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(57) Abstract: A method for preparing a food composition for animals comprising (a) accessing at least one database that comprises
a first data set relating functional genomic profile of a biofluid or tissue sample from an animal to physiological condition and

optionally genotype of the animal; (b) accessing at least one database that comprises a second data set relating to effects of bioactive

dietary components on functional genomic profile; (c) by use of an algorithm drawing on these data sets, processing input data

defining physiological condition and optionally genotype of a subpopulation of animals to derive a nutritional formula promoting
g wellness of one or more animals of the subpopulation; and (d) preparing a food composition based on the nutritional formula.
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METHODS AND SYSTEMS FOR DESIGNING ANIMAL FOOD COMPOSITIONS

[0001]  This application claims priority to U.S. Provisional Application Serial No. 60/657980, filed March 2,
2005, the disclosure of which is incorporated herein by reference.
BACKGROUND OF THE INVENTION
Field of the Invention
[0002] The invention relates generally to animal nutrition and particularly to methods and systems for
designing food compositions for animals, including food compositions that promote the health and wellness of
defined animal subpopulations.
Description of the Related Art
[0003]  Bioactive dietary components (BDCs) that, when included in an animal’s diet at an appropriate level,
promote wellness of the animal are well known and are now commonly included in pet food products and
supplements. Examples of such BDCs include amino acids, simple and complex sugars, vitamins, cofactors,
antioxidants, omega-3 fatty acids, various botanical preparations, efc. Recent advances in understanding of some
of the roles BDCs play in wellness of dogs and cats, together with discovery of new BDCs, have led to a
proliferation of pet food products on the market that are designed or claimed to address particular needs and
particular states of health or disease states of different classes of animals.
[0004]  Paradoxically, this proliferation has not made it easier for a dog or cat owner to select the pet food
products, if they exist, that will provide optimum nutrition for his or her pet. Many animals have a plurality or
complex of wellness issues, and focusing a feeding plan on one issue, for example obesity or diabetes, while
failing to address other issues can be detrimental to the overall wellness and quality of life of the animal.
[0005]  Various attempts have been made to simplify the matter of selection of a pet food. In the case of dog
foods, for example, formulas have long been available for puppies, adult dogs and mature dogs; for active and
inactive dogs; for dogs of small and large breeds, and so on.
[0006] Methods for customizing a food product to a specific animal have also been proposed. For example,
U.S. Patent No. 6,493,641 proposes that a pet owner provide an individual pet profile (e.g., in response to a
questionnaire) via an electronic interface, and submit a biological sample (e.g., saliva, stool or hair); from the
information thus provided, a customized food formula for the pet is said to be generated.
[0007]  Swanson et al. (2003) J. Nutr. 133, 30333040 predicted that functional genomics of dogs and cats
would emerge as important areas of study, and that resources such as dog and cat genome maps “can be applied at
the field of nutritional genomics and proteomics, enhancing our understanding of metabolism and optimizing
companion animal nutritional health status.” Id, p. 3033, Abstract. The authors further predicted that
“[n]utritional genomics, proteomics and metabolomics will be important in the determination of nutrient
requirements of dogs and cats at different life stages, the prevention and treatment of various disease states, and
the testing of numerous functional ingredients and herbal supplements that are making their way into the pet food
market.” Id., p. 3038.
[0008]  Nutritional requirements have hitherto been established mainly by empirical studies involving feeding
different compositions to groups of animals according to defined protocols. Data generated from such studies
have significantly advanced the art, but there remains a need for improved methods of designing pet foods
meeting the wellness needs of specific animal subpopulations, whether defined by genotype, phenotype or a

combination of both, including subpopulations defined as individual animals,

1



WO 2006/094154 PCT/US2006/007505

SUMMARY OF THE INVENTION
[0009] In various aspects, the present invention provides a series of methods and systems wherein an
important component is the processing of information relating to the functional genomic profile (FGP) of animals,
particularly companion animals such as cats and dogs.
[0010] In one aspect, the invention provides a method of selecting a food composition for an animal
subpopulation. The method comprises (a) accessing at least one database that comprises a first data set relating
FGP of a biofluid or tissue sample from an animal to physiological condition and optionally genotype of the
animal; (b) accessing at least one database that comprises a second data set relating to effects of BDCs on FGP;
and (c) by use of a first algorithm drawing on the first and second data sets, processing input data defining
physiological condition and optionally genotype of the subpopulation to derive a nutritional formula useful for
selecting and preparing a food composition for an animal subpopulation. In one embodiment, the method further
comprises preparing a food composition based upon the nutritional formula. In another aspect, the invention
provides a food composition prepared by the method. The method, nutritional formula, and food composition are
useful for promoting wellness and/or for preventing or treating disease in one or more animals of the
subpopulation.
[0011]  In another aspect, the invention provides a computer-aided system for designing a nutritional formula
for an animal subpopulation. The system comprises on one to a plurality of user-interfaceable media (a) a first
data set relating FGP of a biofluid or tissue sample from an animal to physiological condition and optionally
genotype of the animal; (b) a second data set relating to effects of BDCs on FGP; and (c) a first algorithm capable,
while drawing on the first and second data sets, of processing input data defining physiological condition and
optionally genotype of the subpopulation to derive a nutritional formula promoting wellness of one or more
animals of the subpopulation.
[0012]  In a related aspect, the invention provides a method of designing a nutritional formula for an animal
subpopulation. The method comprises accessing the computer-aided system described above to derive, via the
first algorithm thereof, a nutritional formula promoting wellness of one or more animals of the subpopulation.
[0013]  Ina further aspect, the invention provides a method of promoting wellness of an animal subject that is a
member of a subpopulation. The method comprises (a) accessing at least one database that comprises a first data
set relating FGP of a biofluid or tissue sample from an animal to physiological condition and optionally genotype
of the animal; (b) accessing at least one database that comprises a second data set relating to effects of BDCs on
FGP; (c) by use of a first algorithm drawing on the first and second data sets, processing input data defining
physiological condition and optionally genotype of the subpopulation to derive a nutritional formula promoting
wellness of one or more animals of the subpopulation; (d) preparing a food composition based on the nutritional
formula thus derived; and () feeding the food composition to the subject.
[0014]  In a further aspect, the invention provides a method of prescribing a wellness diet for an animal subject
that is a member of a subpopulation definable by genotype and/or physiological condition. The method comprises
(a) accessing at least one database that comprises a first data set relating FGP of a biofluid or tissue sample from
an animal to physiological condition and optionally genotype of the animal; (b) accessing at least one database
that comprises a second data set relating to effects of BDCs on FGP; (c) by use of an algorithm drawing on the

