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BIOFILM INHIBITING COMPOSITIONS ENHANCING
WEIGHT GAIN IN LIVESTOCK

CROSS REFERENCE TO RELATED APPLICATIONS

This applications claims priority to WO 2016/025448
(PCT/US2015/044603) filed August 11, 2015, U.S.S.N. 62/296,386 filed
February 17, 2016, and U.S.S.N. 62/334,746 filed May 11, 2016.

FIELD OF THE INVENTION

The present invention generally relates to a class of compounds that
has a broad range of microbial biofilm 1nhibiting antimicrobial and other
activities, as well as numerous other uses, especially as feed additives.

BACKGROUND OF THE INVENTION

There is a very small profit margin in the production of beet, pork,
chicken, and other types of meat, including aguaculture. Profitability
frequently turns on feed efficiency and rate of gain. The first criteria relates
to the amount of feed intake required to produce a speciﬁed amount of
weight gain. The second criteria relates to the amount of daily weight gain
(frequently referred to as average daily gain, or ADG) on a specified type
and/or amount of feed, whether it 1s forage, grazing and/or grain. Many
variables affect these performance criteria, including species, age, genetics, .
climate, as well as type and amount of feed, forage, grass and
supplementation.

Many different compositions have been used to enhance feed
efficiency and ADG. Some of these, such as growth hormone, can be
overused and leave residues in the meat which then impact the consumer.
Others are relatively expensive for the amount of gain. Still others require
extensive regulatory testing as being pharmaceutical, not merely nutritional
supplements.

It 1s an object to provide compositions, and methods of use thereof, to

improve growth performance 1n livestock and aquaculture.
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It is a further object to provide methods to treat or prevent infections
by antibiotic resistant bacteria.

It is a still further object to provide compositions, devices, and
formulations utilizing antibacterial compounds to treat or prevent biofilm
formation and to disinfect surfaces and materials including meat and other
products harvested from livestock.

SUMMARY OF THE INVENTION

Compounds and compositions containing the compounds have been
developed which are useful as selective biofilm inhibiting compounds, which
can also be utilized in formulations administered to animals to increase feed
efficiency and weight gain, as well as to decrease infection by and spread of
disease organisms.

These compounds have the following formula:

Fe(II)x(ligand)y

Formula I

wherein

X 18 an 1nteger value of 1-2,

y 1s an integer value of 1-3, and

each ligand present 1s independently a conjugate base of an a-
hydroxy acid selected from citric acid, tartaric acid, lactic acid, glycolic acid,
quinic acid, glycolic acid, 1soleucic acid, valic acid, malic acid, and mandelic
acid; or each ligand is a conjugate base of an amino acid independently
selected from the group consisting of glycine, alanine, arginine, asparagine,
aspartic acid, cysteine, glutamine, glutamic acid, histidine, 1soleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, and valine; and salts and/or hydrates thereof.

Exemplary compounds include Ferric lactate (Fe-Lac), Ferric Citrate
(Fe-Cit), Ferric Tartrate (Fe-Tart), Ferric Glycinate (Fe-Gly), Ferric EDTA,
Ferric Malate, Ferric oxalate, Ferric Quinate (Fe-QA, also referred to herein

as FeQQ or QPLEX), and ferric complexes with L-tyrosine (Fe-Tyr, also
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referred to as TYPLEX), L-DOPA (Fe-DOPA), L-phenylalanine (Fe-Phe)
and hydrates, salts, or derivatives thereof. The lactate, citrate, glycinate,
tartrate, malate, oxalate, and EDTA forms have an advantage of being more
water soluble, and therefore may be easier to manufacture and utilize in
solution or feeds.

The compounds can be administered to an animal or human for
selective inhibition of biofilm formation, as a tablet, capsule, oral solution or
suspension, or incorporated into feed or feed supplement. The compositions
are effective against a wide range of microbial species including S.
epidermidis, E. faecalis, E. coli, S. aureus, Camp};lobacter spp. H. pylori and
Pseudomonas. The compounds represent a new class of biofilm inhibitors
compared to most currently in use, and are effective in treatment and
prevention of microbial infections.

The compounds can also be administered in conjunction with
antibiotics to reverse antibiotic resistance of bacteria, and can be used to treat
antibiotic resistant bacteria by administering the compounds with antibiotics.

The compounds can be applied to a substrate such as a medical
device, tubing, processing equipment, or equipment in the food, medical or
computer industries where biofilm formation and bacterial contamination are
an issue. The compositions may be incorporated into a coating which 1s
sprayed on as a solution or suspension, incorporated into a laminate, film or
polymer coating, or dispersed in particulate or aerosols for administration.
The compounds may also be incorporated into solutions or suspensions for
application as a disinfectant to an infected surface or a surface having a
biofilm thereon. These may also be used as disinfectants for agricultural
products such as meat.

In a particularly preferred application, the compounds are used to
improve growth performance of animals such as livestock, including poultry,
cattle, sheep, swine and goats, and other animals such as fish, shrimp, and
other animals in aquaculture, preferably in the form of feed and formula

supplements, in place of, or in combination with, existing bacteriostatic or
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bactericidal or growth enhancing compounds. In a preferred embodiment the
compositions may be administered to animals, such as livestock, to increase
srowth performance. The compositions may also be used to decrease
mortality adjusted feed conversion ratios (MFCR).

5 Examples demonstrate efficacy in enhancing weight gain in livestock
including poultry (chickens) and swine.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a bar graph of the average body weight at day 42 for

chickens for all chicken treatment groups described in Example 1, and a

10  comparison to a commercial control labeled “Target”. Treatment group 1 1s
the negative control labeled “CNC”. The positive control (labeled “CC”)
was challenged with dirty litter containing Campylobacter at day 20.
Chickens were treated with Fe-Q or Fe-Tyr.

Fig. 2 is a bar graph of the mortality adjusted feed conversion rate
15  (MFCR) at day 42 for all chicken treatment groups described in Example 1,
~ and a comparison to a commercial control labeled “Target”.
Fig. 3 is a bar graph of the number of Campylobacter colony forming
units per gram (cfu/g) of bird droppings at day 42 for treatment groups 1-3
and 6-8 of Example 1.

