;1" #$e3eVLAV: : ; =d>@@LAUW O 02/ 069740 PCT/ GB02/00884 Title: Conpositions-
Containing Creatine and Creatinine Field of the Invention This invention (g_\'.@‘./
rel at es Wo 65 ?ﬁ,i tions for human consunption conprising geeagiHesand
creatinine and to a nmethod of providing stable creatine containing
conpositions. Background to the Invention In the |ast few years there has
been considerable interest anong athletes in creatine, which occurs
abundantly in skel etal nuscle. i “\s a pivotal role in the

regul ati on and honeostasis of s%@m\%‘[\\ﬂmm e energy nmetabolismand it is

now general ly accepted that the engnce of phospho-creatine

availability is inportant to the coni'P’fUati on of nuscle force producti on.
Creatine nay al so be involved in other processes concerned with protein

synt hesi s and hypertrophy of rrusclmmulum““mm“uﬂmml ng training. Although
creantine synthesis occurs in the | y and pancreas it has been
known for sonetine that the oral ingeskign of creatine will add to the

whol e body creatine pool, and it has been shown that the ingestion of 20 to
30g credfitlae Gemppsitions Containing @reatime apd Cireatindeeg er al days can lead to a
greater than 20% i ncrease in human skeletal nuscle total creatine content.
Thus, W94/02127 di scloses the adm nistration of creatine nonohydrate in
anount s Eikldajf theffentiofl (Oor 0.2-0.4 g/ kg body weight) per day, for at |east
2 days, for increasing nuscul ar st ren%;h. In fact, it was subsequently
found t hEhis #fveation sglaled o gampostionsufop umant eenswnPOeepRIsREAgIpatine #nd
ctores. WROAZEAALRS bt Aol laBl ok lebisBya iy BB 0 i 5 e
new y el evated concentration. Supplenentation with any bioavail abl e source
of creatine (i.e. creat i,ne_ suppl ementation) in an appropriate dose can
provi de Bagkepvateithedpventionet es i nvol ved in expl osive events, which

spr ittt e BYERD0R3h4E%s: b undfBEATRI: Allofk R R BRI S 70,
Endur anceciysabondamtig cniskeleiab niuscleaCtdatige piaygarpitvatanrodd ithe30gutativi &&l appear

| ess affected bg grea[ti Qe sulppl enment at i (?_n except. where this i nvolves short
peri ods [OMPHaFR LS skeleRe ryyCls frpey pertalem & § inmel gwerallycarerirdsibiple

car bohy dpah@intdiahSo fPeRpIRRER M CRRII RS is fhSRHanDE the cOnRGAR of rﬁﬁ’%le
conponent and is not a drug and its use’is not contrary to officla

r egul at ifores praductign.fersating may hlao be revolpedadn edter prvesdses sorebrned eathi pretein

suppl ement ati.on _are experiepced by.the el derl.y, vegetarjans or those who
eat no reat or a??é’ﬁ?e%ﬁgﬂgbéof HuSge @Gﬁfl %‘_”{"@ﬂt&a‘%f}gh U6t CHESRT éy’}fg"eséﬁl ne
cont ent socciis AR theNivek, Ali@feyDAdBEHRISE S hasSbeenBHHM £ sohf@inlel thit f@rdhy and
is a cactus-|ike succul entﬁgl ant that grows in warmfrost-free clinmates.
Cent ral ipgaster ahcivpsinecwil pdditoathe whetebotlyqwealiae popband érhag bieersstawvnathate nedy

st omon G ireSsPRd20tp Stk Sshlide wBSGMAfd AT By e SRS BR0ed T2

ul cers as avglehteBshdro 20%0(MRtcasd anGaNah keltal ayustleORtalerdating ddREAIN THsVer y
popul ar and its _benefits are scientifically recognized. The nmai n use of

Al oe Ver WQOHG2he/ disslosesthepdannisizationeaf sxgating resnin angunisafiableast t o t he
Kin, iall f . h . i
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out put otrength. di gesti ve enzynmes and t he bacterial popul ation of the
intestines are inproved. Thus there has been an increasing interest in Al oe
Vera extract as a nedicanent to be taken orally as people becone nore
acquai Nt it vak ksebseR Ay BLinPhAPHld sERr Ao f i

presentati ?)n,l there SFE a g( oin1 ng use Sf ' ﬁl oepvoerﬂﬁ’ ﬁﬁ@%@%ﬁéﬂ nl a
-whi ch arweitlf engatinef ingnaryddgte smordehostanr ieitpl elegatpal aftthbd lissue Ftoeesi theteageon of
creative,(in a soft drink d be highly.desirabl e because the Al oe Vera
extract '8 f?q(r?f( %{’ﬂ"_&ﬂ Bléa"n%\é@uiﬁ)%r B%Vng? i"ial"éflmt eh’é%wl?' I’Fﬁ?‘ﬁ'éﬁﬁi. gfpcentration.
"unsuppl Ql?ﬁteﬁd:nﬁitidh ety arfy Blodvadat1e kourdé Ofcr¥@ing (1.8lice&uting s@flGhéntdio@Pn! v
about pH 3). I

It.is well known that the creative nolecule is unstable in
aqueous BoANPIORSIAE descaeandpravidgdmprayemspts tarfdhlpiss dovnlead: imdexplustyetdventsel at ed
conpound,, G i, k Syl Fahl | gnifhC creatijni,ne has no nuscle
per f or rrg%@éﬁﬁlékl{gaﬁgﬁ lrla‘;lggllftflg'(sﬁngﬁ ia)s/fegdx%&e) Jés'dl%fn&r geﬁ‘ﬂ? W%&ﬁ%ﬁﬁﬁh Bsownélgga wast e
product in urine. In view of the foregoing, EP 0 669 083 teaches that
aqueous drinks for human W O 02/ 069740 3 PCT/ GB02/ 00884 consunption
conprising creatine nust be weakly alkaline, in order to limt the
conversion of creatine into creatinine, and this has becone the generally
accept ed opi ni on.



Furthernore, creatine and its derivatives have been used in the past but
only for the preparation of products with a neaty or savory flavor. For

i nst ance Jﬁ?&ggﬁk (US 3, G 15,600) discloses and is concepagdpi/ibidss
artifici QY avoring, describing mxtures inparting a neaty flavor to
foods. Simlary de Rooji (US 4, 464, 409) is concerned with nmeat flavoring.
Yamazaki (JP-A-59035663) prepares a neat flavor by heating a mixture
conprising creative at pH 5.0-7.0 at a tenperature of 80-130C for 30 - 120
m nut es. svdmieng,twe glt-lefting ietd) obedurase peffotniance ieavdntelasting longerthanjabout
creatinipe. .The inventors_believe that it would.not occur to.the rsons
Sk 1 e ThiTHSs beR S AUETER BY e e bl CRFp IR 5 8F Wnet Ol BEES,
flavori nghopgRAbds bPireRARAE biidrOy Suiphi SdHiNneiSy Whke BeebcAlombsiecabdtyayas
{especially a fruit flavor) other than neaty or savory. The person skilled
. in the afteresrhaietbasame derletask &deating ineapmalfoed compendnhppbist iot acdiug end n an
unpal at a C | i f_der Ui . . , i e
vent ort fisyB TR aBHRR 5" ot soRMHoHE Y 1 pBAIE ndBE Puesl bhikihs bEC
undesi r alitgtingaappleimeadnion adPpétided bychs eldedgsvepetapianslor thosarwhs ieki nm f or
human consunption conprising creatine and its derjvatives, the conposition
bei ng prHeaiesdshsingedhege peowle fendrto have lpynescls creatine-onEaiSd form The
conpositions disclosed therein are stable at refrigerated tenperatures (40
for prolonged periods but stable at anbient tenperature for relatively
short peAloedéerd éAlpe barbatensid)ut a naimbex ofehdility fantilydarysis.a dACR0kE 4bExlent

di scl oses conpositions conprisin reatine and its, derivatives suspended in
al oe veragfethat %QiWéhmc\emragEfIqSt-@ﬁ Cﬁ;élﬁ@sst%mtréfjémwavé\s‘sseen nligng gised
conver si RibeOfer"BALERErdCaCh $athedy RR)buls ﬁ&g%vkmt@r%,uﬁ@tifc%d%u\ﬁ@@dﬁ or
more, depending on the initial concentrafion of creatine in the

conposi tuleers aBdtall WPe9 pf 45028 hamd N@sH0] 7diSO0ers;t kidssy tifnfectites; toplwial iabg of
preventi n% th@ converﬁi on of creatine tg. ﬁre ir%ne,. Bnd nei t her documnent
suggest sEPHE HEFT ARV @S SYBITTYR 'YECEPe LAY ne°% HoR 1§ PESITRE YERS RORFIT ng
conposi t jAtd yehemd afk deRintifieAMpreeopaseapt i on. VW O 02/ 069740 4

PCT/ GB02/ 00884 It would be a great advantage to present a conposition for
human consunption, in which the creatine therein was substantially stable,
even at idic pH t,_anbi.ent fenperatures.. S ry. of the lnv ion The
ot csent Tt B of Ao e @R UE Wart R BRET et BYPETisfopt g Bh *hunan
consunpt ko, €PER4IIS after Blu@s] bite iR atel Mmaflg ot iis¥e SExpipR@iksahid) research
conpositions presented in an aqueous nedi um nore especially conpositions
(such asstudiphhave shawprthatrafier aiggyblop & eap Bused sl pwipulgefcba sligestiva ¢rapmses i n
whi ch cr hhel [ ' p ' ri e r

"creati n%ﬁit g{s% Bés%ﬂﬁgpgﬁllgg é}n@gnﬁgéé%e% g%c%g{éészga’ﬁﬁ'&b{lh)égvg% g%ﬁ%e%

deri vat i inesasihg diitesesi ite AlselGferasxigace at ianmedioanbytdioabe takeh asploas padplae, and
ot her saéés of creatine. Cr_tsati ne_m)qohydrate is particularly preferred.
Accor di ngfepmepeore acquainied with jismedigpal #reperticsnst r ued broadly where the
context permts. As explained above, it is well known that the creatine

nmol ecul e in aqueous solution is unstable, especially at acidic pH (i.e.
bel ow pHAT)ong Ibled seyerabmethode of presentaami thiereeis @Eigsing&usSiof Wdog Vara2%tract idm

Chem Soc.. .47 p..1179-1188. Canpan, & Shore 1928 Biochem. J. .22, . p.920-929).
Thi s, pr oSt SREt e R A it e BrEorashie: e inslusigiis ealine
conposi t jPAgoR ARLRIWHUM be r}ﬁgmy RRsitdbldbocaiie 8 L1k Werk $Rfratt JRAR WHuld be
especially as drinks are usually fornulated so as to have a pH bel ow 7.

Edgar & stichsorcangfieiabio hnglth thamassmpuppldnagnsed erdimarhuigdnk. bri um whi ch
exi sts between creatine and creatinine in aqueous solution and, in
particular, the effect on the equilibriumposition by the use of buffers of

“di ff er enfAlgHyetdnjuiet isnidit Ycomonr &oaf pHAZRr [aRdwENikMeWn' thetoms dietinef f er
any useful practical guidance to the person skilled in the art of

f or nul at Medechisvia pagfaRIC AR @qurons solutipns atiasikher RtBbRH: prshis, conyerteddpior the
: o oThe! _ _ . pons | f
reasons Eéggé&heﬁf}o&&e cRihingat gﬂ@eﬂyhlgﬁggfléﬁtﬁgﬁug\/ﬂ cledti lgégmg f ARdeR

purely academ c rnterest, woul un e consu y a person
skill ed perfarhanes-entahcig reffiebtaanidng chavied dges thednuhaideglyrista wastepm@dadstriect
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WO 02/ 069740 5 PCT/ GB02/ 00884 Shiver conducted their experinents using
extrenely dilute solutions of creatine/creatinine (0.001 M equivalent to
0. 0149¢g 6@5/“({?@_{000%, creati ne nonohydrate having a nol epgrgBoyisght of
149): whilst these are appropriate for purely analytical considerations

t hey have no rel evance whatsoever to systens which conprise high
concentrations (over 0.1 Sg creatine ndnohydrate or equival ent/100ml) of
creatine and are intended to provide physiologically useful anmounts of

cr eat i necansumphien eompesing bientiheymuiidhgaveaklyShlkalare, imegrdectodinit thetcakeersioaount
of the ch&gge.in H whi ch ocgc rsl?u on conversi on of crgati ne to creatinine
and vi ce®\EFdine N freptinineyandthis; has Beenmagihe srreyrilyRAsFRICA SPIPY he very dil ute
creatine/creatinine mxtures enployed by Edgar & Shiver, but would have a
significant inpact at high concentrations, such as are desirable in a