first and second data sets, processing input data defining physiological condition and optionally genotype of the
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subpopulation to derive a nutritional formula promoting wellness of one or more animals of the subpopulation;
and (d) prescribing a diet for the subject based on the nutritional formula thus derived.
[0015] In one aspect, the invention provides a method of selecting a nutritional formula for use by an animal
subject, preferably a companion animal subject. The method comprises (a) accessing at least one database that
comprises a test data set (sometimes referred to herein as a “second” data set) relating to effects of BDCs on FGP
and (b) by use of an algorithm (sometimes referred to herein as a “first” algorithm) drawing on the test data set,
processing input data that define a baseline FGP for the subject to derive a nutritional formula. The formula so
derived, in a situation where the baseline FGP is normal, promote§ at least maintenance of a normal FGP; and in a
situation where the baseline FGP is extranormal, promotes a shift of FGP towards normality. Optionally, this
method further comprises accessing at least one database that comprises a sample data set (sometimes referred to
herein as a “first” data set) from which normal and extranormal FGPs can be identified for animals having ranges
of genotype and physiological condition that encompass the genotype and physiological condition respectively of
the subject. In this case the algorithm draws on both the sample data set and the test data set in processing the
input data.
[0016] Ina further aspect, the invention provides a method of diagnosing a state of wellness, disease or
physiological disorder, or a predisposition to disease or physiological disorder, in an animal subject, preferably a
companion animal subject. The method comprises (a) accessing at least one database that comprises a sample data
set from which normal and extranormal functional genomic profiles can be identified for animals having ranges of
genotype and physiological condition that encompass the genotype and physiological condition respectively of the
subject; and (b) by use of an algorithm drawing on said test data set, processing input data that define a functional
genomic profile for the subject to derive a diagnosis. Optionally a treatment or prophylaxis can be prescribed,
based upon the diagnosis thus derived.
[0017]  In a still further aspect, the invention provides a data bank comprising one to a plurality of media
residing on or linked electronically to a computer. The media have stored therein or thercon data relating
functional genomic profile of an animal species or model to at least one of (a) physiological condition and
optionally genotype of an animal providing one or more tissue and/or biofluid samples from which the functional
genomic profile is determined and (b) exposure of the animal species or model to one or more bioactive dietary
components. The data according to this aspect are configured as one to a plurality of databases from which, on
submission of a query relating to functional genomic profile and/or bioactive dietary components via the computer,
information in pertinent response to the query is retrievable.
[0018]  Additional and further objects, features, and advantages of the present invention will be readily
apparent to those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]  Figure 1 is a representation to help visualize shifts in FGP from a normal to an extranormal state due,
for example, to a disease or physiological disorder, and from an extranormal to a more normal state by practice of
amethod of the invention.
[0020]  Figure 2 shows, in much simplified diagrammatic form, some of the processes involved in gene
expression, protein function and metabolism in an animal cell (A) before and (B) after intervention of a BDC.

[0021]  Figure 3 is an illustrative process flow chart of a method of the invention.
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DETAILED DESCRIPTION OF THE INVENTION
[0022]  The present invention provides methods and compositions for improving the health and/or well-being
of an animal, in particular a companion animal such as a dog or a cat.
[0023]  The nutrition and health of animals are among the most important aspects of pet care. Many animal
owners have difficulty in determining if an animal is receiving a well balanced and healthy dict. While people are
becoming much more aware regarding their own personal nutrition, there is relatively little knowledge of the
advanced dietary requirements essential for the health and well-being of animals.
[0024]  Canine and feline foods now include formulations based on age, size, body composition, breed and
other characteristics of pets, and are designed to address specific differences, for example between different
breeds or breed sizes. Formulations can be based on phenotypic differences such as growth rate in large-breed
versus smaller dogs. See, for example, U.S. Patent Nos. 5,851,573, 6,156,355, and 6,204,291.
[0025]  The greater growth rate in large-breed dogs can lead to orthopedic failure (e.g., hip dysplasia) due to
impaired bone development caused by rapid muscle growth. Dogs represent a large diversity of phenotypic
characteristics. Some formulations have been designed specifically for an individual animal based on the
phenotypic characteristics of the specific animal. See, for example, U.S. Patent No. 6,669,975.
[0026] Dog breeds have traditionally been grouped on the basis of their roles in human activities, their
physical phenotypes, and historical records. Currently more than 400 breeds of dogs are described in the world
today, with about 152 of these breeds recognized by the American Kennel Club (AKC) of the United States. Over
350 genetic disorders of purebred dogs have been described, and many of these are restricted to a specific breed,
breed type or genetic disposition. See Patterson et al, (1998) J. Am. Vet. Med. Assoc. 193(9), 1131-1144. Many
of these mimic common human disorders and their restriction to particular breeds or groups of breeds is believed
to be a result of aggressive breeding programs used to generate specific morphologies.
[0027]  Recently, a new branch of genomic research in humans has emerged that is the interface between
nutritional environment and cellular and genetic processes. Such genomic research is referred to as nutritional
genomics or “nutrigenomics.” Nutrigenomics secks to provide a genetic understanding for how dietary
components and/or nutrition affect the balance between health and disease, for example by altering the expression
and/or structure of an individual’s genetic makeup. Some dietary components have been shown to alter gene
expression in a number of ways. For example, they may act as ligands for proteins such as transcription factors or
receptors, may be metabolized by primary or secondary metabolic pathways, thereby altering concenirations of
substrates or intermediates, or may be involved in signal pathways.
[0028]  Functional Genomic Profile: The term “phenotype” as used herein refers to the totality, or any part
thereof, of observable characteristics, whether functional or otherwise, of an organism as determined by the
genotype of the organism. The term “genotype” refers to the total genetic constitution of an organism, or any part
thereof. The genotype comprises genetic information carried both in chromosomes and extrachromosomaily.
[0029]  The term “functional genomic profile” herein refers to the whole or any part of the functional
consequences of expression of gene sequences, including production and function of mRNAs, proteins and
metabolites. A functional genomic profile (FGP) can be established using genomic, proteomic or metabolomic
approaches, or any combination of these.
[0030]  FGP for the purpose of the present invention can be defined as a pattern of two or more polynucleotides
(DNA or RNA), peptides, proteins, metabolites, biomarkers, SNPs (particularly functional SNPs) or combinations
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thereof, such pattern being associated with a physiological condition of an animal or with response of an animal
model to exposure to one or more BDCs.

[0031]  In some instances an FGP, in whole or in part, contains genes, proteins or metabolites that are the
actual cause or that contribute causally to a disease or disorder. In such instances, therapeutic intervention directed
against the FGP or the part of the FGP that is a cause of an abnormality can be effective in treating the
abnormality.