20 Fig. 4 is a bar graph of the average number of Campylobacter colony
forming units per gram (cfu/g) of caeca samples at day 42 for treatment
eroups 1-3 and 5-8 of Example 1.

Fig. 5 is a bar graph showing the biofilm coverage rate 0of PAO]
Pseudomonas aeruginosa on the surface of a glass slide, comparing PAO!

25  Pseudomonas with no Fe-Lac and PAO] Pseudomonas + 50, 100, and 300
uM Fe-Lac treatment, described in Example 2.

Fig. 6 is a bar graph showing the biofilm coverage rate of PAO1
Pseudomonas aeruginosa on the surface of a glass slide, comparing PAO!
Pseudomonas with no Fe-Cit and PAOI Pseudomonas + 100 and 300 uM

30 Fe-Lac treatment, described in Example 3.
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Fig. 7 is a bar graph showing the biofilm coverage rate of PAO1
Pseudomonas aeruginosa on the surface of a glass slide, comparing PAO!
Pseudomonas with no Fe-Tart and PAO! Pseudomonas + 100 and 300 uM
Fe-Tart treatment, described in Example 4.

Fig. 8 is a bar graph showing the biofilm coverage rate ot PAOL1
Pseudomonas aeruginosa on the surface of a glass slide, comparing PAO!
Pseudomonas with no Fe-Gly and PAOI Pseudomonas + 100 and 300 pM
Fe-Gly treatment, described in Example 5.

Fig. 9 is a bar graph showing the biofilm coverage rate of
Campylobacter jejuni NCTC11168 strain on the surface of beads, comparing
the effect of Fe-Tart at 50 uM, 100 uM, and 300 uM, the effect ot FeQ
(QPLEX) at 300, and the effect of Fe-Cit at 50 uM, 100 pM, as described in
Example 6. A control sample shows the biofilm formation in the absence of
any additives.

Fig. 10 is a bar graph showing the average number of colony forming

units perml (cfu/ml) of CF Lung Isolate No.11 from SED Strains versus no,

100 and 300 ug treated with Ferric EDTA, Ferric Malate and Ferric Oxalate.

Fig. 11 is a bar graph showing the average number of Campylobacter
colony forming units per gram (cfu/g) of caeca samples at day 35 for groups
treated with Ferric.lactate, FeQ (Q-PLEX), and a positive control, of
Example 9.

Fig. 12 is a bar graph showing the average body weight at day 42 for
al] treatment groups described in Example 9.

Fig. 13 is a graph showing the mortality adj usted feed conversion rate
(MFCR) at day 42 for all treatment groups described in Example 9.

Fig. 14 is a graph showing the number of Campylobacter colony
forming units per gram (cfu/g) of caeca at day 42 for all treatment groups
described in Example 9.

Fig. 15 is a graph showing the number of Salmonella colony forming

units per gram (cfu/g) of caeca at day 42 for all treatment groups in Example
9.
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Fig. 16 is a graph showing the number of E. coli colony forming units
per gram (cfu/g) of caeca at day 42 for all treatment groups described in
Example 9. .

DETAILED DESCRIPTION OF THE INVENTION
5 L DEFINITIONS

The term "alkyl" refers to the radical of saturated aliphatic groups
(i.e., an alkane with one hydrogen atom removed), including stréight—chain
alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups,
alkyl-substituted cycloalkyl groups, and cycloalkyl-substituted alkyl groups.

10 In preferred embodiments, a straight chain or branched chain alkyl
has 30 or fewer carbon atoms in its backbone (e.g., C1-C30 for straight
chains, and C3-C30 for branched chains), preferably 20 or fewer, more
preferably 15 or fewer, most preferably 10 or fewer. Likewise, preferred
cycloalkyls have 3-10 carbon atoms in their ring structure, and more

15  preferably have 5, 6, or 7 carbons in the ring structure. The term "alkyl" (or
"lower alkyl") as used throughout the specification, examples, and claims is
intended to include both "unsubstituted alkyls" and "substituted alkyls", the
latter of which refers to alkyl moieties having one or more substituents
replacing a hydrogen on one or more carbons of the hydrocarbon backbone.

20 . Such substituents include, but are not limited to, halogen, hydroxyl, carbonyl
(such as a carboxyl, alkoxycarbonyl, formyl, or an acyl), thiocarbonyl (such
as a thioester, a thioacetate, or a thioformate), alkoxyl, phosphoryl,
phosphate, phosphonate, phosphinate, amino, amido, amidine, imine, cyano,
nitro, azido, sulthydryl, alkylthio, sulfate, sulfonate, sulfamoyl, sﬁlfonamido,

25  sulfonyl, heterocyclyl, aralkyl, or an aromatic or heteroaromatic moziety.

Unless the number of carbons is otherwise specified, “lower alkyl™ as
used herein means an alkyl group, as defined above, but having from one to
ten carbons, more preferably from one to six carbon atoms in its backbone
structure. Likewise, "lower alkenyl" and "lower alkynyl" have similar chain

30  lengths. Throughout the application, preferred alkyl groups are lower alkyls.



CA 02995408 2018-02-09

WO 2017/027742 PCT/US2016/046623

10

15

20

25

30

In preferred embodiments, a substituent designated herein as alkyl 1s a lower
alkyl.

It will be understood by those skilled in the art that the moieties
substituted on the hydrocarbon chain can themselves be substituted, 1f
appropriate. For instance, the substituents of a substituted alkyl may include
halogen, hydroxy, nitro, thiols, amino, azido, imino, amido, phosphoryl
(including phosphonate and phosphinate), sulfonyl (including sulfate,
sulfonamido, sulfamoyl and sulfonate), and silyl groups, as well as ethers,
alkylthios, carbonyls (including ketones, aldehydes, carboxylates, and
esters), and -CF3, -CN. Cycloalkyls can be substituted in the same manner.