. bever ageFurtleermbes, mreatimat andnive derdyativha hevel bsoowussde th ti@epast diuk yonkyi forl the

comments_apply to . the.equal.ly old publicatign by nnan & Shore. T

obvi ous B%B%@ﬁ%’ﬁ FProdey jd aBiW‘i‘@ °6fsa3?ré'aﬁf’¥fg' V\,géﬁiﬁ Hlsbaéwgﬂsﬁﬁrfs@e?lb?@ﬁcrease
the init3gls5600c@Mclotd @QAd Ok EdrRainedewith ifificiaP MO6IihE,0ReschiBingh Afixifres

physi ol ogical |y useful anount of creatine is present In the conposition for
a | onger impagng e mesdy flpwande dpodshSinilgsy deRae) 4,14 BAY) iscopearneshwithr

conver si BB AR T | Pl B OB 508 EEBlsP s e lorafl BBk ERE, c

conposi t éampriging chatineac pHOR 0TV at wasmpbanire B\8dk 130PC Foh $dr-0gEM niifites. Thi s
may change the palatability and be undesirable to the consuner. Mboreover,
cr eat i neUnderBesesanditions mpptypf ey erpatine;ip copyeded foedpaiiing. |y at the | ow
tenperatures, e.g. 3-5C, at which drinks are usually stored), so there is a
finite maximuminitial concentration of creatine which cannot be exceeded.

| n addi t The intdnéors rbeliess that of wenldesst aocento tiee parsonsdsidiledaid ehe &% tb hdd

presence of  undiss lhﬁd creatine in dripk fornmulations is, not attractive to
consuner Sreatgigg (‘fsﬁg $EP 35 L BICAL PIORVERY aveEns ﬁ%ef&)iﬁ’l PmROsiiions Which WeEnk
wth |es | : i | j 1.NG of the
creati neﬁl\}%{gl@gt%g%cﬁgiwgeésﬁgg%gﬁtﬂaﬁg)0 é&q}ﬁ\?gér?ﬁ)&r”gﬁﬁg élglreg)\%l gd an
al t er nat skilecappthe acthmighphaiereadedted tw.adtitioa dficrestinias pe césulthie ah nupaistaiola

provi des_a conpositi.on for h n consunptiop cqnprising.creatine and a
uant i £ y*SROBRBSR PhRL a0f el TaHprsy BRPERYAY Heh DGR a ey dpute thal the
subst ant jealiltivig SbaBlMtibR oot NBFrPH Qdesicabl@heagyRYs Medium WO

02/ 069740 6 PCT/ GB02/ 00884 The creatinine content of the conposition is
present ab initio, (i.e. upon formation of the final composition), rather
than ari gj i tQrage,.af .th onpesi tion as a result of .the
conver si g{]@g?ﬁggr%‘%?idﬁlsgﬁls%t gn C%Z(zlal? i %?'ﬂéqsc&fqn &? Y Ithugxgn a‘f%'&'l’rgﬂﬁo COMPERES

t eachi ngcreafimmridnias derivhtivegtht comp6sititn BEh idvRdedss aldd ppwaeUsitih Aguidfort he
conposition (i.e. processing prior to formation of the final conpositions)
may i nvoser-iqied qErmper Ahe ¢smRasitiongndiselosade dhereia mes ctabde i ati refrigsetedi ity

of the c I dRid 1o LG i clal:l v, it .

oxact  chr depiariod 141 b proldhgtE PERGIL Gt SURERCArit chBERMEE or sV ART 1,
may, for skecapgriods (bg. uptd] manhedexzeeding Kiadrys)y and the like) and it all ows
consuners to cal culate the exact dose of creatine consunmed. The conposition
may be provided as a liquid, a sem-liquid, an edible matrix or a solid for
subseque DO Qist TH i i r: to
rovi do a7 Lo 00 Bt Rposii R, R e R AR B P
seni - | i qaliod vera gel,svigglocdrnpagitivars wexe sthldle (with réspect ¢otiteanhvérsion bhiereatigtosi t i on
i's preferabtl.l)(. ubjected to a @icr ni ati%{]s process é‘%&g crushi ng, ..

pul veri sFT8"™B r 100G dHEPETARYTT | K8) < pPEBE ©b PRGor fingnon nihg” wpitial

“sem - | i qebriefirat®InTcr&dRP A the B8mMPBSifibk SO that the resulting conposition is
not unacceptably gritty in texture. Conveniently the supporting matrix, if
present, is a recognised foodstuff, such that a conposition in accordance

‘with thegl.pvemt | n, ot her.wi conventional .
Foodst ur PO 0 PRSIt C0 DOB 450 MR Bl oS URE e Pugrien
creat i neobeceutins wuspatiied, and trieithéoddaimidd: . suggantpltks delibérardaddifibs ofhi ch
may represent, suitabl e supporting matrices for the conposition of the

i nvent i oRFERARIPE Hp2 SISRURRCHNUNIEE compostiem infendad forhugian craseptiopr eads,
margari nes, caviar (mainly lunp fish caviar) spread, and other fish pastes,
meat spreads, and the |ike. Other conveni ent supporting nmatrices are those
conprising sugars or other carbohydrates, such as liquid or solid honey,
nol asses, syrup (e.g. corn syrup, glucose syrup), treacle, glycerol or
"Maxi m Energy gel"T"". If desired the viscosity of the solution and/or the
conposition as a whole may be increased by the addition of viscosifiers,

oy e - ]




7 PCT/ GB02/ 00884 and the |ike such as gal act omannans, dextrans, guar gum

| ocust bean gum xanthan gum and so on. Such viscosifiers, gels and the

l'i ke rrayv{@hﬁ"(,glm formof a supporting matrix, if desiredpcfiagoRéRELr red
edible matrix conprises a gel prepared fromconcentrated Al oe Vera extract:
a snooth creany paste (suitable for packaging in a squeezable tube) may be
prepared by nixing Sgns of creatine wi4h (for exanple) 60nl of a
concentrated Aloe Vera gel (such as that obtainable from Al oe Cormodities
Int. Inc., Farmers Branch, TX75234). In addition the supporting matrix may
conprise.a sem-liquid foodstuff such as a.yogurt or other sem-ligqujd

f oodst uf F.WGFﬁ(gl’f)Pe@%lﬂdngﬁ%ﬁesﬁﬁ%c%?Wﬁéﬁ’sﬁ%&%F%H&O?%pt‘f)ﬂ’emc rsion
of creat {haecledtifd QRbeiN Reasl Buiteially St 0fs fancibe pRr kad! ¥ Lbidited by
creatinine itself, such that a m xture of creatine and creatinine can

. qui ckly tcaweratwgui | i bri um and the creatine becones substantially stable.

Wt hout wishing to be bound by any particular theory, the inventors believe
that the explanation for this observation is that the conversion of

creat i neSmntar¢dF tid NBenfiol reversi bl e reaction. The inventors have now

found that, by providing creatine in _solution together with an appropriate
amount of Ng PEGENhilnentink s ofRpseEpdAVith the dueyisent of cosmpsiHprte iqretbman n an

acidic c . -l hi-ted or .even .ant i al | .

ot event o BUDRoP BlmERdng &l Rl SRR e BN DoRHETAOR o etd er i oas
(30 to 9an dquesuo medime) morthespecially s@nPositiong suwehndssdriinke) ¢D WbQhi dréddiheds a
whol e may Cona/eni ently b(le selected to be acidic (i.e. have_a pH below 7.0)
or even Bioyied da agugpus selytiongorsin which Srratine i syspendad ip andedibls suppetingct i ng
the stabjhjfy of the creatine content of the conposition. In particular the
conposition desirably has a pH between 2.5 and 8.5, preferably between 3.0
and 7.0 and nost preferably between 4.5 and 6.5. Typically the conposition

has a pH. n the ranpge, 4.5 5.5 which, to the hunap. pal. ,, has. a

o r oshi Baf i aiBEE Aot rsins BRF O BncoBmmane Al bishir bl dsHgat v of

accor dangearvtiel Rut@s | sréaie %n@l’iﬁrﬁé‘,bﬁlﬁ&ﬂﬁbé&dtﬁﬁe?ta?r@'&hirosaﬂtlga&f Glefild ne may
be presented even in acidic forrulations, contrary to the teaching of the
art, in prepineomogpledraty ispaticuladynpiefared. Asicouimgly thst tema eredtine” phiaildhged

peri ods at ?rrbd' ent tgﬁgeer ture. 'tA %%Si ol ogically effective anmount of

creat i ne"TSTHR ReUN VIS e PRE¥ RGNS \o 02/ 069740 8 PCT/ GRO2/ 00884 cause a
nmeasurabl e increase in the creatine content of the tissues of a subject

fol |l ow nR repeated consunption of the conposition, relative to an initial
basel i neAp g¥plainefAbAKRISIt dF wieHdqominngat e weasimei melecwntinraquedus tshintivphgsues of

a subjec . (S t rdesjo (., 1974). A yco ,
gl ycol yt ?%S%{bﬁet Ieégér%&ug?d (tagmglr?glﬁ_?nhgeiﬁ bgiﬁlé’rdg%ﬁgg%hcg’ gé&dntoﬁir%%lévcééﬁ%ﬂgg of
nuscul usSkjueri 92epsAheChemsSed., 47 p.147911¢88;. Cavaah &IShasd 938 Bicthe. pf2oval ues.

Scand. .I. COjn. Jlab. Invest. 33, 109-120; Dunnett, Harris & One (1991
Rever se 5ﬁ&%—85§5orilﬁ%lpﬁcﬁ¢fﬁs hPEﬂ‘??e;S'éHT%WHﬁ’HBé tq prpide drinks eretgr @mosm(;s :

phosphoc e td4.n tJ ni j i . . din.
o, 1 el crEUB@) B AR EERT, LD rh el CepRiAIN i Rk B9, sty

defi ned foemelatddry a&5do havr eplibeleicT.eat i ni ne conposition in which at | east
75% (preferably at |east 80% and nore preferably at |east 85% of the
creatine in the conposition imediately after fornulation of the final
product Eggdiee SARGEGondiREbd! BRIeGhRsBeiths FROVES &@gnﬁﬁ'&rﬁ vl QAL Qﬁwe&?r C
period of at l|east (and preferably fhore than) 7 days' storage. e

st abi | i t fregfineandpreatigingdpaqueous rsoe{ltien phd, in perticalar,ghe dffest @athsequilibrium

o ver ol POGTIREEE N Sr O of dinin: B ThTormaRot  CRBR Boas e Bhiyrer =
“i nvent or godaaise offoriatty iseail pRactiPalGuidiate aSteiplrsof TRBIALN IR 470 RBALKARS t he

pH by as nuch as 0.3 units. The tenperature range to which the conposSition
wil |l be bemsrages agd pdgr nwirisiopalioompesitions: [oyrsexerphreapanss diirstly, thy publidation

"bet ween : i t AR it -1l be sufficiently. stable
such t hatgy ?@g/(’)ﬁg% i eécl% Eeua%hy 3y E{r?]gmali nsaz\?tg%%gl teerr‘r:’ﬁgr“écium éc r”glﬂbe@y & %5 to 50
C f ol | onbergubedoby iaogtradn sitilled irs thedt dayarmulming psvefaeabing &s dayBaveannd nost

preferably at |east |20 days, during storage. In order to specify stability
it is neé%?éé?%f'qgoo%%gg?w}{?t@ #ﬁe(%meéhs %éﬂﬁ&f@h?lwﬁa@ntkyhﬁgar&
tenperature at which the solution will be stored) at which stability is
required. The pHis altered by warm ng or cooling of a buffered solution
and over the range of tenperatures that a solution may be stored the
equilibriumratio of creatine: creatinine can vary greatly. However, if the
conposition is stable at 50 Cthen its creatine content will not decrease
on storage at a | ower tenperature. As nentioned above, the nole:nole ratio

. o v T v o o T B o - . - r-



WD 02/ 069740 9 PCT/ GB02/00884 3.8:1 fox pH 4.25. It is preferred that the
nole:nole ratio of creatinine to creatine is not nore than 10:1. More
preferreg, 6?/@(‘ ob@tio of not nore than 5:1. Most preferredpéficposaiskp Of
creatinine to creatine which is not too high (since creatinine is an
inactive ingredient) and the nost preferred pHis 5 to 7 where the

nmol e:nole ratio of creatinine to creatfne ranges fromabout 1.2:1 to 1:2.
For the purpose of the invention, the creatinine can be added to the

cr eat i neSkiseracqudnged th@irteanpcémntsmsmgcnxeramielyi dibite solubensreronéagiot/oregtining si t u

by heati ti [ ' H |t
o e A B R Aot Bl BB Pl 'S
m nut es @tighP6E mmmstt@ﬁ@se%@aﬁd?mt@f& ;;uPay ﬁ@englﬂxédl OO RIThifNs WS halver the
sterlllsatlon of a liquid for conmercial sal Alternatively, an

. equi val eme releedricei whaigpeveretn syberas vdueh bempnm/h@dcwehwqmg@w gdéat er
terrperatur s faor s ter er|od Vi ce versa.

enbodi ma?ﬁ: ghne, AP F’ﬁ g r?qﬁlé(a%PgLOa&frelge Qrfocrﬁ%tgﬁ AGC T8 ol%‘EFPiH%cﬁ t%fpr8}“g8t| ne
for Sevepl@g}md!@glﬁailyahsdﬁﬂ me@nt?; cﬁn@kehthwmﬁddbmmgte t Fhad SO/ Biigh©® Ghivereat i ne
at hi gher pH ( g{ pH 7) and adjusting the final mx to the desired pH
(e.g. pHhegle tqdr to élfﬂﬂCPewtpﬁ@estwaug¢ BrPIE yihichipsauns dppe cenversipn ekerealingde t he