[0032]  In other instances, an FGP that is not causally involved in a disease or disorder can still be associated
with the disease or disorder such that the FGP can be used as an indicator for the disease or disorder, before and
after therapy. By monitoring the FGP in such an instance, success or otherwise of therapy can be established.
[0033]  Genomic, proteomic and/or metabolomic data that constitute an FGP can be generated from biofluid
and/or tissue samples by any technique known in the art of functional genomics. Examples of techniques useful in
generating functional genomic analysis include, without limitation, the following techniques that can be used
individually or in combination: (a) single and multicolor gene and protein arrays and microarrays in low and high
density formats, for example on glass, silica, plastic, membrane or bead supports or combinations thereof,
including for example Northern blot analysis and Western blot analysis; (b) mass spectrometry techniques using
quadrupole, time of flight, quadrupole ion trap or Fourier-transform ion cyclotron resonance mass spectrometers
or combinations thereof, with various ionization sources including without limitation matrix-assisted laser
desorption ionization, electrospray ionization, nanospray ionization and surface-enhanced laser desorption
ionization; (c) polymerase chain reaction (PCR) techniques including single and multiplexed quantitative real-
time PCR techniques; (d) gel electrophoresis (single or multidimensional) including two-color 2D gel
methodologies, SDS-polyacrylamide gel electrophoresis (SDS-PAGE), and 2D PAGE; and (e) liquid
chromatography (single or multidimensional) by itself or in tandem with mass spectrometry techniques.

[0034]  FGPs can be generated from raw image, numerical and/or text data sets, typically after normalization
and pre-processing to reduce or remove data noise. Techniques that can be used to recognize FGPs include
without limitation nearest neighbor pattern recognition, neural networks, hidden Markov models, Bayesian
networks, genetic algorithms, support vector machines, and combinations thereof.

[0035] The use of a FGP makes the present systems and methods much more powerful than methods
previously proposed that rely only on genomic or genotypic analysis. The number of functional proteins in a cell
of an organism far exceeds the number of DNA sequences that represent individual genes in the cell. This is due
to the fact that an individual gene sequence can give rise to more than one functional protein. Gene sequences can
be modified by addition, delstion or polymorphism of one or more nucleotides on one or both alleles at a gene
locus, and this is further complicated by a mechanism of alternative splicing that can give rise to more than one
mRNA species from each individual gene sequence, thereby resulting in many different forms of protein.

[0036]  The apparent discrepancy between number of genes and number of functional proteins is further
compounded by the fact that a protein can be modified by one or more post-translational modifications that can
include proteolytic cleavage, phosphorylation, glycosylation, acylation, methylation, sulfation, prenylation,
vitamin C-dependent modifications (e.g., proline and lysine hydroxylation and carboxy terminal amidation),
vitamin K-dependent modifications (e.g., carboxylation of glutamic acid residues) and incorporation of

selenocysteine to form selenoproteins,
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[0037]  The FGP of an animal, or an animal model, or of a tissue or cell thereof, can be in a “normal” or
“extranormal” state. A “normal” FGP is one occurring in an animal exhibiting a state of wellness as defined
herein, and generally indicative of such a state. Typically a “normal” FGP is associated with homeostasis, i.e., a
tendency to stability in bodily functions arising, for example, from internal control systems activated by negative
feedback. An “extranormal” FGP is one that is outside the range identified as “normal”. An “extranormal” FGP
can be associated with a breakdown in homeostasis; thus there is often a tendency for an “extranormal” FGP to
drift further from normality with the passage of time, absent intervention (for example by a method of the present
invention) to halt or reverse such drift. If unchecked, this progressive drift away from normality can ultimately
lead to death. An “extranormal” FGP is therefore often indicative of a state adverse to wellness, for example a
state of disease or physiological disorder, in an animal. Such a state can be outwardly evident, or can be latent (i.e.,
asymptomatic). An “extranormal” FGP can, in some situations, indicate a predisposition, whether hereditary or
otherwise, to disease, and in such situations a shift in FGP towards a more normal state (for example by a method
of the present invention) can be effective in discase prevention or prophylaxis.

[0038]  Illustratively and figurative! , Figure 1 shows an FGP domain 10 having an inner circle 14 representing
a “normal” FGP. A small region 15 at the center of the inner circle 14 can be considered an “optimum” or
“perfect” FGP, but it is emphasized that homeostasis and a state of wellness is generally consistent with any FGP
in the “normal” range as represented by the inner circle 14. The domain also has an annular zone 12 representing
an “extranormal” FGP, and outside the annular zone 12 an outermost zone 11 where the FGP is so removed from
normality that the cell or tissue exhibiting it is in a state of death, There is no sharp dividing line between a
“normal” and an “extranormal” FGP, as indicated in F igure 1 by an intermediate or transitional zone 13 between
the inner circle 14 (“normal”) and the annular zone 12 (“extranormal”). However, if a subject animal is found to
have an FGP that is neither clearly “normal” nor clearly “extranormal”, i.e., in the transitional zone 13, the FGP
should be considered “extranormal” and corrective action, for example by a method of the present invention,
initiated.

[0039]  Vectors 21, 22, 23, 24 and 25 represent trends in FGP that occur, for example as an animal enters or
progresses in a state of disease or physiological disorder. Vector 22 represents a transition from a disease state to
death. Vector 26 represents a transition from a healthy or “normal” state to death. Examples of vector 26 include a
healthy animal that is killed in an accident such as being hit by a car. Vectors 32, 33 and 34 represent shifts in
“extranormal” FGP resulting from practice of the present invention. Such shifts are, at a minimum, directionally
towards a more normal state and, if sustained, can bring the FGP fully back to “normal”, i.e., into the inner circle
14 in Figure 1. Note that where FGP is already “normal”, practice of the invention does not necessarily provide a
shift to greater normality, but tends to maintain FGP in the “normal” range.

[0040]  Animals: The term “animal” means a human or other animal, including avian, bovine, canine, equine,
feline, hicrine, murine, ovine, and porcine animals. Preferably, the animal is a companion animal, most preferably
a canine or feline such as a dog or a cat, Companion Animals: A “companion animal” herein is a vertebrate
animal of any species that is kept by a human owner as a domestic pet, or for work related to sensory abilities or
useful behavioral attributes of the animals (for example, hunting dogs, guard dogs, sheepdogs, guide dogs, ezc.).
In most cases the species is mammalian. In the present context an “owner” is a person responsible for looking
after, most particularly for feeding, the animal, and does not necessarily hold legal ownership of the animal, and

can therefore be, for example, a “keeper” or “guardian” or “caregiver” of the animal. An “owner” herein can be
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one to a plurality of persons sharing such responsibility, for example members of a family, or a person or persons
to whom such responsibility is delegated or entrusted. An important aspect that distinguishes a companion animal
from animals in many other situations is that its diet is largely or wholly provided by, and thus can be controlled
by, its owner. In this respect a companion animal differs from, for example, grazing or foraging animals. An “end-
user” herein, for example of a food composition prepared according to a method of the invention, is typically an
owner of a companion animal as defined above.