The term “heteroalkyl”, as used herein, refers to straight or branched
chain, or cyclic carbon-containing‘radicals, or combinations thereof, '
containing at least one heteroatom. Suitable heteroatoms include, but are not
limited to, O, N, Si, P, Se, B, and S, wherein the phosphorous and sulfur
atoms are optionally oxidized, and the nitrogen heteroatom is optionally
quaternized. Heteroalkyls can be substituted as defined above for alkyl
groups.

The terms "alkenyl" and "alkynyl", refer to unsaturated aliphatic
groups analogous in length and possible substitution to the alkyls described
above, but that contain at least one double or triple bond respectively.

The terms "alkoxyl" or "alkoxy" as used herein refers to an alkyl
group, as defined above, having an oxygen radical attached thereto.
Representative alkoxyl groups include methoxy, ethoxy, propyloxy, tert-
butoxy. An "e"chef" is two hydrocarbons covalently linked by an oxygen.
Accordingly, the substituent of an alkyl that renders that alkyl and ether is or
resembles an alkoxyl, such as can be represented by one of -O-alkyl, -O-
alkenyl, and -O-alkynyl. The terms “aroxy” and “aryloxy”, as used
interchangeably herein, can be represented by —O-aryl or O-heteroaryl,
wherein aryl and heteroaryl are as defined below. The alkoxy and aroxy

groups can be substituted as described above for alkyl.
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“Aryl”, as used herein, refers to C5-C10-membered aromatic,
heterocyclic, fused aromatic, fused heterocyclic, biaromatic, or
bihetereocyclic ring systen;s. Broadly defined, “aryl™, as usedherein,
includes 5-, 6-, 7-, 8-, 9-, and 10-membered single-ring aromatic groups that
may include from zero to four heteroatoms, for example, benzene, pyrrole,
furan, thiophene, imidazole, oxazole, thiazole, triazole, pyrazole, pyridine,
pyrazine, pyridazine, pyrimidine,. Those aryl groups having heteroatoms in
the ring structure may also be referred to as “aryl heterocycles™ or
“heteroaromatics”. The aromatic ring can be substituted at one or more ring
positions with one or more substituents including, but not limited to,
halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, alkoxyl,
amino (or quaternized amino), nitro, Sulfhydryl, 1mino, amido.,' phosphonate,
phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl,
sulfonamido, ketone, aldehyde, ester, heterocyclyl, aromatic or
heteroaromatic moieties, -CF3, -CN, and combinations thereof.

The term “aryl” also includes polycyclic ring systems having two or
more cyclic rings in which two or more carbons are common to two
adjoining rings (i.e., “fused rings”) wherein at least one of the rings 1s
aromatic, e.g., the other cyclic ring or rings can be cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls and/or heterocycles. Examples of
heterocyclic rings include, but are not limited to, benzimidazolyl,
benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzoxazolinyl, benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl,
benzisothiazolyl, benzimidazolinyl, carbazolyl, 4aH carbazolyl, carbolinyl,
chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-
dithiazinyl, dihydrofuro[2,3 b]tetrahydrofuran, furanyl, furazanyl,
imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, 3H-indolyl, isatinoyl, isobenzofuranyl, isochromanyl,
isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, 1soxazolyl, |

methylenedioxyphenyl, morpholinyl, naphthyridinyl,

'octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
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1,2.5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxindolyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxathinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
piperidonyl, 4-piperidonyl, piperonyl, pteridinyl, purinyl, pyranyl, pyrazinyl,
5  pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,
pyridbimidazole, pyridothjazole, pyridinyl, pyridyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl, 4H-
quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-

10 thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienothiazolyl, thienooxazolyl,
thienoimidazolyl, thiophenyl, and xanthenyl. One or more of the rings can
be substituted as defined above for “aryl”.

The term "aralkyl", as used herein, refers to an alkyl group substituted

15  with an aryl group (e.g., an aromatic or heteroaromatic group).

The term “aralkyloxy” can be represented by —O-aralkyl, wherein
aralkyl 1s as defined above.

“Biofilm” as used herein refers any group of microorganisms in
which cells stick to each other on a surface.

20 “Cleaning formulation”, as used herein, means a composition suitable
for application to a surface for removing dirt and oils, for disinfecting, or a
combination thereof. Cleaning formulations can be antibacterial,
antimicrobial, or both. Cleaning formulations are suitable for use on the
human skin, when none of the components of the composition are present at

25  concentrations that cause significant signs of irritation when applied to
human skin. As used herein, “significant signs of irritation” include
erythema, redness, and/or swelling at the site of injection or at the site of
application, necrosis at the site of application, exfoliative dermatitis at the
site of application, and severe pain that prevents daily activity and/or

30 requires medical attention or hospitalization. Cleaning formulations can be

suitable for use in the human buccal cavity. Cleaning formulations can be
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suitable for use with articles that, subsequent to exposure and optionally with
residual levels of cleaning composition present on and/or in the article, will
then be contacted with the human skin or other part of the human body, such
as wherein the article (e.g. a denture) will be contacted with the buccal
cavity, or will be contacted with the eye (e.g. a contact lens). Cleaning
formulations can be suitable for use with foodstufts and/or their packaging
and may, for example, be suitable for cleaning meat products and/or
carcasses used in the production of meat products. Cleaning formulations
may be suitable for cleaning equipment used in food production. Cleaning
formulations may be suitable for use in cleaning medical devices, including
implantable medical devices. Many other types of cleaning formulations
may also be provided by the present invention, further examples of which are
discussed in further sections of this application.

The term "heteroatom" as used herein means an atom of any element
other than carbon or hydrogen. Preferred heteroatoms are boron, nitrogen,
oxygen, phosphorus, sulfur, and selenium. Other heteroatoms include silicon
and arsenic.

“Inhibition" or "inhibiting" of biofilm formation as used herein reters
to a decrease of biofilm associated microorganism formation and/or growth.

A "lotion" is a low- to medium-viscosity liquid formulation.

“Mortality adjusted Feed Conversion Ratio” (MFCR) is the total feed
intake per pen divided by the sum of the total live weight of a pen plus the
total weight of dead birds in a pen minus the total live weight of pen at the
start of the period reported.

