, e3e%z %t dpR6TUe%l1 JUL 2003 A Met hod for Supplying Bioavail abl e
‘Methionine to a Cow The present invention relates to a nethod f r1 JUL 2003
suppl yi ng bi oavgj | i onine to a cow which conprises adm nistering to
the cow a br ancﬂﬁlhmmﬁwmmm er 5 of nethionine or a branched al kyl ester of
the hydroxy anal’ogue of methionine or a,salt thereof. The present invention
also relates to a netfiod of i npr ovi.ng r'ﬁl'lk obtained fromdairy cows and in

particular to a nethp i C ONQris suppl . yi to, the iry cow a
brmmmmmmﬂ\"\mmu est er® @%e%tgf gwmgnsﬁ%a‘@ﬂgﬂﬁ%ﬂh@rwﬂo ég?o& of the hydroxy
an hi onine or a salt thereof. 10 Protein is one of the major
nutri enk&§esknN the diets of |actating cows. The cows however do not actually
requi re protei nsThaupresens invantidrhelatesaqaimethédfor spadying Gicvhildblaci ds, whi ch
are the building, blocks that nmake up their own protein. It is known that
met hi oni ne Methipnine oGy Which SOmprisFssdministeHag 1q thaicaw alyanchsd pkyykester

productien jd&_ 1.8: i | . of hionine w |
resul t i% e e‘%:t llo\gglelogégﬁzg{cg?a %‘ﬁﬂﬁlﬁéﬁgg%ﬁ%‘g&ﬂ %\Af%ugf)g%%%’é?qlﬁ/%roa that an
i ncrease i rsaffehdieoNi TR gréseal imvedivnsUklatdslo b MEtEABEAmFrdknPf@guct i on. |t

is therefore desirable to maintain or even enhance the | evel of nethionine.

Met hi oni ne Wésinebiramdiadrysiome and jn pastieHer tocvmethad sthichiomprises suphlyigotof r ee

form of thi m no_aci,d_i i dly degraded by bacteria.in the men and
consequent | @e gﬁﬂ’/ c%w&]f"éﬂ‘:%ﬁ% %g?f}/edfo(%?‘ﬁg“%lpﬁ %5?1 sf‘?émlé‘ﬁi?aé#"rél eftﬁéc’{#‘Sod stream
There have BeRekyBAYoguk bE MRtIFodiRe BYE£ELOMBrebhi s probl em and in general the
nmethionine is introduced into the diet in a protected or nodified form
permttilflg the conpound to pass through the runen unaffected. The

met hi oni ne rel eased 25 fromthe protected or nodified formthen enters .the
smal | intestine daeteings apselthemalonnytricnts iptsodisisodasiaticn oWy e nost

Anal ogUs of L e ot (e bl b o) but saere 801 d
genergl ly r@‘@?é@gi’d"q’é@’ *ﬁﬁ/g% %%le E%k}at Fi“ﬁﬁ%ﬂr% BROlah ary 1999,
di scl oses a nethod of 30 introducing methionine into the rumen by _
paront agpl | aat | ah e ol ¥R, BAHE 200 S MTLAMAE or 7 111 S
subst ant i al milk preguttéart e i bejievadribat adeet balanded tevepekmethipnineyill eswit . 2003 - 2

t hrough theiﬂéff@%eﬂ@%l&@ﬂ%ﬁﬂF?dah&yonprm&i Aigiidted @asih iRQ%sepy ef erably at
| east 40% of the hydroxy anal ogue for ab];)rp ion into the bl oodstream

t hrough t heMethionins laeels qangestt BArcregspt PUMRIBH8Rers to the hydroxy
anal ogue) its salts, esters, am des and oligoners as being runmen by-pass'
and clains an i oved effi.cient neans .of intro I i;onine into the
bl oodst r eam of {Tﬁf 1Sct§ﬁie?°fﬁ8esérla§e&%alaéngelgn 56%“ %rglg'ﬁ‘lhegg%@%]]hégged conpounds in
t hi s dogymemethiérsng. Heethidnincanibe addsi directnsstheltow udieth BEawevar, theabsor bed i n
the intesti A dIRURRbHGRE bPBEctOh fliRe Afnf@Ghd Of the

P'gc foHES: olslaﬁlgt?dh&@d {184h1 12 p gi‘apg%l {BEctia

hydr oxy anal ogue 1 Ionine a I cation Charl es Schwab, from

) b
a present at FOFCgeREx oaly aspahputheldhs W%?“@g%‘?rsrté?/%@%m&&@' of the
publ i cat i onThaRhatOP&hUERS dBRbistihavéryemexiis prdleg ued @fgef@hithoni ne is
t hought to %%/-l?ass t he rélmsn.for intesti na%l adbsor B{gi on.but w Ll only do so
Tt s admeoRas rapduted et iR s o er SRS SRS HPET ef abl y
above 90g péie @mporhd pepassl ehroughttht nineen whasfested.i Thevmethgordfe migpedr, accor di ng
to the auth I Mol i s. 40 a large
ext ent, asonalbepieprie SibaNL) RAR BBk e lls SELRMERNAN B, 2 2o nat i on
of the absorapsdrbefl info thhblasdstresry Qneatichemost widehniteheheompoupgsdor
det erm nat i qhis @hriiciRr Phrpayak ki@liykidxy dnBlokh€ofhe@thnink) 8ardély Ritgarail abi lity
i s character (sed qéﬁ% e Ievealﬁgfty%gﬁ ar né:ff Ofé'?ﬁ[ hi onine in the bl ood
conpar ed wi tHRgRY fC 3t BF ereg‘ﬁ WA of conpound i ntroduced
into the feed ration. This determ nation takes into account the passage of
t he hydroxy anal o h rurem, - hts d .of absorptio
irrespective of t%’g%ﬁ@@@%gf})%@&d%%ﬁe&ﬁﬁ%z%iglsﬁfﬁ%‘c‘s Iin?/&e%é?ansit and
the degrge engydmingemethionarevietoshomnmem byhaiphledreosiyg thedtasiguigh that o et hi oni ne.
At a dose of Welall [ t : . pet. htnat §e.descri bed
inthis artikg{ag&{yh%{a lo:%g% ﬁ?%h%?}dgmr é{mgrgg’ gg[eaggpgg%l é%# acg%yﬂeg_trt]haik ﬁlet he runen
with a pol ynefdroysrangkogue tﬁﬁ%ﬂ@%ﬁ)’b‘ﬂé@%@d BbTunaprisEFadEr, PREWE nane
Smartam neT"1, has a runmen by-pass of 90%; the hydroxy anal ogue gives a
bi oavailability of only 3% 30 A paper in J Dairy Science 1988, 71, pp3292
to 330l discloses the introduction of the nethyl ester or the ethyl ester
of the hydroxy anal ogue of nethionine to the diet of a cowin an attenpt to
increase the level of mlk production. The results fromthe study indicate
that these esters are rapidly 3 S converted to the hydroxy anal ogue of