Fpove” TeHLNRE LOUHALP . dufh LD BRI LAl RIERRNA LORe (ESES, RePS |

little or er conver sl on o |n|ne

ensur ed cmw/aéalnyneaxfni)anremaﬁpm&f@ EdghrS&IShﬁVemnBut woiald vt hodgdifisant
advantages becayse creatine is not very soluble in water when chilled in a
ref ri ger BERAC At HEh gopceptrations sugh af §rerﬁ§élﬁa%}“ea Beyctageeas By pmseétuemgora
stable s t cr [ e a
ik un e S ateds! Gaherify B! ol dopth tPf@P%ﬁW RATIE L
coul d beCaatane® Storet her wi se. Thus by this neans, is possible to produce
a drink suitable for refrigeration which contai ns up to 1.2g creatine/ 100
m (or 1.4g creatine nonohydrate) or a drink suitable for storage at

ambi ent {RIBEYiBhLY St tolt%etlﬁktaﬁﬁywcqataewmdﬂﬁe il td-i oAt Bt fnite 100m
(or 1.7g creatine nonohydrate/100nt), A further advantage o t he |nvent| on
is that chcemtaajioesoftdn@tppomtbq: ompbsnaorwmbwa pbysw!/hglciﬂl)cusqfull aacunt loé

maxi mum contcentrart on. {#'ﬁ SSO ‘X £r ea}tl ne avail abl e gunder it he rel gvant
condi t | oA YIE BHTEIFE FeiPSSOMRosEen i1, # Iongen fime,perjoc, SHOWRU IS APPEYagh i ne
necessar §pesl Hotiing t& BreVemtOsrinhibit tAB comtisio® of BRELIMOt0 ERAMIAE FhGhdtRBrOf
excess creatine. 02/ 069740 10 PCT/ CB02/ 00884 A preferred enbodi ment of
the i nveﬁttf:rmnvq §0a\r¢r9a@fuafusreammmno aepdneliy Vikehye tatinerchse pie pH @f thel ow

pH7) , I H i

e 5. 5 Cohfpefifin i Hs eackBh I olass e R &I BORER G Tt o RRRNE ¥
monohydr paletabiftity tahd bei dteksipdie 10O @6Lcofsumee rMbﬂfe&Svérb Rreéatih® Ks GoMpartiselar at

| east 0.39q creatine (or creatine nonohydrate and the |ike) per 100nil, nore

pr ef er abfafuble 11 waker (poipllyent ﬂifebmtenmﬁat%%p gpdofer %thva‘htimlﬂ@m ugially per
100mtL. Tglgre(aﬂ,r%oﬁx'& 3y WPM AR RCirfial @oﬂééﬁl&gtuﬁ ?&Elh@%lﬂg cSiRbENI Ne
in water wthout additi ona conmponents (suc  &Vor ng) as a
sol ut i onexaeedwit ein &ldglonmhaemalusmatcﬁrexowss cedating it mtﬂembeas asshegrepemeeefses

whi ch are "ﬁL nown to ahﬁg |Jed.in the art, Preferablg however t he
conposi tF XPd CHRERT dbdy joas fslﬂottﬁgfacﬂ%’ﬁ’o%‘ﬁ‘f@ertso %P’(Sv‘@t s

pal at abi kdlhion &t @itink Would FAMIPIn £ BriMthAthlidy ShaaUas h{a)(lm%h fté?@a{tme
conmponents may include el ectrolytes, or nmay be select rom e group
consi st i ngSOdlftlon\ﬂmGamDms of lhqmrcmmepva)ﬂcebmeqnvcacd)tmwwtamm Thp ddvgntioss Havech as
et hyl ene_dl cer ol it am no acids, trace el enents,

col ori ngBl,% ?qug\?grag,%ﬁw q;ﬁp&qag eéﬂ@&?@ﬁ?&@ natural health and perfornance
‘i mprovi ng substances, anti-oxidants, stabilizers, preservatives, and
buffers. Vitam ns may be included with advantage in the conposition of the
i nvent | ofn a fing $6PehiheBvVaHigaPro videmm compositidncior humge Cf)msummmntcompam of
‘their o] y. f those
whi ch ar g[%ggs%P%ﬁp g?"%‘%’ %HEQ; VI gr?lgdnﬂg t{%&gl%% n"JhL} a'ﬁg fg&"erem Eii’s(i tﬁlﬂ

vitam n Bﬁblef(mdcmfnadbe/lbwammﬁfl@ousbmednum and pantothenic acid. In sone
cases a |ipid conponent may be desirable. The protein content (if any) may
be present as soya or mlk proteins (e.g. whey or casein). The carbohydrate
content (if any) or the conposition nay be present as starch (particularly
sol ubl e starch) and/or sugars. The sugars which may be present in the
conposition include glucose, fructose, sucrose, |actose



and maltose. Artificial sweeteners which can be used include Aspartane,
Acesul fam K, Saccharin and Cyclanmate. Al nost any desired flavoring can be

added, oR§8hprably fruity flavors such as berry, |enmoper/gBa@Rss Papaya
and grapefruit. However, at less acidic pHs (e.qg. WO 02/ 069740 11

PCT/ GB02/ 00884 over 5.0) other flavors such as chocolate, malt, caranel and
other flavors suitable for "mlky" drifhks can be used. Citric acid nmay al so
be used as an acidulant and citrate and phosphate (e.g, sodiumcitrate or
phosphatBie asatnifri€drent g theyeompositionas phasthteed ivriaeeat wpondymirgionofdhe o

regul ate. the acidj.ty of. t drink. . Al so,other natyral health inpraoving
subst ancl ?ﬁﬁvpﬁséh%‘}édéacﬁh?rnﬁ%%i"lﬁ Y inepe gtorasge; qa}léﬂ%lﬁ?)‘ﬂmsét.‘o“ﬁ?é‘ B‘IC‘)lF 83& ng

ar e typita@boffersidiPsLorvdtinein® cleadfiRb Uit witltsk d3pa¥enPirbRahe (BabSRE BelowUAR, t €2,

G nkgo, bee Ppl | en, rrh, hydroxy-methy-butyrate, glutamne, di- tri-, and

pol ypeptatdeast wovamg pnbedigicntsathe peoductipn o€ thecednmisition (Aadprbigssing paior ¢o

Preservat| C .ded. t vpically. b 0 si um benzoat e and/ or

pot ass! (R SRR Rl YRS Rir D e g iR R e et o B Rl sfongln o

vat er s Qiredtingher GStabitint oS theferautin® ab an %o 1o Hesifblcddnahecislly abdcausedt anbwgs Wil |

be apparent to those skilled in the art. A cloudi ngéag.ent ma}( be incl uded
\id ar

in the cCHAPfFIRIActsRsatiqn Qftlie ereating eonignp pbihe compositipn 4vhish anays foriesample,
conmposi ty : i b ded in any type
o For m e dis B8 o cRARng R ch S ol SRS OB P R ARuBRERR B e

provi de dfleecatiat consomredd potassiumin the formof their gluconates,

phosphat es or hydrogen phosphates, and magnesi um as the oxi de or carbonate,
chrom um as chrom um pi colinate, sel enium as sodium selenite or sel enate,

and zin Wplat YeRNEd DI . t > 92 i .

400nyg/ | ?El%fco%\cﬁa%%%i?b m at 1@8‘%}({)?55%?&%%?%@3@@?%8?8%7 F?ﬁgzrmp%?lgsfgf um at
200ny/ | isubsequenignbgionm water.5Tie ¢redtare can de pisssiybd inwatat to$EoAL & lighaid. chr om um
at 125pg/liter, seleniumat 125pg/liter and zinc at |I5ng/liter. For liquid
drinks in which the creatine is conpletely soluble, the anmount of creatine

(cal cul gt dhoafpokitidns TR Qe M clehHB REHRAMdeASh 4 sbhRIiQNdRR 2 %p%?tilg%epar ed

conposition may range from1.59 to 24g wth a preferred content out
12g per matrigrthe PigatippeonientJor the egmppsition & prefaritdy sabjgeie® G0a RbGwhisatiorovi di ng

about 2 t referably.about Sg of.creatine.Duri.ng the first 4 days of
creatind ré)(_ffégﬁ% Clile 'P%rﬁﬁgﬁegswchM‘?{Hgda@oﬁgﬁ}lfﬁ%’PBﬂ‘gfos‘nﬁ‘ﬁla?ﬂfa 904Nt} & oy g
per day,seiiMiqied dm othe®! sippbaingS nid@ix ARy th&t AsNir8dify BhipdSition WO @gf 069740
12 PCT/ GB02/ 00884 saturation. This is followed by 1 serving of 250-750m

per day WesReRIABhgItRbBUIEXEre3g of creatine to provide a sufficient |evel of
creatine to maintain saturation.

Conveniently the supporting matrix, if present, is a recognised foodstuff, such that a
composition in accordance with the invention may take the form of an otherwise
conventional foodstuff, supplemented with creatine and creatinine, such that solid creatine
becomes suspended in the foodstuff. Examples of foodstuffs which may represent suitable
supporting matrices for the composition of the invention include spreadable solids such as
dairy or cheese spreads, margarines, caviar (mainly lump fish caviar) spread, and other fish
pastes, meat spreads, and the like. Other convenient supporting matrices are those
comprising sugars or other carbohydrates, such as liquid or solid honey, molasses, syrup

(e.g. corn syrup, glucose syrup), treacle, glycerol or “Maxim Energy gel”™.

If desired the viscosity of the solution and/or the composition as a whole may be increased
by the addition of viscosifiers, gelling agents and the like. Such components are well-

known in the food industry and include, for example, plant-derived polysaccharides, gums



For suspensions of creatine in sem-liquid or other edible supporting
matrices, the anount of creatine per 100g nmay range from1l to 80g
(cal cul a osfneat i ne nonohydrate from hereon} The pref ikki on si ze
isin thgﬁ?gﬁggﬁ@ to 100g providing between 2 to 10g (preﬁgpgngﬂggg of
creatine. During the first four days of creatine supplenentation the
recomrended consunption is a suspensi o containing 10 to 25g per day
divided into 4 or 5 parts per day to achi eve maxi num creatine elevation in
the ti ssaedtheHdgespeh ab galactodmpnansodenirass,| gway gumplociigchepe ggm, Ignthiad pymf or 4
weeks) m@hé%pgve the sanme effect. This is followed by one serving of
suspensi on affy containing 3 to 5g creatine to provide a maintenance | evel
of creatine The invention also relates to a method of naking the
conposi tion defined above. Thus, in a second aspect the invention provides
. a met hod SHFh MiskasHiFrs sebnpiukibeilks may take i fosmnefimpanponing metrixeifhdegired.
conpri si t p . di 1 o] Siftlo creatli and
suffici e%ec egletﬁ{e %i erﬁfgg l’? 8& lrgt\eﬂr}fdg(?}(‘;lPIr11§eegc?Ir gglt ??}e{%ﬁreeﬁsﬁg& g‘%l%clegfrfl g 5@88 Ingerf‘as
herei n dekfraved) smoeth tieemyopgstes (suitabsle ifer phol@dingi inha aquagblsle uabdyBidhy He
Preferably t he aquepus_nmedi umis water or an agueous solution. The method
will al sBreRaReray ﬂvxl%é&?&e" tFertiee ghthdforsxample) AGmhaf & consentipied flrsoiera
P} Ut O gelRe s Ahlueniahabid b £k ARHIiINAInd SPARRRCLACR PRI LY
all of the creatine and creatinine 1 n the conposition. w1l “"be "appar ent
t o t hoselsidditiendthe suppoeting matrixanay bemmisdersendi-ligdidi fobdsuffbudthe ognaent s to
the conposition,.is.generally not significant, and any sequence of steps
whi ch pr86F8§?“#H@“g§P§@¥h%f the invention will suffice. Thus, for exanple,
solid creatine and solid creatinine nmay be added (sinmultaneously or
separately) to water or an aqueous nedium or water or an aqueous nedi um
may be a&%@ﬁfeﬁ%lt guenigrehavgtprerdoeshy foand drag thtei convarsionof oredtingytoycredtininerie

nbodi >ond t ,of.. the... tion. i t hod. of
orepar | ngousbl AR RS P BRI e Rfie Woedh Sudh B unie ofuni ch
the creatieatind ©ingUbheiine atdry QiKY ereb@s ABNBnIhdNetD \cridife MBeddfts

conprising the steps of providing a solution of creatine;, and subjecting
the sol ubfasknglestaliei Withent svishing ebe bewtid: byomy patiasar theery) He(6oa®s 13

PCT/ GB02 i all . t.the creatjine . to creatinine, t.hereby
formi ng é%& ?' ?épgﬁ{htecggﬁﬁ?%?%gg{]gﬂ% é)rl‘?(gﬁggat{oﬂelsc 8L, e, GOVETY R, OF é’?{#‘f'? g
conposi t creatitind iy ankevakibje sdaatibe (He hesedR mfeimd)fouxﬂﬂqmpsﬁ%ﬁam%cal ly
will conprise the further step of packaging the conposition i'n suitable

cont ai nef&adhegin splufion igeether with anppropsiate ampynt p{cieatinineathg rronvarsioe afis et c.