As used herein, the term "nitro" means -NO,; the term "halogen”
designates -F, -Cl, -Br, or -I; the term "sulthydryl" means -SH; the term
"hydroxyl" means -OH; and the term "sulfonyl" means -SO,-.

"Oil" as used herein refers to a composition containing at least 95%
wt. of a lipophilic substance. Examples of lipophilic substances include but
are not limited to naturally occurring and synthetic oils, fats, fatty acids,

lecithins, triglycerides and combinations thereof.

10
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An “ointment” is a semisolid preparation containing an ointment base
and optionally one or more active agents.

“Parenteral administration”, as used herein, means administration by
any method other than through the digestive tract or non-invasive topical or

5  regional routes.

"Patient" or "subject" to be treated and/or used in accordance with
any of the aspect as described'herein refers to either a human or non-human
animal such as a primate, non-human primate, laboratory animal, farm
animal, livestock, or a domestic pet. Exemplary animals can optionally

10  include chickens, particularly a meat-type chicken such as broiler chicken, or
an egg-laying chicken such as a pullet or hen, or a breeder chicken. Also
optionally included without limitation are other poultry, such as ziturkey,
geese, quail or ducks, or livestock, such as cattle, sheep, goats or swine,
alpaca, banteng, bison, camel, cat, deer, dog, donkey, gayal, guinea pig,

15 “ horse, llama, mule, rabbit, reindeer, water buffalo, yak, although the skilled
person will appreciate that other animals, including zoo animals, captive
animals, game animals, fish (include freshwater and saltwater fish, farmed
fish, and ornamental fish), other marine and aquatic animais, including
shellfish such as, but not limited to, oysters, mussels, clams, shrimps,

20  prawns, lobsters, crayfish, crabs, cuttlefish, octopus, and squid, domestic
animals such as cats and dogs, rodents (such as mice, rats, guinea pigs,
hamsters), and horses, are also included, as well as any other domestic, wild
and farmed animal, including mammals, marine animals, amphibians, birds,
reptiles, insects and other invertebrates.

25 “Pharmaceutically acceptable” as used herein refers to those
compounds, materials, compositions, and/or dosage forms which are, within
the scope of sound medical judgment, suitable for use in contact with the
tissues of human beings and animals (such as one or more of the animal
“patients” or “subjects” as discussed above) without excessive toxicity,

30 irritation, allergic response, or other problems or complications

commensurate with a reasonable benefit/risk ratio.
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“Pharmaceutically acceptable salt”, as used herein, refers to
derivatives of the compounds defined herein, wherein the parent compound
is modified by making acid or base salts thereof.

“Therapeutically effective” or “effective amount” as used herein
means that the amount of the composition used is of sufficient quantity to
ameliorate one or more causes or symptoms of a condition, bacterial
colonization, disease or disorder. Such amelioration only requires a
reduction or alteration, not necessarily elimination. As used herein, the terms

2% &G

“therapeutically effective amount” “therapeutic amount” and
“pharmaceutically effective amount” are synonymous. One of skill in the art
can readily determine the proper therapeutic amount.

The term “substituted” as used herein, refers to all permissible
substituents of the compounds. In the broadest sense, the permissible
substituents include acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and nonaromatic substituents of
organic compounds. Illustrative substituents include, but are not limited to,
halogens, hydroxyl groups, or any other organic groupings containing any
number of carbon atoms, preferably 1-14 carbon atoms, and optionally
include one or more heteroatoms such as oxygen, sulfur, or nitrogen
grouping in linear, branched, or cyclic structural formats. Representative
substituents include alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, phenyl, substituted phenyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, halo, hydroxyl, alkoxy, substituted
alkoxy, phenoxy, substituted phenoxy, aroxy, substituted aroxy, alkylthio,
substituted alkylthio, phenylthio, substituted phenylthio, arylthio, substituted
arylthio, cyano, isocyano, substituted isocyano, carbonyl, substituted
carbonyl, carboxyl, substituted carboxyl, amino, substituted amino, amido,
substituted amido, sulfonyl, substituted sulfonyl, sulfonic acid, phosphoryl,
substituted phosphoryl, phosphonyl, substituted phosphonyl, polyaryl,
substituted polyaryl, C3-C20 cyclic, substituted C3-C20 cyclic, heterocyclic,

substituted heterocyclic, amino acid, peptide, and polypeptide groups.

12
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"Treatment", "treating", or "alleviating" as used in connection with a
disease or infection refers to an intervention performed with the intention of
altering or inhibiting the pathology of a disorder.

Il. METHODS OF MAKING AND USE

Iron complexes, preferably with a molecular weight of the complex
less than 1,000 g/mol, are usetul for.:

Enhancement of animal growth;

Potentiating the effect of antibiotics and other antimicrobial agents,
and addressing antibiotic resistance;

Inhibition of formation, and treatment of preformed, biofilms; treating
microbial infections reducing microbial colonization; and disinfecting
surfaces.

Preferred compound include compounds represented by Formula 1
below, particularly, ferric lactate (also referred to herein as Fe-Lac), ferric
citrate (also referred to herein as Fe-Cit), ferric tartrate (also referred to
herein as Fe-Tart) and ferric glycinate. Others include ferric EDTA, ferric
malate, and ferric oxalate.

A. Enhancemént of animal growth

A method of enhancing the growth of an animal, the method
comprising causing the animal to ingest and/or absorb an effective amount of
one or more iron compounds described h.erein.

Typically, in in one embodiment one or more of the compounds will
be presented directly to the animal for ingestion and/or absorption. However,
in one alternative optiona'll embodiment the animal may be caused to ingest
or absorb one or more of the compounds by providing the animal
simultaneously, separately or sequentially with components which cause the
animal to form an effective amount of the one or more compounds, in Situ.
For example, the animal could be provided with a source of ferrous sulfate

and simultaneously, separately or sequentially with a source of quinic acid or
salt thereof (or other a-hydroxyacid), or could be provided with a source ot

ferrous sulfate and simultaneously, separately or sequentially with a source
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of a natural or synthetic amino acid, such as L-tyrosine, L-DOPA or L-
phenylalanine.