NN NN Y '



The adm nistration of the ester can al so have a beneficial effect on
reproduction. The interval between cal ving and reproduction may bq 1 J[jL 2003
shortened. This effect is also characterised by an increase in the
percentage fertilisation during 30 insem nation. 11-JUL 2003 -5 It also
appears that the use of the specific esters may result in a stimulation of
rumen fernentation, thus resulting in nore digestible organic matter and
therefore nore energy. W have al so found that when the esters of the
present invention are given to dairy cows, there is an inprovenent in the

m | k obtained. According to another aspect of the present invention, there
is provided a nethod of inproving mlk froma dairy cow which conpri ses
admi ni stering moﬁ@etk&mnhﬁﬁaﬁheqheﬁﬂ}(ﬁov@cﬁﬁ%m ledst Dt [ hrofatadl; Mleagt br anched

al kyl ester of e hydro 10 anal ogue of nethiani.ne., Wiere the esters of
t he present in&@%‘i ?tg eﬁ‘?’é‘y%ﬁ@ﬁ?%ﬁoﬁﬁ%ﬁm‘&?“é‘%@”\/\ﬁo?ﬁﬁm’? g’(ﬁ%%tﬂﬁ’at by
suppl ement i ng tiestmer Nide pdeeint yprileattbrakferdie thahydroxyoanalugné) ia shitsaestdred al Kyl
ester of nethiqQuj; ry a C - gl of .t e of 15
met hi oni ne, or %ghggsl EEt?l_dt grglén%fk , J}ﬁ%len _ehﬁeng@s" Jrsﬁra{nglcnﬁgm?)r{fg{n%ée{‘ﬁg%?ﬁ c?%lqt he
quality df the miankobinterdneins fneghiprine ingaiheylensiiireannofyhe eewullee claimedhave
found that the A4pidfiRekisf the Bislosdd @nipeRsds ihGhiS 8b&infents 1S hat the cBpbunal t he
dairy cow results in an increase |nrg?h(ﬁin%ot ein content of the mlk. 20

I

Fur t her nor e, imywaﬁfhwwawﬁge@m YENESUPE has been found that the
adm ni stration of the branched al kyl esters of nethionine or branched al kyl

esters of the hydroxy~anal ogue of mnethionine qr salt, t.hereof can result
o or overnt s i nt PR MRS gramoe Mot Ba e st itknd ARES pBRReLr "1 he
ml k. 250 The i ndmesikionine qnd@tm!bhcaaioptberﬁhadss Schvebufromafpreshatataangivénstt mat i on
of the ester C%nﬁ‘?«?rﬁ:\r%ﬂl'xEﬁﬁf}ﬂ%ﬁzrebﬁwQll%?ﬁlf‘erc;ﬁ}bli}!atgﬂg \c’l\ﬁie{qngluﬁesatﬂﬂ g of

protein per litre o roteins wh are generally 1 ncreased are
al pha, beta andWidappanatagye of methjorintispeaughbindykrashtie srmecioniteingdh have a
favourabl e effemsopfiohat GAIL6sS dBRK iMYisRiaREskie8%t SlodehBove d0g tof Atmard. 30
11 J UL 2003 -s The foiceaga?ln@c{o ects mag bedobt ned i!in \/\/Bolel r in part.
The present i nvBAEPOPTFETRY BRVEFOE BAWBEHRSE 4B {}ﬁﬁ’ﬂ/ K5 bi ilable
met hi onilfe t o tippeamacardiop te tepnihes shadm Iidstxgranaiggtoocfirhehiooine & thranched
al kyl 5 ester of ggeet, i B f the hydroxy

anal ogue of rreflﬁf ni n?éenq’oreroggmgéq@@E%ﬂgﬁﬁg%ﬁ@gﬁgﬁ?ﬁup may have 3 to 12
carbon atons, preferably 3 to 10, nost preferably 3 or 4 carbon atons.

Sui tabl e esters of metrhi ga deieARdatidieoMNEaRNHBARE BBUG dRKy ARAGSRRENE
i ncl ude 10 the |s&2ropgl ﬁster, sec qug{tgl ester, i s.obutgll cﬁsﬁg{r, tertiary
butyl ester, isBSEPRTNE isHheidpteBHBAD Adhebigavapbifity iapghgblopdielest or s the
i sopropy0 est er bioavdilwbilitgid ¢ciaractdvised/by estievel ofsppeagrreds niekidordsd ianhof
nmet hi oni ne, the r rred..s t i - ti,ary 15 butyl
ester. As regar agggtﬁgglt%gftcﬁ%o%& %ﬁ%ﬁggﬁeofgggﬁ&gE%%ﬁiﬁ%%%tg Egorangcgsutnhpr eferred is
the tertiary butnodueril inkrethie Sendrrafinn. Teds egternminatisartakes intapccopnt theapestrgen
found that the Yp@edydtdls §¥6§ﬁ99ﬁ‘&ugﬁﬁﬁ@ﬁnﬁm ﬁb&’e%?é%f%é’orﬁtﬂﬁaﬁﬁ%@ctpfe

e e

met hionine is pafticularly ective, being capabl.e of, providing 20 at
st 50% of - e fghrararmtunng ﬂe%@ssthsérgfwrﬂe%%%}d%&naww acr oss
L he lr3 unﬁh‘f wal :j. ca’rh?_riismbfmpyiggimtjanTlo%qefih@ IhM?.foﬁmé. ana!dawfrﬁﬁthiaﬁhhihoni 280/
as been found to .di.spl ay.~a bigavailability o t hi.oni.ne .0 te.than 0
Furthermore it A4 1v%1§§{]tof5(9§ﬁ§r ?Wa?er\ﬁno‘f’h“ f%%sf%bggﬁ%gﬁ m—gg"?é}}at W%%n%ydr oxy
25 anal ogue, therdeced agdindidegiagatippaik theppean svithre pohemdsl mawrtroglaathievel y

qui ckly foll ow el O et Gk at St &l rigges,absor bed
directly throug%g%%g??ﬁgrgh&évé{u{ &%(ﬁus _ |e%cat, |1§§Mf {jﬁa{agto quﬁgﬁgg?gr% 0iflsgéoﬁo’t rumen
by-pass. 11 Jupe obgxy maleguspivesadirayadabiiy 9h@yR#ae- the tertiary butyl
ester of3g he nethionine is capable of providing approxi mately 80%

i net hi oni ne equivalent, to the cow hy. ru absor pt i-0n. I,S specific ester
al so appears to enter ‘%ﬁép%l’%g)@ag?%‘éﬁ?%’ zﬁipe #f{%m&r"gCPHPH%S hi oni ne
within | ess thannweduckionof éfe methalkester br thbethys ésér ofthe yeresypphlogad dfo t he cow
in any suitable . Preferabl t ester is. suppli suppl enment
and may be supplr%q%gmtnbnettﬁgﬁ%g\?vy?fhar%gvg’ﬁ aflhaéterr?gtrtsr?ﬁﬁgaétslg%&%éega?% ftiWs are fed
a ration which cuapditees Thecentie fromahe sipdy indiatethet thest sstagargepidhyon.
Accor dingst 0 analheknasRant nodrokf e SR oA hRtublighenySietagriavi ded a
ration conprising a forage portion, concentrate portion an suppl enment ,
sai d suppl enment conprising a branched al kyl ester of nethionine or a

branched al kyl ester of the hydroxy anal ogue of nethionine or a salt
t her eof .