[0041]  According to a particular embodiment, the species is one characterized by a high degree of phenotypic
and possibly genotypic variation across the species as a whole, but embraces a plurality of breeds, within which
there is substantial homogeneity. This is the case, for example, with the domestic dog (Canis Jamiliaris) and is
applicable to a considerable extent to other species including the domestic cat (Felis catus).

[0042]  The methods of the invention are useful in certain animal species or populations satisfying at least one
of the following criteria (a) the animal’s diet is largely or wholly controlled by an owner (including a keeper or
guardian) and (b) the species or population embraces a plurality of breeds, within which there is substantial
phenotypic and possibly genotypic homogeneity; whether or not such species or populations are typically
recognized as “companion animals”. Thus the present methods are useful in nutritional management of certain
farm animals such as chickens and hogs, exotic animals in zoos and parks, and the like.

[0043]  Subpopulations: A “subpopulation” herein is a set of one to many animals of one species, but less than
an entire species, definable in terms of genotype and/or one or more attributes of physiological condition that,ina
subpopulation of more than one member, are common to members of the subpopulation.

[0044]  In certain embodiments, the subpopulation is defined at least in part by breed type. For example, in the
case of dogs, various breed types such as gundogs, terriers, toy dogs, hounds, herding dogs, etc., can be identified,
each of which comprises a number of specific breeds.

[0045]  In certain embodiments, the subpopulation is defined at least in part by specific breed. For example,
recognized dog breeds (some of which are further subdivided) include afghan hound, airedale, akita, Alaskan
malamute, basset hound, beagle, Belgian shepherd, bloodhound, border collie, border terrier, borzoi, boxer,
bulldog, bull terrier, cairn terrier, chihuahua, chow, cocker spaniel, collie, corgi, dachshund, dalmatian, doberman,
English setter, fox terrier, German shepherd, golden retriever, great dane, greyhound, griffon bruxellois, Irish
setter, Irish wolfhound, King Charles spaniel, Labrador retriever, Thasa apso, mastiff, newfoundland, old English
sheepdog, papillion, pekingese, pointer, pomeranian, poodle, pug, rottweiler, St. Bernard, saluki, samoyed,
schnauzer, Scottish terrier, Shetland sheepdog, shih tzu, Siberian husky, Skye terrier, springer spaniel, West
Highland terrier, whippet, Yorkshire terrier, ec. In the case of animals of mixed breed, a subpopulation can be
defined at least in part by breed heritage, which can be established through knowledge of the parental breeds,
phenotypic characteristics, genotypic assessment, or by genetic markers such as SNPs.

[0046] In certain embodiments, the subpopulation is defined at least in part by physiological condition. The
term “physiological condition” herein refers to any one or combination of physical, pathological, behavioral and
biochemical attributes of an animal including its size, weight, age, activity level, disposition, and state of wellness
or disease. Physiological condition is a product of interaction of the genotype with the environment of the animal.
A subpopulation defined at least in part by physiological condition can cut across breed lines. For example, a
subpopulation can consist of adult cats that shed hair excessively, obese dogs, toy dogs having respiratory disease,

geriatric dogs of large breed type, long-haired cats having renal insufficiency, etc. Alternatively, a subpopulation
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can be defined in part by physiological condition but restricted to one or a few breeds or a defined breed heritage.
Examples of such subpopulations are aggressive poodles, Labrador retrievers with tapeworm infestation, spayed
female dogs having a breed heritage that includes beagle, efc.

[0047] A subpopulation can, in certain embodiments, be very small, for example where members are
familially related (e.g., offspring of a single stud dog, or kittens of a single litter), or in some embodiments can be
defined as an individual animal. In one series of embodiments, the subpopulation is canine. In another, the
subpopulation is feline.

[0048]  Biofluid and Tissue Samples: A biofluid or tissue sample useful herein can be any such sample that is
amenable to genomic, proteomic and/or metabolomic analysis. For genomic analysis, the sample must provide
DNA in a quantity that may or may not need amplification, for example through PCR techniques. Samples lacking
DNA or RNA, as is often the case, for example, with urine samples, can nonetheless provide useful proteomic
and/or metabolomic information.

[0049]  Biofluids that can be sampled include excreta (feces and urine), blood, saliva, amniotic fluid, etc.
Tissue samples can be obtained post riortem from any part of the body of an animal, but for the present purposes
more usefully from living animals, for example by biopsy, by surgical removal (e.g., during surgery being
conducted for other purposes), by cheek swab or by pulling a few hairs.

[0050]  First Data Set: The systems and methods of the invention, as set forth above, involve at least two data
sets, referenced herein as a “first” (or sample) and a “second” (or test) data set. These data sets are typically stored
in digital form and are organized in one to a plurality of databases, which are held on user-interfaceable media
such as any computer or peripheral memory or data storage device. A database can be “virtual,” i.e., existing only
through networking of a plurality of devices.

[0051]  The first and second data sets can be parts of a single database or can be in separate databases. Either or
both of the first and second data sets can, if desired, be configured in more than one database, so long as the data
can be accessed for processing as discussed more fully below.

[0052]  The first data set (sample data set) comprises data derived from functional genomic analysis of a
multiplicity of biofluid and/or tissue samples obtained from animals representing a wide range of genotypes (e.g.,
canine or feline breeds) and phenotypes or physiological conditions, including healthy animals (typically
exhibiting a “normal” FGP) and animals in a variety of disease states (typically exhibiting an “extranormal” FGP).
The data are configured relationally, i.e., in such a way as to permit correlation of functional genomic parameters
with genotypic and phenotypic attributes. In this way, the first data set can be used to define a functional genomic
profile (FGP) for any subpopulation having genotype and physiological condition embraced by the data set. As
the first data set increases in extensiveness, a number of beneficial outcomes can be realized: (1) the range of
subpopulations embraced by the data set becomes more comprehensive; (2) FGP data for particular
subpopulations become more reliable; and (3) the data can be used with greater confidence to develop a predicted
FGP for a subpopulation not specifically represented in the data, among other advantages.

[0053]  Functional genomic analysis of each sample as reflected in the first data set can include analysis with
respect to one or more of DNA, RNA (for example mRNA), proteins, metabolites and biomarkers such as
enzymes.

[0054]  To illustrate use of the data to develop a predicted FGP, consider a data set that includes a large volume

of functional genomic data on, say, border collies in a variety of states of wellness and disease, but lacking data
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specifically on border collies having a family history of bladder cancer and showing symptoms of osteoarthritis, If
functional genomic data are present that correlate with a predisposition to bladder cancer and with osteoarthritis in
other breeds, the data relating to border collies, predisposition to bladder cancer, and osteoarthritis can be
processed using well-known statistical techniques to yield a predicted or “best fit” FGP for the subpopulation of
interest.