Pr ef er ablps. e ' C; qug I : e,so] utjon . of creatine to

sui tabl e cgnrg:f Etoi%%g??&/gtfv\%gs&h%g?‘%lﬁg t %éf(t)llgg)[ %%nbgb%gaéiya%&étﬁ ARt

t enper at sitstantizilypreventef evened ambidnod.c.2-38°C) adriperaard or dbeat st 1oy Pedkor 30

m nut es. hird asgﬁeﬁgt he Jinvention provides a nethod of preparing a
Si

n L [
creati nedé)otr?tag  EDEPTEB USninFOmermRAdineHe e eqrapesitipnags & Wholfemay eat i ne
IS subst adtivedichtly B¢ sdlcted @ £ (1.edRdY C b e
steps of provi dtiyyng a soluti grf']b%([)c?é greegﬁer?gr;?ﬁ B?%Wd?ﬁ%@rsloﬁqgﬂng#%?’ow
creati ni #€) vathguihsignifigantheadvsrsely offecting the stability ofithe ceeatind comentarfthsi ti on

in wck 1S sufficient creatinine to render the creatine substantially
stabl e _(‘ta‘gs}g‘?f’gs%%‘?‘h o pirticiay fie Sorurantionotestrady dias ot P, eGP o RND B>,

CDL: eat i B: pe{dﬁ&lpzeﬂ“]jﬁe??.(y ah?)\lﬂiﬂf aﬁdﬁﬂl?sttﬂefe?idlpbe&!&@n 2% ?'r}i]d 813, Ofggﬁézﬁl?tthge- g
sira e 0 e solution of creatinine is in the ran o 3, an
the pH ogommitgm basi arpRfincthearange 4.5 tor%f ervetitly ton theh buman galate,Shasoa 7 wi t h
adj ust ne i: . t fipal..nH to the desired level. In a fourth

aspect t ereflh%ggﬁﬁﬁﬁ%ﬁ%m@é%btagﬁltget{)‘ﬂg%idlgf preparing a creatine containing
“conposition for human consunption in which the creatine is substantially
stabl e (gs her.ei n .def i nﬁ%z’ t.he nmethod conprising the steps of: providing
“solid crEQFPARNONSABPPLRTIRYCE &Y Tifhe rvantion aie subsiatinlly stapletsn éhat wrsatind A so as
to provige RedefRl LVeRd if UTAS ol | | fgO | N, eAgUegus ;

sol ution, p‘?‘g\?i_d_es a C(l)lTpOSi ti ohﬂplﬁy}%sfczbﬁn}yﬁg]é@itgés%?&?@ eor{?&gr g’%t i ne to
render t pleysiolegieallye usafls amountal Ifglletiap| stortigs fhepeolongkef ipsaeds. ail ymibeaak | Y

this nethod will further. compri the ste addi ng sufficient water or
agueous Q:BTP\?%‘V"IH o d&‘j sptl} g‘f) %’ﬁf‘i@lfﬁﬁaﬁlﬁswe tto(r)rfecr?aé'é‘ﬁl‘ iR Suificicph o | f
desired the water or aqueous solvent may be pre-sterilised by heat
treatnment and/or filtration. W O 02/069740 14 PCT/ GB02/00884 In a fifth
aspect, the invention provides a nethod of preparing a creatine containing
conposition for human consunption in which the creatine is substantially
stable (as herein defined), the nethod conprising the steps of providing
solid creatine and solid creatinine, or an aqueous solution of creatinine,

. o Y Y - e . B .



Figures 1 and 2 are graphs of the creatine concentration (as g per 100nt,
and as a percent of the initial concentration, respectively) in solutions
of differ k ainst tinme (as described in Exanple 2); pFj s a
gr aph of \?ﬁgyﬁgﬁggrml e ratio of creatinine {Cn) to creati lr)llé;*%g'?mlﬁﬁl
solutions of different pH s after |24 days incubation (as described in
Exanple 2); Figures 4 and 5 are graphs8of a creatine concentration (as g
per 100nl, and as a percent of the initial concentration, respectively)
agai nst ¢duse a mbasueble iMcrdasy M e ceatinticoateandf tHeasidd 6¥ea kibjedt! following Of
di fferent QH& wer e i_ncugaht ed for._ugféﬂ? 95 days (as described in Exanple
3): Fi gul*Be#eq gonsumplion ob the;qompositionyslative 4¢ ap injfialchaselinerleyd. Methedsafi ne
agai nst padupingIR t’,'f‘eh@t‘ﬂasc:o?ﬁé’alP'oFtl%ftffsgﬁesq)f"é{eﬁlﬁﬁzc!t &%%@%qggﬁ-{rﬁ'&a Iﬁgnagf

described in Exanple 5); Figure I's a graph” of the nolenhole
creat i ni &eNovlesjoe @974k Glyoigast glyeblite istetmddiaes asd abdte eadrp@ (phGsphagk Sin
incubatilgm at 2C ZZF and, 39C %las descri.bed in Exanple 5); Figure 8 is a
graph of P'PRY FOTRICT, B mUzcuys Aug “Wéi‘?’?’ﬂ%@ mgn @f gest Methodsiand vapapce of
sol ut | onvalaésatcanal. @in L6 et 38UPGS-1 6} Binkd bR & PR @gﬂ)l AERAP! ©

5), also shown is a 7 n order polynomal Tine of best fit 1 x7 +
0. 077x6 Phase gorBRYring Jogls 9anfarmange digaitisxiBoma®gepBY fi phodBdOrcade ctealin®3. 236

o ai e 1 SRR AR e, SRl TP Aol S G T R ng the

concentration of creatine in a solution. 1. The pH of each sol ution was
determ nfd with a pH neter. xtures were stored in a dark cabinet at

] 2. M .
anbi ent | Bhpermt substpntialiy astablel if nheseing Hefimadorgferr@ig 2o Inicresting/oteatinion wer e

508 une SRS el e TR (HERRely B ad Yool G- BiBh BT

sanpl es &#bpofiihs sodatiedin the dompoditiadin@beiatelPafir temalsitin sihe fdhll prbapp and
the creatine coggﬁent([ al{i’i on of each was_determ ned by the nethod of Hans et
al, (Scafidnchangef; and fhepeforenot Gonverted indey greatipige,) fop)a paiadepf ¢t leaste(andsay

was per f { e final trat 100mvi .

r1 et narlay meouk TP 22845 CsiBlage, TRE suBARE BF Lidlibe Aoyl PH i
1mM phoslpticredeirgases vatheinc@adihg demperatuet.r i (Thosiinal prodAdiP)is the L8MMbsition

ni coti narp ge- gqlgni nIZ-di nucl eoti de] reduced form (NADH); creatine kinase
(CK); pyPa04ee 3Phall BOPRRINE 24 Rroduction sleprhAyadsebermriciedd) . The
concentration of creatine was determ ned fromthe oxidation of NADH
measured photonetrically at 340nm CK: C + ATP -~ PCr + ADP PK: ADP + PEP
-~ ATP +Ttryinyeuioes hapeifoundrthata 20°+C Ndehse-in tanpatmerercaNARCRasN e SR bY AS

obj ect of this I s.to determne the stability of creatine when heated

at 90C afudl #% %?(rﬂlﬁlf SR8 CRETAHES Tapgq, o ‘Bﬁ‘gﬁ sy gompositiopvitlharwbiecteddeg or up

E)gcljrzg 32?’;&; : rregg%egﬁgr toR€a GRRMRISECTS YpiCdiEAblfReh & Gb C8ge "SesHabf§! hLy
composition will be sufficiently stable such that 75% of the creatine remains over the
temperature range of 2 to 50° C following a period of at least 30 days, more preferably 60
days, and most preferably at least 120 days, during storage. In order to specify stability it
is necessary to specify the pH (which must be measured at the temperature at which the
solution will be stored) at which stability is required. The pH is altered by warming or
cooling of a buffered solution and over the range of temperatures that a solution may be
stored the equilibrium ratio of creatine: creatinine can vary greatly. However, if the
composition is stable at 50° C then its creatine content will not decrease on storage at a

lower temperature.,

As mentioned above, the mole:mole ratio of creatinine to creatine to achieve stability of

creatine, is found to depend on the pH of the solution and ranges from 1:2 for pH 7 to



WD 02/ 069740 16 PCT/ GB02/ 00884 Sol utions in water of 2g creatine
nonohydrate in 100n0.1 Mcitric acid - 0.1 M potassi um phosphate buffers
at pH s Q,f( th/0a37406 and 7 were heated at 90C for 30 m nut eper/ERGGBEHL I ONS
were quic ?y cool ed, the pH (which had changed) re-nmeasured and then |eft
at roomtenperature as described in Exanple 1. Aliquots were taken after 7,
15, 29, 43, 57, 89 and 124 days and st®red at -30C and subsequently

anal ysed for creatine. The pH of each sanpl e was neasured. The

concent r &8iloor pH £2&afl isiprefemad tiet thenmbledndle oatid bé crtafifiee ¢mceatet isamn t he
starting_|l evel 4 eati ne npnohydrate) and th ured_ | eyel of creatine
(cal cul af'e¥ tﬁ%n f(ﬁg %Q{SW%?%‘%E a rlgéé% ‘f()é mege Eﬁﬂ%ﬂ?ﬁ%ﬁi Rj&feé@c\{? 3o 8f there
was a I agbslint@ieedredtide vick ISt iteehih (Sh&REkRINge & dfhadthe i§§}e&§bﬁ}?”aﬁ§
heating. However, the extent of conversion depended upon the pH of the

sol ut i onthe grashprefrengrdd 43 § &0 ¥ wiresathermeliemiole rasiol ofivacatpiiie Orcreatioe aayees or 30
days a f hine,in the creatine concentration occurred. Between 30
and 124 g‘é@?%‘ﬁﬁ?%&@?'jﬁf creatine reached stability at all pHs. Figure 3
shows the nole:nole ratio of creatinine and creatine at day 124 (17.7

weeks) at different pHs fromwhich it was possible to estimte the anmount
of creat 9 the PUERASE 0d dhe dnvegHemrthe gecatiniagtgan dengddeddp | the sreatineas @gniet usi on

Startin j E 0 ' ti.ne no creatinine it takes
4 necko o B oSO BP B LA LA R DG Wl SERE R o™ Tre
t aken t oprefecabily sttlatvigH t)g. pHQ tods dsistrhést cowv@hichhforiht Silinesh bk esieahd Ne

must be ceggrertf?%stt creatinine. The amount of creatinine required to

beld fasaf rapaigs;ah 80 e depruise thesmageribe panditions péer vsadt foon.

render a
Cener al | e stbifisdt r b6 j I Wl ' . ng pH
ovever g i ERaioA Y Sl O ch BRI (L rPRLRBSER L PAIEREARINES, ©
creat i ve'hanii doisewean b prolvided dyrteating o greadri tenpyratursafop skorer Pestodsajfairhe of

this trial .was t eterm ne the effect, of creatinine in the propartion of
l:1(w w)°rt"(’)cec‘fgésé‘t05| gléoﬁﬁﬁoqq@}ﬂdg{lgﬂ%ﬁrqaﬂgmgp% f Prepagd by heatipga selution pf er ent

pHs af t edrefiR@ifbn@vEREheirs bipE 2ft91 3 e é&&% i A1 17
PCT/ GB02/r60884 QJz‘a/nti ti ers ol‘f5 1.5¢g cretatrpne ﬁré%;g/gégé‘%"éng%%{’@gﬁg‘fgg‘g i ni ne

wer e di stfb &g ) 200 adjusfingtheMinal mintethe desizéd pHt @ss plind phif sehided thaf f er s

at pHs 3,.,4,..5 d 7. .The sol uti,ons were heated at. 90C for 30 m nytes,

cool ed, s{Ohulehof)lI-Cl*‘“r1 glege%aesrﬁfséedﬁgﬁ “Tcgef fhe °§W°§H?“?dg$ﬁ5‘gp’é¥‘§rr @‘?‘?Z“?fhgéf’ roup

to 95 deeparBmylthére Afay beViittle ror i furtiér %Bﬁve?sioﬁfofﬁdﬂ?atﬁle%dcr&tﬁlw gnd@S No
u

| oss of creatine during the heating period. Smal progressively greater

| osses otdbilityets gesumd smmediately 26K trixingrghe Oveasalngonst affihis mettwelc hins ed at
all pH Syl GecruseOor@itfhe is 3E VEry " BiuttY §1 whtdr SHSh I:t%['lec} 0Ca refrigerator,

whereas creatinine is much more soluble. By producing a stable solution of creatine by

this method it is possible to formulate a drink which contains a relatively larger quantity of
stable creatine than could be achieved otherwise. Thus by this means, it is possible to
produce a drink suitable for refrigeration which contains up to 1.2g creatine/100 ml (or
1.4g creatine monohydrate) or a drink suitable for storage at ambient temperatures of 18 to

25°C which contains up to 1.5g creatine/100ml (or 1.7g creatine monohydrate/100ml).

