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COMPOSITIONS AND METHODS FOR PROMOTING WEIGHT GAIN
AND FEEIDD CONVERSION

Backgreund of the Invention

The invention relates to the use of carotenoid oxidation products to promote
growth and feed conversion,

Amimals raised under modern conditions optimized for growth promotion
recetve rations containing high proportions of protein, usually in the form of
soybean or cottonseed meal, and high percentages of grains such as corn or milo, a
type of sorghum. Feed additives which have been used include such hormones as
diethyistilbestrol, or DES which also inicreases the rate of weight gain, and
tranguilizers that prevent the disease or weight loss brought on by stressful
confinement conditions. Routine antibyiotic administration to animals has become
almost universal since the discovery thaat the addition of small amounts of
antibiotics such as penicillin, tetracycline and sulfamethazine, to animal feed |
increases the growth of pigs and cattle. Because feed is a relatively expensive cost
factor in the production of food from animals (typically 50 to 70% of the cost), any
improvement in the ability of the animal to convert feed into food products or
enhancement in growth rate can directly improve the profitability of a food
producer.

The use of such additives has not been without problems. One of the
hormones that was commonly used as a growth stimulant, diethyistilbestrol, has
been shown to be a carcinogen and has been banned from further use in most
countries. Furthermore, the widespread use of antibiotics in animal feed proamotes
the development of antibiotic-resistant microorganisms.

As aresult of the increasing appearance of antibiotic-resistant bacteria in
feed lots and the potential for epidemics caused by antibiotic resistant bacterdia,
there is increasing governmental pressure to limit the use of antibiotics in animal

feed. Consequenily, there is an immediate and increasing need for new, safe, and
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effective growth stimulators of farm animals. There is a also a need for a method of
improving the ability of animals to more efficiently convert their feed to body

weight or other edible products.

Summary of the Invention

In a first aspect, the invention features a foodstuff including oxidatively
transformed carotenoid or a component thereof. The foodstuff can inciude from
0.00001% to 0.1% (w/w) oxidatively transformed carotenoid. Desirably, the
foodstuff contains oxidatively transformed carotenoid in an amount between
0.00001% and 0.05%, 0.00001% and 0.01%, 0.00001% and 0.005%, 0.00001% and
(0.001%, 0.00001 % and 0.0005%, or 0.00001% and 0.0001% (w/w). The foodstuff
can include from 0.0000001% to 0.001% {w/w) of a component of oxidatively
transformed carotenoid. Desirably, the foodstuff contains a component of
oxidatively transformed carotenoid in an amount between 0.0000001% and
0.0005%, 0.0000001% and 0.0001%, 0.0000001% and 0.00005%, 0.0000001% and
0.00001%, 0.0000001% and 0.000005%, or 0.0000001% and 0.000001% (w/w).

In a second aspect, the invention features a method of promoting weight gain
in an animal by administering to the animal oxidatively transformed carotenoid or a
component thereof in an amount effective to promote weight gain.

In a third aspect, the invention features a method of increasing feed
conversion efficiency in an animal by administering to the animal oxidatively
transformed carotenoid or a component thereof in an amount effective to increase
feed conversion efficiency.

In a fourth aspect, the invention features a kit, including: (i) a composition
including oxidatively transformed carotenoid or a component thereof; and (it)
instructions for administering the composition to an animal to promote weight gain
or increase feed conversion efficiency.

In a fifth aspect, the invention features a method for making a foodstuff

including oxidatively transformed carotenoid or a component thereof, said method
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comprising the steps of (i) preparing oxidatively transformed carotenoid or a
component thereof and (ii) mixing the oxidatively transformed carotenoid or a
component thereof with a foodstuff.

In an embodiment of any of the aspects described herein, the oxidatively
transformed carotenoid is used without fractionation of the mixture. Alternatively,
a composition mcluding the polymeric component of oxidatively transformed
carotenoid or a composition including 2-methyl-6-ox0-2,4-heptadienal,
dihydroactinidiolide, f-cyclocitral, §-ionone, f-ionone 5,6-epoxide, 4-0x0-p-
ionone, B-ionylidene acetaldehyde, B-ionylidene acetaldehyde 5,6-epoxide, 4-0x0-B-
ionylidene acetaldehyde, f-apo-13-carotenone, B- apo-13-carotenone 5,6-epoxide,
4-o0x0-f-apo-13-carotenone, retinal, retinal 5,6-epoxide, or mixtures thereof can be
used in the methods, kits, and foodstuffs of the invention. administered to said
animal. Desirably, the component of oxidatively transformed carotenoid used
includes the polymeric component and/or 2-methyl-6-0x0-2,4-heptadienal.

