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COVPCSI TI ONS AND METHODS FOR PROMOTI NG WEI GHT GAI N

AND FEED CONVERSI ON Background of the Inventi m WW
invention relates to the use of carotenoid oﬂmm'm II lﬂmm“'".
*159159*

products to pronote growth and feed conversion.
Ani mal s rai sed under nodem conditions optim zed for

COMPOSTPIONS, ARD MEFRUDS FRPROSIOTING HrbGhT Garn
soybean or cott oANIEEERB CONVERSIONeEer cent ages of

grains such as corn or mlo, a 10 type of sorghum
Feed additives which have been used include such

hormones as diefhyl stil bestrol, or .DES which al so-

i ncreases the r:'% OV@I%S#{I’Q’JWFHQHH “tranquilizers

t N .

st P EREHESH oS ) BERRE (F polfictiiia 3ot Bideb s R plimore
groval rind fedd @nversié ani mal s has becone al nost uni ver sal

since the discovery that the addition of small anounts

of AnBuals raipsdendes madem qongiinnsopkimized furrgrowt proenceion

sul f anet hazi.ne, };jélani mal. fee i ncreases the grovvt

t're,

I
Tecelye TRRQRS COMPIRMSIEN PEIPORHOBS PEBEPIFIR, Ysyallynithefgrm o

sy el 35 e Pt BB R BHLATSRh 385 bt .
typeiofRorphafne Feddradditévesivilic tha9t Hebf udéd fRfudesueRMofhbnes as
feed into food products or enhancenent in growh rate

diethydstiloestrodtaryDESpwhicke alsd énpreasés thbiratietof vofight gamcind20 .

r.oducer. The use of such addjtjves has not been
* randyiligess ot prpiemh e d5RaSHPT HAEIHIORH BrRUEht AREY FESSTul

coniGRERE HindifBtl PRoftifl Atelioht dilirpian o animaly s hgigpme
almaddh tnifafsabsiate Bandisasbveromdt ihd Beditids &fisthalShounts of

countries. Furthernore, the w despread use of :
antijplcsyushias penicillip; temacycdane pndsrfamethazinpdodainapldpednt

el B 0 G558 BATA T SO EROE el S st
SR b B A B 50t PO GPRLEER any
improvement in the ability of the animal to convert feed int’o food products or
enhancement in growth rate can directly iInproire 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, diethylstilbestrol, 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 a result of the increasing appearance of antibiotic-resistant bacteria in
feed lots and the potential for epidemics caused by antibiotic resistant bacteria,

there is increasing governmental pressure to limit the use of antibiotics in animal

feed. Consequently, there is an immediate and increasing need for new, safe, and
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there is increasing governnental pressure to limt the

use of antibiotics in animal feed. Consequently,

there is an i medi ate and i ncreasi ng need for new,

safe-, and I1LITITETTIINVIEIVIELIEVETTENVETTHILTTTT *000002*

effective gromh stimulators of farmanimals. There is

a also a need for-a nmethod of inproving the ability

. . _ c Ly vert , _

effe%gl(\jlg %fd%%ﬁnhﬁﬂ%ff%ﬁaﬁhﬁﬂhs T‘Bgfé 1t§ a al@%tl%%cg frb$ d g#l&hod of

wei ght or other e e products.

- impréeing nveabilignofl dhimalsi tb shoré epficitntly BenvepvtBBirifedd to body

features a foodstuff including oxidatively
weightorsotbenedibleproduntsi d or a conponent thereof. The

foodstuff can include from 0.00001%to 0.1% (wW w)

oxi datively transforned carotenoid. Desirably, the

f oodstuff contain i i orned carotenoid
in an anount bet @eﬁn%g%pg%%ﬁ}gegﬁgﬁ(l 05% 0.00001%
andnQ. fidtaspec) HOhVertith RaRP694 fdbIREPHYATME oRidINEY
0. 00001% and 0. 0005% or 0.00001% and O. 000196 (W' w) .

tranffernfedotsotafdid oz arcompoingdetheraofh The 60830t cem iiEhgR T9om
003§ 50 B BB SRy bt b AT RLS, e

foof AR Oxia Pt G ptubd RARIEHRP B SEERb Bt of
0.00001 % 280 @109% 00 00CHIGR Ll awl B, @006531% afld @390 106600d % and

0. 00001% 0. 0000001% and 0. 000005% or 0.0000001% and
0.001 20080004 ovend)Q.00G5 %, ore@ 00Q0 106 jped 0,000 &0 (wivent Therfoodstuff

cariiie e Tty QARPHOGY o RPUTE: (i q%‘ém%é?ﬁ&ap% Quijtively
el AN ETEnGR, DD, s BoqBRTTOMERN  5EBRen B T

oxidstdeay trahéferrh&y €4bieabid Bodrdrsus bEXBy&R0.000000198a% N
eed conversion efficiency in an aninmal b

O-OfQ@Won PHOLOINF rad D04 . rEaPORNI0d M-QOO(Bg%n@-ﬂB@OﬁQd% and
055 B85S TRERERS 3, S SO SRR be g

" P iy, L ERBNSA RS HULSE Pl nigh g
in 41 anisfabbyredmidstetieg o theamimal oxifaivsly trthhefoaaéd cad@noid or a
comiacln)lent 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) 2 composition
including oxidatively transformed carotenoid or a component thereof; and (ii)
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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instructions for adm nistering the conposition to an
animal to pronote weight gain or increase feed
conversion efficiency. . In a fifth aspect, the

i nvention features a nethod for making a foodstuff

i ncludi ng oxidatively transforned carotenoid or a
conponent thereof, said nmethod 2 conprising the steps

corfridh) SR 2410 DLV USIAONTR R0 GR0l O
comip@iitat tiefdd agd (13} Aidhe 18 0dda@@lP easFbrhEEEf0lendid bt 2
foodstuff. In an enbodi nent of any of the aspects

compent dedediovigh afoddsaifbxi dati vel y 5 transfor ned
carotenoid j.s used without fractionatjon of the

he .
mi X ATESORABERERT 4P| §f the asresHssserbeshhereiay theiaidatively
tra.t&% oA G &Ith{ﬁﬁ' ﬁj&'ﬂo}ﬁﬁﬁg bf ﬁ@%ﬁ&ﬁﬂ@d Alternatively,
carotencrd or a conpositioninc ud!lng R
a c@mpBéifivh iftiefAg thedpdiPRbAd cempbnentif b¥ fHageely thindfRinede.
P-cyclocitral, f3-ionone, j3-ionone 5,6-epoOxide,
cardteprist ¢r3 compaesitaon Rclulmng 2-oestbylaG-exad2bhyptedienal,
., P-ionylidene acetal dehyde 5, 6- epoxi de, 4-o0x0-P 10
dinydrane 1dge BCHFIQENAY S 1090RE JI-19R088 Pt ERRHAS 4poxO-P-
. - - e - - = .
on S REh PARach B RS APape poralaptyyde -epoxide, 4-oxo-p-
ion§lifer@PsetAgehyaE, frapd-UBaardtBRsROB- ﬁgm_@féardté&ﬂlel 3%6-1eP6xide,
met hods, kits, and foodstuffs of the invention.
4-cxdrf-apetl §rcadotemoreaiadinal metimd! 5, ®epoxidd| o mikheecihersnti ean be

of, oxidatively transforned carotenoid used, includes,
dhe invention. administered to said

us © Sc
el Dty o8 b aRER R ey s Afemgiq s
inchiied@he pSlymeaik @6HPEnéit UM/ PRARthylSUSko-2 At eptddMrReS ,

sheep, swne, cattle, poultry, and fish. In an . _.
enbbuinnther epfibosispenyfoftany ofithey aspeetsideskribedietkin the lagimal i

b SET Fibgn BB SHR, oo SpEBTRES, S BB
o, B SharPorhtel e e et yeligiucapar i,

carotadéd of & camgohad thiepedi fespedtivrlly, ifadeifiistéred opdlly B¢ injection,
i nvention include, without limtation, baked goods,
or bg aetosgle Desiablyt theeoxidately wansformeshearoteppisioaria compongnt