[0055]  Similarly, an algorithm can be used to predict FGP of a subject animal of mixed breed based on data
from purebred animals representing parental breeds or breed types of the mixed breed animal. Thus, in some
embodiments, correlating functional genomic data can come from FGP of animals of different breeds or mixes
thereof but of the same species.

[0056]  Data to develop a predicted FGP can come from sources other than from functional genomic analysis
of biofluid and/or tissue samples as described above. For example, in some embodiments, the data can come from
studies published in the literature. In certain embodiments, the data can be obtained from publicly or
commercially accessible data banks, for example accessible through a website. In some embodiments the data can
come from mining the genome of the species of the subject animal, and in still other embodiments, homologous
functional genomic data can be obtained from species other than the subject animal, such as human, rat or mouse.
In certain embodiments, data can be obtained through mining of genomes of species other than that of the subject
animal.

[0057]  For the present method to have usefulness across a wide variety of subpopulations, the first data set
must be extensive. Where the method is intended to have application to only a limited range of animal
subpopulations, a data set derived from a relatively small number of samples, for example up to about 100, can be
useful. However, for most purposes, a much more extensive data set is desirable, derived from samples up to
about 1,000 in number, for example up to about 10,000 or more.

[0058]  Thus, the first data set, in one series of embodiments, is derived from samples collected from a
multiplicity of animals representative of a range of genotypes and physiological conditions that broadly embrace
the subpopulation of interest without necessarily specifically including that subpopulation.

[0059]  In certain embodiments, the first data set enables normal and extranormal FGPs to be identified for
animals having ranges of genotype and physiological condition that encompass the genotype and physiological
condition respectively of an animal subject for which input data are submitted. The word “encompass”, with
respect to genotype in the present context, means that animals at least of the subject’s breed type, and normally of
the subject’s specific breed, or in the case of a mixed-breed subject, animals having similar breed heritage, are
represented in the data set. With respect to physiological conditions in the present context, the word “encompass”
means that animals individually and collectively having similar physiological conditions to the subject are
represented in the data set, even if the subject’s particular combination of physiological conditions are not found
in a single animal in the data set. Similarly, the ranges of genotype and physiological condition represented in the
first data set are considered herein to “encompass” the genotype and physiological condition of a subject if such
genotype and physiological condition are independently found in the data set, even if not in a single animal.

[0060]  Each sample from an individual animal, to be useful, must be associated with a provenance record that
becomes part of the first data set. The provenance record comprises zoographical data relevant to defining the

genotype and physiological condition, at the time the sample is collected, of the animal that provided the sample.
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[0061] The term “zoographical data” herein refers to any and all information, whether quantitative or
qualitative, that is gathered on an animal providing a biofluid or tissue sample, from sources other than analysis or
experimentation on the sample itself. Sources of zoographical data can include the knowledge base of the owner,
captured for example as responses to a questionnaire, veterinary records including those indicative of past and
present states of wellness or disease, the animal’s pedigree if it has one, biometrics (height, weight, etc.) at time of
sample acquisition, ezc.

[0062]  Zoographical data included in the first data set can comprise one or more data items relating to
genotype. Examples of such data items include without limitation: the breed of the animal, whether pedigreed,
registered by a body such as the AKC or otherwise; the pedigree if known; in the case of animals of mixed breed,
the breed heritage of the animal including the breed(s) of its parents and, if available, ancestors of earlier
generations; sex; and coat type (e.g., long, short, wiry, curly, smooth) and coloration; evident hereditary
conditions and disorders.

[0063]  Zoographical data included in the first data set can comprise one or more data items relating to
physiological condition. Examples of such data items include without limitation: age (chronological and, if
determinable, physiological); weight; dimensions (e.g., height at shoulder, length of legs, length of back, erc.);
veterinary medical history; reproductive history, including whether neutered, number and size of litters; present
wellness or disease state and any recent changes therein, including any condition or disorder diagnosed, and any
symptoms whether or not diagnosis has been made; presence of parasites, including fleas; appetite and any recent
changes therein; physical activity level; mental acuity; behavioral abnormalities; and disposition (e.g., timid,
aggressive, obedient, nervous).

[0064]  The “chronological age” of an animal is the actual time elapsed (e.g., in years or months) since birth.
The “physiological age” of an animal is an estimate of the average chronological age of animals of similar breed
exhibiting the same age;related physiological condition (mobility, mental acuity, dental wear, efc.) as the animal.
[0065]  Zoographical data can further relate to aspects of the environment in which an animal subpopulation
lives. Such aspects include without limitation climate, season, geographical location and habitation, For example,
it can be material to developing a food composition for an animal to know whether the animal lives in a warm or
dry climate, or an arid or humid climate; whether it is currently spring, summer, autumn or winter; whether the
animal is housed indoors or outdoors; whether the animal is in a home, a boarding kennel, a place of work (eg.,in
the case of guard dogs, police dogs, efc.) or some other habitat; whether it is housed alone or with other animals;
whether it lives in an urban or rural area; zip code, state and/or country of occupancy; whether and to what extent
its habitat is affected by pollutants (e.g., tobacco smoke); and so on.

[0066] Second Data Set: The second data set (test data set) comprises data on effects of bioactive dietary
components (BDCs), alone and in combinations, on FGP. These data can include publicly or commercially
available information from any source and/or results of studies conducted for the express purpose of building the
second data set.

[0067]  Historically, gross effects of particular BDCs on wellness have been determined by feeding studies
using live animals of the species of interest, for example dogs or cats, According to the present invention, effects
of BDCs at the subcellular level, i.e., on the FGP of cells, can be determined by controlled experiments wherein

an animal model is exposed to different levels of, and/or different durations of exposure to, one or more BDCs.
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“Different levels” of a BDC in the present context include a zero level of the BDC. If multiple levels of a BDC are
included in a test, it may be possible to elucidate a dose response.

[0068]  In certain embodiments, the animal model can be live animals of the species of interest. However, an
extensive data set can be more rapidly and economically assembled by use of one or more alternative testing
models as exemplified below.

[0069]  In one embodiment, the alternative testing model is a vertebrate model, for example a small species
well adapted to functional genomic studies such as mice; rats, guinea pigs, rabbits or chickens. In another, the
alternative testing model is an invertebrate model, for example an invertebrate species such as the roundworm
Caenorhabditis elegans (C. elegans) or the fruit fly Drosophila melanogaster, the genome of which has been
substantially elucidated. In a further, the alternative testing model is a non-animal model, for example a yeast such
as Candida albicans. In another, the alternative testing model is a cell culture model, for example using primary
and/or immortalized cell lines from the species of interest (e.g., canine or feline) or from another species,
including human. In another, the alternative testing model is an ex vivo model using tissue explants obtained from
an animal and maintained outside the body of the animal.