In another embodiment of any of the aspects described herein, the animal is
selected from humans, dogs, cats, horses, sheep, swine, cattle, poultry, and fish.

In an embodiment of any of the above methods, oxidatively transformed
carotenoid or a component thereof, respectively, is administered orally, by injection,
or by aerosol. Desirably, the oxidatively transformed carotenoid or a component
thereof is admixed with a foodstuff and fed to the animal.

Foodstuffs of the invention include, without limitation, baked goods,
beverages, beverage mixes, health bars, biscuits, and animal feeds. The animal feed
may be a dry or semi-moist pet food, or feed for an agricultural animal, such as
horse feed, swine feed (e.g., nursery/starter swine feed, grow-finish swine feed, or
breeding herd swine feed), poultry feed (e.g., turkey poultry feed, broilers poultry
feed, or breeders poultry feed), sheep feed, cattle feed (e.g., dairy cattle feed or beef
cattle feed), or fish feed (e.g., tilapia feed, catfish feed, trout feed, or salmon feed).

Foodstuffs of the invention may further include an antioxidant. Exemplary

antioxidants include, without limitation, beta-carotene, vitamin E, vitamin C,
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butylated hydroxytoluene, butylated hydroxyanisole, tertiary-butythydroquinone,
propyl gallate, and ethoxyquin.

In another embodiment of any of the above aspects, the foodstuffs of the
invention further include a medicament, such as an antibiotic or hormone. Such
medicaments can be added in amounts typically found in commercial feeds.

As used herein, an “amount effective to promote weight gain” is an amount
of oxidatively transformed carotenoid or a component thereof which causes an
amimal to gain weight faster in comparison o an animal of the same species and age
which is raised under the same conditions and receives the same diet without
oxidatively ransformed carotenoid or a component thereof. The average increase
in mass is greater than 0.5%, preferably greater than 1%, 2%, 3%, 4%, or even 5%
in comparison to the control animal.

As used herein, an “amount effective to increase feed conversion efficiency”
is an amount of oxidatively transformed carotenoid or a component thereof which
causes an increase feed conversion efficiency in comparison to an animal of the
same species and age which is raised under the same conditions and receives the
same diet without oxidatively transformed carotenoid or a component thereof. The
average reduction in feed needed to produce the same weight is greater than 0.5%,
preferably greater than 1%, 2%, 3%, 4%, or everr 5% in comparison to the control
animal,

By “animal” is meant any animal including, without Iimitation, humans,
dogs, cats, horses, sheep, swine, cattle, poultry, and fish.

As used herein, “carotenoid” refers to naturally-occurring pigments of the
terpenoid group that can be found in plants, algae, bacteria, and certain animals,
such as birds and shellfish. Carotenoids include carotenes, which are hydrocarbons
(i.e., without oxygen), and their oxygenated derivatives (l.e., xanthophylls).
Examples of carotenoids include lycopene; beta-carotene; zeaxanthin; echinenone;
isozeaxanthin; astaxanthin; canthaxanthin: luteiny; citranaxanthin; B-apo-8'-carotenic

acid ethyl ester; hydroxy carotenoids, such as alloxanthin, apocarotenol, astacene,
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astaxanthin, capsanthin, capsorubin, carotenediols, carotenetriols, carotenols,
cryptoxanthin, decaprenoxanthin, epilutein, fucoxanthin, hydroxycarotenones,
hydroxyechinencnes, hydroxylycopene, lutein, lycoxarithin, neurosporine, phytoene;
phytofluoene, rhodopin, spheroidene, torulene, violaxamnthin, and zeaxanthin; and
carboxylic carotenoids, such as apocarotenoic acid, B-apo-8'-carotenoic acid,
azafrin, bixin, carboxylcarotenes, crocetin, diapocarotenoic acid,
nevrosporaxanthin, norbixin, and Iycopenoic acid.,

As used herein “oxidatively transformed carotemoid” refers to a carotenoid
which has been reacted with up to 6 to § molar equivalents of oxygen, or an
equivalent amount of oxygen from another oxidizing agent, resulting in a mixture of
very low molecular weight oxidative cleavage products and a large proportion of
polymeric material (i.e., that component of the oxidati vely transformed carotenoid
having a molecular weight of greater than 1,000 Daltons). The resulting reaction
produces a mixture that includes molecular species having molecular weights
ranging from about 100 to 8,000 Daltons. The polymeric material is believed to be
formed by the many possible chemical recombinations of the various oxidative
fragments that are formed. Methods of making oxidatively transformed carotencid
are described in U.S. Patent No. 5,475,006 and U.S.5.]N. 08/527,039, each of which
are incorporated herein by reference.