B i A SoB T pd B 10 FEMIRT s oot ur

ani FBbdsteME Bf &% 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, vitaminC,
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horse feed, swine feed (e.g., nursery/starter sw ne
feed, growfinish swine feed, or 25 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,
butylidd hygdrok gethent, Mitylafe@atdreiyasird o1 NefeR MbutyiRpESEbinbae,
of the invention may further include an ant’i oxi dant.
propk gatpitewrapd eflriyguindant s i ncl ude, without |initation,

bet a-carotene,..vitamn E,.  vitanin C. 3 hutyl ate

hylfﬂ 3l }IDBIEHQ}E;%&J thg B O%S asneshy e foodstates of the
. ' - ' } d
inveffibd bittier BRI HARAAAR Such BE Wbl Aohodlihe, Speh
mediaBRatsScantfeeadde@ @ hbhists Q?]pibil?y oy ¢SAmetiAINREdS.

i ncl ude a nmedi canent, such as an anti biotic or

hoAswsed h@einh an Sampuntceffientive to promotadeight igninns antamount

ically found_ in commercial feeds. As used herein,

of Oltaiﬁgﬁ stormed carpienoyl o & RPN ORENkherepd i wiuch saysgs an

. . . j Y, caret.enoi d or a
i Bl e o 8RS O R Btk B nc e
whiokeis Hiised afdeithé Barb® EHRH SN adPretiei?iyi tHBkat didiSvidane

speci es and age which is raised under the sane
oxidatvely transformed camteioid sr & kempanentthereofi tTieutveidpe increase
. oxidatively transforped carotenoid or a component
in MARSSHS GEFRteT/ AR S\ oRTELTHRLY EHeRSeT TNkl 276 3grdidbchr IeRIS

mc‘gvfﬂ%,isoﬁfti%ftﬁg&woﬂ' er than 1% 2% 3% 4% or even

n comparison to the control aninmal. As used
hepgiuRed Réreird AR "inofhf &dMR th InLRAEHARA Jo@S€rsion efficiency”
conversion efficiency” 1is an anmount of oxidatively
is art smoritov meddativeht temsioined Gratenpohens colmporedt thixieohwhich
15 causes %ngd ncrease f&ed conversion.efficiency jn
CausEd AP ATELY 1T SV AR FIIEC Y D SRR OR; ta 4n, gl the
s Gheled d GPRAARLRBATR AP LAIPRPA FEER B
same dieo weitiniud ogidativelg npesfnnet keftehoidldiea conipémge thereof. The
reduction in feed needed to produce the sanme weight is
avergge sdbctipn ihfepdgmededyiogireduds! the saseg weight angreeser Bun 0.5%,

prEoi ool ST oA, Do BB SRB 4 Ao Rk Sho 2 donto
anipMjt hout |im tation, hunmans, _

By “animal” is meant any animal including, without limitation, 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 (i.e., xanthophylls).
Examples of carotenoids include lycopene; beta~carotene; zeaxanthin; echinenohe;
isozeaxanthin; astaxanthin; canthaxanthin; lutein; citranaxanthin; p-apo-8'-carotenic

acid ethyl ester; hydroxy carotenoids, such as alloxanthin, apocarotenol, astacene,
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dogs, cats, horses, sheep, swine, cattle, poultry, and
fish. As used herein, "carotenoid" refers to
natural |l y-occurring pigments of the terpenoid group
that can be found in plants, al gae, bacteria, and
certain aninmals, 25 such as birds and shellfish.

Car ot enoi ds |nclude carotenes, which are hydrocarbons

asta}(é.ntﬁm cHshinai, Qfﬁb@ﬁﬂh cdbf %nEﬁﬁ%lsr cﬁ*‘ﬁi@ﬁélﬁbfsd c?rotenols

derivatives (I. xant hophyl T's) Exanpl e
crypmamﬂﬁnaﬂaéapnenokardmm mhuemefudoehﬂhﬁﬁf loydroRycarotenones,

zeaxant hi n; echi nenone; isozeaxanthin; astaxanthin;
hydroxiectunenonss. iydraxylicapens, tutgina keooxanthin, neur08ponne phytoene,

phy @R oh Gt SBheiai e, SRR Ol Sabi Grkpaxanthin: and
cartRRYAC ERtBrenBi R KA aBblaroRABRANL A ng.sc%&gh&c acid,

otene S, carotenetr
azafcmy bb@xaﬂfﬁﬁxlylcaﬁﬁé‘mr ams@ntdia;sbcaﬁﬂehdmmd
f ucoxant hi n, hydroxycar ot enones, hydroxyechi nenones,
neunpgpergxsnthisg p@lfbexnu andiyappenpioaedt hi n, neur ospori ne,

SR SRR S e RASE oo carno
wmggpgsg%geg r€adl AN % 103 1A TAARASBAR TR B Brhn

-carotenolrc aci aza
equivaldno xibeay dfteXygen froaPamithét oxdiRpRCAseiteRRuRintind mixture of
neurg;)gq%r axant hin, norbixin, and I'ycopenoic acid. As -
veryjlosy dlan W%ghtmdamene)dqawag@ produets and atdange |pa10pomon of

refers to car tenoid whi has bee rea
polnitrs? figtegialear Buchmmnen & e ORISRy BRnsirmes carbtetoid

f
SN SR

pro&\&:lel g A tmiGirel &ait ‘viﬁ:lﬁ‘dd%aﬂ@l@eulﬁf SisHCds hadiiflg andlecdbr weights
proportion of %EHC material (i.e., that
ran@@&ﬁra% Abous 11 0P e 8 S0 dalians| Q"herm@mateaabts@bwd to be

+ forsp@ b SRR e i PREO B sl (BB rigeive

fraghhedits kA8 PR GSs PREKIRS okiAXERE! id -
wei gshts 15 rangi ng frorsn about 80 to }?)%%&%a o%?.mtenmd

are Jeseripod ymBrS. Patmtt Nd. 814 75500feAndEV 84S 116, b&’SZV;ﬁBQEehch)of which
{ he man ossi bl e chenical reconbinations of the
aIeV‘&PFRRIée TR by gef eﬁnﬁ@rrents that are formed. Methods

o AT A 0 ST SRR el ot o
oxidRVe B/ w3 SornRACAr GEnditl it turd tRat iAGAERS ERh &I d1$HBHB niferial

or arc?)frr?go(?lrlll(c:leselected from 2-methyl-6-0x0-2,4-heptadienal, dihydroactinidiolide,
B-cyclocitral, p-ionone, B-ionone 5,6-epoxide, 4-ox0-PB-ionone, 'B-ionylidene
acetaldehyde, B-ionylidene acetaldehyde 5.6-epoxide, 4-oxo-B-ionylidene
acetaldehyde, B-apo-13-carotenone, B- apo-13-caroternone 5,6-epoxide, 4-0x0-f-
apo—13-carotenoné, 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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20 As used herein "conponent"” refers to an active

oxi di zed conponent of an oxidatively transforned

carotenoid m xture that includes either polyneric

material or a conmpound sel ected from

2- met hyl - 6- oxo- 2, 4- hept adi enal , di hydroacti ni di ol i de,

P-cyclocitral, f3-ionone, (3-ionone 5, 6-epoxide,
fracioRXsF okids o ' i i

RS o naP Banf T80 1 860 AL el ecuin fnd
contexsxan ¢ffidienvyldr peorao@ng aetdinlgdriatd @rovided in the Examples.