[0070]  In Figure 2, diagrams (A) and (B) show some of the processes involved in gene expression, protein
function and metabolism in an animal cell, respectively before and after intervention of a BDC.

[0071]  Without being bound by theory, at the cellular level, a BDC may act as a ligand for a protein such as a
transcription factor or a receptor, may be metabolized by primary or secondary metabolic pathways, thereby
altering concentrations of substrates and/or intermediates involved in gene regulation or cell signaling, or may
alter signal transduction pathways and signaling by positively or negatively affecting signal pathways.

[0072]  The processes of signal transduction, gene expression and metabolism are all mediated by proteins. As
shown in Figure 2(B), a BDC can enter the cytoplasm of the cell and, via the signal transduction process, affect
gene expression in the nucleus. Alternatively, a BDC can engage a receptor protein at the cell membrane (the
outer boundary of the cytoplasm), and the receptor protein sends a signal via the signal transduction process that
affects gene expression in the nucleus. Through modification of gene expression, a BDC can affect a great variety
of protein-mediated processes, as symbolized in Figure 2(B) by use of bolder arrows than in F igure 2(A).

[0073]  The second data set can include data not only on chemical or biological entities known as BDCs but on
a variety of materials not previously known to have nutritional, nutraceutical or pharmacological effect. All such
materials are considered BDCs herein if a useful effect on expression of at least one gene, function of at least one
protein or production of at least one metabolite is found. In one embodiment, BDCs of interest herein are
materials having GRAS (generally regarded as safe) or equivalent status under U.S. FDA (Food and Drug
Administration) regulations or counterpart regulations in other countries, or are eligible for such status. In other
embodiments a BDC can be a therapeutically or pharmacologically effective compound, e.g., a drug or herbal
medicine.

[0074]  Many BDCs are chemical entities, generally naturally occurring in foods from which they can be
extracted. BDCs can, in many cases, also be prepared by microbiological (e.g., fermentation) or synthetic
processes. Examples of BDCs that are chemical entities include without limitation: amino acids; simple sugars;
complex sugars; medium-chain triglycerides (MCTs); triacylglycerides (TAGs); n-3 (omega-3) fatty acids
including a-linolenic acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA); n-6 (omega-6)
fatty acids including linoleic acid (LA), y-linolenic acid (GLA) and arachidonic acid (ARA); choline sources such
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as lecithin; fat-soluble vitamins including vitamin A and precursors thereof such as carotenoids (e.g., B-carotene),
vitamin D sources such as vitamin D, (ergocalciferol) and vitamin D, (cholecalciferol), vitamin E sources such as
tocopherols (e.g., a~tocopherol) and tocotrienols, and vitamin K sources such as vitamin K; (phylloquinone) and
vitamin K, (menadione); water-soluble vitamins including B vitamins such as riboflavin, niacin (including
nicotinamide and nicotinic acid), pyridoxine, pantothenic acid, folic acid, biotin and cobalamin; and vitamin C
(ascorbic acid); antioxidants, including some of the vitamins listed above, especially vitamins E and C; also
bioflavonoids such as catechin, quercetin and theaflavin; quinones such as ubiquinone; carotenoids such as
lycopene and lycoxanthin; resveratrol; and o-lipoic acid; L-carnitine; D-limonene; glucosamine; S-
adenosylmethionine; and chitosan.

[0075]  With respect to the inclusion of amino acids in the above illustrative list of BDCs, almost all foods
contain protein, which typically supplies all essential amino acids. However, the protein content of a food does
not necessarily supply essential amino acids in proportions that are optimal for wellness of particular animal
subpopulations, thus supplementation with one or more amino acids, or with protein sources rich in such amino
acids, can be desirable.

[0076]  Similar considerations apply in the case of simple and complex sugars that are BDCs and may or may
not be components of the carbohydrate fraction of a food, and certain fatty acids, including n-3 and n-6 fatty acids

which are BDCs and may or may not be components of the lipid fraction of a food.

»

[0077]  Otherwise the macronutrients required in a balanced animal diet (protein, carbohydrate, fat and fiber)
are considered separately from BDCs such as those listed above in designing a nutritional formula, as will be
discussed below.

[0078]  Certain biological materials, especially botanical materials, can be considered BDCs and can, if desired,
be included in the second data set. In many of these, a bioactive chemical entity has been identified; even where a
bioactive component is known other, unknown, bioactive components may be present and contribute to the
bioactive effect of the biological material.

[0079]  Tlustrative botanicals that can be useful as BDCs include, without limitation, aloe vera, dong quai,
echinacea, evening primrose, flaxseed, garlic, ginger, ginkgo biloba, ginseng, green tea, soy, turmeric, wheat grass
and yerba mate.

[0080]  The second data set thus comprises data relating FGP effects in an animal model to BDCs tested in the
model. From this data set, by use of a suitable algorithm, a BDC or combination of BDCs can be selected having a
desired effect on FGP,

[0081]  Input Data: The input data processed according to methods of the invention comprise data that define
the genotype and physiological condition of the subpopulation for which a diet is to be designed, a nutritional
formula prescribed or a food composition prepared. The input data can comprise zoographical data, including any
of the types of zoographical data mentioned above as part of the provenance record of samples in the first data set.
In certain embodiments, input data for an animal subject include FGP data derived from one or more tissue and/or
biofluid samples provided by the subject. According to these embodiments, the input data can indicate an FGP in
a normal or extranormal range.

[0082]) A computer-aided system of the invention typically comprises a user interface enabling entry of the
input data.
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[0083]  Entry of zoographical input data to the system can be made by an interface operator based on a hard-
copy or electronic questionnaire filled out by an owner of an animal subject. Alternatively, entry of such data can
be effected at an interface directly by the owner.

[0084]  The user interface for entry of zoographical data can be remote from a main processor (where the input
data are processed according to a method of the invention) but linked thereto via a network such as the internet.
Alternatively the user interface can be local (e.g., hard-wired) to a main processor, for example at a retail store or
veterinarian’s office. In various embodiments the user interface can, illustratively and without limitation,
comprise a keyboard and monitor; a personal computer, for example in the owner’s home; a touch-screen
terminal; a touch-tone telephone; or a voice-activated system. Alternatively, the zoographical data can be pre-
entered into a computer-readable medium such as printed barcodes or computer-readable alphanumeric
characters; floppy disk; CD-ROM; memory card; chip; etc., and scanned or uploaded at a terminal equipped to
read from such a medium. The medium can, in éome embodiments, be attachable to the subject animal, for
example on a collar, ear-tag or collar-attached dog-tag, or, in the case of certain types of chip, surgically
implanted under the animal’s skin. As yet another option, the zoographical data can be pre-entered into the
computer-aided system itself and stored in a database, whence it can be retrieved by entry of a code unique to the
subject animal for which the zoographical data were originally entered. Such a code can be entered via any
interface type and on any suitable medium, including those indicated above.

