, primary parameiers 203, secondary parameters 2(5, a baseline performance
207, a carbon footprint 209, and an optional feed supplement 211

{80174]  In some embodiments the feed sample evaluation engine 202 receives a feed
sample 201 or data or nformation related to a feed sample. In some embodiments the
selected feed samplc 201 also includes an optional feed supplement 211, Exarmpics of the
feed sample evaluation engine 202 inclade a digestion model. In another example, the
feed sample evaluation engine 202 operates to evaluate an amount or a percent of one or
more components in the selected foed sample 201 and the feed supplement 211, such as

based on the information related to the feed sample.
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1081751 The feed sample evaluation engine 202 generates one or more primary
parameters 203 for the selected feed sample 201 and the feed sapplement 211,

[08176] The baseline performance and supplement performance engine 204 utilizes the
one or more primary and secondary parameters 203 and 205 to produce the bascline
performance or supplement performance 207, The baseline performance mmvolves the
performance without the optional feed supplement 211, while the supplement performance
involves the performance with the optional feed supplement 211, In some embodiments,
the bascline performance engine 204 executes data instructions, such as with one or more
processing devices, to perform one or more computations of the primary and secondary
parameters 203 and 208 to compute one or more baseline performance and supplement
performance 207 valoes.

081771 The impact of a foed supplerment on production can be determined by
comparing the bascline performance with the supplement performance.

{08178  The bascline and supplement performance 207 is provided to the carbon
footprint engine 206, which operates to produce a carbon footprint 209 for one or more
meat producing animals based on cither or both of the baseline performance or the
sapplement performance 207.

{08179  In some embodiments the baseline performance 207 and/or the carbon footprint
209 are used fo adjust the selected feed sample 201 and/or the optional feed supplement
211, and the process is repeated to determine a baseline performance 207 and a carbon
footprint for the adjusted selected feed sample 201 and optional feed supplement 211,
[08180] To some cmbodiments the selection of the feed sampie is automated by a
computing device to deterniine an optimal feed parameter-carbon footprint compromise
based on the baseline performance 207 and/or the carbon footprint 209,

[08183] FIG. 3 is g screen shot illustrating an example user interface display 300
according to the present disclosure. In some emboduraents the user interface display 300 is
generated by the baseline performance engine 104, shown in FIG. 1. In other
embodiments the user interface display 300 is a display generated by the baseline and
supplemented performance engine 204, shown in FIG. 2.

1061821 To the tllustrated example, the display 300 includes a primary paraneiers
section 302, a secondary parameters section 304, a feed supplements section 306, and

supplement effect section 308.
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081831 1o some emboediments, the primary parameters section 302 displays one or
more primary parameters received from another source. In some embodiments, at least
one of the primary parameters is received from a digestion model. In another possible
crubodiment, the primary parameters section 302 is an input section into which a user can
enter one or more primary parameters. In this example, the primary parameters inclade
energy content, dry matter digestibility, and feed sample composition.

[08184] The sccondary parameters section 304 is provided in some embodiments to
display one or more secondary parameters, In this example, the secondary parameters
melude birth weight, goal weight, average daily weight gain, processing age, carcass
weight, yield, meat price, and dry matter intake. Other embodiments inchide other or
diffcrent sccondary parameters, such as those discussed herein.

{08185  The feed supplements section 306 18 provided in some embodiments o permit
the selection of one or more feed supplements. In this example the user iterface display
300 includes three seleciable and/or adjustable controls that the user can manipulate to
adjust the amounts of one or more feed supplements to be included in the antmal feed. In
this example the feed supplements are Amaize,Yea-Sacce, Fibrozyme, DEMP, Optigen,
Bio-Mos/Actigen, monensin, tylosin, chlorotetracychine, zilpaterol, ractopamine, and
natural or synthetic hormones., Other embodiments inchide other feed supploments. in
this example the DEMP feed supplement is selected for inclusion in the feed.

{B018s] Some embodiments include a supplement effect section 308, Insome
embodiments the supplement effect section graphically displays an effect that the
supplement has on the meat production and/or feed efficiency.