J3- apo- 13- car ot enaone, 33- apo- 13- car ot eaone .
Methogls 9 dractenatingywgdtpeely pansformed earetennis, mixguies dmto and

con g G TSP KA P2 bBREST s s PR

each %?twﬁibﬁ&@ﬁl??rp‘b?ﬁé@h&eﬁf bﬁ éfgfehc{:.n creasing feed

conversion errrciency rn an animal or pr onot i ng

wei it sygathesid andapurifivatioh of Q- meoiyi-6-dwiet adeptadienal has been
assesslp\r{]gL whet her a particular 5 fraction of
repested it Dv2SyN+ 0852103 %4 mareranvenignt Sve sigpisyrthofic sgheme for

the RRRR G P 2 By GO et P BrienEk s paaded i et "ot
10/196655! ﬂsﬁgd.mé;dﬁ,img{g.y transformed carotenoid
nmpo

m xtures Into ¢ nents are described in U S. Patent

No. Tle dothpOftosyhdin&thSdNof G dRntiti%aneared t®prothdieh
are |ncor_loorat ed herein by reference. The synthesis

welghtl spigrand iperepsmieod convessioplefficioroy I animelst adi enal has
bee repaorted iin.U S. S N.. 08/527,039. nor e '
cor BHEF SRS gad é?%?f“%%ﬁ#éﬁ? wventignwil @F appggnt from the
8 i = : -2, 4-heptadienal is
f°”%?“§i3? iR %£S§%§H§ft‘%%?e1§é&8§5 publ i shed May 22,

2003. 10 The conpositions and net hods of the invention
can be used to pronote 'V\Bdirﬁht gain and increase feed
conversi on ef fi ci encPetailegPesgriptian her features and

7ol Tl PRERHEh aheVoe Rl Bkt for i s RRR B R of Sebetfery

trarfidfbBhé®EarbRmeld Aid QingdhiRntyWMeRidFOThHE rc@iﬁgg_ﬁﬁons can be useful
conpositions for the admi nistration of oOxidatively

for twedghtf gainedd feadotomversibraefflicisarmgyan aninsais.her eof .  The
conpositions can be useful for weight gain and feed
conversion efficiency in animals.

Administration

The oxidatively transformed carétenoid 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 ng/kg and 5 mg/kg of body weight, or 5 pg/kg 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
ug/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.

6
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20 Admi nistration The oxidatively transforned
carotenoid or a conponent thereof is admnistered in
an amount effective to pronote wei ght gain or
effective to increase feed conversion efficiency. For
oxi datively transfornmed carotenoid, typical dose
ranges are fromabout 5 gg/kg to about 50 ny/ kg of

The e OF (ARl Sl o ERLiaRlor  HRRRlr BERIFR
admlﬁIk/téi'Bd@sfllﬁél )to\déit)@ﬁlt on'sﬁd@@ﬂh&bl%&%ﬁ%s E6ies, 2i&0 HRP BEbf
of oxidatively ransfornmed car ot enoi d typi cal dose
the aninaje Stamdard twaks adpobitasGhose degoribetion ﬁmm@dsnmaywusgd to
. of body wei ght per_day. Desjirably, a dose of between

Optingizg §he, do seg frgy QPR%CYo?f @@d&ﬂlﬁlﬂ‘@iﬁ trasforeskeaggergid

body weight, is adm nistered. 6 The
Ora@m%ge oft%&m datively transformed carotenoid or a

C QURIABRHEly kR el ¢ R6tendlbNA %bﬁ@%ﬁeﬁt%érwﬁinx vy be
depend on such vari abl es as the species, diet, and age

admioistereti @ralty, oyl injeBtiamplar by tetoabk, \Rﬁmhnﬁstetlhtbﬁemdmmlstramn
described jn Exanple 1 may be used to opti mze t he

can me%tﬁ@ld@@aﬁanwmweaﬁl {SHBCHRNeAHS; m@aymsc ar,

noi a. or_.a co onent there
inral BT AP R R ke BP g T asiiab aicistemal,or
intrab&i@oed] may be adnministered orally, by injection, or
y aerosol. Wien injected, the adm nistration can be

paDridagvely, tramformedrtcarstenom oaaZbimponert, theneof niaghecidded to
i ntramuscul ar, intracrani al, intraorbital

a foqdsufh ok Farmuleed with s pharapequiticall ymmm@ﬁc ddpent, carrier, or

xR BRSO LSS LA A RSN AV, o

PharAfd86tid0 folnh18Q8sd b, fir x@&?ﬂs abeth bk Enflof liquid solutions or

phar maceutical | y accept abl | uent, carrier, "or
suspensaony; don orad admenstrdsdon,i fortanBitmny, ma;obdmﬁhsﬁﬁrm of tablets or

b|IS 200 Phar mac utlc f or mul at.i ons
CaPSﬁ% fé%‘a%‘ﬂﬂ éffo ﬁﬂ?frﬁe%b Rﬂwdfrwaa%ludéﬁgs or

aero or m.l ?&;%@Eﬁa'kéo glq%lnﬁ% Ehﬁé?@%{{nﬁghons are found, for
exampiasmﬂ ﬂ&:m.ﬁigfbﬁ‘ qrhelsaﬁe:awml Pfﬁtféébﬂ’h@ﬁﬁacyf’ SZ@thQ:df,Q:ﬁ.m
powders, nasal drops, or aerosols. Methods well

ARk(ﬁgwaranQMblammmﬁ tliamg &OWilldns)i ons are found,

of)esuably, oxidatively transformed carotenoid or a component thereof is

admixed with a foodstuff and fed to the animal.

Foodstuffs _ ;
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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exanple, in "Rem ngton: The Science and Practice of
Phar macy" (20th ed., ed. A R GCennaro, 2000,

Li ppi ncott Wllians & WIkins). O Desirably,

oxi datively transforned carotenoid or a conponent
thereof is admxed with a foodstuff and fed to the
ani mal . Foodstuffs Oxidatively transforned carotenoid

prott B BPAEhe LGP, PEIhaBR A hiikfoe dkshhi \ehteted from
corntstaréH, WS f188E, Bakard 3bybeah BELIE ldlbBek@in, AR ?E&emfrﬁed

conversi on efficrency. In preparing a foodstuff®of the
i nadsiubfs, oftthe imvendianicer ysd inghsfecamiectidaiss i meoém farther
nent thereof is optionally adm xed with a

QXidgﬂff’:%;%e siativehy Bansfernasd rargiensad or e sommeneridbeteaf .
O SARoE BN b o 2o
such%é'ﬂéid’-‘&br@&ﬁ@,t vitaini®ed SAtagth COmd g)ggghéb%f Bf %yﬁﬂ?eﬁc

our, sugar, soybean neal, ma trin, and guar

antigidantssech sis ik atet Hydeoxiyowhiehe obutgBiedhgdrok vetlistle, tertiary-

ant i oxi dants to_prevent further oxidation of the
butyydenguinesiey PEapyh Stlbataes cdartauinioithe foedsatfp diberamount of