A further advantage of the invention is that it enables the provision of a composition which
comprises the maximum concentration of dissolved creatine available (under the relevant
conditions of pH and temperature), but using the least amount of creatine necessary, in a

stable formulation, and so does not require the use of excess creatine.



creatine concentration to increase Conclusions In the presence of a
sufficient quantity of creatine (which for pHs 5, 6 and 7 was equal to or
l ess thag,@ .9t ratio creatinine: creatine nonohydrat ep@r/;pdi/dossd
creatine 1S exceptionally stable, even when heated for 30 m nutes at

Wth an insufficient quantity of creatinine (for sanples at pHs 3 and 4)
heating for 30 minutes at 90C resul tedl®n production of sufficient
creatinine also to render the remaining creatine stable for at |east 95
days thefenfefesred embodpmentspfihe snvextiaplisan pquesus drink, espeaialhodnodt deehipHng a

i k. cofaoRIoR PH7E abf s ool et 5 R h RO rRGR s ontllnt Any 3 1y

stabl e. Shdnwiietheerprises iat 1648t 08SEropehtinBdbr ERELKOMOABE ydRte YRdQhe TikERpéNE
remai ni ng s close to its maxinmumsolubility such that it will not
preci pi t AP@mbyPrefesally therdrink; eomnstsss ateast 8.3 gTreating forcreasimgimenvhydrategndnost

Srop 1 SR pek MMITorE Bretably S 164 B4 Bof L ORRE hAA R BIGerily B B0t D o
(pH 3) afdglpeai@@nht 90C for two hours. This converted nost of the creatine

into creatinine. The solution was cooled to room tenperature. WO
02/ 069740 18 PCT/ GB02/ 00884 Step 2 A solution was prepared containing 5g

creati ne TRENQMHERLE thiy @éxqgfgel %ségﬂdfbht 6@Er‘éatﬁ'}eéf &S@{ cféhtifthk In 3haté© %utper

tenperature, wthout he€atin Ition, t uti1on contal ne

cent Al oeddiboraljcompenentd @udr anfpr argmplextavoseg)tas assobatonrin vattare.g Hiiatili ons

fromsteps,1 and,2 were then m xed toget her a heat ed_at 9QC for 30

i ut o 851 0B PipPuled Waler g piocemte WHGH A SELKRaR  pesFilsd infheart o

bottl e and stored at 22C. The 5g creati ne nonohydrate added in step 2,

remai ned substantially stable upon formulation of the final product. The

above dr Prerablanhgyeyee the eompdsitiage may cronipgiee aneor anor@Cudher parhpqrestsitpi t at e
und %gat t he maxi mum

out creatjne. Lnt .ese .of jcreatinine it S

ol ubi |1 1P Gre (P RS SA6P oilf B sl tual , BR ForiBE) sermpapont

(equi val anly ikcludd iearolytdq of hRgbeselebRA Fovit iR ipPdup dondARAECR vitamins, lipids,
proteins, carbohydrates, polyols (such as ethylene glycol, glycerol, sorbitol etc.), amino
acids, trace elements, colorings, flavors, artificial sweeteners, natural health and

performance improving substances, anti-oxidants, stabilizers, preservatives, and buffers.

Vitamins may be included with advantage in the composition of the invention. These may
be added in amounts which range from 20 to 100% of their recommended daily allowance
(RDA). The following are typical of those which are useful: vitamin E, vitamin C,

thiamin, riboflavin, niacin, vitamin B6, folacin, vitamin B12, biotin, and pantothenic acid.

In some cases a lipid component may be desirable. The protein content (if any) may be
present as soya or milk proteins (e.g. whey or casein). The carbohydrate content (if any)
or the composition may be present as starch (particularly soluble starch) and/or sugars. The

sugars which may be present in the composition include glucose, fructose, sucrose, lactose

and maltose.

Artificial sweeteners which can be used include Aspartame, Acesulfam K, Saccharin and
Cyclamate. Almost any desired flavoring can be added, most preferably fruity flavors

such as berry, lemon, orange, papaya and grapefruit. However, at less acidic pHs (e.g.



It is well known to those skilled in the art that when buffered sol utions
are heated the pH decreases. Thus a 0.1 to 0.2Mcitrate - phosphate buffer

wth a plq,@]‘,z,.ﬂ,-,,yg at 20 Cwill on warmng to 40 C change per/BBidedsss

Conversely cooling a buffered solution will increase its pH These changes
in pHw Il affect the nole:nple ratio of creatine:creatinine necessary to
achieve stability in accordance with tHe relationship illustrated

graphically in Fig 3. Thus the ratio wilt change fromabout 1.7:1 at pH
4.75 to @ves:5.0)pbtheH flavars stich sasachocotmes italtp eaattiet land Stlsdraftdversaguit@bleCio | | be

changed fo.a ,new stable co si.tiaqn when stored at 40 C. The object of this
exanpl e i'§“1€¥) g‘%‘?‘%ﬁb‘?qnstf? ‘éﬁ?g:pgﬁ%é?‘ “ParYegiF%i’F 61564 &yt F‘éémﬁﬁra”gt%gﬁ?tﬁmgl at

20, 25, PRADRRE Oyl SUGR. o pRALACESTPRTR 28 AR 8 SPRRAGRL L

0.2Mcitric aci 2M pot assi um phosphate bu
pr epar edim2y bgsised tookegulatenthe facwlity lof theelvimkt hAlsb odthervatgrak béalthi inpsoviag e

prepared_at roomtenperature.: . 67..06 creatine_ nopohydrate in Quffer at
DL 55 (PESIeRCR g PE B P beR ALY RS Fioulr 1 B NIoNIeS tymieal®sg | n
100m)  Chobe/ wiIEMre Raful: PN NABY a2 EndeR ,bsﬁx{qﬂea@t}iﬂkgao?bgé §1len, Shyrth, 100}
WO 02/ 069740 19 d) 67.06mM creatinine in %uffer at pH3.25 FO. 758d 11
100ml) PorregometifyiBgyraty. glgsiming, odis ia, and polypeptidesyi conthining vglutanuse,
proporti t ain,sol.uti.gns of 67.06mMM creati ne nonohydrate Wth pH

val Ues agg‘?s&?aéﬁeg‘%e’ﬁ‘.‘%ﬁpéf.cé?‘gn.2, 4.4, 4.6, 4.8, 5.0, 5.2. 5.4, 5.6, 5.8,
GO 6.25 6.5 6.75, 7.0. 7.25, 7.5, 7.75, 8.0, 8.25 4, Simlarly,
solutions 2b and 2d were m xed in various proportions to obtain solutions
of 67. OcRIgsYYaiMes spmbe provided tynieallydy nesdssidun benepate ndidr pofasiuabsprbate.5.

Sol utions of creatine nonohydrate and creatinine fromsteps 3 and 4 were

m xed, to formsolutions of the correct pH values necessary to produce the
nol e: nol €oloriagtchnibegrovided, eggically byahsins a sbRwwater sbablecdlofahnéuch ak Ihgtader i ved
fromFig. 3&6, i6 a fi.nagh $/cgl ume Q{ 10mL in a glass _screw cap tube.

Tri pl i cat®oERFmPheT fifablecalonngs will pe appasentdphose skiledindhppdd and heat
sterilised for 30 mnutes at 90C. 7. One set of sanples was stored at 2C,
anot her set at 22C and the final set stored at 39. 8. Aliquots were taken
after S Andlo@dingekgent onayp Hensabuded nientheanamposidiorsi i dibired, emt inggroby thbe
enzym ¢ net hod defsgi bed i.n Exanple 1 and on the 6th week sanples for
creat i ni HPEBFIEHR! AP RAVPARUY - crat e met hod (using the "Creatini ne Di agnostic
Kit" endpoint nmethod; kit supplied by Sigma-Aldrich Conpany Limted, Poole,
Dorset, UK). Despite the chemcal simlarity of creatine and creatinine,

t he for nEhe aiieesalgod tgce elemsptscamelsd ba addeadnintang typekcal forme whidhrisswtabie food.

human consumption. It is convenient to provide the calcium and potassium in the form of
their gluconates, phosphates or hydrogen phosphates, and magnesium as the oxide or
carbonate, chromium as chromium picolinate, selenium as sodium selenite or selenate, and
zinc as zinc gluconate. Typically the amounts are:- sodium at 400mg/liter, calcium at
100mg/liter, chloride at 600mg/liter, potassium at 200mg/liter, magnesium at 7Smg/liter
and phosphorus at 50mg/liter, chromium at 125pg/liter, selenium at 125ug/liter and zinc at

15mg/liter.

For liquid drinks in which the creatine is completely soluble, the amount of creatine
(calculated as the monohydrate from hereon) per litre or per Kg of prepared composition
may range from 1.5g to 24g with a preferred content of about 12g per liter. The normal
serving size is in the range 200-750ml, providing about 2 to 7g, preferably about Sg of
creatine. During the first 4 days of creatine supplementation the recommended

consumption is about 2.0 liters per day, divided in 4 or 5 parts per day to achieve creatine



WO 02/ 069740 20 PCT/ GBU2/ 11 UHB-1 Table 1. Mdle:nole ratios of creatinine to
creatine initially added in exanple 5 (in all cases the final total

concentr abh @o@hyoCreatinine + creatine is 67.06nM ) | ncubgdi/emeimERer at ure
2C 22C 39CStarting pH =3.800 / 100 / 100 / 14.03.90 / 100 / 100 / 14.22.75
/ 13.90 / 100 / 14.42.10/12.75/13.90/14.61.55/12.10/12.75/14.81.12 | 11.55
/ 12.10 / 15.0 r------ 0.92111.12/11.55215. 20. 801 10. 92/ 11. 12/ 15. 40. 70 |
10.80 / 10.92 / 15.60.62 / 10.70 / 10.80 / 15.80.56/ 10.62/ 10.70/

16. 00. 4944t 0rafion. 1 Thisds @136l k81 servingdst 250175088 per day containing about 2-3g of

1 30 3B Do pgpvide » Sughient level oF creatine to maitain satination, > o> | 10-38 1

17.50. 24/ 10. 27/ 10. 301 17. 750. 21/ 10. 24/ 10. 27/ 18. 00. 18/ 10. 21/ 10. 24/ 18. 25

i 0.1511 ~0.18/1 ~0.21/1 h Results Analysis of the creatine content of
sanpl es Fposnspénsions loficteatise imseubdigil et otBgCdatle wrppomiing ingtrices, dhmamauninge
bet ween

eks..5 an .. The nean. ch i oncentrati on was +0,76 (SD 1. 3)

ol 13 cB PR g B g A e i o0k JerioEd sh et ol o
02/ 069748erédn)PHe $i8E2/dQsb7donTBiRe iy B @k @aRr'5 td 100%: proWRIIMEbERRERIG0 G0aNge
fromweeks 5 and 6 in these sanples was ) )

(preferably 5g) of creatine. During the first four days of creatine supplementation the

recommended consumption is a suspension containing 10 to 25g per day divided into 4 or

5 parts per day to achieve maximum creatine elevation in the tissues. However lower doses

over a longer period (e.g. 3g daily for 4 weeks) will have the same effect. This is followed

by one serving of suspension daily containing 3 to 5g creatine to provide a maintenance

level of creatine.

The invention also relates to a method of making the composition defined above. Thus, in
a second aspect the invention provides a method of making a composition for human
consumption, the method comprising the step of providing, in the same composition,
creatine and sufficient creatinine to render the creatinine substantially stable (as herein
defined) when the composition is mixed with an aqueous medium. Preferably the aqueous
medium is water or an aqueous solution. The method will also normally include the step
of providing water or an aqueous solution, preferably in sufficient amount so as to dissolve

substantially all of the creatine and creatinine in the composition.

It will be apparent to those skilled in the art that the order of addition of the components to
the composition is generally not significant, and any sequence of steps which provides the
object of the invention will suffice. Thus, for example, solid creatine and solid creatinine
may be added (simultaneously or separately) to water or an aqueous medium; or water or

an aqueous medium may be added to solid creatine and/or creatinine.

