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" Abstract: Disclosed is a conposition for hunan consunpti on E g rising
creatine and creatinine, the latter being in sufficient quahti¥ t?Qﬂiendef
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and Creatinine 15 August 2005 PCT/ GB02/00884 Field of the Invention This’

i nventi on g ekaf ef hQ KOMPSit QNS nggugugﬁgsggnsunpt|on conprising creatine
and  creatinimeaand v a method of pr ovi ng,u%@,mn@mgﬁa%tewﬁ cont ai ni ng
onp05|t|ons Backg round to the Invention In the last few years there has

been c dﬁg Iﬁ?fﬂg gg géﬁﬁl ‘@f.e S‘TOII t@od@t[eﬁc@&e.l‘ &kae)’%br@}}nonpﬁﬁ% Pe "Guid-
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regulatlommag pﬂ gl ﬁ& niss ee@h ener Gy dfet Btraedeem and it i s

¢nomzgeneramlgRagcepﬂed:mhaﬁwﬁih@(ﬂ@iﬂkgnance of phospho-creatine o

avai | abi | i@IyBi €F CApor Cdnia, tU, shewcantNmuat i on of muscle force productlon S

Creatine AESNal3dShe i nvol ved in other processes concerned with protein

synt hesi s and hypertrophy of muscle fibres during training. Al though

creatine synthesis occurs in the liver, kidney and pancreas it has been

known for sonetinme that the oral ingestion of creatine wll add to the

whol e body creatine pool, and it has been shown that the ingestion of 20

to 30g creatine nonohydrate (Cr.H20) per day for several days can lead to

a greater than 20%increase in human skeletal nuscle total creatine

content. Thus, W94/02 1 2 7 discloses the adm nistration of creatine
nonohydrate in anmbunts of at | east




159 (or 0.2-0.4 g/kg body weight) per day, for at |east 2 da%(s, for
aetbn

increasing nmuscular strength. In fact, it was subsequentl%? H2Q08at
after seWdr@06¥4ys of suppl enentation (20g per day) W t hPCT/ER01/60884
nonohydrate in order to attain initial elevation of the tissue stores,
thereafter it takes no nore than 2 to 3g per day to maintain the newy
el evated concentration. Supplenentation with any bioavail abl e source of
creatine (i.e. creatine supplenentation) in an appropriate dose can
provi de i nprovenents to athletes involved in explosive events, which
include all events lasting froma few seconds to a few m nutes (such as
sprinting, WO 02/069740 17 15 August 2005 PCT/ GB02/00884 sw mm ng,
weight-lifting etc). Endurance performance in events |asting |onger than

.about 30 m.nutes appear less affected by creatine supplenentation except
>.where this involves short periods of increased energy output particularly”

when the | ocal nuscle carbohydrate stores have becone depl eted..

Creat i NBjtR: 20REIBLitinhPdnfA and i.s5.not. a drug and its use is not
contrary to or%??léf g0 d??%ﬁ%E%FPe?géggggbgﬁg that the greatest benefits
of creatine supplenentation are experienced by the elderly, vegetarians or

t hose \r/ﬁo e(ﬂit nf neat or fish, since these people tend to have | ow nuscle
creat i ne cHithnlevenfoge ver a (Al oe barbadensis) is a nenber of the lily

fam |y Bpd it i | ent a hat. grows .in warm frost-free
cli mat es. EEn???faﬁﬁgfF%gﬁﬁﬁéﬁﬁ@ﬁhﬁ?danﬁgaﬁge Ph%?88mWEF§gPHPUE%ﬁ? ries as

a renedjeatisinciodio a retipdenfemoviting stablescrepint dontaaiifg d@pesHRbns. Ul cers and al |
types of stomach and intestinal disorders, kidney iInfections, topical and
gastric ulcers as well as to pronote |longevity. Today Al oe Vera is beconi ng

- very pdadkgroundnd thé fn@mRhi ts are scientifically recognized. The main use

of Aloe Vera in the past has been to prevent inflammtion, particularly to

the skiHe lg¥fekivars yhase hay bisoreensiBembleipteessanmonmathlaéiarcréd688 which
own that after using Al oe Vera

Experi gg ang: I t udi es..have s : .
orce, CThe: saa fERe Hdeal BT Vortis BB St e i rstlopmpae | on o
the i nhestoness of skelonirauets eddigy MR RisRAPESH n én@&rllgaa%n'féqged fherest in
Al oe Vﬁr a_extract as a nedi cament to be taken ora ygas peop &
e mamtenance of phospho-creatine availability is important to the continuation of muscle

force production. Creatine may also be involved in other processes concerned with protein

synthesis and hypertrophy of muscle fibres during training. Although creatine synthesis

occurs in the liver, kidney and pancreas it has been known for sometime that the oral

mgestion of creatine will add to the whole body creatine pool, and it has been shown that

the ingestion of 20 to 30g creatine monohydrate (Cr.H,0) per day for several days can lead

to a greater than 20% increase in human skeletal muscle total creatine content. Thus,

W094/02127 discloses the administration of creatine monohydrate in amounts of at least

15g (or 0.2-0.4 g/kg body weight) per day, for at least 2 days, for increasing muscular

strength.