.thereof . 5 idati,on can b revented by the
antigi A ECineombordied 8 AT nEARe P BeRtd ot R an i ment e as product
formtHdn2 $hiPsind-GRAURIGRE ‘kh?ﬁ{gc' hebhoddl haTThkifed AR life.

tocopﬁerg or of syni?%ﬁi nfié%%dantsagucsﬁgglﬁe

but yl at ed hydr oxyt ol uene, butyl ated hydroxyani sol e,

tertiary- butyl hydroqui none, propyl gallate or

etﬁ%&?ﬁ €8d% 0 t he foodstuff. The anount of

anioxi.dants 4. ncorporated i.n_thi.s.manner depends. o
R S e e T e e
trandoARld é&Bt%nofé?&k@%:ﬁ?oﬁE@& hRg%or 3gh 98RLNLEE SR\ il drEase

_Ani nal Feeds Aninal Teeds of the present invention
welghit ghinandéyrSeed nomveansiori Thte ardal feedansd geneeally formulated to
carotenoi d or a_ conponent .thereof in an anoun

Provfe G 1 8CSEREACEIE TN LHEndsin RRelAesds Feuche
R R AR TR e T
to matiengetdand Ivaldbdess ARYrdRely, b @nfsbichRrany fddshiy

of different feed Ingredients, which are chosen
change®yertimg. 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 Corporation1, Clovis, Cahf (1990); 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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to market price and availability. Accordingly, sone
conponents of the feed may change over tine. For
“di scussions on animal feed fornulati ons and NRC 20
gui del i nes, see Church. Livestock Feeds and Feedi ng,
&B Books, Inc., Corvallis Oeg. (1984) and Feeds and
- Nutrition Digest, Ensmnger, Adfield and Hei neman _
. . Lishi - Wi, f
T Rt e R A R R
respacafelye in somS\fedting siluaionss cagei mdst Yectakien &5 provide the
traditional |y bal anced based upon protein 25 and
appreRiate) ?mmq@ma%ﬁeewsg as gierafliprerteigjcgatend. Fpr gsaaple, hegs fed
neet the. ot her rhg ui rene

t.s, .whi i |, ry h
larBe Pt RIS TBTS AP 135t AR ERAARLS of thefed. n
e . _ . : ] i )
oS pr oi':{gll dﬁeﬁegsg}grvﬁ ; eEh ?I n?gﬁﬁg%%%ﬁ&nﬁ%ghgﬁgse go s. Energ

~ requirerhéaets myidy dlso eejuiet by hdditen of et gy thehfegd. eatibabfisddat e,

f eeds. For exanple, typical hog prestarter, starter
contHpdeaEively wansienngdearetenpid oga gempoaenitheraef anay also be

20- 24% pr ot ej.n, ~18- 20%_pr ot ei 13- 17%
formAttLfck g BB PPNy Fohr il SAE BEPRG OFRrat | o,
e Uy E oL MRS ahlf SPRApReLEAHRBL e

healtha@d drewth bfthg anihalu Ml @Ereddeits ihdtdéaviRhaateititon,
| ysine nade available in the feed. In 5 nost aninal

sugarhi, eomplexrrarphydeaies. ranpe eeidaf e gwarginine thastidine, isoleucine, -
cereal grajns.. Ener requirenents na | so bhe net h
leucigg s ing g Hiquine. RReia gty EGhRRg, DRRRMDC Sl ArAghe:
[ j t aﬂ&llég ag [ Fefolagolely’ .
al téh’e%g%#%‘rariadyd’glf)so 8[ o?%h?lgtkglgapg?mdﬁdggﬁﬁc’at S?d}tsteme,
amop® uthefyy, vitdmsins (agd thiaidihe ribafaign, @ yrRIckind niesin, niacinamide,
i ngredi ents may ‘be added to the aninal feed as needed :

inosite). phefinsrclenids, calyivia pratotiena tetiokin foficasid ancerhic acid,
SR s L S I T S

meal) ligid o owdeséd S%glﬂ!sﬁ, soltBIAC biiBey protdifl onf&idHONbIE e.g.,
phenyl al'ani ne, threoni ne, tryptdphan, valine,

soybeym o), vernstatimabanma smpaganic pdosphats.caipper ghlfidtemikdesodium
gl.ycine, proline, serjne, and cysteine, anong

chlosfiﬁeﬁgxy,m?f{t?%méngésl&n}s knorveRyh Ehe 31t B A§Q RS added to the

. i i . Qi ' ' i nam i [ [ | C i .
R LT T
min@&aFAdAfibiéticsupplementation of animal feeds see Church, Livestock
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, sainfoin, 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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and vitamns A B, K D, E anong others), mnerals,

protein (e.g., neat neal, fish neal, liquid or
powder ed egg, fish solubles, whey protein
concentrate), oils (e.g., soybean oil), cornstarch

cal cium inorganic phosphate, copper sulfate, and
sodi um chloride. Any nedi canent ingredients known in
procéﬁﬁngaélt preBtvaiGi0 ID&iRBHL thel shitdaefedd Qf‘l'h@ﬁhvérﬁ% includes
including, without Iimfation, antibiotics and
rapes$esdmoerd scotfemseedi iheati soybean mahlor eomhmaedli bi oti c
su pl enentati on_of animl feeds see Church, Livestock
CSHRE Max dichyle dogmepepmling, chepDing PeHElng. aybseg, baling,

b St AP 16, D A i ol
flakinBCoHki M) anWok @g%!bdidgmljo?%k Pllef ?Eli@?e?l fe8d ¥'cr@iited by first

orchard grass, ti mot hy, escue, ryegrass,

mixia ffe¢d eomparientsaind, thed corapactanptandetieheding thiafoedicatisonents
such as corn, wheat, barley sorghum triticale, rye,

througiha fie Wihdealapg mresshee; Asmapﬂ peslsjodfLibe inventioml cagrbs pelleted

s SARRE i o LEOMHL M@w&%{i BN 1ol Armsripandisgd

ManlsbachreREARREFRACH Ao SRET1O), HBGrbaRATIeRRYy

treated wth oxi transt ar ot enol
refereao@onent t her eof before 9 processing or preservation.

Desirably, the animl feed of the invention includes

rapeseed neal, cottonseed neal, soybean neal, or

Id dryin ensi | i ng,
Coégge”ﬁgoo‘é‘e?’?“g‘?%ﬁgggeg% Ingc galel ng?/ Sr;’ol l'i ng, )
t eFpSddiNds ofthe W edBion %5@5% ! ﬂhe ﬁﬁﬂpbf‘g he&itit bad! ?P&Fferably

m croni zi ng, roasting, ki ng,” cooking, and

supptiefilindoil @r offer typeanPiveappes, |a§ﬁ§&brﬁ1&ﬁﬂﬂy Sedl @ahest foyd

first mxing feed nent s and en conpacting_ and
mﬁ‘é%&,maw?ﬂae{%ﬁ@@éanfg 82@ sstor@hri? feallygsuch ealihrhags are

comfilfn PRERE Y & AP BRI BEed iR & %u&%%caneglengredlents

into fled H@iﬁeﬁ%vﬁﬂ:ﬁrﬁhhpé:@&dwhﬁ!ﬁ% 'tﬁélf‘coﬁ%%%d'\@ﬁﬁfo@ﬁétw ®tdpping
Associ ation, Arlington, Va. (1974), i'ncorporated