Suitable esters in the ration are esters as hereinbefore describgd
‘preferred 15 ration conprises a forage portion, a concentrate poﬁt1 ojwn(?.ma
the isopropyl ester of the hydroxy anal ogue of nethionine. The anmount of
ester introduced into the feed of the cow may vary fromthe breed of cow

and fromthe stage of the mlk producing cycle. Suitably, the 20 suppl enent
conpri ses an anount of ester cal cul ated¥-as net hi oni ne equi val ent of up to
759, preferably from5 to 509, especially from10 to 30g per aninal per

day. The ariummenfofgéhe amimaboRpecdtalinyafise inrcabativndoesixdoirsgn anyersjuniceapl e

means famliar t he pergon skilled i.n the art ui tably, the anoynt nma

be-dot er m BELY HResieks oG Dirdethy! anceghid ster o e by Tosk Splkies TR o

contains t?&n&ﬁﬁﬁ ThisAs P&Hl%ére@%tﬁrm% ald'65% P BefR¥hing E{he%gdfdig hydr oxy
met t t may nt rat

anal ogue o I onl ne, e ester e present I n a conc ion of from
7 to 659 pemnalegheraf mpthioriwey, nost preferably from 10 to 30g per ani mal per
day of ester. Were the ration contains the isopropyl ester or the tertiary
but yl ester of nethionine, the ration suitably conprises from?7 to 65g,

nmost preferably t . . 2 . $
According to ano%girqb %g%%g?lﬁ]glf g(?rﬁg?%troe@g F\ef%ggnﬁ se(r)ﬁ tlh% %fdt}ﬁrg?%nqngggpgrv%ed a
uni t dosagehiteraineRiREd 6f MethniRGURe hfrogsimilogus of efetiibniiehavesa descri bed
sui tabl e for dosage for one cow for one day. 5 The forage portion may

typi cal | y cevpiile effeetrin spwag® e hava serpsisinglycdfourd that eestain ¢arpeouads/ or hay

silage. The_goncentrate. portion, may . 1ypi I ris r.ain uch as corn,
wheat, bar I'8§° Lhceé'?i‘?}ﬁ]topgﬁ 1pig tg%Bllpgé%tr 0 %&f&? éllrr(rie%srgge’ﬁ egfsegtﬁgeg ,gnérgl}%e seed,
soyabean) Capidlpindh e DR RAdURE Bave iy Rond i tHeabartibhieod neal ,
brewers grain and the like. 10 The suppl enent conprising the ester may be

m xed with ¢omepdupdadenpiantdréhe bloedstisemgheugh paynen byrpass aadyntesiingbbl e ti ne.
The ester ig a liqguid and ) i ntr.oduced b 1, xing i,n wth.the forage
portion andasqsﬂ?t‘(?g??b‘gm %ogp%ééﬁgﬁ%‘ﬁ B TaRep 8 %%e% f h?%ﬁ?lﬁ) ugf thah e f ood

pel lets. Al fhabdadihy Ble¥spedil€ efst &mpHrd Ao Addaet dfatrh@oRe kirBhighlfe i@ld on by
the farmer prior to feeding to the cow. The ester en incorporated into
the feed petatien resuithor ddsgtdimproveraéintén nfikrpreductionof the pellet is stable.
It has qSen found that the isopropyl ester of the hydroxy anal ogue is
stable i'n the resulting pellet, retaining over 95%stability over a 20 |ong
period. Thus, tha usfingly tthgzaré%éﬁtQﬁ&n@iBnth@/id%ea%ﬁ&ho& praRbpi9hgas a food
suppl enent provi des a st'abl & source of frethionine. The preSent invention

wi | | now bebidesdlabadethivndtettaialcow which ebmpesesadministesng ol thewbwag exanpl es.
25 EXAMPLE 1:- | SOPROPYL ESTER. OF THE HYDROXY, ANAL TH ONI NE (a)
PREPARATI ONPiERChOAE P ERsS meYiqriRgRrRFRnched ékygléstg%%ﬁ?%xggv %‘%%‘ﬁue of
met hi oni ne. 814445hi fAbf 2 hydroxy-4 nethylthio-butyronitrile was

pl aced in a0 0 s%‘?}lé%?fs‘?ac )euta reactor fitted with chicanes. 201.3g (I.951
nol ) of 285% sul phuric acid was added slowl y whil st maintaining the
tenperature bel ow 50C. After étge 11 ~J UL 2003 - -9 intlroducfyi on_of the
acid, the reacti 6Ar HERYEICEELPIIGRESTRL MR PYAO WIS mean; ehitle namely hest
227.3g of i Was, added to the reactor contents. The tenperature of
t he react Orﬁ%é&ﬁg@}% ncreased at a rate of 5 C per mnute until the

tenperature at the bottom of the reactor reached 116 C and the tenperature
at the top reached 5 75 C. These reactor conditions were nmaintained for 5

hours. Some of t H&edseef the gladmed esters RERMALES dhG G PRES PV PR BACTATHILEY aced
with fr A j i X t: ' jth
161 2g o 3O aesngteatel Ao LS ARoHnE lb o BRoA VBt A SR L
obt ai ned. 7&Rghiohineaetivatiued of thefddr 49. Glrthkralorgnvaneivhanerisieply fadadthat The
two resulting phases were separated to yield 939.1g of organic phase and
1247. 4g of abfuessad thipasticularrsters ppReltsingiery Rk absomphen §f RANIRE BRIEE wer e
hstillati e I . Of [ S
b 30 O R B B WIS AR A JR BB RS

removed by q%§
i ncreased an e pressure reduce pPp

263. 59 of digsly d Alog] Maen'Remdeli@dbut Biprisidgfye of isopropyl ester was found
to be greater than 99% The yield was 72% (b) BI QAVAI LABI LI TY 20 Spot
doses of the follow ng ambunts of esters, equating to 50g of nethionine
equi valent, were given to 2 cows in the nmanner described in Exanple 2(b 1)
bel ow. isopropyl ester of HWVB: 80.5g sec butyl ester of HVB: 79g 25 11 J
U L 2003 10 The concentration of nethionine and HVB was neasured over a
period of 27 hours. The measurenents were plotted and the areas under the
curve calculated to provide the bioavailability results. Bioavailability
was determned with reference to Smartam neTM The bioavailability results
of the esters are given in Table 1