In fact, it was subsequently found that after several days of supplementation (20g per day)
with creatine monohydrate in order to attain initial elevation of the tissue stores, thereafter
it takes no more than 2 to 3g per day to maintain the newly elevated concentration.
Supplementation with any bioavailable source of creatine (i.e. creatine supplementation) in
an appropriate dose can provide improvements to athletes involved in explosive events,

which include all events lasting from a few seconds to a few minutes (such as sprinting
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conposi tjon for human consunption conpri sing

¢ main use of Aloe Vera in the past has been to prevent inflammation, particularly to the
skin, especially after burns, but there are many other uses. Experiments and research
studies have shown that after using Aloe Vera juice, the output of the digestive enzymes
and the bacterial population of the intestines are improved. Thus there has been an
ncreasing interest in Aloe Vera extract as a medicament to be taken orally as people

become more acquainted with its medicinal properties

Among the several methods of presentation, there is a growing use of Aloe Vera extract in
soft drinks which are fruit flavored, and these are quite palatable. The inclusion of creatine
in a soft drink would be highly desirable because the Aloe Vera extract drink would bé

much more beneficial to health than an unsupplemented ordinary fruit drink.

Aloe Vera juice is acidic (commonly about pH 3). It is well known that the creatine

molecule is unstable in aqueous solutions at acid or neutral pH, and 1s converted into the

- related compound creatinine. This is highly significant as creatinine has no muscle

performance-enhancing effect and is excreted from the hunran body as a waste product in

urine. I[n view of the foregoing, EP 0 669 083 teaches that aqileous drinks for human

T PPWIGS,a% }Eemedy fo5 bages. to peexentritlisters, psptic hid deodepabs a -



creatine and its derr vatives, the conposition being provi ded as a dry
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therein aV@ BO&He at refrigerated tenperatures (4C) forPEF/GBOLSs: peri ods .
but stable at anbient tenperature for relatively short periods (e.g. up

to, but not exceeding, 7 days). WO 00/ 74500 di scl oses conpositions ,
conprising creatine and its derivatives suspended in aloe vera gel, which

corrposit h respe conversion of creatine to
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initial ofwuac#rineidremingfe, iemid 1€ bbddnid1Be CHPAR/ éfcbﬁﬂed @ﬂhﬂs VO 97/ 45026 and

. WD 00/ 74500 stress the desirabili ty of preventing t nversi on
creatine to creatinine, and neither docunment suggests the deli berate
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such as creatine nonohydrate, phosphocreatine ?’ier salts of creatine.

Creati ne nonohydrate is partlcul arly preferred Accordingly the term

y I h
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expl ai ned above,
sol ut i opregafining rﬁsﬂedbilmert@as)@%@k by saafbr}aﬂé\féhﬁg B.E‘:rft] toecon%smgnp urh?c)h wgr%l ng

converted tdo cr «Eat inine (Edgar &
intended ave a flavor (especially a fruit flavor) other than meaty or savory. The person
skilled in the art might have expected the addition of creatinine to result in an unpalatable
combination of fruit and meat flavors, whereas in fact the inventors have found that the

resulting combination does not impart an undesirable meaty flavor.

WO 97/45026 discloses an acidic composition for human consumption comprising
creatine and its derivatives, the composition being provided as a dry powder or in liquid or
semi-liquid form. The compositions disclosed therein are stable at refrigerated

temperatures (4°C) for prolonged periods but stable at ambient temperature for relatively

short periods (e.g. up to, but not exceeding, 7 days).

WO 00/74500 discloses compositions comprising creatine and its derivatives suspended in
aloe vera gel, which compositions were stable (with respect to the conversion of creatine to

creatinine) at room temperature for 2 weeks or more, depending on the initial

concentration of creatine in the composition.

Both WO 97/45026 and WO 00/74500 stress the desirability of preventing the conversion
of ‘creatine to creatinine, and neither document suggests the deliberate addition of

creatinine to a creatine-containing composition intended for human consumption.