As used herein “component” refers to an active oxidized component of an
oxidatively ransformed carotenoid mixture that includles either polymeric material
or a compound selected from 2-methyl-6-0x0-2,4-heptadienal, dihydroactinidiolide,
B-cyclocitral, B-ionone, B-ionone 5,6-epoxide, 4-0xo-[3-ionone, ﬁ-ionylidene
acetaldehyde, B-ionylidene acetaldehyde 5,6-epoxide, 4-oxo-f-ionylidene
acetaldehyde, B-apo-13-carotenone, f- apo-13-carotenone 35,6-epoxide, 4-0xo0-j-
apo-13-carotenone, retinal, and retinal 5,6-epoxide; arad mixtures thereof.
Components of oxidatively transformed carotenoid are active in that they are
capable of either increasing feed conversion efficiency in an animal or promoting

weight gain in an animal, or both. Methods for assessing whether a particular
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fraction of oxidatively transformed carotenoid is capable of are increasing feed
conversion efficiency or promoting weight gain are provided in the Examples.
Methods of fractionating oxidatively transformed carotenoid mixtures into
components are described in U.S. Patent No. 5,475,006 and U.S.S.N. 08/527,039,
each of which are incorporated herein by reference.

The synthesis and purification of 2-methyl-6-0x0-2,4-heptadienal has been
reported in U.S.S5.N. 08/527,039. A more convenient five-step synthetic scheme for
the preparation of 2-methyl-6-oxo-2,4-heptadienal is provided in U.S.S.N,
10/196,695, published May 22, 2003.

The compositions and methods of the invention can be used to promote
weight gain and increase feed conversion efficiency in animals.

Other features and advantages of the invention will be apparent from the

following Detailed Description and the claims.

Detatled Description
The invention provides compositions for the administration of oxidatively
transformed carotenoid and components thereof. The compositions can be useful

for weight gain and feed conversion efficiency in animals.

Administration

The oxidatively transformed carotencid or a component thereof is
administered in an amount effective to promote weight gain or effective to increase
feed conversion efficiency. For oxidatively transformed carotenoid, typical dose
ranges are from about 5 pg/kg to about 50 mg/kg of body weight per day.
Desirably, a dose of between 5 ug/kg and 5 mg/kg of body weight, or 5 ug/ke and
0.5 mg/kg of body weight, is administered. For a component of oxidatively
transformed carotenoid, typical dose ranges are from about 0.05 pg/kg to about 500
pg’kg of body weight per day. Desirably, a dose of between 0.05 pg/kg and 50
ng/kg of body weight, or 0.05 pg/kg and 5 pg/kg of body weight, is administered.
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The doéage of oxidatively transformed carotenoid or a component thereof to be
admimistered is likely to depend on such variables as the species, diet, and age of
the animal. Standard trials, such as those described in Example 1 may be used to
optimize the dose and dosing frequency of the oxidatively transformed carotenoid
or a compoenent thereof.

Oxidatively transformed carotenoid or a component thereof may be
administered orally, by injection, or by aerosol. When injected, the administration
can be parenteral, infravenous, intra~-arterial, subcutaneous, intramuscular,
mtracranial, intraorbital, intravenitricular, intracapsular, intraspinal, intracisternal, or
intraperitoneal.

Oxidatively transformed carotenoid or a component thereof may be added to
a foodstuff or formulated with a pharmaceutically acceptable diluent, carrier, or
excipient as described in U.S.S5.IN. 10/196,695, published May 22, 2003.
Pharmaceutical formulations may, for example, be in the form of liquid solutions or
suspensions; for oral administration, formulations may be in the form of tablets or
capsules; and for intranasal formulations, in the form of powders, nasal drops, or
aerosols. Methods well known in the art for making formulations are found, for
example, m “Remington: The Science and Practice of Pharmacy” (20th ed., ed.
A.R. Gennaro, 2000, Lippincott Williams & Wilkins).