In one embodiment the one or more compounds are a complex of an
amino acid with Fe III and a complex of an o-hydroxyacid with Fe 111, or

salts and/or hydrates thereof. For example, one or more compounds may be
selected from any one or more of the group consisting of a complex of quinic
acid with Fe III, a complex of L-tyrosine with Fe III, a complex of L-DOPA
with Fe I1I, and a complex of L-phenylalanine with Fe III, ferric lactate (also
referred to herein as Fe-Lac), ferric citrate (also referred to herein as Fe-Cit),
ferric tartarate (also referred to herein as Fe-Tart) and ferric glycinate (also
referred to herein as Fe-Gly). Optionally, the one or more compounds 1s not
a complex of quinic acid with Fe III.

The animal may be caused to ingest or absorb the one or more of the
compounds, by providing the one or more compounds (or component parts
thereof to form the compound(s) in situ) by dietary means, such as 1n or

mixed with an animal feed, as a dietary supplement, and/or in a drinking

~ water. A further option, in the case of marine, aquatic, amphibious or other

animals that live partially or fully in water, 1s to add the one or more
compounds (or component parts thereof to form the compound(s) in situ)
into the water, such as by treatment of ponds containing farmed fish or
crustaceans such as shrimp and crawfish. It should be noted that, dependent
on the solubility of the one or more compounds used, it may be beneficial to

introduce a co-solvent to solubilize to aid dissolution in water at an effective

concentration.

1. Method of Making fortified animal feed or feed

supplement

Methods for the production of a biofilm inhibitor-fortified animal
feed product or animal feed supplement product are provided. Exemplary
animal feed include feed for a chicken (including a broiler chicken and an
egg laying chicken). The method includes the steps of incorporating one or

more of the compounds into the animal feed product or animal feed
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supplement product during the preparation of the feed or supplement. An
animal feed for use in the methods described herein may include, one or
more compounds of the compounds in an amount of 0.001 to 20 g of the one
or more compounds per kg of feed, such as 0.002 to 15 g/kg, or at a level of,
up to, or at least, about 0.002 g/kg, 0.005 g/kg, 0.01 g/kg, 0.02 g/kg, 0.03
o/kg, 0.04 g/kg, 0.05 g/kg, 0.1 g/kg, 0. 2 g/kg, 0.3 g/kg, 0.4 g/kg, 0.5 g/kg, 1
o/kg, 2 g/kg, 3 g/kg, 4 g/kg, 5 g/kg, 10 g/kg, 15 g/kg or 20 g/kg. An animal
drinking water supply of, or for use in, the first aspect may comprise, or be
supplemented With, one or more compounds in an amount of 0.001 to 20 g of
the one or more compounds per L of water, such as 0.002 to 15 g/L, or at a
level of, up to, or at least, about 0.002 g/L, 0.005 g/L, 0.01 g/L, 0.02 g/L,
0.03 g/L, 0.04 g/L, 0.05 g/, 0.1 g/I., 0. 2 g/L,, 0.3 g/L, 0.4 g/L, 0.5 g/L,, 1
o/, 2 g/L,3 g/L,4 g/L, 5 g/L, 10 g/L, 15 g/L or 20 g/L.. The same

~ concentrations can apply to water in which aquatic or other animals live

The one or more compounds may be incorporated into the product at
any stage during the production process induding before one or more heating

steps, such a one or more heating steps that include exposing a composition

including the one or more compounds to a temperature of greater than 50°C,
greater than 60 °C, greater than 70°C, greater than 80°C, greater than 90°C

or greater than 100 °C, and preferably wherein the temperature exposure 1s in

a range selected from 50-200 °C, 60-150 °C, 70-100 °C. In some
embodiments, a temperature range for a heating step may be in the range ot
70-90 °C, such as 75-88°C, 80-87 °C, 81-86 °C, or 82-85 °C.

Optionally, a suitabie method for the production of an animal feed,
such as a feed for a chicken (including a broiler chicken) may include the
steps of:

(a) combining nutritional and/or other dietary components (such
as one or more components selected from wheat, soy, soy oil, minerals and
other additives) to form a grist or other mixture; _\

(b) heating the grist or other mixture in a heating step as

described above, such as with steam at 85°C for a time effective to kill any
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pathogens, such as Salmonella. A period of 5-10 minutes, such as 6-8
minutes, is one example of an effective period at 85°C, although the time can
be adjusted dependent on the temperature used;

(¢) cooling the heated mixture. Preferably the cooling is
conducted at a rate and under conditions effective to avoid the formation of
condensation, since condensation can result in the growth of pathogens
including Salmonella.

(d) optionally pressing the cooled mixture;

(€) forming feed pellets from the cooled mixture, such as by
pelletizing using an extruder that heats the feed to a suitable temperature, as
discussed above, for example in the range of 82-85°C; . |

(f) ~  addition of heat sensiﬁ\}e additives, typically by spraying.
Heat sensitive additives can include enzymes, which may (for example) be
selected from the group consisting of phytase, xylase, beta-lactamase.

In accordance with the foregoing method for the production of an
antibiotic fortified animal feed product, the method comprising the step ot
incorporating one or more of the compounds into the animal feed product at
any one or more stages of the production, including during step (a), between
steps (a) and (b), during step (b), between steps (b) and (c), during step (c),
between steps (¢) and (d), during step (d), between steps (d) and (e), during
step (e), between steps () and (f), during step (f), or after step (1).

The one or more compounds may be included in an animal feed, or in
an animal feed supplement or premix, for the feed of commercial birds such
as chickens, tuﬂ{eys, pheasants, and ducks. In one option, the one or more '
compounds may be included in, or used to supplement, a poultry feeds,
which can be a "complete" feed. A complete feed is designed to contain all
the protein, energy, vitamins, minerals, and other nutrients necessary for
proper growth, egg production (if the bird is an egg layer), and health of the
birds..