Shiver, 1925 J. Am Chem Soc., 47, p.1179-1188; Cannan & Shore 1928
Bi ochem J. 22, p.920-929). This presents a problemin at'Péstst¥g0bo .
provi de dWMOR6LHO ot her conpositions containi ng creati ne PCA/GB02/00884
physi ol ogi cal |y useful amounts, especially as drinks are usually
formul ated so as to have a pH bel ow 7.4Edgar‘& Shi ver conducted sone -
investigations into the equilibriumwhich exists between creatine and
creatinine in aqueous solution and, in particular, the effect on the
equilibrium position by the use of buffers of different pH Unfortunately
t he wor k Iofoldddara gast Dvamess odResni®toRbdShio M onBiRGiohC y,dance
to the person ski I?ﬁgd_i n thge aﬁ? of form%l atiﬁ;lgBf bevéltgé)éles afﬁg’g{ﬁrg&h .
nutriti or‘iéﬁ EGHPO sthereihswvas srbstavialil stallassien @i rsidioy, pH haadpaiblandsienton by’
,.Edgatw&‘§9&%ﬁhm5§ very old and of purely academ c interest, would be
unlikely to be consulted by a person skilled in the art of formulating = _.
beverages, and does not have a direct bearing on the formul ati on of
beverageg. Secon(}l%ée and nost significantly, Edgar & 15 August 2005 5
Shi ver coHBURte Pt tkeltvestis,i nents using extrenely dilute sol utions of
creat i neffg¢ estdeni ; (Y2 : 01 creat.i ne/.100m ,
creatine m)ﬁghy_gtr gl'?vee n&gl\}?ﬁéc dz\;{kang%c“yu@a?ﬂé \é?ﬁ%{ogoé?%fg}p 0 gf\t%ﬂ?ﬁ &t 3H’é’§% are
appr opr i gersumpHopeBpYsing aleytincald isatsivatvea] espiesiallleympasiBonsPescheligyance
mhatsoevgﬁaﬁgoﬁ%stﬁns which conprise high concentrations (over 0.15qg

Ry o Pt By, MRS SRRt JOmRRSHIOpS dsuchy asadiinkes) imwhishcreatingrisled t o

creati ne nNoMO

provi de pkide ch agisous! WhieRdH in ARRNERRE, Ll { A9Ssrag! rdly,
Edgar & Shiver neglected to tarlée accou%t eo ?‘%@%@%éin@eﬂﬁ %ﬁ%igls\%ﬂfogﬁn ccurs
upon con®@¥% on of creatine to creatinine and vice versa - such a change -,
is probably negligible using the very dilute creatine/creatinine m xtures:’

enpl oyed by Edgar & Shiver, but would have a significant inpact at high

concent r3hd ns “cittile"as waEhales i ARled B &m%\ﬁ%ésaﬂﬁbio%ifabﬁé dBECRFAL of
inventors have discovered. Cenerally simlar comments apply to the equally

ol d publ FE3HICoRUDY a5 CapitinA BosHydrate, Thespiverwatives ohditotlen galis tolfecreativteabi | ity

of creat¢Rs; I - ' he initial copcentration of
creatine i ntiﬁgbgoo 8@% Egﬁ%}rlﬁ&%glyﬁ%t?%%&phﬁ%?r&"@&ﬁ %Itﬂ?ﬂ JEERIRP ?h%‘ﬂ% € of
cr eat i necansinpddsently vhetehtbe cotpopérdrign for a longer time period. However

this approach does nothing to prevent or inhibit the conversion of
creatine to creatinine. Furthernore,

As explained above, it is well known that the creatine molecule in aqueous solution is

- unstable, especially at acidic pH (i.e. below pH 7), being converted to creatinine (Edgar &
Shiver, 1925 J. Am. Chem. Soc., 47, p.1179-1188; Cannan & Shore 1928 Biochem. .J .22,
p.920-929). This presents a problem in attempting to provide drinks or other composiﬁons
containing creatine in physiologicaily useful amounts, especially as drinks are usually Sy

formulated so as to have a pH below 7.

Edgar & Shiver conducted some investigations into the equilibrium which exists between

creatine and creatinine in aqueous solution and, in particular, the effect on the equilibrium

position by the use of buffers of different pH. Unfortunately the work of Edgar and Shiver | ;
does not offer any useful practical guidance to the person skilled in the art of formulating
beverages and other nutritional compositions, for several reasons. I irstly, the publication |
by Edgar & Shiver is very old and of purely academic interest, would be unlikely to be
consulted by a person skilled in the art of formulating béverages, and does not have a

direct bearing on the formulation of beverages. Secondly, and most signiﬁcanﬂy, Edgar &




extensive conversion of creatine to creatinine is likely tg increase the pH
of the conposition, as the reaction involves the renoval 1§fALé1Uﬁ§/%ﬂ0§gen
ion. This may change the palatability and be undesirable to the consuner.
Moreover, creatine is not particularly soluble in water (especially at the
| ow tenperatures, e.g. 3-5C, at which drinks are usually stored), so there
isafinite mxinuminitial concentrati oh of creatine which cannot be
exceeded. gg addi tion, the inclusion of excess creatine is undesirable, as
the presenc8 St OndndrELer umerisentt niieg priremelyidititosolutiatd ofisrchsndAgtatinine
attracti ve(Qd.o0180ngH . i 1 solution of creatine would result
in adri nk(vm'th Irbgsisﬁl%lﬁé%%oﬁgé Q%aﬁ%u%?%{?rmo{jﬁfea e%’f”é%t}idl;f’ée WOg 3 meleedarsi nce

soffe of th&eighbef 1495 witlsl tesoere approptisd HOpGERAMLHIBA -cof[ﬁ&eliag%%gﬁlggﬁ% ave