11 J UL 2003 - -~~a (~-F_aOt~-0xHwwOOOX HwOW( W

..., _vsVIM, ~aN- ~OOONI ~NO - COONO-OMs  1MNO-QueQd 13 JUL02903
SONFiT-i, -~ --~MOVLVIVIOUNr; ~ri C~j nNMOOOOOO. ~j ' ' f~j ' O(~cd W T
OOI~"'Li OO4~ObAOO~b4'bNc~a-~-Oba-~UOUIiF 11 J UL 2003

EXAMPLE 2 - ESTERS OF METHI ONI NE (a) PREPARATI ON OF ESTERS 5 The esters of
met hi oni ne were prepared aceording to #’e foll owi ng general procedure:
Met hi onine and 1.2 eq of sulphuric acid relative to the nmethionine to be

esterifiedinMydacé fiettishitethté the®lddustradrt b absczptidrempaipdithdrinentwigl. nat ure of

the al kyl 10 chain. The resulting m xtyre was refluxed whilst renoving
wat er to sHhifstis comrazy ta thelafarementiinsd prier ant svharein thedtydulxyseedogie h ammonia to

isolate the ester. The al cohol was distilled off. The ester obtajned was
extract ed ﬁ??lﬁowdém-{&em{“%ﬁ@ @?W'\%ﬁ?ﬁb?f Q%ﬂf © i the TUmeR o EIY'BH‘?SJ ®net hane
vas evapor iféh adPabkbd tBRfighhdintdthd) oni ne prepared according to this

process are: isopropyl nethioninate, tertiary butyl nethioninate, and sec

but yl net hi oni natsas eyidpntEreDAthE priddlattlii ¥hi? @rezhstudieo@viairbdine mdthionihet he
esters was.eval uated. (1) Methiaqnine ester (proyiding an_equival ent of 50g
of DL-net hinaﬁ?bf‘é"?loo repaf dherimpasntbpugconsevtEatedyar the (isp Pf BERSNPYER#SS cows as

a spot dos%gﬁho@m&. sﬁlgge(%J.Héﬁes ﬂ&ﬁgstteri@ctmrxﬂ&{hg oggﬁg)guﬁiggm%@&%%%gi ven to

the cows wa Istri as two equal neals at rs an 0 hours
conpri sed Thoblobddmeymarikle Rkge folind dac drtaddition of thelestersdofthk p3d -  Sanpl es
of blood were taken by jugular vein puncture 09.00, 10.00, 1 | .00, 13.00
and 15. 00 h%YFrnﬁlOBFPEhﬁéh?dé?gt%f@FéCWESL@%‘Eré?O%%aS@%%Woff‘o"hﬁlhéoérﬂfrml and at
09. 00, ) nd- 15, S upply. 5
The pl alirm e afink 2 Raleg Seing BodoRaicRp R GIARE rhllh SBICNBLARY o8

cent rif ugi ngesk lketeldl 206 a &igh3E08vailabidityplevelrbun ittatl otve imetBlofiind vt Bivlogldmlysanpl es
were stored in a freezer. The assaglfor met hi oni ne was carri ed out

accordi ng teduivalenseqipprings B eeidhe Blogfistiagar wery Auicklyatier infaketydhe Wl t s were
| ott ed i i I £ ) i th
Purves ar o DarER P SRRt RRL TR TE SAOa YRl Rl B BLERR HORE L PE o

The bi oavaiungiPhbivt i haesethdls Beeh belieet Sl bilyadoth@uédsuch ad ablagledatty 5

I soprop& met hi oni nate 64. 1g i sopropyl mnethioninate (providing an

equi val &ht #%0l, shmbpiazad deeiyicarvoneyre apsasped tirpugd therumdnedalhbove was
supplied to two cows as detailed in (b 1 ) above. The ester was given to
the cow according to the foll owi ng schedul e: 25 WEEKCOW 1COW 23i sopr opyl

met hi oni nat ei sopTRPYeseRB Ve NALE ReR R [BYide AR iRpRIVeMshtSh SRPEREW on _
met hi oni nat e Bl ood ‘sanpl es were taken from each cow according to the regine
of , (bl). of the cow and the use of the specific esters of the present invention can result in an

‘ improvement in the weight gain, an improvement in the fertility, an increase in

20 energy as well as an improvement in the function of the liver.

The effect on the liver function as a resuit of the administration of the ester is
an important benefit. This effect may be characterised by a reduction in metabolic
problems through an improvement in the very low density lipoproteins. Also thought

25 likely, is a reduction in blood ketosis and a limitation of hepatic steatosis.

The administration of the ester can also have a beneficial effect on
reproduction. The interval between calving and reproduction may be shortened.
This effect is also characterised by an increase in the percentage fertilisation during

30 insemination.



30 The bioavailability results for the ester are given in Table 2. 11
'~JUL 2003 -14 sec Butyyl nethioninate Spot doses of the ester frfpgdijid @03
detail ed above, equating to 50g equival ent of mnethionine were given to

cows in the manner described in (b 1 ) above: 5 sec butyl nethioninate :
729 The bioavailability results are given in Table 2: 10 TABLE 2: Bl ood

Pl asma Met hi oni ne Concentrations (ng/ 1e®g of plasnma) 15 EsterTi ne

aft er01235728Bi oavai |l abi |l i tyadm ni strati on(hours) | sopropyl[nmet]*0.333.623.2

12.862. 221. 930. 3bddormppeanthaahederdfithe specific esters may result in a stimulation of
butyl [ nmet| *0. 374. 844.874. 984. 394. 190. 7680net hi oni nat esec

but yI [ net | Temen fermsptation, thesreywting gomarext gestibleqrzane matter andgberefone r at i on.
nmeasur ed ir}?é}ﬁl/#f%%g of blood plasma; nmet = nethionine 11 J UL 2003 -J.5
EXAMPLE 3: £ The kinetics of availability of nethionine and HVB in

t he bl oodstream were determ ned for the isopropyl ester of the hydroxy

anal ogue of nethionine and 5 conpared with the hydroxy anal ogue of

met hi onihe (a coWpdbavelalsefouad dat dihey theoestdrs ohthe pegsent invemiph are) givaihe

procedure of . Exanple 2 .was.repeat ed.mk]]%{fgi n sanpl.es of the isopropyl ester
of the hyrGiEy CRHE BEEdS b EBRroNReRR UKyRHERG BRIl ogue (Al | meTM - 57g) wer e

10 9i ven 1o f oura&aiing igadliRi 0l B8 prbsHfEnt fleh kil i hisvideqd pl asra

taken fromthe cows were anal ysed and the results are gi In Tables 3 and
4 bel ow. Imhetbad obenmeeng mnitdnfrote dairydomswhikhcomprsdsadminpgtingsithe of t he

hydr oxy anal oguge of hi.oni ne, provi des net hi gni,.n nd H\B to the
bl oodst r earf° ﬁraa&begﬁailfylteﬁ'aho cihupinayps 4 arepaped Sl SRR he est er
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v10000, - Ame - - - ~~Werg-thgegiensof the pregggt invention are supplied to dairy cows we have

found that by supplementing the normal daily feed of the dairy cow with a branched

alkyl ester of methionine or a branched alkyl ester of the hydroxy analogue of

15 methionine, or a salt thereof, there is a surprising improvement in the quality of the
milk obtained from the dairy cow. In particular, we have found that the introduction
of the specific esters into the diet of the dairy cow results in an increase in the protein

content of the milk.