machimeey. nggdthl_banS mae'rt@rmd Baket tlimnﬂmadﬁd Bever ages
R S R Pl Sl o
formedP&fo Qz;.rs‘eﬁ' @R@&r goodg,ssdcﬁ af QHHB'%L%I&%ﬁﬁeA, RaRESor 1];18%5 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 uniformly 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 and]or 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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15 markets, conveni ence stores and health food stores.
Typically, such health bars are commonly nmade by a
machi ne extrusi on process that extrudes the m xed
ingredients into the desired size and shape bar,
which is then conveyed to automatic w apping
nachinery Heal th bars nmay be baked, rather than
VarfHSiy
ﬂaw?%??ed, rgggg cu%ygi g?hermnsvgﬁﬁgé%%?ﬁggmnﬁggﬁgﬂlatOf
anﬁnﬁﬂhkked goods, such as cookies, brownies, cakes or
muf fins. In the manufacturing process for bars that
ar"EhQafallwdag examgk:e dregmit ol sb as o gioyiderthnge, of ordinary skill

in th 31 ikh B COUBIETE ARG IO A5k BS Dt ok BTG edPenods and |
com@gﬁﬁsﬁhe&mmdqferéﬁ aEeef%&fér%Jgugrh aghén% Niwas'2RE grepi%[ebn&d

extrusion ery processes can

to de @iy exepipdaty O thdRvBREdd dhdaehor nﬁeﬁ&dtta Hieslt 8RAGSPOLS

e present invention. Foodstuffs of the inventi on can
Whab@elmvetrMSfrogand@S theiripselytiano- dri nk bever age,
requiring no addition of water and/or mxing with
water or other liquids, or a povvder or aliquid

e RE SIS0l PG DAL ghap

can@p&,@ﬂlﬁp{g@entrat es to nake, for exarrpl e a 10 fl avored
beverage, or with mlk to make a drink having a
chiwacgronpsofitd weaned pigntges 18-21 maykoklh adere uskddo analy=ze

follow ng. exanpl es are put forth so as to provide
the qf?r& olgatil Fg*,n%wqup carofepgid agrarfopf pddigive omgrewth and
feedddoﬁ%x‘gﬁ)‘ﬁre and description of how the nethods and 5
nposi tions claimed herein are perforned, nade, and

evarhu k@A MpdwaferahdéB0EsributediatdLy F&ﬁé (3>fﬁP§JﬂJé:irp¥§n§f

the invention and are not intended to mt the scope
diviggd equally preeqmmwtﬁmpgrat@ga:pdtraBed rosims. | Al} @Atpigmin one

roorr A% et Bt aenud  Aens aduid Fpune Respiraion: g
ReprotRic8{O Sgﬁqxgﬁled(&/a\@@ﬁ%g rl%rﬁ? ?%%‘ﬂﬁsb &Ofxﬂfll%\dgﬁ%r{irﬁlected. a

were use analyze the e ts o ativ
plactbaos faimesdltwndCentoliroatn)a f ood additive on growth
and feed conversion.

‘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 OxIBC.

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 witty

11
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The first 48 pigs were randomy distributed into 16

pens (3 pigs per pen) 15 divided equally between two

tenperature-controlled roons. Al 24 pigs in one room

were injected with an attenuated vacci ne agai nst

Porci ne Respiratory and Reproductive Syndrone

(Vacci nated roon) and the other 24 pigs were injected
com Sl BREUS oAy pii%ed i %@@%ﬁ%ﬂ%@%@ rsp e
compuaRAtsSyéregnilied tedetiooti st theehixnire %i’és &d {rd pellets.

bet a- carotene (xBC) adm xed with commercial sw ne

f elhe. fook BEtswagedgn élpﬁamdy aliets d\-Dovdow Acentaiped xBC aff levels
' t A- car.of ene th etate at roomtenperature
°f0=a§s§g ]ap(%etﬁgbﬁ ﬁ 8&9§8Fﬁby bubbl i ng the gas through

it while stirring the mxture. After 8 days, when 6 to

8 nol ar equi val ents of oxygen 25 had been consuned,

HIB1eS£A! (Guiiolas €vaRaeriLdid Wit YeOXB(®! | ow resi due of

B: XBC vas @otefeih 'ale% “Flfh é@o?%%»’/@J
ggzzxs:zdagrgﬂm i wwm" :
0&5‘%? The r g’iﬁ’balfiieéé’f@ Wamcwas
furt he;J di luted by si g’p{Met m Xi ngmxjme:(lg 1gocorPCIs;|arch
PR B A fssein 08P S Genedge ek Al
e 8, QLA By s U By PO g g

experienenital dieth f6k foDwedks. PigittslRerogéighe@bvawiMédyged. 5
Diet A (Control): Comrercial diet with no OxBC Diet B
following plasewent omjthetdiets: Wibfeed givenipwhe pigBWasWeighad daily, and -

Co di.et th 0.0 3% XBC. Diet D
once B HeP (B FoRriEs e e o6 (0 TP RGO amneighest
hag s@gndritil ¥éﬂjﬁbé‘t%(‘cﬁ'%ﬁlstsﬁ1dgre% FROriRE e THeWatd WedeRalyzed

4-week tri al After a 4 day acclimatization, pigs
usingve meixed diodetilinddr yegres gibe o ithrpetnyas aceddarn effeet 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
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% (w/w) Diet A (control) 10.535+0.019

0.001% (w/w) 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
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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experimental diets for four weeks. Piglets were

wei ghed every 7 days follow ng placenent on the diets.

Al'l feed given to the pigs was wei ghed daily, and 15

once per week the feeders were enptied and the feed

inventory was wei ghed. A sequential replicate of this

study was perfornmed. The data were anal yzed wusing a

i RedferB dohverkibAavas ARSI M hdivdoREST RS féed RRSPMed in a

effect and start weight as a covariate using software
pen @epigs)abividet py Sheawaigho gpined by atjrthase!pigadiering thelseudy geriod.

s calculated by subtracting the start weight of 20

Thesg%étapﬁrﬁéuﬂ%ﬂzﬁﬂé“ﬁhl&lz-mi ght and dividing by the

nunber of days on the study. These data are

summari zed in Table 1. 'Iia@%aﬁe 1 OxBC | evel Average

Daily Gain (kgSE) 00 (A0I82Diet A (control)

0. 5350. OxBC velD1% (W w) Di et BFee®Taversthn 0. 003%

(Ww) Diet C0.5400.020 0.01Q%:(feédmke BoflsSB)

0. 5070. § [{TPT OVETENT 4 W T at e
associ a@%g(vi)gd ﬁﬁfm?z(f&gh‘?gg OxBC 1 irbfég ct for four
weeks aggl 5 ngﬁ)%g ghe effect was S stical | y
signifi {W“aw"‘@. 1% (w/ w) OxBCl-Gh&@% he pigs grew
appr oxi 018y (wywDictBr than t he LAf400Rd%d controls.
12 The feed conversion was cal cul ated as the wei ght of

A R RO ey gl P LG B
increpeed bylthe dtidétion cfDaBEne tisdiEn Theeffedt Walth6stdrononakddat
2 OxBC | evel Feed Conversion (kg feed/ kg porkSE) 0%

0.00% G (wy Wi QB CA whesa thheopips atespprodmately 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 0 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 treatments (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:
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0.001 % (ww De B 1.510.035 0.003%(ww Det C
1.630.035 0.010% (ww Det D 1.560.035 The feed
conversion efficiency of pigs fed for 4 weeks after
weani ng was increased by the addition of OxBC to the
diet. The effect was nost pronounced at 0.001% (W w)
OxBC, where the pigs ate approxi mately 8.5% | ess feed

t DaiA(Cdittrol): 10 GoniifBedril dit wilkasw>eB@. Ef fects of
.OXIbfé%ta vel y tranggifed 1a9%ﬁémﬁpo@ %@;&g&gﬁ ;25