provi ded ap rnative approach expl ai ned bel ow. ~15 August first
aspect di ?2? g‘g%‘gan%% WRAGUSHS 19 Sytipes cish sqommstse fhigh ommentreGomsu(qvier @xisg
conpri si ngereating S@byRFdGCat N8 Nkt f creatinine, present_ab
initio, sufficient to rendeFat he f/g%(g#@e%f c%:(erage%% iaﬁg ?rﬁelr"‘&?nr'ilegstP’é’ﬁldFal ly
“stabl'e sudthtypirlegically |useful ameestafoft heatineat i Beverg he ThE@RD a8 daf Sﬁiveﬁ
i mredi at elp.a at i remai ns changed during stor_ag°e over the

t enper QE ur egr.ét_tre]géo I;S?é%%p‘?:&;ig%efc ;{;é};ﬂ'ﬁ’é?i&g"g O%t‘fsluﬁa%tlomtr{daygﬁ cx}ehlfmefto L
conposi t i ereattheiand vicepHdrdiet weana ;0nposi-tion being. fruit-,
chocolate-, malt- or caranel-flavor e%léf1 Agrsegglkgﬁgfsig@g “%}chtﬁ%é’gg g‘hﬁ%t hod
of pr epar CHGUBHCIEHIESUBIX e ptpkxyed thiynBd gao nd: afhiven thut GRFTE sk ANk ficant

accor dancgnict b it [ .aspect,, which .conposition is fruit-, chocolate-,
mal t- or ggi\rj'%nel _@ff%\%ﬁg%n£ REThET HE Y 103 bryerage astthp prasent ipyemtarsli ng,

i n.the sahwvecdingosicti ditneratly se@lMedoeiRAN B i.alent; creatinine,
present ap_ini f‘#eg to render the creatine Etgpu???g?é;%ﬂ ;ﬁys@gb‘fu«?ﬁgffb% Phat at
| east 75% P KM @atine in the conposition inmmediately after formulation
remai ns unchanged during storage over the tenperature range 2 to 50C for a
period of_at least 30 days. 15 August 2005 6

The obvious solution to the instability of creatine would be simply to increase the initial

concentration of creatine in the composition, so that a physiologically useful amount of
creatine is present in the composition for a longer time period. However this approach
does nothing to prevent or wnhibit the conversion of creatine to creatinine. Furthermore,
extensive conversion of creatine to creatinine is likely to increase the pH of the
composition, as the reaction involves the removal of a hydrogen ion. This may change the
palatability and be undesirable to the consumer. Moreover, creatine is not particularly
soluble in water (especially at the low temperatures, e.g. 3-5°C, at which drinks are usually
_ stored), so there is a finite maximum initial concentration of creatine which cannot be
exceeded. In addition, the inclusion of excess creatine is undesirable, as the presence of
undissolved creatine in drink formulations is not attractive to consumers. Starting with a
solution of creatine would result in a drink with less than the maximum amount of creatine
in solution since some of the creatine would be converted to creatinine. The inventors have

provided an alternative approach explained below.



It will be apparent fromthe teaching below that, at -least in sone
enbodi ments, the production of the conposition (i.e. procéSAUgYstii0dr to
formation of the final conpositions) may involve the deliberate conversion
of creatine to creatinine. Stability of the creatine ab initio is
desirable comercially, because it allows exact characterisation of the
creatine content of the conposition (which, may, for exanple, be indicated
on packaging and the like) and it allows consuners to cal cul ate the exact
dose of creatine consuned. The conposition nmay be provided as a liquid, a
sem -liquid, an edible matrix or a solid for subsequent solution in water.
The creatine can be dissolved in water to provide a |liquid. For

conposi tions in which the creatine is suspended in a sem-liquid or a
_supporting. matrix the creatine content for the conposition is preferably
subj ected to & fifbteaessi derldsoren agnaooekgid engposibilSRhfgan Mu}ﬂﬁaﬁblﬁlcgﬂ:pnsm
powder i ng andgitfel bkfihe Prior to incorporation into a seni-liquid or other
supporting matrix so t 4t the resul ting conposition is not unacceptably

gritty in texdndr e. quanityeof efﬁahmne NBreSERP&Y ihifls, BRfrcicht th freRdSSERL dis oﬂe%
recogni sed fo(g.ggtf?léf u hl?ﬁ a ition i.n accordance with t

i nvention may ta ﬁ\‘ g‘r‘ % [#’f?ng\'/ﬁ?‘sg‘at abieasht/Pon of ‘h@d‘d@fﬂmﬁf in the