20 Furthermore, in addition to the protein level, it has been found that the
administration of the branched alkyl esters of methionine or branched alkyl esters of
the hydroxy analogue of methionine or a salt thereof can result in improvements in

the volume of milk produced and the fat content of the milk.

25 The increase in protein content as a result of the administration of the ester
can be evaluated as being generally between 0.5 and 4g of protein per litre of milk.
The proteins which are generally increased are alpha, beta and kappa, especially the
beta and kappa proteins which have a favourable effect on the cheese making

properties of the milk produced.
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The foregoing objects may be obtained in whole or in part.

The present invention is directed to a method of supplying bioavailable
methionine to the cow which comprises administering to the cow a branched alkyl
5 ester of methionine or a branched alkyl ester of the hydroxy analogue of methionine
or a salt thereof. The alkyl group may have 3 to 12 carbon atoms, preferably 3 to 10,

most preferably 3 or 4 carbon atoms.

Suitable esters of methionine and the hydroxy analogue of methionine include

10 the isopropyl ester, sec butyl ester, isobutyl ester, tertiary butyl ester, i_s_opentyl, and

isohexyl esters.

Preferably, the ester is the isopropyl ester or the tertiary butyl ester. As
regards the ester of methionine, the most preferred is the isopropy! ester and tertiary
15 Dbutyl ester. As regards the hydroxy analogue of methionine, the most preferred is the
tertiary butyl and the isopropyl ester.

In particular, it has been found that the use of the isopropyl ester of the
hydroxy analogue of methionine is particularly effective, being capable of providing
20 at least 50% of methionine equivalent to the bloodstream by absorption across the
rumen wall. The isopropyl ester of the hydroxy analogue of methionine has been

found to display a bioavailability of methionine of more than 50%.

Furthermore it has been found that with the isopropyl ester of the hydroxy
25 analogue, the bioavailability peak appears in the blood relatively quickly following
the administration indicating, that the ester is absorbed directly through the rumen
wall thus indicating that the ester is-not rumen by-pass.

—_—
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It has also been found that the tertiary butyl ester of the methionine is capable
of providing approximately 80% fmethionine equivalent to the cow by rumen
absorption. This specific ester also appears to enter the blood stream very quickly,

providing methionine within less than one hour of intake.

The ester may be supplied to the cow in any suitable way. Preferably, the
ester is supplied as a feed supplement and may be supplied to the cow through the
normal daily feed. Cows are fed a ration which comprises a concentrate portion and
a forage portion. According to another aspect of the present invention there is

10  provided a ration comprising a forage portion, a concentrate portion and a
supplement, said supplement comprising a branched alkyl ester of methionine or a

branched alkyl ester of the hydroxy analogue of methionine or a salt thereof.

Suitable esters in the ration are esters as hereinbefore described. A preferred
15 ration comprises a forage portion, a concentrate portion and the isopropyl ester of the

hydroxy analogue of methionine.

The amount of ester introduced into the feed of the cow may vary from the

breed of cow and from the stage of the milk producing cycle. Suitably, the
20 supplement comprises an amount of ester calculated as methionine equivalent of up
to 75g, preferably from 5 to 50g, especially from 10 to 30g per animal per day.

The amount of ester required may be calculated using any suitable means
familiar to the person skilled in the art. Suitably, the amount may be determined
through the use of a computer model.

25 Where the ration contains the tertiary butyl ester or the isopropyl ester of the
hydroxy analogue of methionine, the ester may be present in a concentration of from
7 to 65g per animal per day, most preferably from 10 to 30g per animal per day of
ester. Where the ration contains the isopropyl ester or the tertiary butyl ester of

methionine, the ration suitably comprises from 7 to 65g, most preferably from 10 to
30 30g of the ester.
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4. : M LK PRODUCTI ON EYarn~l e (a7 |sopropyl ester of the hvdroxv anal oeue
of met hionine and the 5 isopropyl - ester8-of nethionine The isopropyl ester

of the hydroxy anal ogue of nethionine was given to I b cows over a period of
8 weeks. Each cowcostingiovaotigtaaipecrafithe presay énvendon tieupilpeowidéd 4 enicover
100% of requirenent and a 115% PDIE (protejn digestible in the 10

i nt esti ne) doEREGiITPEMEAMPTiSIAG 2 AMEYNtQfisaier Arhrreindsiore despribed stitgblefont a hi gh
energy con i ch ihsts of 19.8% barley, 21.1 % wheat, 37.S% beet
pul p, 2. 3%@%4‘%&?&%‘%0%?0%%%5%}1 s, 0.6% cal ciumcarbonate and 1.1 % sodi um
bi carbonate ; 2.2 kg of tanned soya cake, |kg of normal soya cake, 240g of
urea and 300g of vitam n and m neral supplenents. 15 The nethod accordi ng
to the p¥esent iYhedarageponion roay typiwallp aempiiseseirn stlageggtabesibgomlfalfao t hree

groups and giving,, the fqgllow.,ng supplenent. to the .ngrmal diet to provide
50 or iUy e ook R atie® By MRigal SPsishgFAs et | g of
Soya cake 2{ codd, 9MeAEBhrled in alld#i8n ¥ sRRVA T pkReiddciPhs RGALY FIBE s&Rat ed

nmet hi oni ne (conparative éxanple) -Treatnment 3 : 1 kg of soya cake

suppl enent edyheah, @rigiusayanddyl preducty sush apliBh meehbiiodimepl Bzewerggraml ent

met hi oni ne -Trﬁaf.gent 4 :1 kg of Soya cake supplenmented with 2.5% i sopropyl
ester of 28EERISHI ne cont ai ni ng 76% equi val ent net hi oni ne. The

suppl emggts were given to the cows according to the follow ng schedule : 30
35 11 J UL 2003 PERIOD G oup*D 1 to D 15D 15 to D30D31-to D45D46 to
D601Cont r ol wi t hDhe suppleteny toreptising thieiestepmap pk nasedwith the forage portion

of Pol yner - addi t i veHVBnet hi oni nepr ot ect e t hi oni neg2i aopropyl ester

of Control v\?fqdﬁbﬁg]‘.ag} PeRdPD flgfgtyr%lp}?ple élél’fﬁ‘e r e e?ster is a liquid and may be
of et hi oni ngadel SR ARARSAMAEIR.AEO PiRGR AR HeWberiRl A RRbY PG (GOt ol

W t hout i sopropy

HVBpr ot ect ettiadéliniatiog € tHel food pelies. i harinakvePa [tierester isppbopided estherpeRepr opy |
ester of Control w thoutprotectedof methioni neHVBadditivenethionine *4 cows
per grodp TREOR Y the Larmergrar fe fesdumeye ¢ Wt he ni | k produced are given
below in Table 5

The ester when incorporated into the feed pellet either before or after
formation of the pellet is stable. It has been found that the isopropyl ester of the
hydroxy analogue is stable in the resulting pellet, retaining over 95% stability over a

20 long period. Thus, the use of the esters of the present invention as a food supplement

provides a stable source of methionine.