Leeel?gc\i/erleno%c’o' &qﬁﬁb r8|(‘§(
a chi cks E)‘I%?éé‘é?td’i‘iﬂtﬂé)oa B OV & b REBSY d| et

|n a separate pen for early nortality replacement.

oo 35 e o B P S

S o R 58 ot e AR ol o IR o
the tfislom t he study. 20 A total of 1600 chi cks were
assigned to treatnents at arrival. There were 8 :
bl lpckder to marufactunyfinal deddsc te20% QKBC corpstarch fRemix
k.were:-r and, egual |y assigned to

bl my
(Pfelf‘f}'i“é‘i1 ?? Q%SF%@E@ i gxampe qgwasﬁﬂumwgﬁ O staechhio H@db@‘r a2%

(vBTOnES REBER L By s ELSGH AR SRS € 8o R,

and bloasinegdsiiy Th%équife‘dch:ﬁ(ﬁm‘ﬁ bf d&u&éﬂmofé&eﬁt Wa$ Heﬁb“@red by
following 25 four treatnents in a random zed conpl ete

varyigigdbk agwaingaf 2%1GxBLgremniy mrtonmt JomPheterdear @tarthr deed,
C.Di Co diet with 0. 0005%
gmwﬁh%eﬁcp gém%ﬂe’éfeeéBYéB ! ff‘e %ﬂ et Ewwﬁtoskboqa%fewwﬂ
BC Diet DD Cormercial diet with 0.003 % (ww OxBC
"Treatment diets were introduced on Day O and were

f eBxparithéntabigeds wert mhnufactured using standard procedures. In order
to minimize cross contamination risk, feeds were manufactured in order of

Treatment code (A. B, C, D).

me:

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% héavier after
38 days of feeding 5, 10, and 30 ppm OxBC, respectiverly, relative to birds fed the
control diet.

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

14



10

study term nation on Day 38. Water was provi ded ad
l[ibitumto birds throughout the trial. In order to
manuf acture final feeds, the 20% OxBC cornstarch prem
X 10 (prepared as described in exanple 1) was dil uted
with corn starch to produce a 2% (ww OxBC prem X,
wth a 0.5%(ww free flow agent (Sipernat; Silicon

birddifex 5 $Bin OxBUveohd Peﬁbd gﬂé@@ 1RERY ﬁ&%o@ﬁgﬂ%seoffed 10

active ingredient was delivere varying t anount

or 36fpp2ﬁ/©®BBﬁeﬂmam t® cpatrokso The relatipe &hprd‘veﬁ!én( Bifeed @onversion
grower _feed, and finisher feed; Yantzi's Feed &
in bséé éeq hpp@t @éﬂ? Wﬁ&a%é?oadn@pgaaasmef@%wme not sigmificantly

et BT bRy Bl SRRl b g a2 BORRb AR fepver
the E:ﬁ d&ﬁﬁﬁsoﬂ’tﬁé %Slmgg @F& 5. qﬁ—d I §RFR Overels; Eg%?ﬁong all

(A B. C ve\/\/elgts vvererec

Uea%ynt@ ovér&he SitirwtudBdetpits birlis &aPOXxBEObeind sfgﬁﬁﬂ:mﬂy heavier
consunption were recorded for periods between days

at the tegninagon of thergiabrelgive tg dyoseded thpecormiod distve wei ght
of birds fed OxBC were significantly higher at day 18
(P=0.010), day 31 (P<0.0001), and at the term nation
of the trial on day 38 {pblgD22) (see Table 3). No

signi fi hgilf Weight fkeles ( P>0. 05)Fepdvoaversivhaatioltietigegmin) 25
birds fgd 5, 10, or 30 ppm O(BC Birds were 3.7%
3.0% angy SV Tigay 3 85/S 18- I BSTRE O 0-38

o g% poB 0o P o DOl 6E ST b vety HENPALJHAEIE
b OB @Bh 01 P9 0P T anttye ( P@d.78572 1486 £ o b8 oVl t hjB792
109pmOkBE 00490 PSTFT od |IGday G-16D 1§)469 Whi[l.B61 he FER OfL.819
BUyipm@aBE eplo0 @580 30 [izpon 3Q.19er e finroer | canly deer [ilzeg
PRI T 0T Sio.odoiTE [l At TloWio U1 1ofGBT ETT(ES79ES W335 (Bl 17624z

S e G O A LN e T e

L el i Y lonroved
L)

f ed 5 ppm ()(BC over the gr over period (days 18-3 1),

i e MR NEC I R o EHRLA R
over MY &h%drPRriod 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 5 ppm OxBC (see Table
4). This is despite a numerically higher feed intake in birds fed 5 ppm OxBC over
this time period. No significént 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) higher in birds
fed 5, 10 and 30 ppm OxBC relative to control birds fed starter diets (days O to 18),
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in birds fed 5 ppm OxBC was 3.4% In contrast, the
FCRs were not significantly different anong
treatments in the finisher period (day 31 to 38;
P=0.803), nor over 5 the entire duration of the trial
(day 0 to 38; P=0.242). FCRs were sim/lar anong all
treatnents over the entire st udy despite birds fed

as @iﬁ&ﬁ%@. c?xb&gg}ﬂa%?c \@f‘ééq @)’O(?lﬁ %. Ylﬁtr§1 g \ﬂgitfgﬁ&er
i
pha%'ilg’ﬁk% 9%6;’?% S QWN38‘F%S@ tl‘aBiéQ‘)) Bg%d%ls ‘éggf% x_§1a13(‘d%);?s¢}3 Gi ® 38),
bird31fed 8, 00 38 30 ppm @ﬂBG’ hmld s@d:ﬁcaﬁth(PkOM) higiferiaveBape daily
1.766 1 187 1.815 5 ppm OxBC . 040 .575 553 . 178
gains (fig¥o1 416 apd 5xf% ’11'3?99011@1)’) @lﬁnmmu@ﬁm g mnsupplgmented
Con?%gg 1. 469 1.776 .218 1.819 30 ppm OxBC . 040 . 580

.191 1.470 1.744 1.230 1.809 val ue . 999 .010
. 000 . 022 572 053 803 Te%‘i’@4 Pool ed SEM . 000 . 008

v Peed Intake (o/day E;Q g%'ﬁ Eﬁﬁﬁé}ja'ly |
eedlntak ds’ Was s(glflcan y T nprove

P=0. OO]_) over the <ot ad in hirds fed OxRC .
- 04180 PSSk 31-35 D-30,/D 0-28 41D 1831t B 38 %38y

H1.3di efi2Y0seqloTabl p6.gt) . NG di f[fodr enges wefd!
peeen [92911dS Jioed Opp9.sU o4V P (KEs.0 554
1c43l4_||c Y] aq—mgal WOSI Ctd(?d Tt e t5Eef o 5‘4}

ga-fH-cart{y—-oved—R=0-101_6) H R biFds fefd 10
. MQLBCHOJVNQOFHP ! rZ9I§Jer| 7c?'l(da?%'GlS !
B01i nPBIG dP-4%6d BOPHMITKBC (BW8 THE3E lapos

pitellda nurmedi caftlly hijgher fleed | httake @

BTTOS T€ed 5 ppm OKBC over  tnrs tIme pertrod. NO

significant differences (P=0.486) were noted in mean

f eeldlemrptsa lﬁan@ﬁ&%ntwlﬁaom SighifichRt@y frhiro6@ the ARSE final
b qf 31-38 al t hough they were 20 numeri cal 'y higher
0