Desirably, oxidatively transformed carotenoid or a component thergof is

admixed with a foodstuff and fed to the animal.

foodstuils

Oxidatively transformed carotenoid or a component thereof can be admixed
with a foodstuff and fed to the animal in an amount effective to promote weight
gain or effective to increase feed conversion efficiency,

In preparing a foodstuff of the invention, the oxidatively transformed
carotenoid or a component thereof is optionally admixed with a bulking agent prior

to being added to the foodstuff. Bulking agents include, without limitation, starch,
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protein, fats, and mixtures thereof. Desirably, the bulking agent is selected from
corn starch, whey, flour, sugar, soybean meal, maltodextrin, and guar gum.
Foodstutfs of the invention can also include antioxidants to prevent further
oxidation of the oxidatively transformed carotenoid or a component thereof.
Oxidation can be prevented by the introduction of naturally-occurring antioxidants,
such as beta-carotene, vitamin E, vitamin C, and tocopherol or of synthetic
antioxidants such as butylated hydroxytoluene, butylated hydroxyarisole, tertiary-
butylhydroquinone, propyl gallate or ethoxyquin to the foodstuff. The amount of
antioxidants incorporated in this manner depends on requirements such as product

formulation, shipping conditions, packaging methods, and desired shelf-life.

Animal Feeds

Animal feeds of the present invention will always contain oxidatively
transformed carotenoid or a component thereof in an amount effective to increase
welght gain and/or feed conversion. Thie animal feeds are generally formulated to
provide nutrients in accordance with industry standards. The feeds may be
formulated from a variety of different feed ingredients, which are chosen according
to market price and availability. Accordingly, some components of the feed may
change over time. For discussions on animal feed formulations and NRC
guidelines, see Church, Livestock Feeds and Feeding, O&B Books, Inc., Corvallis
Oreg. (1984) and Feeds and Nutrition Digest, Ensminger, Oldfield and Heineman
eds., Ensminger Publishing Corporationn, Clovis, Cahf (19900}, each of which is
incorporated herein by reference.

Swine and other animal feeds are traditionally balanced based upon protein
and energy requirements, and then adjusted if needed to meet the other
requirements, which will vary for the different stages of growth and maintenance of
the animal. Growing young animals will require higher protein feeds, while
finishing animals close to market will require higher energy, high carbohydrate,

feeds. For example, typical hog prestarter, starter and grower-finisher feeds will
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generally contain about 20-24% protein, 18-20% protein and 13-17% protein
respectively. In some feeding situations, care must be taken to provide the
appropriate amino acids as well as overall protein content. For example, hogs fed
large amounts of corn must have adequate lysine made available in the feed. In
most animal diets, energy requirements are met by starches in cereal grains. Energy
requirements may also be met by addition of fat to the feed. Animal feeds
containing oxidatively transformed carotenoid or a component thereof may also be
formulated for dogs, cats, pouliry, fish, and cattle, among others,

Other ingredients may be added to the animal feed as needed to promote the
health and growth of the animal. The mgredients include, without limitation,
sugars, complex carbohydrates, amino acids (e.g., arginine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine, tyrosine,
alanine, aspartic acid, sodium glutamate, glycine, proline, serine, and ¢ysteine,
among others), vitamins (e.g., thiamine, riboflavin, pyridoxine, niacin, niacinamide,
inositol, choline chloride, calcium pantothenate, biotin, folic acid, ascorbic acid,
and vitamins A, B, K, D, E, among others), muinerals, protein (e.g., meat meal, fish
meal, liquid or powdered egg, fish solubles, whey protein concentrate), oils (e.g.,
soybean oil), cornstarch, calcium, inorganic phosphate, copper sulfate, and sodium
chloride. Any medicament ingredients known in the art may also be added to the
animal feed, including, without limitation, antibiotics and hormones. For vitamin,
mineral and antibiotic supplementation of animal feeds see Church, Livesiock
Feeds and Feeding, O&B Books, Inc., Corvallis Oreg. (1984).

Any animal feed blend known in the axt can be used in accordance with the
present invention, including, without limitation, forages, such as orchard grass,
timothy, tall fescue, ryegrass, alfalfa, sainfoirz, clovers and vetches, grain feeds,
such as corn, wheat, barley sorghum, triticale, rye, canola, and soya beans, crop
residues, cereal grains, legume by-products, and other agricultural by-products. In
situations where the resulting feed is to be processed or preserved, the feed may be

treated with oxidatively transformed carotenoid or a component thereof before
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processing or preservation. Desirably, the animal feed of the invention includes
rapeseed meal, cottonseed meal, soybean meal, or cormmeal.