E upp! enent ed qmmﬁsﬁﬁ@amnn@atﬂydamgaﬁnmam refil4iid @bﬁ%ﬂg&@]@hﬂngﬁt%%gerlﬁer the
econes sus | es, 0 ods

represent ngﬂtﬁg &ampesup or(ﬁogga Lrg:gt)t Gi g EE 0({ A a& éﬁ CL@S% the ?Qf@POSlUOﬂ
i nvention i ndRvVas aspi dgtvedsing?. § ainil 55 sthe Itoaposiden bylr@rfmheem&@équgth or
margarines, eavhRl-giviedly Iunp fish caviar) spread, and other fish
pastes, neat spreads, and the |like. Qther convenient supporting matrices

are those conprising sugars or other carbohydrates, such as liquid or

solid honey, nolasses, syrup (e.g. corn syrup, glucose syrup), treacle,
gl ycerol or "Maxi m Energy gel Tm1f desired the viscosity of the solution

and/ or the cQrRQsiti be increased Ly the addition of
viscosifiers, gel F én]%@ta%gcr% & 3688@%13&? Pfﬁ%a.fm%&emqeﬁ?ﬂﬂbg%@ﬂtw&% CREFININE K nown
in the food domposstianyin and i ncI ude, for exanple, plant-derived :

pol ysacchari dc%ofdmggnsth}g)ﬁm%/ 069740 .7 15 Acuoq1 ]1_:m1t2_0%5 PCT/ GB02/ 00884

aspect, which compositi ocolate-, malt- or caramel-
flavored, the method comprising the steps of: providing, in the same composition,
dissolved creatine and sufficient creatinine, present ab initio, to render the creatine
sufficiently stable such that at least 75% of the creatine in the composition
immediately after formulation remains unchanged during storage over the temperature
range 2 to 50°C for a period of at least 30 days.




and the |ike such as gal act omannans, dextrans, guar gum | ocust bean gum
xant han gum and so on. Such viscosifiers, gels and the |ilecAygust 2¢e t he
fornmof a supporting matrix, if desired. One preferred edible matrix - '
conprises a gel prepared fromconcentrated Aloe Vera extract: a snooth
creany paste (suitable for packaging in a squeezable tube) nmay be prepared
by m xing 5gnms of creatine with (for exdhple) 60nml of a concentrated Al oe
Vera gel (such as that obtainable fromA oe Coomodities Int. Inc., Farmers
Branch, TX75234). |In addition the supporting matrix nmay conprise a

sem -liquid foodstuff -such as a yogurt or other sem-liquid foodstuff. The
present inventors have previously found that the conversion of creatine to
creat i ni ndt will beaappevsasiressthe tearidnaelowthatvar kedl y i nhi bited by creatinine

at’

itself, sugrr that a mxture of creatine and creatinine can quickly reach
1L e : , Lne an ) ar
c‘?‘%‘é‘ﬂi

equi | i bri Ghi%AAd SRR Henthdhe pradluctiomet tetdoripbsitien i erocdisideoptiorvibshi ng
to be bousgihyioaRY tiRakt 4 r inventars.  believe that the

expl anation for this _g%%ler v tols%lﬁﬁgsd%yhgl[%%vlﬁg}{%g%@’&aﬁ BAVEFIT Ydtrraimetie
creat’i ni nerepgnige.r S(abilitylyifehe emetineort inTieis dushablo kSmRRKAIR0 Wed QLT aﬁl}@%’ by
providing,, %F}?l?atnjicrt‘e‘?‘i n solfg]tpi on together wth an appropriate anount o
creatini ne The ConversPBRt B credling fonfentas the eempasitine (pdicbrmay, farexampi, ¢
conposi t i nindtarde wHcRaihy add ik b ntially . prevenfed even
at ambient_(i.e.2- 39% ?éelrr%eédgdtﬁs %Egérﬁdgg%lw %Orn§ o%é%)p%a}l?u&fg t&(e\%‘@‘;ttciﬁ‘S@S
days or rﬂfr“é?@““‘?ﬁﬁ%%umtﬁisorre enbodi nents the conposition as a whol e may
conveniently be selected to be acidic (i.e. have a pH below 7.0) or even

al kaline (eg 7.0 to 8.5) without significantly adversely affecting the

st abi | i t yliefcontpesitivaahiylee srapidedbs 9iiqhixe oSkt onagg Ll n_particular. the
CoNposi tigﬁgs desi raply h)gs %ng bet afgg{rl\miag&ggge'gb’én%&l‘lé?%ggb‘frf55) W&en 3.0

and 7.0 SHBY SPIEPB impRirbEbwwrenting: GudrdiBobed Fywitedolprotifea 1i§RRPOSI t i on
has a pHin the range 4.5 to 5.5 which, to the human pal ate, has a
refreshingly sharp taste wi thout being too acidic. Conpositions in

accor dan€er wotnipositiens iy etitlo fheas@amitdat ﬁ@bé@gehyinsg ablés dtor;aat cr egtti ne may

be presented %en in acidic formulations, contrary to the teacﬁ‘fpr?a U8 t he

art, in "B SHRES qoptcns rube spwansition iopletonibly ssjenat® 4 ancrphigitnged

peri ods cBYe@N crush e A siolagically effective anount of

creati neﬁlfos_ an ‘?'rmm\t ﬁgﬁ P B’tgﬂéﬁg’ ?%‘P%“@f/“g%@?jﬁeypmr fo incorporation into a
semi—-liquid or other supporting matrix so that the resulting composition is not

unacceptably gritty in texture.