Accordingly, in one embodiment the second aspect of the invention provides a method of
preparing a creatine containing composition for human consumption in which the creatine
is substantially stable (as herein defined), the method comprising the steps of: providing a

solution of creatine; and subjecting the solution of creatine to suitable conditions so as



3.1 {3.8)%which is of the sane order as the analytical error of the

met hod. As shown in Fig 6, at 39C the creatinine to creatine ratio

i ncrease§,\, #pb@k) i n sanples where the final pHis betweepcficBot/Gisesa 2. 1:1
) and 3. {)mrca 10.0:1 ). Between pH 5.2 and 8.8 the ratio is equal to or
below 1.0. At pH s greater than 6.0 the ratio decreases approxi mately
linearly fromO0.9 to a ratio at pH 8.8%f 0.6: Despite starting at the same
pH and wi th equal concentrations of creatine and creatinine, there were

cl ear di partialdndesonverpitheacreatiee tngregtingetekebyi forming pufficient ereatizinarid 39C
(table 2). .In,all cases the salutions incubated. ad,the | pH
nd t hootsdr 5 Rl TG he Fes iRt SRS G B e I8 nertf 9} oL
of a) Th®hé¢ meBbRigiedifyewill @bmbasp Geafiltter @tept b piukdpiag afie | mpasitiolithy Of

t he solutions, since increasing tenperature causes a decrease in pH, and b)
. The ef f edyitagle %Fww&sﬂ-snglésrsoepgaétw hettley foil saghptsi sleminiurg caeedde whi ch renpves
hydr ogen ions raising the pH or, conversion of creatinine to creatine

whi ch rel eases hydrogen ions and causes a decrease in pH, until equilibrium
i s attai Bederbsly ubemettod isarnheidt sabjectitg thé scludai oNeeaiid 16 sediblhédirlitionse
extent of apy change wll depend upon how far the initial concentrations of
creat i ne™WALYes Aieatingthe sglugion abRYe Hyewes ranRient| eppetaMIEnd Ihione  pyefegiedat est
when st aiiid, e lBufbh AeatlF8b0RCrP Bkt Ne al one (as in Bxanple 2).
This can be a slow process and, as shown in Fig 2, may take up to 8 weeks
with a solution of |ow pH, conposed initially of just creatine (As the

i ncubati pn ttgrrﬁerat r%Bi.n Exanpl e%é was ZéC then a slightly shorter time to
reach eqlt Bi BFFAPHSLING 1BEtOpduPYides,@ methofl ofRrepying £ dedte ¢ontaiBifgnge in
PH causegohyositith foP hBmaR BYRLdpAsn 8 whichakd &8afRds SiRBhliti) &abls é%&fm ent
upon the absolute concentrations of creatine and creatinine, as well as the
buf f er i ndefowghdhe metdfodicomprisioiz shesteps. ofHproiding a solktiombEcigetinef ptdvédieg hact or s
enabl es sql utio final %\%%NBRSi tions OE creati Be and creati.ni ne

f_.k
and pH t% %téo%?ggrggtérﬁpaoa VPAL0) 1955 PP EB1UDY BEBEADEIWPOSIUPRANf f ect

of t enpewaihlttRrd ROBuFFiBRNIDEeRinide $6 rétide? thO breafifAtibiLNARTY GEBRL {1 Ngeinf 67
nmoU  (conbi ned concentration) made up in 0.2Mcitric acid potassium
phosphat éefb¢fl}.ers, after 6 weeks incubation to allow attai nment of
equilibrium NopH @2C @22C @

39CZ4. 03. 73. 624. 54. 24. 034. 94. 64. 445. 14. 84. 7S5. 35. 04. 965. 55. 25. 276. 15. 85. 986
. 56. 36. 4In( thieemsthad tthe\gH o tvabolatipst eesiifiné &l pryfeadly dader it hapedof @e t he
sanpl es incybated at 22C)., The final nole:nole creatinine to creatine
ratios ofoluten elergatingn Desirably the; phi efithe selubanmef pisptiniag isHir the yange 2not3,

| dent ! Cahnd fhe phPol HE SAufSH S AlarrBGH BAKANS in PRUGHET 4.5 857 WM deflubicie 7. the
nol e:nol e creatinine to creatine ratios r the terrperatureé were’ very

cl ose t ongasdarygoligre fived pHitb dwalesizetlegelnpared with the final pH of each
solution. Thus the nole:nole ratio at equilibriumof solutions of creatine
and creatinine of different pH, are primarily influenced by pH and not by

ol U1 onel St PUND Apr U iVeRiP poVIRS " HifPRi O PRphin aCTkupE (fhiRGse 11
t oget her campdsitidnefoy hhmen densumptigm onwhichthewereatitied s substantially stable (as herein
defined), the method comprising the steps of: providing solid creatine; providing solid
creatinine; and mixing the two solids so as to provide a resulting composition which, when
dissolved in aqueous solution, provides a composition in which there is sufficient
creatinine to render the creatine substantially stable (as herein defined). Typically this
method will further comprise the step of adding sufficient water or aqueous solvent to

substantially dissolve the resulting composition. [f desired the water or aqueous solvent

may be pre-sterilised by heat treatment and/or filtration.



bests this data (regression coefficient) r =1.00). The ratios predicted by
this line are . identical to those shown in Fig 3 obtained after 17.7 weeks
i ncubat i %bgi/c»(@?ﬁ’ but where the solutions were initiallypepapesarsponly of
creatine and no creatinine. This confirns the data in the present exanple.
W O 02/069740 23 Di scussion and Concl usi ons PCT/ GB02/ 00884 Starting with
sol uti ons conposed of creatineatinine idh nole:nole ratios close to those in
Fig 3 to be those at equilibrium stability was reached within 6 weeks when
i ncubat eth befifile aspc2t,athd B9 tionnproyiies remsthed eddS preparing accrbatiredcamtai®ag. Most
probably equilibriumwas reached nmuch. earlier.at. all three tenperatures.
e ros, PadbasHisRor Ry coRrpoan uvaich T reh itis AURSATIAIH S 0A L HeEEHat bl o
equi | i br ! : . : t { Fati os
R R A e S R b it

i medi at et gn beueans solabibe of graalininej thcreatinmedreingimpsuficiontequaAA@) toatnderf i nal
pH of 4. t he rat.i f ,creatinine t reatine s 2.1:1. .Thig i.s t upper
lint co icﬁeéa?lgﬁ S'ébsg?aﬁlﬁﬁﬂﬁ S%ﬁﬁc(?sl @%f?mf%(‘?ﬁn%‘ﬁslp%vé\ﬁﬁrsphé C’E?BWP%YV’rSﬁ]i] S@B atine
Bel ow a tieAin®rohqubofis JoNRiocAMBE Nreatihine! 8AlHI Ridifg 18 R RliduR hhc.Ebiabi ity
of creatine is excessive wasteful of material and inpractical. At a final
pH of 5. SUPPREINEANEX{ s about 1.0:1 which is a practical |evel and provides
a palatable drink with an acidic pH Conpositions with pHs where the ratio
is less than 1.0:1 are also practical and have the advantage of econony of
mat er i al advinsdgebasle, pertorhapedvmiagahals dfahe b&iond, tirdacdudihCorafitth hpssis

pal atable. Wth refrigeration (e.qg. 2(_:2 t he conpositions recomended as
usef ul f ¥illl Esplh ke gorapasitien acgardange dviththe first pearechdefinedbeve: oom
tenperature. At 39C (considered to be the extreme of a high anbient
tenperature) the | owest pH supporting a nole:nole ratio of creatinine to

cr eat i ne BRIEF.DESCRIPTIQNOB DRAWENGSes the | owest pH for the practical
range of _conpasitjions for drjpks. The nost inpaortant factor jnfluencing the
ratio of FEMESL *Hléf %Oafec%ré%*ﬁQﬁtﬁ%cwlmwrﬂﬁt%(ﬁ%g BEE 1Q4mle prdgs; hpergsiy
creati ni 4 i : IO WAl : i Lkbrium
o spegy oo ERebitatR, REBRISLVPIS sBhuibfh OF SIRCPR ik Bl (70

wi | | al sdedogbedia Examplha)y the initial conposition is either side of that at

equi l i bri.um then concepfrati.ons of .each w.ll ve toward hose at

egui | brhﬁ‘f{e 1 4 §1PR PE%%%’“F’&? WEPPEW%?‘“‘BF@H ‘r?i%?tlflﬁzgf t"i"@eibtl‘?'ﬁfoft he

conposi t diferdtt pH'sl e €24 BaysHAILAASN (ak dbd¥ribed m’@lx\éﬁxﬁlef’ﬂ,r mation of creatine
a

then pH will decrease. The extent to which pHis changed will depend upon
t he absoFigueesdandgeatergraphsatfiarpgeatine comgnirations(asigipeh 100rst, 20d vz peroemtadich W

O 02/ 069£40. 24 .PCT/ GB02/ 01188-4. equi | i brj um and the bufferi capaci ty of
Che mad: G e hesTiate 1opranfY) sl BRCHhT 1o BUxE: of Srenlhe By how
far the tibfiniad inedletions! of diférem $HIE WRFSinkikuRd fortupatb 930S (& deséRbeddn M ng
or cooling produce an inmediate effect on pH which if not reversed wll
drive thEX¥pRl§E)ne / creatinine interconversion to a new equilibrium state.
I f cooli . I i i BRI i I y at
equi 11 br | B &2 BE08 bPRLTHAQhdI® dislor cfeeRRen Skl fp B B ANLRRSY, * e
expense shiblenéat b weeks inditbasiowiatl 399 wsldekraibled it Bxsape s¢xt ent the initi al
(imredi ate) increase in pHwth cooling before settling at a value stil
above t hEigues { is# graphygpdictmelgmole sfierofwiaining|te crating agfinse pHJoLyodutiang e

ratio. T [ Q. h Ul A um,wi || be greatest at |ow
pHs. W't El%a%raﬁgrnég%% ﬁé‘g‘f)b(f@l%ﬁgt %@%gp%dnég\%qéh{s g‘FFcPh‘F‘{)E“ Yo ¥ase in pH
whi ch, i Fiduhes Bon@aph bf fesmelk:nsd1e adtio T crddéinie @8 tiaAtinG adiirise pHITHL dadhtlonsat
equilibrium will be "pulled back” to sone degree towards Phe initi al pH.
Event ual Bigbleradiep i wieks incstbatien aft 22{Cplas Idesesibed fm FExaimate $ehlse shavar is od, and

t he corrpgrsd'eti n vvi{%l.havE a F'_gher nol e:nol e creatinine to creatine ratio.
Decr easi A5 f REYPEPRY IR RFREE g the temperature will al ways cause a greater
change i g the.00]€ #0027 -026937F 120l94¢t LRI9.618x? al640 30HEN 158658840 t he pH
(by the sane magznitude) by decreasing tenperature. However, attainnent of
equi | i bri um W03%238enerally still be fastest when sol utions are warmed

rat her than cool ed. For solutions of low pH the tinme to attain a new

equi l i br remk.080y be quite | ong. Wiere conpositions are prepared in which the
concentrations of creatine and creatinine are significantly renmoved from
those at equilibrium and, where these solutions are then warned or cool ed
for prolonged periods, then both factors described above will apply. In all
of these cases, however, the extent of change nay be mnimsed if the

i mredi ate i nfluence on pH of warm ng or cooling of the base solution (i.e.
the solution in the absence of added creatine and creatinine) is known and
by applying the nole:nole creatinine to creatine ratios described in figs 6

o " ~ . I




WO 02/ 069740 25 PCT/ GB02/ 00884 the concentration of creatine itself has
been fixed in all cases to 5g creatine nonohydrate, and the concentration

of creat iy pge@hooned to vary accordingly. Table 3 Estinepefigaifssine and
creatinine contents of a 500mlL drink of different pH s stored at 22C for 6

or nore weeks. pHnmole Cn / nole CrCreatine nonohydrate g/500nml Creatinine
g/ 500mL4. 06. 20 : 1523.54.253.80 : 15141544.52.46 : 159.34.751.68 :
156.45.01.20 : 154.6' 5.2S0.95 : 153.65.50.80 : 153.05.750.72 :

152. 76. OBXYMPLES?. 46. 250. 59 : 152.26.50.54 : 152.16. 750.50 : 151.9I
7.00.48 : 151.87.250.46 : 151.7 Exanple 6 This exanpl e describes the
detailed fornulation of an acidic conposition in accordance wth the

i nventi ofyadige fONMPOSi tion takes the formof a dry powder, which is to be
added to water to constitute a foodstuff conprising creatine, creatinine
and Aloe Vera in which the creative is substantially stable. Ingredients
WO 06/ 069%#1 exdmplextelase tdbnaloydémies G e Aeiyl mhemodhper @tenifast ina
(stabilizer) Salt TrisaodiumCitrate (D hydrate) Beta Carotene powder

Pot assi uRPRSENGRtArLEresbas g solMiofyour Tri cal ci um Phosphat e Heavy Magnesi um
Carbonate Vitam n Prem x

1. The pH of each solution was determined with a pH meter.

2. Mixtures were stored in a dark cabinet at ambient temperature (circa 22°C) in a
laboratory.

3. 2-3ml of solution were sampled after periods of time between 0 and 124 days and
stored frozen at -30°C until analysed immediately or within one to two days.

4. Thawed samples were dissolved in distilled water to give a suitable dilution and the
creatine concentration of each was determined by the method of Harris et a/, (Scand. J.
Clin. Lab. Invest. 33, 1974, 109-120). Briefly, the assay was performed in the
presence of (final concentration) 100mM triethanolamine buffer pH 8.5; 10mM
magnesium acetate; lmM EDTA; 30mM KCI; ImM phosphoenolpyruvate; 2mM
adenosinetriphosphate (ATP); 0.18mM nicotinamide-adenine-dinucleotide/reduced
form (NADH); creatine kinase (CK); pyruvate kinase (PK), and lactate dehydrogenase
(LDH). The concentration of creatine was determined from the oxidation of NADH

measured photometrically at 340nm.

CK: Cr+ATP - PCr + ADP

PK: ADP-+PEP - ATP + Pyruvate
LDH: Pyruvate + NADH — Lactate + NAD
Example 2

The object of this trial was to determine the stability of creatine when heated at 90°C at
different pH's and the solutions left at room temperature for up to 124 days. At 90°C the

conversion of creatine to creatinine generally occurs very rapidly.