{8187 o the illustrated example, the supplement effect section 308 includes a weight
gain display 320, a feed efficiency display 322, an increased weight gain display 324, a
total weight gain display 326, an tmproved feed efficiency display 328, and an additional
revenue display 330,

[08188]  The weight gain display 320 displays a basehne weight gain (0.76 kg / day),
and also inclades the feed efficiency display 322 that shows a baseline feed efficiency
{34.5 g/ kg), in this example.

1061891 The supplement effect display 324 displays the increased weight gain (0.1 kg /
day} obtained through the use of the one or more selected feed supplements.

[08190] The total weight gain display 326 displays the total weight gain (0.86 kg / day),

and also includes the improved feed efficiency display 328 that displays the improved feed
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cfficiency (39.0 g/ kg) achieved through the inclusion of one or more of the feed
supplements, for example.

0819311 The additional revenue display 330 shows an increased revenue (30.78)
obtained through the use of the one or more feed supplements.

[80182]  In some embodiments the displays 320, 324, 326, and 328 mclude circular
meter displays, having the appearance of a speedometer, that allow the associated
information to be quickly and easily understood by the user viewing the displays. Insome
embodiments the displays 322 and 328 arc displayed within the displays 320 and 326,
respectively.

iB0193]  As discussed herein, some embodiments include a routing mode of operation.
As one example, the routing mode can be selectively turned on or off using a “routing”
contred not shown in FIG. 3. During the routing mode of operation, the meat production
or weight gain can be fixed at a desired level, while the dry matter intake (kg), and/or the
cnergy content are adjusted based on the inciusion of one or more supplements. The
results are displayed in a routing section, for example. When one or more feed
supplements are included, the routing section shows the reduced encrgy content of the
feed that can be used while contimuing to provide the meat producing animal with the
appropriate metabolizable encrgy. Some embodiments also display the difference between
the baseline required dry matier digestibility and the improved required dry matier
digestibility achieved by use of the supplements.

[68194] The various embodiments described above are provided by way of illustration
only and should not be construed to fimit the claims attached hereto. Those skilled in the
art will readily recognize various modifications and changes that may be made without
following the example embodiments and apphications illustrated and deseribed herein, and

without departing from the true spirit and scope of the following claims.
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WHAT IS CLAIMED IS:

I A method for estimating impact of a meat producing animal on carbon footprint,
corprising:

providing one or more primary parameters associated with one or more oft a) a
measore of energy content for a selected feed sampie from a digestion model associated
with the meat producing apimal; b) a measure of dry matier digestibility for the selected
feed sample from the digestion model associated with the meat producing animal; and ¢
an amount of a percent of components in the feed sample;

producing with a computing device a bascline performance comprising one or
more of weight gain and feed efficiency using at least one or more of the primary
parameters and one of more secondary parameters for the meat producing animal, wherein
the one or more secondary parameters are associated with one or more of: a measure of
animal weight, a measure of animal dry matter intake, a meat price, a breed of the animal,
a measure of animal activity, and a measure of one or more suvironmental conditions; and

producing with the computing device a carbon footprint for the meat producing

animal using the baseline performance.
2. The method of claim 1 wherein the one or more envirenrgental conditions include
temperature, hunudity, time of year, wind speed, area of enclosure, and animal density per

area of enclosure.

3. The method of claim | further comprising:

displaying the carbon footprint for the meat producing animal.

4. The method of claim 3 wherein the displaying comprises displaying the carbon

footprint for the meat producing animal as a function of feed miake of the animal,

3. The method of claim 1 wherein the producing with the computing device

comprises calculating with the computing device.

6. The method of claim 1 wherein the amount or a percent of componenis in the feed

sample comprise a measure of fat, a measure of carbohydrate, a measure of protein, a
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measure of calories, a measure of fiber, a measure of calcium, or a measure of

phosphorous.

~3

The method of claim 1 wherein the digestion model is a chemical or biological

fermentation model.

8. The method of claim 7 wherein the biclogical fermentation model is an in vitre

biological model.

9. The method of claim | further comprising:
producing with the computing device feed efficiency in unit of feed consumed per

untt of moeat production.

10. The method of ¢laim 1 further comprising:
producing with the computing device net energy required to support meat output in

unit weight/time based at least in part on one or more of the primary parameters.

1t The method of claim 1 further comprising:

roducing with a computing device escape protein n units of wetght,
= &

12 The method of claim 1 further comprising:
producing with the computing device a change in weight gain or feed efficiency for

feed augmented with one or more feed supplements.