Couveniently 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-

knowq in the food industry and include, for example, plant-derived polysaccharides, gums
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creatine content of the tissues of a subject following régdtiugt2005

consunpt i BR BP6HE conposition, relative to an initial ba¥EliGRO2{08854| .
Met hods of neasuring the creatine content of the tissues of a subject are

'k”nown (e.g. Harris, Hultman &Nordesjo §1974) dycogen, glycolytic

i nternedi ates and hi gh energy phosphates in biopsy sanples of nuscul us
quadr i cepadftReWke Sud adBlacibmifnhs, MRS, 2 m;é”(“l cand.
3G i Tap ey ot ad BllacimaBes. QR o b 260,80 G d%&?lﬁ%&%rse
phase i of8&P©iing hi gh performance |iquid chromatography of

-phosphocreatine, creatine and creatinine in equine nuscl e. Scand. J. din.

Lab. Invest. 51, 137-141). The term "substantially stable" is herein

def i ned Setkmiscngfits, els bAARES LGt e foﬁPBPQ%h%ﬁt{?ﬁn%&aﬂ@{s%]d%E: eaSt,,,,.

/5% (preferably at |east 80% and nore preferably a

creati ne ¢ PHETEGEdSle mets wapwiIisee Iaygféfnf@ﬂeﬁd)rfﬂmn aoncmirefedt Akvef Vaa]
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i ncreasin enper ture final product” is the conposition produce
after al Eg‘pﬁt‘%@g ﬂfgotﬁ%aa%? gfeﬁbﬂf&rﬁ%m@sémhh% IneeﬁmmmehL TXTI84).

ol by o™ aaator, M3abdtthe haffy ol BOREASE Wb SRR BT GRS R gB £ 1 on
wi || be othsi samnidéuiédpodstmff a refrigerator or a Warehouse) is typically

between 2 to 50C. Desirably, the conposition will be sufficiently stable
such that 75% of the creatine remains over the tenperature range of 2 to

50 C : f oThopicbeht dnRREIrORa RSl ft@&to&s‘?ﬁﬁunﬁ(}hzﬁi%%n@&%n%'%&feg ér?é) %61‘ ang é-%a s, and

nost preferably at |east 120 days, during stor 0
st abil i ta}qqepus ﬁ@u%@zﬁe@@abq/mdceslbemlﬁlweﬁm q:rbht(mwtn tthelfgséh tet a&mme@fat t he
solut ored) at which stability is

t t
r gg&e: 2d‘l’+r pal\ga &eaf TEF e%l‘anbf1 Hi ’f?@%req“ﬁﬁ%‘l“f“n&“éf the [sEqatiae ebecemiedit i on
and oversubbﬁnrlﬂt}gﬁaiﬁlfe VeNRarn a4isHias 1é BabodhdSy My ﬁH}tzﬁﬁXr {ﬂgory, ﬁgru%jenw}?

equi librjiuym ratl o of creatine: creatinine can vary g wever, i f the
conposi tt? ve $hafi the| eplanation don Hip observaiosaisi thet tfmntcﬁmarsmd bf omatislecs ease

on storageafindis h WELsbRIREEASH" Orhe inventors have now found that, by providing

creatine in solution together with an appropriate amount of creatinine the conversion of
creatine to creatinine {even in an acidic composition) can be greatly inhibited or even
substantially prevented even at ambient (1.€.2-39°C) temperature or above for long periods
(30 to 95 days or more). Thus, in some embodiments the composition as a whole may
~conveniently b¢ selected to be acidic (ie. have a pH below 7.0) or even alkaline (eg 7.0 to
8.5) without significantly adversely affecting the stability of the creatine content of the
composition. In particular the composition desirably has a pH between 2.5 and 8.5,
preferably between 3.0 and 7.0 and most preferably between 4.5 and 6.5. Typically the
composition has a pH in the range 4.5 to 5.5 which, to the human palate, has a

refreshingly sharp taste without being too acidic.

Compositions in accordance with the invention are substantially stable so that creatine may
be presented even in acidic formulations, contrary to the [teaching of the art, in
physiologically useful amounts, following storage for prolonged periods at ambient

temperature. A physiologically effective amount of creatine is an amount sufficient to



As nentioned above, the nole:nole ratio of creatinine to creatine to

achieve stability of creatine, is found to depend on the ‘BHiugust 2095

sol ution ¥H0%kiges from 1:2 for pH 7 to WD 02/ 069740 9 1FPCAUGREX008I05

PCT/ GB02/ 00884 3.8:1 for pH 4.25. It is preferred that the nole:nole ratio

of creatinine to creatine is not noregthan 10:1. Mre preferred is a ratio
of not nore than 5:1. Most preferred |é9 aratio of creatinine to creatine

which is S|nce cr.eatinine i n_.inactive |ngred|ent and
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invention, the creatinine can be added to the creatine as a pure %stance_ .
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preparedl&ﬁ heating a so
ereaftning nteguime swisclei Snarof JoCkatisbelats:héigher-14n5 (e. 9. pH 7) and
adjusting the final mx to the desired pH (e.g. pHb5). If required the
solution can then be re-sterilised under the above-nentioned conditions.