Lenon Fl avour Orange Fl avour Aspartane Creative Monohydrate Creatinine
Lyophilized Al oe Vera extract 300g 50g 6.0g 5.0g 130g 3.0g 2.99g 2.9g 2. 1g

2.1g 1. 8%&0%&)9;4049 1.0g 149g 113g 449 815.6g9 TOTAL PCT/ GRi4&etldfs, i About
75g of the above m xture when suspended in one liter of matrix or dissolved

inone liter of water provides, per 330nml serving, about 4.4g creatine 8.5g
carbohydrate, |.25 g Aloe Vera extractl¢ (equivalent to 250 m juice),
energy 34kcal (assum ng a zero calorie content for the supporting matrix),
cal ci umSqiaticmssi water i §p erdatine modohyidraerimB00gvi (. Bvfi ditric adid4- OWM pothsafing C
16. 2 ng, _,thi.am . 3nmg, tihoflavin O , niacin 5 , vitamn B6 0.4 ny,
fol aci n R8sRhte gp&%nﬁ Fé-ii%’d’.’ @, 208 35? ¢re egtstrtaiC pton 36t miwtes. adhe
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the amount of creatinine required to render the creatine maximally stable.

Conclusion

Starting with a composition comprising creatine and no creatinine it takes 4 weeks or more
for solutions incubated at 22°C to reach stability. The time taken to reach stability
increases the lower the pH since more creatine must be converted to creatinine. The
amount of creatinine required to render a solution of creatine stable depends on the pH of
the solution. Generally, the amount of creatinine required increases with decreasing pH.
However, at each pH it is possible to predict the ratio of creatinine to creatine which

would achieve maximum stability.

Example 3
The object of this trial was to determine the effect of creatinine in the proportion of
1:1(w/w) to creatine monohydrate on the stability of creatine at different pHs after heating

the mixture for 30 minutes at 90°C.



3. A conmposition according to claim2, in which the ratio of creatinine to
creatine (nole nole) is not Less than 1:8 and not nore than 5:1. 4. A

conposi ti G9J,ding to any one of clainms 1, 2 or 3, havppgcrePhbskp the
range 2. %9‘?85’@‘931" 5. A conposition according to claim4, havi ng é pH in the

range 3.0 to 7.0. 6. A conposition according to claim4, having a pHin the
range 4.0 to 6.5. 7. A conposition accbrding to claim4, having a pHin the
range 4.5-5.5. 8. A conposition according to any one of the preceding

cl ai ms, Cpnaptitiesi ofgl. S ereatineraroachylitate iand dl. 5 £ crepirien weres dissslveDin§ T0Dmltdre
group consj.sting of vitamns, |jpids, proteins, carbohydrates, palyols,

ani no acir(‘5 1 citie s O&MM%IP%B@PM@@HWW@P%,3,4r i piandad Shicatlunss
natural head hBaaddt POE F5FTBOGRiulEl! QYdIRH tﬁb’iﬁ-f ?@-ﬁ%sur@@tﬁﬁxﬂeﬁaﬂya}nbi nt
stabilizers, preservatives and buffers. 9. conposition according i any
one of t tenmpraoed2?iColfai upsto Wodqys. sing Al oe Vera extract. 10. A
conposition according to any one of the preceding clainms, conprising
creative suspended in an edible supporting matri x. wo 02/ 069740 29

PCT/ GBO2/jQ&%¢ 11. A conposition according to claim 10, wherein the edible
supporting matrix is selected froma group consisting of honey, syrup,

mol asses AstshewolieFiggl 4 ewd 5] at phlsaeandeT thegewas pd st oflerchtneddpdigthanediiagi des,

gal act omannaps trans, guar gum . |locust bean gum and xanthan gum 12. A
CoNpoSi tPS%O(QC%B%EFWd’r?%eﬁﬂﬁf?%ﬁ%a@f losfs OpFHESddt B ﬂ“aﬁ Wik B@8nt ed as an
aqueous solution. 13. A conposition according to any one of the preceding
clains, in which the conposition is a drink suitable for human consunpti on.
14. A cofqsenting istshildy eeruradpttadl pilly. AnpH's 5, 6hed Jr therdvagena end donthei si ng

a creati ion of at least 0.1 5g/100m 15. A conposition
accordi ngFefigl?ég Ozlgéﬁ{t%f?né%ﬁlﬁﬁag? ng a creatine concentration of at |east

0.3g/ 100nil. 16. A conposition according to claim 14, conprising a creatine

concentration of at |east
Conclusions

[n the presence of a sufficient quantity of creatine (which for pHs 5, 6 and 7 was equal to
or less than a weight ratio creatinine: creatine monohydrate of 1:1), creatine is
exceptionally stable, even when heated for 30 minutes at 90°C. With an insufficient
quantity of creatinine (for samples at pHs 3 and 4) heating for 30 minutes at 90°C resulted

in production of sufficient creatinine also to render the remaining creatine stable for at

least 95 days thereafter.

Example 4

This example illustrates a method of heating a solution of creatine to form creatinine and
then adding it to a flavored drink containing creatine to give a concentration which is
substantially stable. Simultaneously it is desired that the concentration of creatine
remaining is close to its maximum solubility such that it will not precipitate out in the

refrigerator at 3°C. This is a requirement for most beverages since they may be chilled in a

refrigerator before consumption.

Step 1 5g of creatine monohydrate were dissolved in 100 ml 0.1M citric acid (pH 3) and
heated at 90°C for two hours. This converted most of the creatine into creatinine.

The solution was cooled to room temperature.



0. 49/ 100nmL. 17. A conposition according to claim 14, conprising a creatine
concentration of at |east O 5g/100mL.. 18. A conposition according to any

one of ch@@)ﬂ%(@ﬂ(p 11, which is solid and which can be np@gcnii/fsds dri nk
by the addition of water. 19. A conposition according to any one of the

preceding clains, wherein creatine is present in the formof creatine
nonohydrate or creatine phosphate. 20.18A conposition according to any one
of the preceding clains, wherein a nornmal serving thereof provides a

physi ol ofiepal Aysdlhfierc wag reisal odntainkayt b ecreat® ABACEARAD i8 @586 GRAZ/ 00884
21. A conposition accordi n}g to any one of the preceding clains, wherein the
Pidt

creatine is stiffstcabifien atypE%et soqm; temperaipecitheutchestingsi Bhadé'bﬁ@lhg@?i ni ne)
at a tenperat échp&i&i‘ cdpkai V\ﬁiglrs."te;?e?nét t'Qbe @’te{al Rt ﬂZvoq%ésdgdn ﬁlgxatfcfée ?oo{(g%iﬁnt. lon

according to clarm 21, e creati'ne 1's subSt y'S e’ (with
respect to conversion to creatinine) at a tenperature of at |east 25C for

t |easty30.days.. 23. A it ding to claim21, wherein th
cr eat | neS{ER IsSNBHATR o JeRStlapide? phre iR auipeet tosetper a ratt b SSCPEAD i ne)

at a tenperat g@t6 to2ktetif@Sthe géig\;ufré’ran&tthét‘?gﬁkecp% qa%ﬁss &4?1F$3icg|$d§§?e§h§i on

according to claim 21, wherein the creatine I1s substantia W th

respect to costomdsabr22fC. crhat bgiaredtingt neonbkydreteandded of sadp Reasmamed f or

at | east 90 days, 25l A conposj tion according to claim?2l, wherein the

creatine is sﬂ%@@&ﬂ? }yaqtp@eg ogmplgtiomof the fwal productonver si on to creati ni ne)

at a tenperature of at |east 25C for at |east 120 days. 26. A conposition

according to claim?2l, wherein the creatine is substantially stable (with
The above drink when placed in refrigerator at 3°C did not precipitate out creatine. In the

presence of creatinine it was found that the maximum solubility of creatine in a

refrigerator at 3°C is about 1.2g/100ml (equivalent to circa 1.4g creatine monohydrate).

Example 5

It is well known to those skilled in the art that when buffered solutions are heated the pH
decreases. Thus a 0.1 to 0.2M citrate - phosphate buffer with a pH of 4.75 at 20° C will on
warming to 40° C change to pH 4.5. Conversely cooling a buffered solution will increase
its pH. These changes in pH will affect the mole:mole ratio of creatine:creatinine
necessary to achieve stability in accordance with the relationship illustrated graphically in
Fig 3. Thus the ratio will change from about 1.7:1 at pH 4.75 to 2.5:1 at pH 4.5. Thus a
composition which is stable at 20° C will be changed to a new stable composition when
stored at 40° C. The abject of this example is to establish and compare the ratios required

for stability at 2°C, 22°C and 39°C over a range of pHs encompassing 3.8 to 8.25

Protocol
1. 02M citric acid-0.2M potassium phosphate buffers at pH's 3.8 and 8.25 were
prepared
2. Using solutions from 1. above the following solutions were prepared at room
temperature :-
a) 67.06mM creatine monohydrate in buffer at pH 3.8 (1gin 100ml)
b) 67.06mM creatinine in buffer at pH 3.8 (0.758g in 100ml)
€) 67.06mM creatine monohydrate in buffer at pH 8.25 (1g in 100ml)



respect to the conversion of creatine to creatinine) at a tenperature of at
| east 40 C for at |east 30 days. 27. A nethod of preparing a creatine
cont ai ni Q,Q?ggm.)epﬁ,l tion for human consunption in which theper/edimRsi S
substantially stable (as herein defined), the nmethod conprising the steps
of : providing, in the same conposition, creatine and sufficient creatinine
to render the creatine sufficiently stlﬂ)l e (as herein defined) when the
conposition is mxed with an aqueous nmedium 28. A nmethod according to
clai m 27, conp)i €7.0gmMherestimpe of buffex pingH 825407681 MMM wi t h creatine and
creati ni ne. WO 02/ 069740 31 PCT/ GB02/ 00884 29. A nethod according to
claim 28, conprising the steps of providing a solution of creatine
subj ect i ng $HaieH24tdnapcofert hARtd MvatiBuSpopéEbss WMA:B'SQR!?:OE@O@@ @é:?li/leas"
partially to convert the creatine to creatinine, thereby formng sufticient
. creatini ne ¢reatmgmpnohydeatewshpHnaiues as fdlomssul ting conposi tion

subst anti al I ( rei e 0. A nethod according to claim
29, wherei ni ?"nztt(gtqe%‘1 %sg]u%jgggﬁ ﬁg ?%e%o? 8’“ on of creatine to suitable
condi tions 6.0y6128e6.5h&a5j NQ 1.2 7HI5| 0, @Ppve anbi ent tenperature. 31. A
met hod according to claim 30, wherein the solution of creatine is heated to
at | east %00¥MiBHYe$olytions 2bawd Fdare Bixedan varipes prepoions fokbign selutivmsi ofi 28,
conpri si ng f. greatine; providing a
sol ution oféﬂﬁegw;éaﬁgﬁn&étgﬂémgiﬁgﬁy ﬂgésﬁg?&!h egr%g%s%gas to forma resulting
conposi t iSonSolntiosi afmreahmeanmmtgfdfaid sndecreatiriivatroni Sieps ® ah@ AdREretiRedr@at i ne
subst anti al }°¥'ﬁ bl e {a her ei n daned) 33. A nethod according to ‘clai m
32, wherein E‘HO $ Ot fhe coppeinED Malles Recessaryp mEoduse| thgole:mals cm@nma of

the sol uti 03 RdatihBeattRSHbivh R 14 ﬁggﬁ egt. t hod
according to cl aall m%S wher el?n ?%Ho@hhmﬂ]d scﬁoﬂt%%@) ﬁcr@é |n|uH'e r}zss in
the range 2l@nltio aldss seraw dapeulpH Toiplicite samples vere prépatr&e resul ting
conpositi i isin.the r 0to 5. 35. A nethod

t
acccordi 8 nTl HB’Q:l I“éegfe%rffeﬁa‘?ﬂ:ag ey Sfeﬁgs@tf@bggm““ﬁ?%%% Gg solid creatine;
provi ding, SQbé skt 6r %&m@g e stHPeH'af‘g"Ct Qﬁothé!i%eﬁét'z'zﬁté aﬁ@th%sﬁéafse?%}’édda‘?:@

resultln% conposi tion wh when di'ssol ved I n agueous so rovides a
conposi t BonAliguoghvers tﬂkﬁ!‘r eftaré ol § veeksrfbr pHemedsnieneent and emdypsis cbﬂm'ezameat i ne
substanti alg}y (et g}\l% x(g ® tPO({ Sescrlbed in Example 1 and on the 6th week samples for

creatinine by the alkaline picrate method (using the “Creatinine Diagnostic Kit” end-

point method; kit supplied by Sigma-Aldrich Company Limited, Poole, Dorset, UK).