13, The method of claim 12 wherein producing with the computing device a chaonge in
weight gain or feed efficiency comaprises an amount of the one or more feed supplements

needed to obtain increased weight gain or feed efficiency.

4. A method for estimating impact of a plurality of meat producing animals on carbon
footprint, comprising:

providing one or more primary parameters associated with one or more ofi aja
measure of energy content for a sclected feed sample from a digestion mode] associated

with the meat producing animal; b) a measure of dry matter digestibility for the selected
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feed sample from the digestion model associated with the meat producing animal; and ¢
an amount of a percent of compounents in the feed sample;

producing with a computing device a performance for cach animal comprising
weight gain or feed efficiency using at lcast one or more of the primary parameters and
one or more secondary parameters for each meat producing animal, wherein the one or
more secondary parameters are associated with one or more of! a2 measure of animal
weight, a measure of animal dry matter intake, a meat price, a breed of animal, a measure
of animal activity, and a measure of one o7 more environmental conditions;

producing with the computing device a carbon footprint per animal using the
baseline performance; and

aggregating the carbon footprint per animal for cach animal of the plurality of meat

roducing antmals to provide an aggregate carbon footpring,
& 5

15, The method of claim 14 wherein the one or more environmental conditions include
teraperature, humidity, time of year, wind speed, area of enclosure, and animal density per

area of enclosure.

16. The method of claim 14 further comprising:
displaying the carbon footprint for each animal of the plurality of meat producing

animals.
17.  The method of claim 14 further comprising displaying the aggregate carbon
footprint for the meat producing animals as a function of weight gain or feed efficiency of

the animals.

18,  The method of claim 14 wherein the plurality of meat producing animals inchudes

animals of different species or from different phylogenetic families.

19, The method of claim 14 wherein the plurality of meat producing animals is animals

of the same species or from same phylogenetic family.

20.  The method of claim 14 wherein the producing with the computing device

coroprises cafculating with a computing device.
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21, The method of claim 14 whercin the amount or the percent of components in the
feed sample comprise a measure of fat, a measure of carbohydrate, a measure of protein, a
measure of fiber, a measure of calcium, or a measure of phosphorous.

22, The method of claim 14 wherein the digestion model 15 a chomical or biclogical

fermentation model.

23, The method of claim 22 wherein the formentation model is an in vitro biological
model,

24, The method of claim 22 wherein the fermentation model is a chemical model.
25. The method of ¢laim 14 further comprising:

producing with a computing device feed cfficicncy in unit weight of feed

consumed per unit weight gaino.

The method of claim 14 fusther comprising:

b
o~

producing with a computing device NRC metabolizable protein required to support
meat production in unit weight/time based on one or more of the primary parameters oy

based on one or more of the secondary parameters.

27. The method of claim 14 further comprising:
producing with a computing device escape protein in units of weight.
28 The method of claim 14 further comprising:

producing with a computing device & change in weight gain or feed efficiency for

feed augmented with one or more feed supplements.
29, The method of ¢laim 28 wherein producing with the computing device a change in

weight gain or feed efficiency comprises caleulating an amount of the one or more foed

supplements needed to obtain an ncrease n weight gain or an increase in feed efficiency.
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30.  The method of claim 29 wherein the producing with a computing device & carbon
footprint per animal inchudes producing a carbon footprint per animal using the increased
weight gain or increased feed efficiency.

31, The method of claim 30 wherein the aggregating the carbon footprint per animal
for each animal of a plurality of animals includes aggregating a carbon footprint per
animal for each animal of the plurality of animals with feed augmented with the one or
more feed supplements, to provide an aggrogate carbon footprint as a function of an

amount of the one or more foed supplements, weight gain, or feed efficiency.

32, The method of claim 31 further comprising:
displaying the aggregate carbon footprint as a fumction of the selected amount of

the one or more feed supplements, weight gain or feed efficiency.

33, The method of claim 14 further comprising:

producing with a computing device a required protein level or protein savings.