Processing may include drying, ensiling, chopping, pelleting, cubing, baling,
rolling, tempering, grinding, cracking, popping, extrucling, micronizing, roasting,
ﬂaking, cooking, and/or exploding. For example, pelleted feed is created by first
mixing feed components and then compacting and extruding the feed components
through a die with heat and pressure. Animal feeds of the invention can be pelleted
as described 1in, for example, MacBain, Pelleting Anirnal Feed, American Feed
Manufacturers Association, Arlington, Va. (1974}, incorporated herein by

reference.

Baked Goods and Beverages

Foodstuffs of the invention can be in the form of a health bar, preferably
supplied in foil or other types of wrappers, as is commnonly seen in most food
markets, convenience stores and health food stores. Typicaﬂy, such health bars are
commonly made by a machine extrusion process that extrudes the mixed ingredients
mto the desired size and shape bar, which is then conwveyed to automatic wrapping
machinery. Health bars may be baked, rather than extruded.

The foodstuff may also be extruded, baked; rolled, pressed, cut or otherwise
formed into bars or baked goods, such as cookies, brownies, cakes or muffins. In
the manufacturing process for bars that are extruded, -ingredients such as glycerine,
lecithin, vegetable and other oils (such as sunflower oil) are used in part to help
bind ingredients together so as to help form a uniformty shaped bar in the extrusion
machinery. Such known processes can be used to produce the health bars and
baked goods of the present invention.

Foodstuffs of the invention can be in the form of a ready-to-drink beverage,
requiring no addition of water alldfcr mixing with water or other liquids, or a
powder or a liquid concentrate that is mixed with water, fruit juice, fruit and/or

other flavored drinks, and/or fruit drink concentrates to make, for example, a

10
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flavored beverage, or with milk to make a drink having a character similar to th at of
a milk-shake,

The following examples are put forth so as to provide those of ordinary skill
in the art with a complete disclosure and description of how the methods and
compositions claimed herein are performed, made, and evaluated, and are intended
to be purely exemplary of the invention and are not intended to limit the scope of

what the inventors regard as their invention.

Example 1. Effect of oxidatively transformed carotenoid on growth and feed
conversion in pigs.

Two groups of 48 weaned pigs, ages 18-21 days old, were used to analy=ze
the effects of oxidatively transformed carotenoid as a food additive on growth and
feed conversion.

The first 48 pigs were randomly distributed into 16 pens (3 pigs per pen)
divided equally between two temperature-controlled rooms. All 24 pigs in one
room were injected with an attenuated vaccine against Porcine Respiratory and
Reproductive Syndrome (Vaccinated room) and the other 24 pigs were injected. a
placebo of saline solution (Control room).

Two pens per room were randomly assigned to one of four diets consisting
of oxidatively transformed beta-carotene (OxBC) admixed with commercial swine
feed.

OxBC was prepared as follows. A suspension of beta-carotene in ethyl
acetate at room temperature was saturated with oxygen by bubbling the gas through
it while stirring the mixture. After 8 days, when 6 to 8 molar equivalents of oxygen
had been consumed, the solvent was evaporated to give a yellow residue of OxBC.

OxBC was mixed with 3 to 10 equivalents by weight of corn starch and
ground in a mortar until a homogenous product (by visual inspection) was obtained.

The resulting freely flowing powder was further diluted by simple mixing with:

11



corn starch and subsequently mixed with a powdered commercial swine feed, the
components were miiled together, and the mixture pressed into pellets.

The four diets used in the study, diets A-D below, contained OxBC at levels
of 0, 10, 30, and 100 mg/kg of swinefeed.

5
Diet A (Control):  Commercial diet with no OxBC
Diet B: Commercial diet with 0.001% (w/w) OxBC
Diet C: Commercial diet with 0.003% (w/w) OxBC
Diet D: Commercial diet with 0.010% (w/w) OxBC
10

The pigs had Ad-Iibitum access to feed and water during the 4-week trial.
After a 4 day acclimatization, pigs were individually weighed and placed on the
experimental diets for four weeks. Piglets were weighed every 7 days
followiilg placement on the diets. All feed given to the pigs was weighed daily, and

15 omce per week the feeders were emptied and the feed inventory was weighed.

A sequential replicate of this study was performed. The data were analyzed
using a mixed model linear regression with pen as a random effect and start weight
as a covariate using software developed by Stata corp.

The growth rate of the pigs was calculated by subtracting the start weight of

20 the pigs from the final weight and dividing by the number of days on the study.

These data are summarized in Table 1.