and t hen#

ution o creati ne

this nethiesd tefm RUBRA{RAIY Of bith t 0 urt ver si on
of creatine to creatini n$e and 35 Zﬂel?a}{ Qailrlsédetrrl‘éstsal}nglg Po r%%‘ﬂﬁreﬁ‘ﬁf“@?

m xi ng t$REORAAFIsGRYhighe! Ieﬂﬁtﬁl"fé%@tﬁembha& 1emmm,agem@ec;ae§mbw @ca;teme is-

not very when chi | refrigerator, where

creati nlgnj?gjl glptllr}gg eg%%\?ltéﬁée F%%P%Sltlwnﬁ?%ﬁﬁgf o5, forpupiationeef the ﬁ@ﬁl Rif)dl@t eatine
t hi gs rmmhmgedt arids thp@ st ok chRvdrRl Mot @atniflk | @K a\'\f%ﬁi g
relativel Xf ﬁ ger quantlt of stable creatine t’han cou e ac
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by
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for refnhggr tol tine/ 100 (or 1.49
creatine non%éﬁ;%?%sr&e%tﬁg?&g&d@ R%nﬁség?t abl sz?eo ﬁ@? o8 'éCtatIS afh’fncéﬁ‘ﬂmsmon

t enper auPdredhfidsalt wocRSify whd plodeaivnateds hdbe b&nkonrpl&te@§t i ne/ 100m  (or

1. 7g creatine nonohydrate/ 100m ).

The inventors have found that a 20° C increase in temperature can decrease the pH byras
much as 0.3 units. The temperature range to which the composition will be subjected (eg
in a refrigerator or a warchouse) is typically between 2 to 50°C. Desirably, the
composition will be sufficiently stable such that 75% of the creatine remains over the
temperature range of 2 to 50° C:following a peﬁed 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 ef 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

In
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-.conposition nay conprise a solution o

A further advantage of the invention is that it enables the provision of a
conposition which conprises the maxi num concentrati on of 13iALgYph 2085

creati ne VA9 81980 (under the relevant conditions of pH BRWGBEMSBAL ure),
but using the | east anmobunt of creatine necessary, in a stable formnulation,
and so does not require the use of excgss creatine. WO 02/069740 10 15
August 2005 PCT/ GB02/09884 A preferred enbodi nent of the inventi on is an

aqueous #lgi i gl H
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whi ch compreitarsi Gat. Me»aspreﬁ)arﬂeﬁgs & eaRidfMet {ofe B3t 1 NRIcIOReRY alLaasdst he
the drink conprises at least 0.3g creatine (or

creatine an ni

wi t hout fremdbaut dal tOCbavponents (such as for exanple flavoring) as a
solution in water e.g. mneral water or carbonated water using processes
which are well known to those skilled in the art. Preferably however the
conposi tHopnh 6B {HECInQBRioR! t ve its
pal at abi | | tydrpg?abl lity, flagvdc?)lr tk{)grjélﬁﬁtédriﬁ Pg‘gb‘g%&%% tﬁ.%g%gm#e {%é’ te
conpone rﬁt‘%ﬂaqﬁ‘fﬁwf ithe Pigginiak sen bel paredactaed imypitherys hbﬁﬁtgede:itma I tsBRti@roup

et nyl andarye PPyt ELES: paf mbopeniinibe Hecroutonie bt lscduthi s,

col ori n@asl,d fbf auaarssso aﬁﬁm&s LIMPC SYBRIEHRESse A Wra thd\GalilbnaPfen NG ffcg{ mance

i mprovi rﬁg subst ances, anti-oxidants, stabilizers, preservatives,
buf f er s R &ETERRRN phY 5@14 | coammergiat FaledyAltmatvely, aineqmmmlmlsatetnlmmgof t he

i nvent i 8R.y; §H&5€ qgg]_g nts whic e from20 to_ 100% of

t hei r recc?m"rende%%g ‘ﬁ ﬁggg% rtangr%}qusgfgf ﬂ&’r@FBe’f‘E‘ﬂBPE&Fﬂ%f

t hose whi ehe aerrea mgafotﬁe:r ethbatiinentE;, crvitingi® dinGe prePhdATb hebfid}of écﬁ}‘tid?x ofi @cin,
vitam n_B6 |l acin, vitamn B12, biotin, and pantothénic acid. In sone

cases acﬁeiafb'?e OF S7HSEHh BAYTS # PHretodhand them addims & tprﬂoSCdutmrt:@fmrmne @i lighary) may
car bony oy S oo and 2 EHE o BAFIR 1b B L EOPR T bt ar ch
(parti cﬁﬂlaﬁiqrwagdhm@eﬁmlcshgi undut/thy alRrgaichtionde conditions. In this method of
- preparation, there may be little or no further conversion of creatine to creatinine and
stability is ensured immediately after mixing the two solutions. This method has
advantages because creatine is not very soluble in water when chilled in a refrigerator,
whereas creatinine is much more soluble. By producing a stable so'Iﬁtion 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/100m! (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
condittons 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.