Chickens used in optimized commercial broiler production are

typically fed different diets depending upon their age. For example, chickens
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for broiler production may be raised using three diets. These diets are
typically called a “starter”, “grower” and “finisher”. “Pre-starter™ diets are .
also possible. According, the compounds disclosed herein may be included'
in a starter diet only, a grower diet only, a finisher diet only, a combination
of any two or a combination of all three.

The “starter”, “grower” and “finisher” are typically distinguished by
crude protein content, which is often provided by ingredients such as
soybean meal (SBM). For example, a starter diet for a broiler chicken may
optionally contain crude protein contents of around 22-25 % by weight, such
as 22%, 23%, 24% or 25%, with 23 or 25% being preferred. In a turther
example, a grower diet'for a broiler chicken may optionally contain crude
protein contents of around 21-23 % by weight, such as 21%, %2% or 23%,
with 22% being preferred. In a further example, a finisher diet for a broiler
chicken may optionally contain crude protein contents of around 19-23 % by
weight, such as 19%, 20%, 21%, 22% or 23%, with 19%, 20%, or 21% being
preferred.

Additionally or alternatively, the “starter”, “grower” and “finisher”
may be distinguished by metabolizable energy (ME) content, which 1s
typically lowest for the starter diet and highest for the finisher diet, with the

arower diet having a level between the two. For example, a starter diet for a

broiler chicken may have an ME of about 3000 or 3025 kcal/kg (+ 50, 40,

30, 20, 10, 5 or less kcal/kg). In a further example, a grower diet for a
broiler chicken may have an ME of about 3100 or 3150 kcal/kg (+ 50, 40,

30, 20, 10, 5 or less keal/kg). In a further example, a grower diet for a
broiler chicken may have an ME of about 3200 kcal/kg (+ 50, 40, 30, 20, 10,
5 or less kcal/kg).

An animal feed or animal feed supplement fortified as described
herein may either be a vegetarian or non-vegetarian product. A vegetarian
product contains no meat or fish products. A non-vegetarian diet may
contain either, or both, fish product (such as fish meal) or meat product (such

as meat derivatives, bone meal, etc.).
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Similar feed compositions can be made for feeding swine, other types
of poultry (ducks, turkeys, pigeons), rabbits, as well as other types of
livestock such as sheep, goats, and cattle.

Feed compositions are well known for other species of animals,

5  including ruminants such as cattle, sheep and goats, swine, horses, fish and
crustaceans (shrimp, crawfish, etc.). Many of these are specific for the age
of the animal, such as while still nursing, at weaning, at time of maximum
weight gain, during reproduction, and for maintenance. An appropriate
amount of compound can be added for purposes such as maximizing weight

10  gain or maintaining or restoring gastrointestinal balance (especially during
times of stress such as following antibiotic treatment and at weaning),.
2. Method of making animal fortified drinking water

Methods for the production of biofilm inhibitor-fortified animal
drinking water are also provided. The methods include the addition of one or

15  more of the compounds into an animal drinking water supply. Suitable
concentrations of the one or more compounds in a drinking water supply are
typically in a concentration effective to produce the etfect of enhanced
growth in an animal when compared to growth of the animal on drinking
water not containing the compounds. A determination of a suitable

20  concentration may take into account the amount of drinking water consumed
by the animal. For example, a broiler chicken in the UK (or at an equivalent
temperature to those used 1n the UK) typically consumes a daily amount of
drinking water dependent on its age that can be calculated by reference to the
age of the chicken in days multiplied of approximately 4-10 mL, such as 5-9

25  ml, 6-8mL, for example about 7.14 mL. Thus, for example, a 42 day old
broiler chicken may have a daily water consumption of 168 mL to 420 mL
per day, more typically around 300 mL per day = 30%, 20%, 15%, 10%, 5%,
4%, 3%, 2%, or 1%. Broiler chicken reared at different temperatures may
consume more (e.g. in southern USA, where temperatures in the summer will

30 be high and water consumption could be higher, particularly in sheds where

temperature is not controlled), or less water.
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The animal may ingest or absorb an effective amount of one or more
of the compounds on a regular and repeated basis. For example, the animal
may ingest or absorb an effective amount of one or more compounds weekly,
every other day, every day, or more than once every day during the
performance of the method or use. In one option, the one or more
compounds are included in the an animal feed, an animal feed supplement,
and/or in drinking water and the animal ingests the one or more compounds
when they eat and/or drink, and optionally every time they eat and/or drink.
This ingestion or absorption an effective amount of one or more compounds
may continue through a period of time of the animal’s growth that may
correspond to a period of time that is, is up to, or 1s at least, 5%, 10%, 25%,
30%, 40%, 50%, 60%, 70%, 80%; 90%, 95% or substantially 100% of the
life of the animal from birth to death. The ingestion or absorption an
effective amount of one or more compounds may start on the day of the
animal’s birth, or at the age of 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47 days, or more. After the animal
starts to ingest or absorb the one or compounds, the animal may continue to
do so on aregular and repeated basis for a period of time that can be, or be
up to, or at least, 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20,21, 22, 23, 24, 25, 26, 27 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43,44, 45, 46, 47 days, or more.

In the case of chickens, especially broiler chickens, the one or more
compounds are preferably ingested on a repeated and regular basis in a
starter diet, in a grower diet and/or in a finisher diet, as described herein.

An animal drinking water supply of, or for use in, the methods
disclosed herein, can include or be supplemented with, one or more
compounds in an amount of 0.001 to 20 g of the one or more compounds per
L of water, such as 0.002 to 15 g/L, or at a level of, up to, or at least, about
0.002 ¢/L, 0.005 g/L, 0.01 g/L, 0.02 g/L, 0.03 g/L, 0.04 g/L, 0.05 g/L, 0.1
o/L,0.2¢g/L,03¢g/L,04¢g/L,05¢g/L,1¢g/L,2¢g/L,3¢g/L,4g/L,5¢g/L,10
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g/L, 15 g/L or 20 g/L.. The same concentrations can apply to water in which
aquaﬁc or other animals live.
3. Additional additives

Other additives include one or more additives selected from the list
consisting of creatine, amino acids (e.g. threonine) and salt, and macro
minerals, which include those selected from the group consisting of calcium,
phosphorus, magnesium, sodium, potassium and chloride.