Table 1
OxBC level Average Daily Gain
(kg+SE)
0% (wiw) Diet A (control) 0.535x0.019
0.001% {wiw) Diet B 0.578+0.019
0.003% (w/w) Diet C 0.540+0.020
0.010% (w/w) Diet D 0.507+0.019

There was an improvement in growth rate associated with feeding the OxBC
25 product for four weeks after weaning, The effect was statistically significant at
0.001% (w/w) OxBC, where the pigs grew approximately 8% faster than the

untreated controls.

12
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The feed conversion was calculated as the weight of the feed comsumed ina
pen (3 pigs) divided by the weight gained by all three pigs during the study period.

These data are surnmarized in Table 2.

Table 2
OxBC level Feed Conversion
(kg feed/kg pork+SE)
0% (w/w) Diet A {(control) 1.65+0.035
0.001% (w/w) Diet B 1.5120.035
0.003% (wiw) Diet C 1.63x0.035
0.010% (wiw) Diet D 1.56=+0.033

The feed conversion efficiency of pigs fed for 4 weeks after weaning was
mncreased by the addition of OxBC to the diet. The effect was most pronounced at
0.001% (w/w) OxBC, where the pigs ate approximately 8.5% less feed to gain the

same weight.

Example 2. Effects of oxidatively transformed carotenoid on growth performance
in broiler chickens.

Ross x Ross 308 cockerels were obtained from a commercial hatchery.
Extra chicks were placed on the O ppm control diet in a separate pen for early
mortality replacement. Chicks were vaccinated for Marek’s Disease (1/4 dose per
chick), and Infectious Bronchitis at the hatchery. Chicks were not vaccinated for
Coccidiosis. Birds which had obvious health problems were excluded from the
study.

A total of 1600 chicks were assigned to treatments at arrival. There were 8§
blocks in the study, each comprised of 4 pens. Pens within block were randomly
and equally assigned to the reatments (A, B, C, D). There were 50 birds per pen
and each pen within a block contained birds of similar initial bodyweight. A
randomized complete block design was used to study the effects of the following

four treatments in a randomized complete block design:

13
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30

Diet A (Control):  Commercial diet with no OxBC

Diet B: Commercial diet with 0.0005% (w/w) OxBC
Diet C: Commercial diet with 0.001 % (w/w) OxBC
Diet Commercial diet with 0.003 % (w/w) OxBC

Treatment diets were introduced on Day 0 and were fed continuously uniil
study termination on Day 38. Water was provided ad libitum to birds throughout
the trial.

In order to manufacture final feeds, the 20% OxIBC cornstarch premix
(prepared as described in example 1) was dituted with corn starch to produce a 2%
{w/w) OxBC premix, with a 0.5% (w/w) free flow agent (Sipernat; Silicon dioxide),
and 1% mineral oil. The required amount of active ingredient was delivered by
varying the amount of 2% OxBC premix per tonne complete feed (starter feed,
grower feed, and finisher feed; Yantzi’s Feed & Seed (Tavistock); mamifactured as
meal).

Experimental feeds were manufactured using standard procedures. In order
to minimize cross contamination risk, feeds were manufactured in order of
Treatment code (A, B, C, D).

Pen live weights were recorded on Day 0, 18, 31 and 38 days of age. Pen
feed consumption were recorded for periods between days 0-18, 18-31, and 31-38
days of age.

The live weight of birds fed OxBC were significantly higher at day 18
(P=0.010), day 31 (P<0.0001), and at the termination of the trial on day 38
(P=0.022) (see Table 3). No significant differences (P=0.05) were noted between
birds fed 5, 10, or 30 ppm OxBC. Birds were 3.7%, 3.0%, and 4.3% heavier after
38 days of feeding 5, 10, and 30 ppm OxBC, respectively, relative to birds fed the
control diet.

Feed conversion ratios (FCR) were not significantly (P=0.572) affected over
the starter feed period (day 0 to 18). While the FCR of birds fed 10 and 30 ppm
were numerically lower than controls, the relative diffexence was less than 1% (see
Table 3). Feed conversion ratios tended (P=0.053) to be significantly improved in

14
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birds fed 5 ppm OxBC over the grower period (days 18-31), but not in those fed 10
or 30 ppm OxBC relative to controls. The relative improvement in feed conversion
in birds fed 5 ppm OxBC was 3.4%. In contrast, the FCRs were not sigmificantly
ditferent among treatments in the finisher period (day 31 to 38; P=0.803), nor over
the entire duration of the trial (day O to 38; P=0.242). FCRs were similar among ali
treatments over the entire study despite birds fed OxBC being significanitly heavier

at the termination of the trial relative to those fed the control diet.