The present invention will now be described in detail with reference to the
following examples.
25 EXAMPLE 1:- ISOPROPYL ESTER OF THE HYDROXY ANALOGUE OF
METHIONINE
(a) PREPARATION OF THE ESTERS:
¢y isopropyl ester of the hydroxy analogue of methionine.
314.4g (1.88mol) of 2 hydroxy-4 methylthio-butyronitrile was placed in a
30 stirred jacket reactor fitted with chicanes. 201.3g (1.951 mol) of 95% sulphuric acid

was added slowly whilst maintaining the temperature below 50°C. After the
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'COVPOUNDDai | y anount of Butter Content of Protein Content ofmlk (ka/toJAjh|2003
gl kgM | kCont rol 31. 439. 130. 1i sopropyl ester

of 32. 743. 330. 6n®et hi oni nei sopropyl ester of 32.344. 3~-

30. 8HVBCOMPARATI VE: 31. 440. 330. 9Pol yner - pr ot ect ednet hi onine 15 It can be

seen fromthe results that the addition9ef the isopropyl esters of

nmet hi oni ne and the isopropyl ester of the hydroxy anal ogue of nethionine to
the diet ofintrbéuation of elsaddid; thareaitidn teinpbrahirg has nfaditaigedhesse coge 1 i gher

protein content. EXAVPLE 5 LIVER AND FERTILITY 20 The procedure of Exanple

4 was repeafEWiesn d2458af isopranssolowas ddded to/the réagtartcontentsn The camhperatiye of t he

cows were nt, al. i nprqvenent s e observed. in the cows

recei ving the %g‘%g%r%.%%%‘gttm{\‘ﬁf ega faee | Ut ths temperatuss atex anpl e
4 was repeatheBotsintd theteh@BSreaHda 18P 0Gn@ HREE MBS LaLS GRhGRq0f ester
was 2nade incponfirnation with the resuPts reg'rteé ﬁﬁﬂga gﬁ%dJUL 2003 ~
whi ch shéw That These itactor sphditipns wereafiaimteinkd dovi Tbotirn Sdvee bf tedigitlapl es 1
and _ imroved when.usi.ng.the esters of the present invention and of dairy
cows ~s p nSATHMC Fﬂlﬁﬁﬁn that per, %ﬁds’?&P?Fﬁlr‘ﬁ%ge ISRPIPRagl.so obt ai ned. rano
11 JUG 2003 CLAIMS 1. A nethod for supplying bioavail able nethionine to a
cow which conprises adm nistering to the cow a branched al kyl ester of

met hi oni ne or 5 Fhbreactidrentixtiieyasabérenevahlisddewity 16 03y o B3 agusduef

met hi oni ne or a %§5t thereof. 2. The nmethod of claiml1l, wherein the ester

i s introducBmeua{2J3pe! meria) Hevg phages Werepbiainask V8Qs of wetearnd 1 or 2,
wher ei n1hheg&d ¥y s &sk j I 0 Ahr oup _cansi sting of

i sopropyl -, 1 sjg%ut y?,lsgoer%e-%%%{%y‘?%g tg (g(%et%i ghﬁ?g’hﬁ%%}tg{@ggéeﬁt%ﬁe 5??&rqq§cg§?exyl
esters. 4. ¥iekl 98t el wfardt phave and WD4T.44 6f idueo@SiREe.i S the i sopropyl ester.
, 5. The nethod of claim4, wherein the ester is the isopropyl ester of the
hydr oxyl anal ogue of methionine. 15 6. The nmethod of claim3, wherein the

ester is the ter#yaf: . 7..1h hod of clai wherein the
ester is the ter?b§¥1g§t%%c§/ﬁ})nsg§¢t§§ méﬁamr‘fé%rﬁcllucr)ggi e, regl.ovﬁ\é ﬁ%?ﬁgﬂa@d‘r ppl yi ng
at | east 5O0fdniperrmweiof @id & apiatih@Bath&vds dndteRBd BRIMHSHr&Bure QEAUCES BS -

adm nistering to the com1the,isdpro%él ester of the hydroxyl anal ogue of
met hi onille ¥PrEHEAy aifew mibiben 283i5a0f distilaterwasmeenyered. Theigtelndd of

he cow . beaneRRAR R DO Slaleriflh " IpE ST WASRA 2l kyi cxtor of

t he hydroxy anal ogue of nmethionine or a salt 25 thereof, as defined in any
one of clainms 1 to 7. 10. The nethod of claim9, wherein the inprovenent in
the milk conpri s&®BIRAVAHABHIENei n content in the nmilk. 11. The nethod of
claim9, wherein the inprovenent in the mlk conprises increased fat
content in the mlk. 30 12. A ration conprising a grain portion, a

concent 28t e por t Bpet diek 6f thel Rl oIRN hmoiith 6f S4itH) RUBIg ©IRTOF HeAdoRnbr anched
al kyl ester of methionine or a branched al kyl ester of the hydroxy anal ogue
of net hi oni fRVIVRen), waretgivensiogogowsiig thennannes dessnibed incExenmpld 2(bIphelowi. n t he

suppl emrent conpr i 5 t ester cal cul ated as net hi oni ne
equi val ent of uphﬁgﬁﬁgpaiﬂ(%gﬁﬁg‘8?Eg2003 14. The ration of claim 13,

wherein the suppk&ymiyl ssrRf HMS: Ay anount of ester calculated as

nmet hi oni ne equi valent of 10 to 30 g. 15. The ration of any one of clains 12
to 14, wherein the ester is the isopropyl ester of the hydroxyl anal ogue of
met hi oniype. 5 16. The ration of claim15, wherein the isopropyl ester is
present i'n an anmount of from7 to 65 g per cow, per day. 17 The ration of
any one of clains 12 to 14, wherein the ester is the tertiary-butyl ester
of nethionine. 18 The ration of claim 17 wherein the tertiary-butyl ester
of 10 nethionine is present in an anount of from7 to 65 g per cow, per

day. 19. A unit dosage form conprising an anount of ester as clained in any
one of clains 1 to 7 suitable for dosage for one cow far one day. 20. A

met hod of inproving the condition of a cow which conprises supplying to the
cow a branched al kyl ester of nethionine or a branched 15 al kyl ester of

t he hydroxy anal ogue of nethionine or a salt thereof, as defined in any one
of clainmse 1 to 7. 21. The nethod of claim20, wherein the inprovenent
conprises inproved fertility. 22. The nethod of claim 20, wherein the

i nprovenent conprises 20 inproved liver function. 23. The nethod of claim
20, wherein the inprovenent conprises increase in energy. .A A A2 .Ae. A A
A Y. AALCA-. AhAU . ATr.AAYY. AANn AAAL A _ AyH2. A . A@ FGaJw
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S109% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4]1111111A?: @O0% r
S109% & ()-4AoH 5 VO S10% & ()-4 S10% & ()-4 S10% & ()-4]1°"" 442)@P°003
S109% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()- 4
S1098 & () - 4MMANMAAZD: @0% T AoHr 5 VO S10% & ()-4 S10% & ()-4 S10% & () -4
S10% & () - 4AAAAN AMAGD @O0% r A S10%B5¢)-4 S10% & ()-4 S10% & () -4