34, A method for estimating an increase in one or more of weight gain and weight gain
cfficiency in a meat producing animal provided with animal feed containing onc or more
feed supploments, comprising:

providing a bascline performance comprising one or more of weight gain, meat
production, and feed efficiency for the meat producing animal;

providing a selected amount of one or more feed supplements; and

producing with the computing device an Increase in one or more of weight gain
and feed cfficiency in the meat producing animal fed using the selected amoont of the one

or more feed supplements relative (o the bascling performance.

35, The method of claim 34 further comprising:
producing with a computing device a carbon footprint for the animal.
36, The method of claim 35 further comprising:

displaymng the carbon footprint as a function of the selected amount of the one or

feed supplements, weight gain, or feed efficiency.
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37.  The method of claim 34 further comprising:

producing with a computing device a required dietary protein or protein savings.

38. A method for estimating an increase in onc or more of weight gain and weight gain
efficiency in a plurality of meat producing animals provided with amimal feed containing
one or more feed supplements, comprising:

providing a bascline performance comprising one or more of weight gain and feed
cfficiency for the plurality of meat producing anials;

providing a selected amount of one or more feed supplements; and

producing with a computing device an increase in one or more of weight gain and
feed efficiency per animal in the plurality of meat producing animals fed using the
sclected amounts of the one or more feed suppleroents relative to the baseline

perfermance.

39, The method of claim 38 further comprising:
producing with the computing device a carbon footprint per animal for cach animal

of the plurality of animals.

40.  The method of claim 3% further comyprising:
aggregating the carbon footprint per animal for each animal of the plurality of
animals to provide an aggregate carbon footprint as 3 function of the selected amount of

the one or more feed supplements, animal daily weight gain or feed efficiency.

41, The method of claim 40 further comprising:
displaying the carbon footprint as a function of the selected amount of the one or

more feed supplements, animal daily weight gain, or feed efficiency.

42, A systom for estimating the impact of 8 meat producing animal on carbon
footprint, the system comprising:

at least one processing device; and

at least one computer readable storage device, the at least one computer readable
storage device storing data instructions that, when executed by the at least one processing

device cause the at least one processing device to generate:
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a bascline performance engine configured te receive one or more primary
parameters associated with one or more of a measure of cnergy content and a
measure of dry matter digestibility, and to produce a bascling performance
comprising one or more of weight gain and feed efficiency using at least one of the
primary parameters and one or more secondary parameters, wherein the one or
more secondary parameters are associated with one or more of 2 measure of animal
weight, a measure of animal dry matter intake, 2 meat price, a breed of animal, a
measure of animal activity, and a measure of one of more environmental
conditions; and

a carbon footprint engine configured to use the baseline performance to

produce a carbon footprint for the animal.

43, The system of claim 42 further comprising a display device, wherein the carbon
footprint for the animal is displayed on the display device as a function of feed intake,

weight gain, or feed efficiency of the animal,

44, The system of claim 42 further comprising a phirality of computing devices,

wherein a first processing device is part of a first computing device.

45, The system of claim 42 wherein one computing device produces the baselme

performance and the carbon fostprint.

46.  The system of claim 42 wherein the bascline performance engine operates ona
first computing device and wherein the carbon footprint engine operates on a second

computing device.

47, The system of claim 46 wherein the first computing device is in data
commnnication with the second computing device across one or more data communication

networks.
48, The system of claim 42 wherein the bascline performance engine is configured to
calculate the baseline performance and the carbon fooiprint engine is configured (o

calculate the carbon footpring.
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49, A system for estimating the impact of a plurality of meat producing animals on
carbon footpring, the system comprising:
at least one processing device; and
at least one computer readable storage device, the at least one computer readable
storage device storing data instructions that, when executed by the at least one processing
device cause the at least ong processing device to generate;
a bascline performance engine configured te receive one or more primary
parameters associated with one or more of a measure of energy content and a
measire of dry matier digestibility, the baseline performance engine further
configured to produce a bascline performance comprising weight gain or feed
efficiency using at least one of the primary parameters and one or more secondary
parameters, wherein the one or more sccondary parameters are associated with one
or more of: 8 measure of animal weight, s measure of animal dry matter intake, a
meat price, a breed of animal, a measure of animal activity, and a measure of one
or mote envirenmental conditions; and
a carbon footprint engine configured to use the baseline performance to
produce a carbon footprint for cach animal in the plorality of animals and
aggregate the carbon footprint produced for cach animal in the plurality of svimals

to provide an aggregate carbon footprint.