Table 3 ,
ean body weight (kg) %Feed conversion ratio (kg/kg gain)

Day0 [Day 18 |[Day31l [Pay38 [D0-18 D18-31 D31.38 D638
O ppm control  0.040 10,544 1468 [2.100 1.483 1766  2.187 1.815
S ppm OxBC 0.040 [0.575 1553 R.178 1.484 1.706  R.224 1.792
10 ppm OxBC .04C  |0.575 1544 R.165 1.469 1.776  R.218 1.819
30 ppm OxBC  0.040  10.580 1560  2.191 1.470 1744 [2.230 1.809
P vaiue 0,999 10.010 0000 o022 0572 0053 (0803 0.242
Pooled SEM  |0.000  10.008  10.012 10020 0010  0.018  0.033 0010

The average daily feed intake of birds was significantly improved (P=0.001)
over the starter period in birds fed OxBC, with a mean improvement of 5.8%
relative to birds fed the control diet (see Table 4). No differences were noted
between birds fed 5, 10 or 30 ppm OxBC. Similarly, the average daily feed intake
of birds was significantly improved (P=0.016) in birds fed 10, and 30 ppm OxBC
over the grower period (days 18 to 31), but not in birds fed S ppm OxB<C (see Table
4). This is despite a numerically higher feed intake in birds fed 5 ppm OxBC over
this time period. No significant differences (P=0.486) were noted in mean feed
intakes among treatments in the finisher phase (day 31-38), although they were
numerically higher in birds fed OxBC. Pooling the data over the entire production
cycle revealed a tendency (P=0.062) toward higher total average daily feed intake in
birds fed 10 and 30 ppm OxBC, but not in those fed 5 ppm OxBC.

The average daily gain of birds was significantly (P=0.012) highier in birds
fed 5, 10 and 30 ppm OxBC relative to control birds fed starter diets (days O to 18),

15
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as well as in the grower phase (P<0.0001; days 18 to 31), but not 12 the finisher
phase (P=0.936; days 31 to 38) (see Table 4). Over the entire trial (days 0 to 38),
birds fed 5, 10 or 30 ppm OxBC had significantly (P=0.008) higher average daily
gains (4.3%, 4.1%, and 5.6%, respectively) relative to birds fed the unsupplemented
control diet.

Table 4
iAverage Daily Feed Intake (g/day)  |Average Daily Gain (g/day)

D §-18 18-31 |D31-38 DO-38 [D6-18 D 18-31 D 3138 [D0-38
0 ppm confrol  ¥1.3 1250 195.0 6.9 27.6 70.9 89 .4 53.1

S ppm OxBC 3.6 128.1 1979 995 29.4 75.0 89 .0 55.4
10 ppm OxBC M3 4 132.0 1974 005 9.6 [74.4 82.0 35.3
30 ppm OxBC 4.1 1307  ROL6  [101.3  RO9 75.1 90 .6 56.1

D value 0.001 P06 486 0062 0012 0.000 0236 D008
Pooled SEM. 0.4 1.5 3.0 | 0.4 0.7 25 0.6

Dietary supplementation with OxBC significantly improved the mean final
body weights of birds by 3.7% (5 ppm), 3.0% (10 ppm), and 4.3% (30 ppmy after
38 days of growth under normal rearing conditions. Average feed intakes tended to
be improved, while average daily gains were significantly improved with OxBC

dietary suppiementation.

Other Embodiments

All publications and patent applications, and patents mentioned in this
specification are herein incorporated by reference.

While the invention has been described in connection with specific
embodimenits, it will be understood that it is capable of further modifications.
Therefore, this application ié intended to cover any variations, uses, or adaptations
of the invention that follow, in general, the principles of the invention, inciuding
departures from the present disclosure that come within known or customary
practice within the art, |

Other embodiments are within the claims, What we ¢laim is:
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Claims

1. A foodstuff comprising from 0.00001% to 0.003% (w/w) oxidatively
transformed carotenoid, wherein said oxidatively transformed carotenoid comprises a
mixture, and wherein said mixture comprises a polymeric component formed by reaction

of 6 to & molar equivalents of oxygen with a carotenoid.

2. The foodstuff of claim 1, wherein said foodstuff is a baked good, beverage,

beverage mix, health bar, biscuit, or animal feed.