S10% & ()-4 SIOW & ()-4 SLOW& ()-4""$NA(A+1-A0M_2: @LO%WT A SL0% & ()-4
S10% & () - ) & ()-4 S10% & () -4

S10% & () - ' *~S10% & ()-4A0H 5 VO S10% & ()-4 S10% & ()-4
S10% & ()-4 S10% & () 497 AZAQAPACAEA 20 S10% & S10% &' ()-4 S10% &' () -4
S109% & ()-4 S10% & ()-4 S10% & ( 4 S1098 & () - 4EPGMAJAKAONY aA?: S1094 &
S10% & () -4 S1004%¢ H%mﬁravaléﬂ of gthiopme andsHHAR én the blegdsyreamymigrern] A 2:

S109% & S10 " ()= 0 &.()-4
1092 - Hdrbhad i hybdaksit g%\g{,gg%o 3y SHAE mdnRhaRe a0
compared with the hydroxy analogue of methionine (a compound not according to

the present invention).

The procedure of Example 2 was repeated wherein samples of the isopropyl
ester of the hydroxy analogue (69g) and the hydroxy analogue (Alimet™ -57g) were
10 given to four cows. The methionine and HMB levels in the blood plasma taken from

the cows were analysed and the results are given in Tables 3 and 4 below.

It can be seen from the results that the isopropyl ester of the hydroxy analogue
of methionine provides methionine and HMB to the bloodstream much quicker than

15 HMB itself, thus indicating the ester is absorbed through the rumen wall.
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S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & () -4
S10%6 & ()-4P_QS_V\L§()_Z_[ =3 sibos & ()-4 Sibos & ()-4 stown & ()34 JUL 2003

S109% & ()-4"S10% & ()-4AoHr 5 VO ] A a c d_f_gK+ S10% & ()-4
S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & () -4

S10% & ()-4f g.i j | mo |L+.S10% & (),-.4 S10% & ()-4 S10%4 & ()- 4
S10% & ()-4 S109% & (V-4 S10% & ()-4 SMM & ()-40 p q s _u w bBL+ S10%

S109% & ()-4 S10% & ()-4 S10% & ()-4 S109% & ()-4AoH 5 VOwy { L+ S1098
S109% & () S109% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()- 4

S10% & ()- 4 bBL+ S1094 S10% & ()-4 S10% & ()-4 S10% & ()- 4

S10% & ()-4AoH 5 VO 2+ S10% S10% & ()-4 S10% & ()-4 S10% & () - 4
S10% & ()-4 S10% & 2+ S10% S10% & ()-4 S10% & () - 4
S109% & ()-4 S10E‘aNPLE % ()-4 }aA?+ S10% S10% & () - 4
S10% & ()-4AoH 5 VO

Example (a) Isopropyl ester of the hydroxy analogue of methionine and the

5 isopropyl ester of methionine

The isopropyl ester of the hydroxy analogue of methionine was given to 16 cows
over a period of 8 weeks. Each cow was given daily corn silage and a supplement
to cover 100% of requirement and a 115% PDIE (protein digestible in the

10 intestine) requirement. The daily supplement consisted of 4.3 kg of a high energy
concentrate which consists of 19.8% barley, 21.1% wheat, 37.5% beet pulp, 2.3%
animal fat, 1.1% salts, 0.6% calcium carbonate and 1.1% sodium bicarbonate ; 2.2 i
kg of tanned soya cake, 1kg of normal soya cake, 240g of urea and 300g of |
vitamin and mineral supplements.

15 The method according to the present invention was carried out by splitting the
cows into three groups and giving the following supplement to the normal diet to
provide 12.5g of bioavailable methionine per animal per day.

-Treatment 1 : 1kg of soya cake
20 -Treatment 2 : l1kg of soya cake 20g of polymer coated methionine
(comparative example)
-Treatment 3 : 1 kg of soya cake supplemented with 3 % isopropy! ester of
HMBI containing 57% equivalent methionine

-Treatment 4 :1kg of soya cake supplemented with 2.5% isopropyl ester of
25 methionine containing 76% equivalent methionine.

The supplements were given to the cows according to the following
schedule :

30
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\\\\\\

S10% & (
S10% & (

S10% & (
S10% & (

S109% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()- 4
S109% & ()-4 S10% & ()-4 S10% & () - 4AoHr
S109% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4

bB?+ S10% S10% & ()-4 S1PpREHDH) -4 SL0% & () -4

)-4
)-4
5 VO S10% & ()-4
)-4
)-4

2+ S10% S10% & ()-4 S10% & ()-4 S10% & () - 4
4 bB?+ S10% S10% & (

2+ S10% S10% & ()-4 S10
S10% & ()-4 S10% & ()- 4

S10% & () -

S109 & () -

\\\\\

4A0FA2-5 VO

()-4 S

?+ S10% S10% & ()

5 VO

bB?+ S10%
U7+ S10%

5 vcf ?+S1096S16% =4—S109%&—< )~
O@CO&b"( -4 BLOYDES () {4 DIStoDION2+ D31 to D45 D46 to D60
1 Control without | isopropyl ester of | isopropyl ester of Polymer-
additive HMB methionine protected
methionine
2 isopropyl ester of | Control without Polymer- isopropyl ester of
methionine additive protected HMB
methionine
3 isopropyl ester Polymer- Control without | isopropyl ester of
of HMB protected additive methionine
methionine
4 Polymer- isopropy! ester | isopropyl ester of | Control without
protected of methionine HMB additive
methionine

*4 cows per group

The results from the analyses of the milk produced are given below in Table 5

1205 4U-2003
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S109% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & () - 4AoHr