[0085]  Processing Input Data to Derive a Nutritional Formula: Processing of the input data for a subpopulation
(which can, as stated above, be a single animal subject) is accomplished by means of an algorithm, herein
sometimes referred to as a “first” algorithm, that draws on the first and/or second data sets described above to
derive from the input data a nutritional formula that promotes wellness of one or more animals of the
subpopulation.

[0086]  The algorithm, at least for embodiments of the invention wherein the algorithm draws on both a first
and a second data set as described above, can illustratively be embodied in a computer program that incorporates
at least the following tasks. Processing does not necessarily occur in the sequence presented below. A computer-
aided system of the invention can optionally employ parallel processing, wherein two or more tasks are handled
simultaneously.

[0087] In one task, input data from a subject are read into memory. In another, a search is conducted of the
first data set for zoographical and/or FGP data that correspond as closely as possible to the input data. Searching
and statistical techniques known in the art can be used to establish one to a plurality of “hits” that collectively
provide a best fit to the genotype and physiological condition of the subject. Where an FGP is not available for the
subject, the algorithm computes an FGP corresponding to zoographical input data, and identifies any departure
from a normal state that may exist in the FGP. Where an FGP is provided as part of the input data for the subject,
the algorithm again identifies any departure from a normal state, In a further task, a search is conducted of the
second data set for test data pertaining to an FGP as established above for the subject. Test data indicating a BDC
or combination of BDCs that are effective to maintain such an FGP in a normal state, or shift such an FGP from
an extranormal state towards greater normality, are retrieved, for example using searching and statistical
techniques known in the art to provide a best fit to the FGP of the subject. In another task, a nutritional formula is
computed incorporating effective amounts of one or more BDCs identified as described above. The nutritional

formula can be computed in the form of a complete diet, incorporating basic energy, protein and fiber
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requirements (which can be readily established from the input zoographical data) together with the identified
BDCs. Alternatively, the nutritional formula can be computed in the form of a dietary supplement, excluding
basic energy, protein and fiber requirements.

[0088]  Optionally, the nutritional formula can be output via a user interface such as a computer video screen,
printer, voice synthesizer, etc. A code representing the nutritional formula can be downloaded to a user-readable
or computer-readable medium, for example a printed barcode, a printed numerical code, the data strip of a card, a
memory device, a disk, a chip etc. In one embodiment such a code is downloaded to a chip adapted for
implantation in an animal, particularly a companion animal.

[0089]  In embodiments where the nutritional formula is further processed, for example to generate a food
composition, no output of the nutritional formula itself may be required.

[0090]  In certain embodiments, a food composition is formulated directly by amalgamating the first algorithm
with a second (formulation) algorithm as described below. According to such embodiments, computation of a
nutritional formula as an intermediate step may or may not occur.

[0091]  Where a nutritional formula is output, BDCs and other components can be expressed in any suitable
form. For example, components can be expressed in terms of their content in a food composition (e.g., in % or in
mg/g, usually on a dry maiter basis), in terms of a daily dosage or allowance (e.g., in g/day), optionally on a live
weight basis (e.g., in mg/kg/day). An illustrative specimen nutritional formula that may be generated by practice
of the present invention is shown in Table 1.

[0092]  Overview of an Illustrative Method of the Invention: Figure 3 is a flow chart showing an illustrative
method for designing a nutritional formula, According to this illustrative method, a key step is the processing of
input data, shown as a diamond in Figure 3, to generate the nutritional formula, for example as described
immediately above. Three subsystems feed into the processing step.

[0093]  Ina first subsystem, starting at the top left of Figure 3, animals in various states of wellness and disease
are identified. As suggested above, it is often desirable that this set of animals be as large as possible, and include
as broad as possible a range of states of disease and physiological disorder as well as a broad range of genotypes.
A set of zoographical data is collected for each animal. Each animal is a source of one to a plurality of tissue
and/or biofluid samples. Each sample is subjected to functional genomic analysis (including one or more of gene
expression, proteomic and metabolomic analysis), for example using an established microarray technique, to
establish an FGP for the animal that provided the sample, reflecting the genotype and physiological condition of
the animal at the time the sample was collected. Data defining the FGP become part of the first data set as defined
herein, in association with the zoographical data relating to the animal.

[0094]  In a second subsystem, starting at the top right of Figure 3, BDCs are tested in one or more animal
models as described above. The more BDCs that are tested, the better; and the more dosages of each BDC tested,
the better. Testing can include combinations of BDCs as well as individual BDCs. From all this testing, BDC
effects on FGP of the animal model can be established. The test results go to make up the second data set as
defined herein.

[0095]  The first and second data sets are typically organized in one or more relational databases that are
adapted for search and retrieval of information by the first algorithm as it processes input data.

[0096] In a third subsystem, in the lower left portion of Figure 3, input data are entered for an animal subject

or subpopulation. As indicated above, the input data typically include zoographical data and may or may not
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include FGP data. Processing the input data to generate a nutritional formula requires the processing algorithm to
access the first and second data sets as shown in Figure 3. The nutritional formula generated is one that the data
stored in the system show or suggest will promote wellness of the subject animal or one or more animals of the
subpopulation. Some aspects of “promoting wellness” are described in more detail herein, Optionally (not shown
in Figure 3), input data that comprise both zoographical and FGP data are added to the first data set, and can be
accessible in future iterations of the method.

[0097]  In one embodiment, such input data are associated with an identifier or code for the specific animal to
which they relate. If the same animal is the subject of a subsequent iteration of the method, the data processing
algorithm can be programmed to retrieve prior FGP data for that animal. In this way, trends and changes in FGP
of the animal can be tracked. Among other benefits, such tracking can enable periodic monitoring of the
effectiveness of the nutritional formula in maintaining a normal FGP, in shifting an extranormal FGP towards
greater normality, and/or in any aspect of the promotion of wellness as more fully described herein.

[0098]  Iterative use of the method for a specific animal can form a basis for a nutritional plan that is monitored
throughout all or a substantial part of the life of the animal. Corrective action can be taken by adjusting the
nutritional formula whenever the animal’s state of wellness declines or its FGP moves into an extranormal state.
[0099]  Preparing a Food Composition: The end-product of one embodiment of the invention is the nutritional
formula derived as set forth above. For example, a veterinary physician or dietician can prescribe a nutritional
formula for a subject animal by a method as herein described. A nutritional formula can be designed to provide a
total solution to a state of disease or physiological disorder, or it can be adapted for use in conjunction with
pharmaceutical (e.g., administration of a drug or other medication) or surgical intervention.