Bighéﬁsofﬂl;tdscbyéiﬁ %Ffécﬂ’pm)g 3i0e (Hrpmpvead 4.3% 63 ppm) after
N RN R
o e QPR L i e o

diefdPyGuiieeftagbrr i n birds

- 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

embodiments, it will be understood that it is capable of further modifications.
Therefore, this application iS intended to cover any variations, uses, or adaptations
of the invention that follow, in general, the principles of the invention, including
departures from the present disclosure that come within known or customary
practice within the art. |

Other embodiments are within the claims. What we claim is:
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fed 5, 10 and 30 ppm OxBC rel ative to control birds
fed starter diets (days O to 18), 15 as well as in
t he grower phase (P<0.0001; days 18 to 31), but not in
the finisher phase (P=0.936; days 31 to 38) (see
Table 4). Over the entire trial (days O to 38), birds
fed 5 10 or 30 ppm OxBC had significantly (P=0.008)
hi gher average daily gapk (4.3 % 4.1 % and 5.6%
respectively) relative t ds fed the unsuppl enent ed
5 control diet. Table 4 verage Daily Feed Intake
(g/day) Average Daily Gain (g/day) 0-18 18-31 31-38
0%38 oA1®osistu%f1c<mpréa'ng o3glatiyehy trensfoomed carot@mid or a
195.0.96.9 17.9 70.9 89.4 3.1 5ppm OxBC 3.6 128.1
compodenitdhergok 19 4 75.0 89.0 5.4 10 ppm OxBC 3.4 132.0
197.4 100.5 19.6 74.4 89.0 5.3 30 ppm OxBC 44.1 130.7
101.6 101.3 19.9 75.1 90.6 6.1 value .001 .016 .486
D62 . The fobduif 9BC1aiR0B whktBdsSEYbodstiffSs 3-Hakdd sood!
.7 .1 .6 Dietary supplenmentation with OxBC
beveraggfeveeagetix, hegtobard biskuitneraaminial d¢edbody wei ghts of
birds by 3.7% (5 ppm), 3.0% (10 ppm, and 4. 3% (30
ppm) after 10 38 days of growth under nornmal rearing

candi ! IaBToodNEARIRIAALS WALBHE Sl SRHRE fed 108 dry or semi-
i nproved, i1'e average 'daiTy gai'ns were signl |can§ﬁy

moist pEpfexdd with OxBC dietary suppl enentation. O her
Enbodi nents 15 All publications and patent
applications, and patents nentioned in this

speci figati on ar.e _herein i hcorporated by reference.
ile AR o6 2 0% ??eH’e%‘aiaE‘éTHa feed dnherse ifed.
BT i fdl ' i .| nder st ood t hat
swme}i{e%{igﬁ@gggg}egd, gﬁg%%eﬁgg@r% gééﬁ’gﬂa{ttjlisg %_e&. Ther ef or e,
this application is intended to cover any variations,
uses, or adaptations 20 of the invention that follow,

i A- gendmbgifoodstutfaficlaimp?.cxherein Kaidiheyeragegnix is agiowdengr 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 further comprises an

antibiotic.

8. The foodstuff of claim 1, wherein said foodstuff comprises

oxidatively transformed carotenoid.

0. The foodstuff of claim 8, wherein said foodstuff comprises from
0.00001% and 0.005% (w/w) oxidatively transformed carotenoid.
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departures fromthe present disclosure that cone

W thin known or customary practice within the art.

O her enbodi nents are within the clainms. Wat we claim
is: 16 Cainms 1. A foodstuff conprising oxidatively
transfornmed carotenoid or a conponent thereof. 2. The
foodstuff of claim1, wherein said foodstuff is a

ed '
lkal?écui ??egf’o%m maf eedﬁ%ﬂrﬁgsﬁggggﬁﬁﬁwsgﬁ nttfez,
polymetier @mpamim of bikidaltive isfortnesl ¥ardierfeidl - noi st pet
food. 4. The foodstuff of claim2, wherein said ani nal
feed is horse feed, swine feed, poultry feed, sheep

f.ged, ttle.fead,. or. fish feed. 5. The foodstuff of
c elai m ?‘evfﬂ%ﬁlsé\lﬁ ogé‘;f%lmoje\fg]i‘%ﬁ’él sid fogdsiubfoaeprisss ag
drleght! ined . i I -6-0X0-2.4-
compieif SR Bhfohpe MplRST N ot 2 byt or0-2.4
heptadien ah Xiltadrbactihidiblide f Begsibeitial OB-i6héhdNBliondhe 58-Epadd 4-
foodstuff further conprises an antibiotic. 8. The
oxo-Pigngseuf-ionylidena anetaldehjds, S-wrsdident aoetaiddhfyde 616pepoxade, 4-
or med rotenoid. 9. The foodstuff

i dat.j vel y t
°X°'B'g‘)P(1L1é’ IQ’%"\?lﬁe %?et%hﬁﬁ% %%Odff-ewﬁawe’d%rﬁapﬂs%gm’pfe@ﬁne 5,6-

ool SHBEE1.051C SR M A BB 5 e

thereofai d foodstuff conprises the polyneric conponent of
. oxidatively transforned carotenoid. 11. The foodstuff
of claiml1l, wherein said foodstuff conprises a

onent .of ,ox)datively transfornmed carotenoid that
ud?gle ép%ﬂ%ﬂ o_?é:l_l%;poi/lz ,Vyperein said foodstuff comprises 2-

methyl-6-0x0-2.4-heptadienal.

13.  The foodstuff of claims 10-12, wherein said foodstuff comprises from
0.000000 1% and 0.00005% (w/w) of said component of oxidatively transformed

carotenoid.

14. A method of promoting weight gain in an animal by administering to
said animmal oxidatively transformed carotenoid or a component thereof in an

amount effective to promote weight gain.

15. A method of increasing feed conversion efficiency in an animal by
administering to said animal oxidatively transformed carotenoid or a component

thereof imx an amount effective to increase feed conversion efficiency.

16.  The method of claims 14 or 15, wherein said animal is selected from

humans, dogs, cats, horses, sheep, swine, cattle, poultry, and fish.
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hept adi enal , di hydroactinidiolide, O-cyclocitral,
(3-ionone, (3-ionone 5, 6-epoxide, 4- oxo-13-ionone,
J3-ionylidene acetal dehyde, P-ionylidene acetal dehyde
5, 6-epoxi de, 4- oxo-[-ionylidene acetal dehyde,

R- apo- 13- car ot enone, (3- apo-13-carotenone 5, 6-
epoxide 4- oxo-f 3- apo- 13- carotenone retinal, retina

5,16: ep%eﬁem V\g é)?‘gll‘a?]iﬂé G2 é) 15 aﬁ?érfpjs%ld Eﬁﬁaﬁ%lg%taﬂgifonned

of 'cl rses
carotéﬁ&ﬁ)dra@tﬁi@m%nﬂﬁi&%@if&ﬁﬁcﬁﬂﬂustel@d ordli, B?Qﬁj&&tﬁkfﬁ o8by
clains 10-12, wherein said foodstuff conprises from
aeros®l.0000001 % and 0. 00005% (w w) of sai d conponent of
oxi datively transfornmed carotenoid. 14. A nethod of
pronoting weight gain in an aninmal by adm nistering to

c afponanE rREPUd ClaEte LT RGPl 6 BhPR s Hftormed

carotéBbidtr a0&infiponkat thordBTtil dhdiked Reheafddianfeast fed to said
conversion efficiency in an aninmal by adm nistering

animgb sai d ani mal oxidatively transforned carotenoid or a
conmponent thereof in an anmount effective to increase
feed conversion efficiency. 16. The nethod of clains