Trace Minerals, including zinc and/or selenium.

Added vitamins, which include those selected from the group
consisting of vitamin A, nicotinic acid, pantothenic acid, pyridoxine (B6) and
biotin in maize and wheatbased feed. Additionally there is a basic
requirement of broiler chickens for vitamin E at 10-15 mg/kg. The need'f(jr
extra supplementation with vitamin E will depend on the level and type of fat
in the diet, on the level of selenium and on the presence of pro- and anti-
oxidants. Heat treatment of feeds can result in the destruction of up to 20%
of vitamin E. Choline may also be given in a complete feed.

Non-nutritive feed additives may also be included. Enzymes are
routinely used in poultry feeds to improve digestibility of feed ingredients. In
general, feed enzymes are available that act on carbohydrates, plant bound
minerals and proteins. Non Starch Polysaccharide (NSP) enzymes are
economically beneficial in wheat-based feeds. These enzymes will also allow
greater flexibility in the levels of barley to be included in the ration. Phytase
enzymes can be used to enhance /phytate phosphorus utilization. Protease
enzymes can be included to act upon vegetable products. Carbohydrase
enzymes can be added, and may provide beneficial responses when used in
maize-soya diets. When adding enzymes before heat processing of broiler
feeds, there is the potential for a loss in enzyme activity. This may be
avoided by spraying enzymes on to the feed at the end of processing.

Medicinal and prophylactic drugs (other than the compounds . below)

.may Ee added Awlderange of med1c1na1products,egcocc1dlostatsand

antibiotics, may be administered through the feed. Antibiotic Growth
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Promoters/Digestion Enhancers can be included and can, for example,
provide a mode of action involving modification of the gut microflora, with
consequential benefits in nutrient utilization.

Prebiotics can be added, and refer to a group of substances which
stimulate the growth of beneficial microorganisms, at the expense of
harmful, micro-organisms. Oligosaccharides form the largest group of these
products at present.

Probiotics can be added to introduce live micro-organisms into the
digestive tract to assist the establishment of a stable and beneficial
microflora. The objective is to provide the gut with positive, non-pathogenic
micro- organisms which will then prevent colonization with pathogenic
Micro-organisms by competitivé exclusion.

Organic Acids may be added. Organic acid products can be used to
reduce bacterial contamination of the feed (e.g. after heat treatment) and can
also encourage beneficial microflora to develop in the digestive tract of the
bird.

Absorbents are used specifically to absorb mycotoxins. They may
also have a beneficial effect on general bird health and nutrient absorption.
There are a range of products available for use as absorbents, including
various clays and charcoal.

Antioxidants can provide important protection against nutrient loss in
broiler feeds. Some feed ingredients e.g. fish meal and fats, can be protected.
Vitamin premixes should be protected by an antioxidant unless optimum
stofage times and conditions are provided. Additional antioxidants may be
added to the final feed where prolonged storage or inadequate storage
conditions are unavoidable.

Anti-Mold Agents can be added. For example, mold inhibitors may

be added to feed ingredients, which have become contaminated, or to
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Pelleting agents can be added, and are used to improve pellet
hardness. Some examples of pellet binders are hemicellulose, bentonite and
guar gum.

Other products of possible use in broiler production include essential
oils, nucleotides, glucans and specialized plant extracts. In areas of the world
where its use is permitted, formaldehyde can be used to treat/preserve feed.

Without limitation, exemplary “starter”, “grower” and “finisher” diets
include those shown 1n the examples..

4. Method of Feeding Animals

Although the following is specific with respect to chickens,
appropriates amounts and timing of feeding are known to those skilled in the
art and readily ascertainable, as demonstrated by the following examples.

The starter diet with broiler chicks may be fed for about the first 10-
12 days (typically in the range of the first 7-14 days of life). This starter diet
may be followed by the grower diet, which is provided to the broilers for
almost 2 weeks (typically from the age of about 11-24 days, although in any
case, after the end of the use of the starter diet). The finisher diet may be
used for the remainder of the production period (typically from the age of

about 24, or 25, days to harvest). Some broiler houses will use more or less

diets (for example 4 diets), and vary the timing of diet changes. Broilers are

typically harvested between 35 and 42 days, although this time can be longer
or shorter. The UK market typically harvests at day 30-35. Other countries,
including some European countries, harvest as early as 25 days, although
more typically from 30 _days onwards. Other countriés, Such as the US,
typically harvest at 42-47 days. Non-broiler chickens, including free-range
chickens, may be harvested at later ages. Any age of harvest may be used,
although most typically (e.g. in the context of broiler chickens) after the start

of the finisher diet, and optionally (and without limitation) on any ot days

25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,

65, 66, 67, 68, 69, 70 or beyond, such as up to or about 11 weeks, 12 weeks,
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13 weeks, 14"‘week§, 15 weeks, 16 weeks, 17 weeks, 18 weeks, 19 weeks, 20
weeks or more.

In some embodiments methods for the production of broiler chicken
or other animals may be performed on groups that are single sex (1.e. groups
of solely female, or solely male animals), and/or may be performed on
eroups of mixed sex (i.e. mixed male and female) animals. For example, in '
the case of the production of broiler chickens, it may be appropriate to select
and rear together a single sex group of male cockerels, and it may be suitable
to harvest the cockerels at an earlier age than female or mixed sex groups.
For example, a single sex cockerel group of broiler chickens may be
harvested at the age of around 30 days or, in other options, at the age of any
one or more of 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or more days. For
example, at the age of 30 days, an untreated cockerel group may have an
average target weight of about 1.95 kg, whereas in the case of the enhanced
growth resulting from the methods disclosed herein, it may be appropriate to
harvest the cockerels at an earlier stage at the defined target weight, or to
harvest at the same age and a higher average weight, or at the same age and
target weight with the use of a reduced consumption of animal feed due to
greater feed conversion efficiency. In a further example, a mixed sex group
of broiler chickens may be harvested at the age of around 35 days or, 1n other
options, at the age of any one or more of 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more days.
For example, at the age of 35 days, an untreated mixed sex group may have
an average target weight of about 2.1-2.2 kg, whereas in the case of the .
enhanced growth resulting the methods disclosed herein, it may be
appropriate to harvest the mixed sex group at an earlier stage at the defined
target weight, or to harvest at the same age and a higher average weight, or at
the same age and target weight with the use of a reduced consumption of

animal feed due to greater feed conversion etficiency.