50.  The system of claim 49 further comprising 3 display device, wherein the display
device displays the aggregated carbon footprint for the plurality of andmals as a fimetion of

animal feed intake, weight gain, or feed efficiency of the plurality of animals.

31, The system of claim 49 wherein the baseline performance enging is configured to
calculate the baseline performance and the carbon footprint engine is configured to
calculate the carbon footprint.

532, The systern of claim 49 further comprising a plurahity of computing devices,
wherein a first processing device is part of a first computing device and a second

processing device is part of a second computing device.
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33, The system of claim 52 wherein the first computing device is in data
conmmunication with the second computing device across one or more data communication
networks.

34, The system of claim 49 wherein the plurality of meat producing anumals inclades

animals of different species or from different phylogenetic families.

535.  Thesystem of claim 49 wherein the plurality of meat producing animals is animals

of the same species or from same phylogenetic family.

$6. A method for adjusting a feed composition, comprising:
a} digesting a feed sample in an in viro fermentation system for a meat producing
animal to generate a value for @ primary pararagier comprising 4} a measure of
encrgy content for a selected feed sample from a digestion model associated with
the meat producing animal; b} a measure of dry matter digestibility for the selected

feed sample from the digestion model associated with the meat producing animal;

b} measuring one or more secondary parameters selected from the group consisting
of animal weight, aotmal meat production, animal dry matter intake, animal meat
price, animal activity, and an environmental condition to generate a value for the one or
more secondary parameters;

¢} producing a bascline performance value comprising meat production efficiency
using at least one or more of the values of the primary parameters and one or more of the
values of the secondary parameters using a computing device;

) producing a carbon footprint for the meat producing animal using the baseline
performance using a computing device; and

¢y adjusting a component of the feed sample to change the baseline performance,

the carbon foeot print or both,

57. A method for adjusting a feed composition, comnprising:
a} determining a characteristic of a fivst feed sample to generate a value for a
primary pararmeier;
b} measuring one or more sccondary parameiers selected from the group

consisting of animal weight, animal meat production,  animal dry matter intake, animal
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mcat price, animal activity, and an environmental condition to generate a value for the
one o more secondary parameters;

¢} producing a bascline performance value comprising meat production cfficiency
using the value of the primary pararseter and one or more of the values of the secondary
parameters using a computing device;

dy producing a carbon footprint for the meat producing animal using the baseline
performance using a computing device; and

¢} adjusting a component of the first feed sample to change either the baseline

performance, the carbon foot print or both.

58. The method of claim 56 or claim 57, whercin the steps are repeated until a feed
composition 18 identified that maintains or increases meat production efficiency and

decreases carbon footprint as compared to the first feed sample.

39, The method of claim 56, wherein the in vitro digestion system comprises digesting the

feed sample with one or more digestive enzymes in the presence of a microbial population.

60. The method of ¢laim 57, wherein the characteristic of the feed sample is selected from
the group consisting of a measure of profein, a measure of carbohydrate, a measure of fat,

a measure of dry matter, 4 measure of gross energy and combinations thereof.

61. The method of claim 57, wherein the step of determining the characteristic of the feed

sample comprises measuring a characteristic of the feed sample.

62. The method of claim 57, wherein the step of determining the characteristic of the feed

sample compriscs calculating a characteristic of the feed sampie.

63, The method of claim 61, whercin the characteristic of the feed sample is determined by

a chemical method or by near infrared speciroscopy.

64. The method of any one of claims 56-63, wherein adjusting a component of the feed

sample comprises adding a feed sopplement to the feed sample.
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63, The method of claim 64, wherein adjusting a comaponent of the feed sample comprises
altering the form of protein or amount of protein in the sample.
66. The method of claim 64 or claim 65, whercin adjusting a cormponent of the feed

sample comprises altering the digestibility of the feed sample.

67, The method of claim 56 oy claim 57, wherein the step of producing a baseline

performance comprises calculating a bascline performance.

68. The method of claim 56 or claim 57, wherein the step of producing a carbon footprint

comprises calculating a carbon footprint.

69. The method of ¢laim 56 or claim 37, wherein the step of producing a baseline
pod

performance comprises measuring a baseline performance.
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