1400 e MORLAP R LIPS | BBl SELERAL Mhformed

humans,

caro@ﬁ@idtléﬁdxrﬁﬁl@tefécﬁ%saicﬁar%_ﬁlalThe rret hod of clains 14 or
15, wherein said oxidatively transfornmed carotenoid
or a conponent thereof is admnistered orally, by

i nj ecti 0 aer osol 18. The nethod of clains 14
ori I?weﬁnsm?dsocf.cém&@. 1427 {1 yhereim frecaqhggeric component of

°md?ooeﬁé?éﬁéfﬂa A PR RHah 0GR R MRt hod of
clains 14 or 15, wherein oxidatively transforned

carotenoid is adnm nistered to said animal. 20. The
method Bie methiodsoficlaiors 50T WhewbErein hsompopemtrdfoxidatively

transformied. ga%tc%md selected from 2-methyl-6-0x0-2,4-heptadienal,

dihydroactinidiolide, B-cyclocitral, B-iornone, f-ionone 5,6-epoxide, 4-o0xo-p-
ionone, B-ionylidene acetaldehyde, -ionylidene acetaldehyde 5,6-epoxide, 4-0x0-f-
ionylidene acetaldehyde, B-apo-13-carotenone, B- apo-13-carotenone 5,6-epoxide,
4-oxo-B-apo-13-carotenone, retinal, retimal 5,6-epoxide, or mixtures thereof is

administered to said animal.

22.  The method of claim 21, wherein 2-methyl-6-0x0-2,4-heptadienal is
administered to said animal.

23.  The method of claims 14 or 15, further comprising administering an
antibiotic to said animal.
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oxi datively transforned carotenoid is admnistered to
said animal. 21. The nethod of clains 14 or 15,
wherei n a conponent of oxidatively transforned
carotenoid sel ected from
2- met hyl - 6- oxo- 2, 4- hept adi enal , di hydroactini di ol i de,
(3-cyclocitral, f3-ionone, (3-ionone 5, 6-epoxide,
4“9%0-f§1di9&ﬁgﬁgn 3-ionylidene acetal dehyde,
13-ionyl i dene acet al dehyde 5, 6- epoxi de, 4-oxo- ( 3-
| ofiy4 coepesidoe taingahiyrieoxidat aply-thasfurtidedenenoidr a
apo- 13- car ot enone 5, 6- epoxi de,
comporsp thegeefpand 3- car ot enone, retinal, retinal
A Xi r mxtures thereof is.. adm nistered to
o ofi0 Sictibns 55 AdnfiSine FEHEomBRIHO AhaNSRbo prommote
ai |2 B+ A el Tel o adm ni stered to
welgggrrég{n;%%e%%%gd%e rrei?(ﬂio ﬁ%%eﬂé: ainms 14 or 15,
further conprising admnistering an antibiotic to
said animal . 19 24. A Kit, conprising: (i) a
cofposi Thekit ebelaih 2in gviereitesaid edmpositios fcompetses oxidatively
r %aronﬁnoid or, a conponent thereof; and (ii)
anstqEed CaTpIsRQId o adni nistering sai d conposition to an
animal to pronote weight gain or increase feed
conversion efficiency. 25. The kit of claim 24,
whes.ei rTisekid of ClapaSU| ivetiered§did 66mpoXtidAcoMPrkes the
transfornmed carotenoid. -26. The kit of claimz24,
polypiesicaiompoacet of orpdativiely transfopried evrothroidhis bgmenistered to said
._conponent of oxidatively transforned carotenoid is
aIllII%f(ﬂP'rrinistered to said animal. 27. The kit of claim 24,
wher ei n .sai d conposition conprises a conponent of
oxi datively transfornmed carotenoid selected from
2- Bt hyThékio¥DeRirt 24D epticidintdad coslbbyitibAdehipised #bdtifonent
J3-c¢yclocitral, J3-ionone, J3-ionone 5, 6-epoxide, 4-

of ogidative}y mapsferraed garofesgifisglestedafremal-msitlyrlen-oxo-2,4-

| i .acet.al dehyde 5 6- i de, . 4- - .
b A AR 055531 BRS¢
oxo-BPRnbae, PricAlRMGREceraPdehyde, B-ionylidene acetaldehyde 5,6-epoxide, 4-

oxo-B-ionylidene acetaldehyde, B-apo-13-carotenone, B- apo-13-carotenone 5, 6-

epoxide, 4-oxo-B-apo-13-carotenone, retinal, retinal 5,6-epoxide, or mixtures
thereof.

28.  TheKkit of claim 24, wherein said composition comprises 2-methyl-6-
0x0-2,4-heptadienal.

29. A method for making a foodstuff comprising oxidatively transformed
carotenoid or a component thereof, said method comprising the steps of (i)
preparing oxidatively transformed carotenoid or a component thereof and (ii)

mixing said oxidatively transformed carotenoid or a component thereof with a
foodstuff.
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epoxi de, 4-o0xo0-J3-apo-13-carotenone, retinal, retinal

5, 6-epoxide, or mxtures thereof. 28. The kit of

clai m 24, wherein said conposition conprises

2-met hyl - 6- oxo-2, 4- heptadi enal . 29. A nethod for

maki ng a foodstuff conprising oxidatively transforned

carotenoid or a conponent thereof, said nethod

c30rpr | Fhengiethival oftokpam @D, (hereif ok ftkively @arisee¥h¥€ birotenoid
. .transformed carotenoid or a conponent thereof and (ii)
1s mixedyigya $aedstiki dat i vel y transforned carotenoid or a

conponent thereof wth a- foodstuff. 20 30. The net hod

of claim 29, wherein oxidatively transfornmed

cgf ot ' i ' gt . T t hod

ofrel o Bta Flckitin o, Br e b reriSbomGpdHi of
oxidatixelgl atanvfermed canssroides nEre@xanos thddsnAtxed with a

foodstuff. 32. The nethod of claim29, wherein a

conmponent of oxidatively transforned carotenoid that

ihelu 2- et hyl - 6: oxa- 2, 4- hept adi enal o
d?%y d ?’E@f‘cﬂeﬂf"d‘i & |‘ﬁlaJé¥1)§gs WAGES18 @ qommponensof griskagively
ad ' - waP-ionylii dene

g T e A P o oR b B e
dihydrbeotinididlide| progioditral, fcwhahe ehysine 5,6-epoxide, 4-oxo-B-
. 1li - apo- 13- carot enone, 13- apo-13-carotenone
lonone, (Bicspydidearacetaldelkydg, - wpylidene acetaldelvyde, 5,6-atpoxade, 4-0x0-B-
onvliF et i nal g 6-epoxide, or mxtures thereof is mxed
lonylipne A5 3 INEFuF FPO313-carpienane, fuapr- 1 dtcarername Gifeeperide,
4—oxof2%-o %—?ﬁ%ﬁa@ot%?&n@ré’ﬁﬂﬁ?f&ﬂfaf B?é—ef;gxidgf] S HiMrtl Bereof is
mixed with a foodstuff.

33.  The method of claim 29, wherein 2-methyl-6-0x0-2,4-heptadienal is
mixed with a foodstuff.
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