[0100]  In another embodiment, the nutritional formula is used as the basis for preparing a food composition,
which becomes the end-product of this embodiment. A second or formulating algorithm can be used to derive a
food composition from the nutritional formula. As mentioned above, such an algorithm can be integrated with the
first algorithm to generate a food composition directly by processing the input data. Disclosure herein of a
nutritional formula as an intermediate stage in generating a food composition does not limit the present invention
to methods and systems wherein such a stage is identifiable.

[0101]  Algorithms for formulating food compositions based on a nutritional formula as illustrated for example
in Table 1 are well known in the art. Such algorithms access a data set having analysis of various food ingredients
and draw on that data set to compute the amounts of such ingredients in a food composition having the desired
nutritional formula. An illustrative specimen food composition generated by a method of the invention is
presented in Table 2.

[0102]  Optionally the data set on which the second algorithm draws further includes cost data for the various
food ingredients, and the second algorithm incorporates a routine to include cost as a criterion in selection of
ingredients. This can enable a food composition to be prepared at reduced cost, for example at lowest cost
consistent with providing the desired nutritional formula.

[0103]  Other criteria can be built in if desired. For example, ingredients can be identified as “organic” or
otherwise, so that if an “organic” food product is desired only “organic” ingredients are selected.

[0104]  In one embodiment, the food composition can be selected, from a range of pre-existing options, e.g., an

existing pet food product line, to best fit or match the nutritional formula derived by practice of the invention. For
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example, an algorithm can be used that compares a computed food composition or nutritional formula with those
of available products, and selects the product coming closest to matching that composition or formula.

[0105]  In another embodiment, a pet food is manufactured according to the composition derived as set forth
above. Such a pet food is accordingly customized to an individual animal providing the input data, or to an animal
subpopulation represented by an animal providing the input data. Such manufacture can be offline, i.e., not
controlled by a computer-aided system. Alternatively, such manufacture can be in part or in whole under the
control of, and/or driven by, an extension of the computer-aided system that generates the nutritional formula and
computes a composition for the food as described above,

[0106]  The product thus manufactured can be a complete food or a supplement adapted for addition to or
mixing with a base food to form a complete food. The product can be liquid, semi-solid or solid; if solid, it can be
moist (e.g., a retortable moist pet food), semi-moist or dry (e.g., a kibble). A supplement can be designed for use,
for example, as a gravy to accompany a base food, or as a coating for a base kibble.

[0107]  Suitable computer-controlled apparatus for manufacturing a food product having a defined composition
is known in the art. Illustratively, apparatus substantially as described in U.S. Patent No. 6,493,641 can be used.
[0108]  Optionally, the food, once prepared according to a method of the invention, is packaged in a suitable
container. For example, a moist food can be packaged in a can, a jar or a sealed pouch; a dry food can be
packaged in a bag, a box, or a bag in a box. This step can, if desired, also be under control of a computer-aided
system.

[0109] A computer-aided system of the invention can be further harnessed to print a label or package insert for
the food product, having any or all information required by governmental regulations and by customary
commercial practice. For example, the label or package insert can include a list of ingredients and/or a guaranteed
analysis.

[0110]  Food manufacture, including packaging and labeling, can occur at a conventional manufacturing site
such as a factory. Alternatively, it can be convenient to arrange for manufacture of the food to take place more
locally to the end-user, for example at a point of sale at a distributor’s or retailer’s premises, such as a pet food
store. In one embodiment the food composition is prepared at a distribution site and delivered to the end-user, for
example in response to an order placed by the end-user, such as by telephone or via a website accessed through
the internet.

[0111]  The food composition is, in one embodiment, prepared by a compounder on receipt of a prescription
from a veterinary physician or dietician setting forth the nutritional formula derived by the first algorithm.

[0112]  In another embodiment, an end-user at a point of sale terminal enters a code representing a nutritional
formula previously selected for a specific animal, for example by swiping a card or scanning a chip containing
such a code. A computer-aided mixing apparatus, for example a mixing and vending apparatus located at the point
of sale, then prepares a food composition based on the nutritional formula thus encoded, and delivers it to the end-
user.

[0113] A food composition prepared by a method of any embodiment of the present invention is itself a further
embodiment of the invention,

[0114]  Promoting Wellness: The nutritional formula derived from the system or methods of the present

invention is one designed to promote wellness of one or more animals of the subpopulation of interest,
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[0115]  “Wellness” of an animal herein encompasses all aspects of the physical, mental and social well-being
of the animal, and is not restricted to the absence of infirmity.

[0116]  “Promoting wellness” herein encompasses maintaining a present state of wellness; preventing
occurrence of disease or physiological disorder whether or not the subject animal or subpopulation is predisposed,
genetically or otherwise, to such disease or disorder; or, where a state of disease or physiological disorder exists,
enhancing any aspect of health. Use of the dual terms “disease” and “physiological disorder” herein does not
imply a clear distinction between these terms. Many conditions adverse to wellness, conventionally thought of as
diseases, for example diabetes or osteoarthritis, can equally well be considered physiological disorders; likewise
conditions conventionally thought of as physiological disorders, for example obesity or halitosis, can equally well
be considered diseases. Enhancing health can comprise attenuation and/or elimination of a disease state, including
without limitation relief of symptoms, lowering a pathogen or parasite burden, controlling severity of disease
within more tolerable limits, and cure, with or without remission.

[0117]  “Promoting wellness” further encompasses (1) restoring any aspect of FGP, including expression of a
gene, function of a protein or production of a metabolite to a more normal state; (2) improving nutritional
management of an animal at specific stressful stages in its life, even where no disease or disorder is present, for
example during growth and development of a kitten or puppy; during gestation and lactation; before and after
surgery, for example spaying; and before, during and after long-distance transportation; and (3) enhancing any
aspect of health in offspring of the subject animal or subpopulation, for example by in utero nutrition when
feeding a gestating female animal.

[0118]  Conditions adverse to wellness encompass not only existing diseases and physiological (including
mental, behavioral and dispositional) disorders, but predisposition or vulnerability to such diseases or disorders.
Asymptomatic as well as outwardly evident diseases and disorders are likewise encompassed. The expression
“promoting wellness” of an animal is to be understood herein as further encompassing reducing nuisance to
humans living in proximity to the animal. Examples of such nuisance include without limitation excessive
shedding, odor of excreta including feces, intestinal gas and urine, and allergenicity.

[0119]  In one embodiment, promoting wellness involves simultaneous prevention, attenuation or elimination
of a cluster of two or more disease states in an animal.