chicken, a typical process of rearing an egg-laying chicken can involve the
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beginning of egg production at around 23 weeks of age, and slaughter at
around 60 weeks of age. The egg-laying chicken may be exposed to the one

or more compounds prior to beginning egg laying, and/or during egg laying,

and/or up to the time of slaughter. Treatment may, for example, last for

5 about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60 weeks; the term “about™

in that context can include the meaning of + 4, 3, 2, or 1 weeks of the stated
value. Whereas, typically, egg laying chickens begin to lay eggs at 23 weeks
of age, by taking advantage of the methods disclosed herein for enhanced
erowth and/or enhanced feed utilization it may be appropriate to begin egg
10  production at an earlier age, such as at 18, 19, 20, 21 or 22 weeks of age.
Further, by taking advantage of the methods disclosed herein for enhanced
’ erowth and/or enhanced feed utilization the present invention may be used to
achieve an effect (compared to an untreated control group that is reared
under identical conditions except for the application of the compounds)
15  selected from:

(a) the production with eggs of improved quality. Improved quality
may, for example, be selected from size, shell quality, air cell, white and
yolk. The shell quality is determined from any one or more of size, visual
defects, specific gravity, color, breaking strength, percent shell (shell weight

20 x 100/egg weight), shell thickness, and ultrastructure of the egg. The
improved quality may be reflected in a higher proportion of eggs being
categorized as US grade A or AA;

(b) the production of eggs of increased size (such as at a weight that
is up to, or at least, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%

25  or more); and/or

(c) the production of eggs in increased numbers (such as 1n an

average daily amount, per group of at least 100 animal and/or when assessed

over a period of at least 10 days, that is an amount that is up to, or at least,

1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20% or more). The

a0 sameapproachcanbetakenw1thotheregg-laymganlmalsEggspmduced S
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by egg-laying chickens and other animals are labelled with information to
indicate the source and date/or of origin.

Also provided herein are one or more eggs, such as a box or carton of
eggs, produced by the animalé (especially egg-laying chickens) that have
been treated by one of more of the disclosed methods. As indicated above,
such eggs will typically carry a label indicating their source and/or date of
origin. Also provided are downstream products, especially food products,
produced from and/or containing eggs or parts thereof produced by the
animals (especially egg-laying chickens) that have been treated by one or
more of the disclosed methods.

In some embodiments, the disclosed methods and uses are conduéted
such that, during the course of the treatment, the animal ingests and/dr
absorbs a daily mean average total of FeQ (or an equivalent number of moles
of any other one or more compounds) of, of up to, or at least, about 1 pg, 10
ug, 100 pg, 500 pg, Img, 10 mg, 100 mg, 1 g,2 g,3 g, 4 g, or 5g.

In an additional or alternative option, the disclosed methods and uses
are conducted such that, during the course of the treatment, the animal
ingests and/or absorbs a total of FeQ (or an equivalent number of moles of
any other one or more compounds) of, of up to, or at least, about (a) 5 mg, 10
mg, 50 mg, 100 mg, 500 mg, 1 g, 5 g, 10 g, 50 g or 100 g per individual
animal and/or (b) 1 mg, 2 mg, 3 mg, 4 mg, Smg, 10 mg 50 mg, 100 mg, 200
mg, 300 mg, 400 mg, 500 mg, 600 mg, 700 mg, 800 mg, 900 mg, 1 g, 1.1 g,
12g,13¢g,14¢g,15¢g,16g,1.7g,18g, 1.9 g, 2¢g,2.1¢g, 2.2g, 2.3g, 2.4g,
0,50, 2.6, 2.7, 2.82,2.9¢,32,35 2, 42,452, 5,62, 7g,8¢g9¢g 10g,
20, g,30 2,40 g, 50 g, 60 g, 70 g, 80 g, 90 g or 100 g per kg of final average
body weight, as determined at the day of the final administration of the one
or more compounds.

The method of enhancing the growth may be practiced on multiple

animals, which may optionally be reared together and, further optionally

wherein all ammalsrearedtogethermaybeagedmatchedtowr[hmamonth, B

a week, or less, such as within 6, 5, 4, 3, 2 or 1 days of each other.
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For example, the method may be practiced on a group of up to, about,
or at least, 2, 3, 4, 5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70,
80, 90, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1x10°, 2x10°,
3x10°, 4x10°, 5x10°%, 6x10°%, 7x10%, 8x10°, 9x10°, 1x10%, 2x10%, 3x10%, 4x10°,
5 5x10% 6x10* 7x10%, 8x10%, 9x10%, 1x10°, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°,
7x10°, 8x10°, 9x10°, 1x10° or more, and all animals in the group may be

optionally age matched as indicated above. The term “about” 1n this context

can mean within ::50%, :|:40%, +3 O%, ::20%, ::10%, ::5%, :|:4%, ::3%, ::20/0,

+1% or less of the stated value.
10 3. Animals to be treated
The animals treated as disclosed herein may be healthy animals, for
example, animalé which are not infected with or disadvanfageously
colonized by bacteria or other microorganisms. In another embodiment, the
animals may be unhealthy animals, for example, animals which are infected

15  with and/or disadvantageously colonized by bacteria or other
microorganisms. An example of a disadvantageous bacterial colonization 1s
Campylobacter colonization in the GI tract of chickens; Campylobacter 1s
not pathogenic and does not cause disease in the chicken itself (although of
course it can lead to food poisoning if present in a downstream meat product

20  produced from the chicken) — nevertheless, the Campylobacter colonization
can be considered disadvantageous to the chicken as 1t reduces 1ts ability to
grow or efficiently utilize feed. As such, in one embodiment, an animal that
is disadv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>