Despite the chemical similarity of creatine and creatinine, the former does not give any

reaction with the alkaline picrate method.
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Results

Analysis of the creatine content of samples from the solutions incubated at 39°C showed

no significant change between weeks 5 and 6. The mean change in concentration was

+0.76 (SD 1.3) mmol/l corresponding to an increase of just 0.113g of creatine
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8.8 the ratio is equal to or below 1.0. At pH's greater than 6.0 the ratio decreases

approximately linearly from 0.9 to a ratio at pH 8.8 of 0.6:

Despite starting at the same pH and with equal concentrations of creatine and creatinine,

there were clear differences in pH at the end of 6 weeks incubation at 2, 22 and 39°C (table

2). In all cases the solutions incubated at 39°C had the lowest pH and those at 2°C the

highest pH. The final pH attained is the direct result of :

a) The immediate effect of temperature on the hydrogen ion activity of the solutions,
since increasing temperature causes a decrease in pH; and

b) The effect of conversion of creatine to creatinine, a process which removes hydrogen
ions raising the pH, or, conversion of creatinine to creatine which releases hydrogen
ions and causes a decrease in pH, until equilibrium is attained between the
concentrations of creatine and creatinine. The extent of any change will depend upon
how far the initial concentrations of creatine and creatinine are from those at
equilibrium and will be greatest when starting with either creatine or creatinine alone
(as in Example 2). This can be a slow process and, as shown in Fig 2, may take up to 8
weeks with a solution of low pH, composed initially of just creatine. (As the incubation
temperature in Example 2 was 22°C then a slightly shorter time to reach equilibrium
would be expected at 39°C.) The magnitude of the change in pH caused by the
interconversion of creatine and creatinine is dependent upon the absolute
concentrations of creatine and creatinine, as well as the buffering capacity of the media
used. However, a knowledge of these factors enables solutions of known final

compositions of creatine and creatinine and pH to be prepared.
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[u\\]]]dﬁotassmm phosphate buffers, after 6 weeks incubation to allow attainment of

equilibrium.
No pH
@2°C @ 22°C @ 39°C
1 4.0 3.7 3.6
2 4.5 4.2 4.0
3 4.9 4.6 4.4
4 5.1 4.8 4.7
5 5.3 5.0 4.9
6 5.5 52 5.2
7 6.1 5.8 5.9
8 6.5 6.3 6.4

(the starting pH value was essentially as that indicated for the samples incubated at 22°C).

The final mole:mole creatinine to creatine ratios of the solutions prepared with the same
initial pH's were not identical in the three sets of incubations. However, as shown in Fig 7,
the mole:mole creatinine to creatine ratios for the 3 temperatures were very close to each
other when these were compared with the final pH of each solution. Thus the mole:mole
ratio at equilibrium of solutions of creatine and creatinine of different pH, are primarily

influenced by pH and not by temperature.

Fig 8 shows the mole:mole creatinine to creatine ratios of the solutions at the different pHs
at the end of 6 weeks incubation at 22°C together with the 7" order polynomial line which
bests this data (regression coefficient, r = 1.00). The ratios predicted by this line are
identical to those shown in Fig 3 obtained afier 17.7 weeks incubation at 22°C, but where
the solutions were initially composed only of creatine and no creatinine. This confirms the

data in the present example.
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probably equilibrium was reached much earlier at all three temperatures. The results
shown in Figs 6 to 8 relate to creatine and creatinine when in stable equilibrium with each
other and may be used to construct mole:mole ratios of creatinine to creatine at any pH

from 3.8 to 8.8 which when mixed would immediately be at stable equilibrium.

At room temperature (22°C) at a final pH of 4.6, the ratio of creatinine to creatine was
2.1:1. This is the upper limit considered as being practical for a stable drink containing
creatine. Below a final pH of 4.6, the amount of creatinine to maintain the stability of
creatine is excessive wasteful of material and impractical. At a final pH of 5.2 the ratio is
about 1.0:1 which is a practical level and provides a palatable drink with an acidic pH.
Compositions with pHs where the ratio is less than 1.0:1 are also practical and have the
advantage of economy of materials, but have the disadvantage of not being so acidic and

less palatable.

With refrigeration (e.g. 2°C) the compositions recommended as useful for drinks are
similar as those described above for room temperature. At 39°C (considered to be the
extreme of a high ambient temperature) the lowest pH supporting a mole:mole ratio of
creatinine to creatine of 1.0:1 is 5.2-5.5 and defines the lowest pH for the practical range of

compositions for drinks.

The most important factor influencing the ratio of creatine to creatinine at equilibrium is
pH. If creatine and creatinine are mixed in the proportions at which they occur at
equilibrium at a specified pH then these compositions will be immediately stable, as will
also be the pH. When the initial composition is either side of that at equilibrium then
concentrations of each will move towards those at equilibrium. If this involves formation
of creatinine then the pH of the composition will increase, whereas if this involves
formation of creatine then pH will decrease. The extent to which pH is changed will

depend upon the absolute change in creatine or creatinine which must occur to reach
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the creatine / creatinine interconversion to a new equilibrium state. If cooling (e.g.
refrigeration to 2°C) is applied to a solution already at equilibrium then the effect will be to
increase the creatine content at the expense of creatinine. This will "pull back” to some
extent the initial (immediate) increase in pH with cooling before settling at a value still
above the initial, supporting a lower mole:mole creatinine to creatine ratio. The time taken
to reach a new equilibrium will be greatest at low pHs. With warming the opposite will
happen with an initial decrease in pH which, if the compositions of creatine and creatinine
were initially at equilibrium, will be "pulled back" to some degree towards the initial pH.
Eventually the pH will settle at a pH lower than that before warming, and the composition
will have a higher mole:mole creatinine to creatine ratio. Decreasing the pH by increasing
the temperature will always cause a greater change in the mole:mole creatinine to creatine
ratio than increasing the pH (by the same magnitude) by decreasing temperature.
However, attainment of equilibrium will generally still be fastest when solutions are
warmed rather than cooled. For solutions of low pH the time to attain a new equilibrium

may be quite long.

Where compositions are prepared in which the concentrations of creatine and creatinine
are significantly removed from those at equilibrium, and, where these solutions are then
warmed or cooled for prolonged periods, then both factors described above will apply. In
all of these cases, however, the extent of change may be minimised if the immediate
influence on pH of warming or cooling of the base solution (i.e. the solution in the absence
of added creatine and creatinine) is known and by applying the mole:mole creatinine to

creatine ratios described in figs 6 to 8 when preparing the composition.

Based on the data obtained above, Table 3 shows the creatinine to creatine mole:mole
ratios of solutions of different pH at equilibrium and the corresponding concentrations of

creatine (calculated as the monohydrate) and creatinine in a 500ml drink. For convenience
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Table 3 Estimated creatine and creatinine contents of a 500ml drink of different pH’s

stored at 22°C for 6 or more weeks.

pH Creatine
mole Cn/ mole Cr monohydrate Creatinine
g/500ml g/500ml
4.0 6.20:1 5 23.5
4.25 380:1 5 144
4.5 246:1 5 9.3
4.75 1.68 : 1 5 6.4
5.0 1.20:1 5 4.6
5.25 095:1 5 3.6
5.5 0.80:1 5 3.0
5.75 072:1 5 2.7
6.0 0.64 : 1 5 24
6.25 0.59:1 5 2.2
6.5 054:1 5 2.1
6.75 050:1 ) 1.9
7.0 0.48:1 5 1.8
7.25 046:1 5 1.7
Example 6

This example describes the detailed formulation of an acidic composition in accordance

with the invention.
The composition takes the form of a dry powder, which is to be added to water to
constitute a foodstuff comprising creatine, creatinine and Aloe Vera in which the creatine

is substantially stable.

Ingredients
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Dextrose Monohydrate 300g
Citric Acid (monohydrate) 50g

Pectin (stabilizer) 6.0g
Salt 5.0g
Trisodium Citrate (Dihydrate) 130g
Beta Carotene powder 3.0g
Potassium Chloride 2.9g
Grapefruit Flavour 2.9¢
Tricalcium Phosphate 2.1g
Heavy Magnesium Carbonate 2.1g
Vitamin Premix 1.8g
Lemon Flavour 1.4g

Orange Flavour l.4g
Aspartame 1.0g
Creatine Monohydrate 149¢
Creatinine 113g
Lyophilized Aloe Vera extract 44g

TOTAL 815.6g

About 75g of the above mixture when suspended in one liter of matrix or dissolved in one
liter of water provides, per 330ml serving, about 4.4g creatine, 8.5g carbohydrate, 1.25 g
Aloe Vera extract, (equivalent to 250 ml juice), energy 34kcal (assuming a zero calorie
content for the supporting matrix), calcium, potassium, magnesium and vitamins (vitamin
E 3.4 mg, vitamin C 16.2 mg, thiamin 0.3mg, riboflavin 0.4mg, niacin 5 mg, vitamin B6
0.4 mg, folacin 85 pg, vitamin B12 0.9pg, Biotin 0.08mg and pantothenic acid 2.2mg)
and traces of protein, fat, and fiber. The solution has a pH of about 5.0.

The creatine is substantially stable for at least 7 days at room temperature.

Example 7
This example illustrates the method of providing a suspension of creatine and a sufficient
quantity of creatinine in an edible supporting matrix to render the creatine substantially

stable at ambient temperature.
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Creatine monohydrate (1.7g) is dissolved in 100ml of 0.1 M citric acid (to give a pH of
2.5-3) and the solution heated for five hours at 90°C. This converts 75 to 100 per cent of
the creatine into creatinine and the pH is then raised to 5.0 by the addition of 100ml of 0.1
M potassium phosphate solution. Four grams of xanthan gum is then added and heating
continued until the gum dissolved. The mixture is then cooled to 40°C. A slurry of 22¢g
micronised creatine in 20ml water is added, and the mixture well stirred for three minutes
using a vortex mixer to give a gel in which the micronised creatine is uniformly
suspended. The whole mixture is subsequently cooled rapidly to room temperature at
which point the suspension forms a solid or semi-solid gel with a creatine content of 10g

per 100ml which substantially stable at 22°C for at least 30 days.
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CLAIMS ‘
. A composition for human consumption, comprising creatine and a quantity of
creatinine sufficient to render the creatine therein substantially stable (as herein

defined) when presented in an aqueous medium.

2. A composition according to claim 1, in which the ratio of creatinine to creatine (mole :

mole) is not less than 1:10 and not more than 10:1.

3. A composition according to claim 2, in which the ratio of creatinine to creatine (mole :

mole) is not less than 1:8 and not more than 5:1.

4. A composition according to any one of claims 1, 2 or 3, having a pH in the range 2.5
to 8.5.

5. A composition according to claim 4, having a pH in the range 3.0 to 7.0.

6. A composition according to claim 4, having a pH in the range 4.0 to 6.5.

7. A composition according to claim 4, having a pH in the range 4.5-5.5.

8. A composition according to any one of the preceding claims, comprising one or more
additional components selected from the group consisting of: vitamins, lipids,
proteins, carbohydrates, polyols, amino acids, trace elements, colorings, flavors,
artificial sweeteners, natural health and performance improving substances,

antioxidants, stabilizers, preservatives and buffers.

9. A composition according to any one of the preceding claims, comprising Aloe Vera

extract.

10. A composition according to any one of the preceding claims, comprising creatine

suspended in an edible supporting matrix.
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11. A composition according to claim 10, wherein the edible supporting matrix is selected
from a group consisting of: honey, syrup, molasses, treacle, glycerol, Aloe Vera gel,

plant derived polysaccharides, galactomannans, dextrans, guar gum, locust bean gum

and xanthan gum.

12. A composition according to any one of the preceding claims, presented as an aqueous

solution.

13. A composition according to any one of the preceding claims, in which the composition

is a drink suitable for human consumption.

14. A composition according to any one of the preceding claims, comprising a creatine

concentration of at least 0.15g/100ml.

15. A composition according to claim 14, comprising a creatine concentration of at least

0.3g/100ml.

16. A composition according to claim 14, comprising a creatine concentration of at least
0.4g/100ml.

17. A composition according to claim 14, comprising a creatine concentration of at least
0.5g/100ml.

18. A composition according to any one of claims 1 to 11, which is solid and which can be

made into a drink by the addition of water.

19. A composition according to any one of the preceding claims, wherein creatine is

present in the form of creatine monohydrate or creatine phosphate.

20. A composition according to any one of the preceding claims, wherein a normal serving

thereof provides a physiologically effective dose of creatine.
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32. A method according to claim 28, comprising the steps of: providing a solution of
creatine; providing a solution of creatinine; and mixing the solutions so as to form a
resulting composition in which there is sufficient creatinine to render the creatine

substantially stable (as herein defined).

33. A method according to claim 32, wherein the pH of the solution of creatinine is lower

than the pH of the solution of the resulting composition comprising creatine.

34. A method according to claim 33, wherein the pH of the solution of creatinine is in the
range 2.5 to 3.5, and the pH of the solution of the resulting composition comprising

creatine is in the range 4.0 to 6.5.

35. A method acccording to claim 27, comprising the steps of: providing solid creatine;
providing solid creatinine; mixing the two solids so as to provide a resulting
composition which, when dissolved in aqueous solution, provides a composition in

which there is sufficient creatinine to render the creatine substantially stable (as herein
defined).
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36. A method according to claim 27, further comprising the step of adding an edible

supporting matrix.

37. A method according to claim 27, in which the resulting composition is acidic.