CIV# N+ S10% & ()-4AoHr 5 VO S109% & ()-4 S10% & ()-4 S10% & (,-'ﬁ XEJL 2003

S10% & ()-4# $ % &' (7)) * tX< S1 S10% & ()-4 S10% & ()-4 S10% & ()- 4

S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4* +, . [ 01 fJ. <

S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4AoH 5 VO

S10% & ()-41°2°3° 4567 t2<AOHr 5 VOB0% & ()-41 S10% & ()-4 S10% & () -4

S109% & ()-4 S10% & ()- 47 "2°AC _?<AoH S10% & ()-4 S10%4 & ()-4

S10% & ()-4 S10% &
5
R

()-4 SlO%&'() 4 SlO%&'() 4CE G| J K ]A?<AoHr
S10% &: () - 4A0Hr VO S10% & () -4 Slq{}%.éiﬁs e e
SlO%&I() 4K'N Q ITUWX gG+ S10% & S10% & () - 4\SELO/6&() 4
S10% & ()-4 SL0% & ()-4 SIOME LI SIOM e (1 A SHOE ()- 4 108 & () -4
SI0W & ()-4c d f'g'i j kF+ S10% & ()- 4AOHr
5 COMPOUND Daily amount of | Butter Content of | Protein Content of
milk (kg/cow) Milk g/kg Milk
Control 314 39.1 30.1
isopropyl ester of 32.7 433 30.6
methionine
isopropyl ester of 323 44.3 ~ 308
10 | BMB
COMPARATIVE: 314 40.3 30.9
Polymer-protected
methionine
15 It can be seen from the results that the addition of the isopropyl esters of

methionine and the isopropyl ester of the hydroxy analogue of methionine to the diet

of the cow results in milk with higher fat content and higher protein content.

EXAMPLE S LIVER AND FERTILITY
20
The procedure of Example 4 was repeated and observations on the liver
function and fertility of the cows were made. Substantial improvements were

observed in the cows receiving the ester.

25 EXAMPLE 6 MILK PRODUCTION

The procedure of Example 4 was repeated using rations containing other

esters the choice of ester was made in confirmation with the results reported in
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5 VO S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4k’ 1" m n‘1)1p‘-uJL‘2QQ3
S10% S10% & ()-40 S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & () -4
S10% & ()-4 S10% & ()-4r's t U wx y fJ.< SI0% & ()-4 S10% & ()-4
S10% & ()-4 S10% & ()-4AoH 5 VO S10% & ()-4y z { " " hH< S10% & () -
S10% & ()-4 S10% & ()-4 S10% & () -4£1S10% & ()-4 S10% & () -4
S10% & ()-4"""" _?< S109% S109% & ()-4 S10%W & ()-4 S10% & ()-4 S10% & ()-4
S10% & ()-4 S10% & ()-4"" """ }aE)< S10% & ()-4 S10% & ()-4 S10% & () - 4AoHr
5 VO S10% & ()-4 S10% & ()-4"" """ tX< S10% & ()-4 S10% S10% & ()-4
S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% & ()-4 S10% &‘\Qﬁﬁ{‘g\aad“j N2< S
S109% & ()-4 S10% & ()-4 S10% & (%ét@ﬁg%a&h&nhwomgbw&‘ B RkoH 5
vO oo N3 <. Sl 88 Q)wrRigpHOW 10% & éf)thgfpl%g&%r&'e(n)onanlO% & ()-4
S1098 & () -4 S ' ~aEbviid oved when using the esters .

of dairy cowsis1 jmproved mitk s also obtained.
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S ""10%k&a& ()- 10%K&F& ()-g F 109%K&F& ()- 9' 10%K&F& ()- mw& 0
109Fk&F& () - F! 10! 10! 10! Ebcdddewe| [: vU4 S ' "10%k&& ()-, f&10 Z@ 3
#1096K&F& ()-T #109RnP& ()-T " 109K&& () -

" 10%0k&0& () - wee7f Bf Ef Hi | f Jf Kf | [ NA4 S10FK&F10FK&F10FK&F  : 109FK&F& () -
310%FK&F& ()- 9010%FK&F& ()-  .310%kEF& ()-
YU 100FK&FE () -, KFYF fgf sfff~A>NA4 SIOFK&F>. 109Z8&Z& ()->. 109Z&Z& ()- >.
109@28&Z& ()->. 109@&Z& ()- & 109@&Z& ()- % 109@&Z& ()-fffffffyYINA4 S10>.
10928&Z& ()->. 109@&zZ& ()->. 109@&Z& () - >CLA|]A9 &Z& ()-) 27~ >
1092Z87& () -fH1f1ffyYONAL S10>.  109@8Z& ()° 09Z&Z& ()->. 10%Z&Z& ()->.

109Z&Z&' ()-) 27N > 10%Z&Z& () - ffffffg}aENA4 S10>. >, 109%Z&Z&' () - >.
109%Z&Z& >, 09 &

1007878 8 999! g{g&éy\'}gél\t&gdsffé%/g b%a{%nlablé m(e)Bhlg‘Zme ‘So a cow which
1092Z&Z&' () - >. cCompyisgs @qnyinjsiefing te the ey @7fancheg aiky @gtgﬁmbw@sm>
10%Z&Z& ()5>. a BRIEREE bkyP estdOYF &R h%d%&g éﬂ%@@& 69 methioning- or a salt
10%Z&Z&" ( ) %9 g tgugg}aANA4 S10>. W&Z&' ()->. 10%Z&Z& () -

10%Z8&Z8&" () - >. &Z& ()-)?7M N > 10%&Z& () 0909999z Z: NA4 SlO>
109Z8&Z&' () > OW&Z‘&e( nethod 109&3di& () - avherdatRkE&e{ter)id  Mtroduced as a

10%82¢& () - 9994g9RMEINAS e feed.
3. The method of claim 1 or 2, wherein the alkyl ester is selected

10  from the group consisting of isopropyl-, isobutyl, sec-butyl, tertiary-butyl,
isopenty! and isohexyl esters.

4. The method of claim 3, wherein the ester is the iSopropyl ester.
5. The method of claim 4, wherein the ester is the isopropyl ester of
the hydroxyl analogue of methionine.

15 6. The method of claim 3, wherein the ester is the tertiary-butyl
ester. |

7. The method of claim 6, wherein the ester is the tertiary-butyl
ester of methionine.
8. A method for supplying at least 50% bioavailable methionine to a

20 cow which comprises administering to the cow the isopropyl ester of the
hydroxyl analogue of methionine or the tertiary-butyl ester of methionine.

9. A method of improving milk obtained from a dairy cow which
comprises administering to the cow a branphed alkyl ester of methionine or
a branched alkyl ester of the hydroxy analogue of methionine or a salt

25 thereof, as defined in any one of claims 1 to 7.

10. The method of claim 9, wherein the improvement in the milk
comprises increased protein content in the milk.

11. The method of claim 9, wherein the improvement in the milk
comprises increased fat content in the milk.

30 12. A ration comprising a grain portion, a concentrate portion and a
supplement, said supplement comprising a branched alkyl ester of
methionine or a branched alkyl ester of the hydroxy analogue of
methionine or a salt thereof.

13. The ration of claim 12, wherein the supplement comprises an

35 amount of ester calculated as methionine equivalent of up to 75 g.
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