3. The foodstuff of claim 2, wherein said foodstuff is an animal feed and said

animal feed is a dry or semi-moist pet food.
4, The foodstuff of claim 2, wherein said foodstuff is an animal feed.

5. The foodstuff of claim 2, wherein said foodstuff is a beverage mix and said

beverage mix is a powder or a liquid concentrate.

6. The foodstuff of claim 1, wherein said foodstuff further comprises an

antioxidant.

7. The foodstuff of claim 1, wherein said foodstuff comprises from 0.00001%

to 0.001% (w/w) oxidatively transformed carotenoid.

8. The foodstuff of claim 1, wherein said foodstuff comprises from 0.00001%

to 0.0005% (w/w) oxidatively transformed carotenoid.

9. A method for making a foodstuff, said method comprising the step of
mixing oxidatively transformed carotenoid with a foodstuff to form a foodstuff comprising
from 0.00001% to 0.005% (w/w) oxidatively transformed carotenoid, wherein said

oxidatively transformed carotenoid comprises a mixture, and wherein said mixture
17



MCSLLP

comprises a polymeric component formed by reaction of 6 to 8 molar equivalents of

oxygen with a carotenoid.

10. The method of claim 9, wherein said foodstuff is an animal feed.

11.  The foodstuff of claim 1, wherein said carotenoid is selected from the group
consisting of lycopene, beta-carotene, zeaxanthin, echinenone, isozeaxanthin, astaxanthin,
canthaxanthin, utein, citranaxanthin, B-apo-8’-carotenic acid cthyl ester, alloxanthin, an
apocarotenol, astacene, capsanthin, capsorubin, a carotenediol, a carotenetriol, a carotenol,
cryptoxanthin, decaprenoxanthin, epilutein, fucoxanthin, a hydroxycarotenone, a
hydroxyechinenone, hydroxylycopene, lycoxanthin, neurosporine, phytoene, phytofluoene,
rhodopin, spheroidene, torulene, violaxanthin, apocarotenoic acid, -apo-8’-carotenoic
acid, azafrin, bixin, a carboxylcarotene, crocetin, diapocarotenoic acid, neurosporaxanthin,

norbixin, and lycopenoic acid.

12.  The foodstuff of claim 1, wherein said polymeric material has 2 molecular

weight greater than 1,000 Daltons.

13. The foodstuff of claim 4, wherein said animal feed is horse feed.
14. The foodstuff of claim 4, wherein said animal feed is swine feed.
15.  The foodstuff of claim 4, wherein said animal feed is poultry feed.
16.  The foodstuff of claim 4, wherein said animal feed is sheep feed.
17. The foodstuff of claim 4, wherein said animal feed is cattle feed.
18. The foodstuff of claim 4, wherein said animal feed is fish feed.

19.  The method of claim 9, wherein said carotenoid is selected from the group
18
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consisting of lycopene, beta-carotene, zeaxanthin, echinenone, isozeaxanthin, astaxanthin,
canthaxanthin, lutein, citranaxanthin, B-apo-§’-carotenic acid ethyl ester, alloxanthin, an
apocarotenol, astacene, capsanthin, capsorubin, a carotenediol, a carotenetriol, a carotenol,
cryptoxanthin, decaprenoxanthin, epilutein, fucoxanthin, a hydroxycarotenone, a
hydroxyechinenone, hydroxylycopene, lycoxanthin, neurosporine, phytoene, phytofluoene,
thodopin, spheroidene, torulene, violaxanthin, apocarotenoic acid, B-apo-8’-carotenoic
acid, azafrin, bixin, a carboxylcarotene, crocetin, diapocarotenoic acid, neurosporaxanthin,

norbixin, and lycopenoic acid.

20.  The method of claim 9, wherein said polymeric material has a molecular

weight greater than 1,000 Daltons.
21. The method of claim 10, wherein said animal feed is horse feed.
22. The method of claim 10, wherein said animal feed is swine feed.
23. The method of claim 10, wherein said animal feed is poultry feed.
24. The method of claim 10, wherein said animal feed is sheep feed.
25. The method of claim 10, wherein said animal feed is cattle feed.
26. The method of claim 10, wherein said animal feed is fish feed.

27.  The method of claim 9, wherein said foodstuff comprises from 0.00001% to

0.001% {w/w) oxidatively transformed carotenoid.

28. The method of claim 9, wherein said foodstuff comprises from 0.00001% to

0.0005% (w/w) oxidatively transformed carotenoid.
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