sugars which may be present in the conposition include glucose, fructose,
sucrose, lactose and maltose. Artificial sweeteners which5AHgup2095ed
i ncl ude A¥PL2(08% 0 Acesul fam K, Saccharin and Cycl amat e. PAIT/HHRA2/0858
desired flavoring can be added, -nost preferably fruity flavors such as
~berry, lenon, orange, papaya and grapefgguit. However, at less acidic pHs -
(e.g. WO 02/069740 11 15 August 2005 PCT/ GB02/00884 over 5.0) other
flavors saAlGhera ; : I cflavors suit abl. r
i1 Ry o et GBI o i ERA S anReRh RE. BBy Mk R A
and ci tr£i-e kakew phivdspivainepdriower whith as @ifH & ehcotangnOS3h kil 455-5.5,

nts .may beused to regulate the acidity

buf feri t, Other bufferi :
of the RrRRRR EG D Snisith G BPRR (dhivemigronap it ihditheesdded

0. physi doogie Btintaytihy BriaResbAses ML) SOUAMMAR UM fluorilBRE

which are useful: Pau D Arco tea, G nseng, suma t

myrrh,  WRilisRyrard OBl roerprnreterably alt leadt fedg phir-100mil - andanekt pedfypsigtat dast

cont ai ni (r?g%gﬂegtl@mnpe, ri bose, caffeine, and |ipoic acid. Preservatives can
be providedtypical'ly by potassium benzoate and/ or potassi um sorbate_

Col oring can be provided, typically by using a cold water sol uble col orant
such as ta- carotene. (ther suitable colorings will be apparent to those
skill ed i*A®tIPERYEHION ANBY SQEIPHGE ageietiopagl beeatine land edeatininehia watapesthbaton, | f
desired, 34@tibHA"8 he conposition.. The mneral and
trace el ements é:a}rfﬁgfl%gs B%Qgggg%%%gmgkyﬁ%véﬁgg ?8?1H51%5nc‘ﬁatFrsc'%uP‘cma%ﬁe f or

human comgterpt cathondtd waiet asing proeBises ¥hivhQirt deiihews ¥ Gbiiang iR@lassi umin
the formof their gluconates, phosphates or hydrogen phosphates, and

magnesi um as the oxide or carbonate, chrom umas chrom um F
pi col i naPgsferaBly ek wiRA$heS O6thHIRIGS] GV is8 e a zine as zinc
gl uconate. Typically the am)Hntls a?{e&&-&ggﬁ}%néngt&4%8%%%??m%%eﬁétfﬂl at
100ny/ | i tRprove s galatabiiaty, 6@DitYY.| flaver or potréithed gualiag. 2080 ukihbeEompHREAEST UM
at 75ng/]iter n h horus at 50ny/liter, chrom umat 125gg/liter,
sel eni umllng%%ﬂ'g%teg#eﬁo?}g S, éi’ﬁ&lai’iabiffée cled feomy o) grapp consisting of: vitamins, lipids,
proteins, carbohydrates, polyols (such as ethylens 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 cdntcnt (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.



For | IC]UI d drinks in which the creatine is corrpl etely solubl e, the anmount
- of creatine (calculated as the nonohydrate from hereon) ﬂér qg”@?@oér per
Kg of pref@i@ds¥dmposition may range from1.5g to 24g w tPCT&RIze6s34 r ed
content of about |2g per liter. The nor mal serving size is in the range

200- 750m , providing about 2 to 7g, ELer ably about 5g of creatine.
During the first 4 days of creatine suppl enentation the recommended

- t t day, divided in 4 or 5 part day t
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weeks) vﬁﬂl'qse,rmf@mmen@hp@caélﬂect. This is followed by one serving of
suspension daily containing 3 to 5g creatine to provide a naintenance

| evel of creatine. The invention also relates to a nmethod of making the

conposi tRresereffven esh g@gf\b@ldegwcau?rby ;ﬁ}t{%@%ﬁpﬂje ‘éé ’Rﬁg’% Ci/%f ppe ; E|l nvent |q%g%pr ovi des

a method of neking a conposition uman ~ con
conprising the step of providing, in the sane conposition, creatine and

-sUffici : i Qi e creatinine substantlally stable (as
her ei n é?&ﬁé%d %g%w%él ﬁ‘%’ hgtbty HHE & coidy d@iapiselblgrcolurarisuch avbiterm
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will also normally include the step ‘of provi gl ng wat er or "an aqueous

sol ution, preferabl y in sufficient anmount so as to dissolve substantially

all of lAhe: | t he co 05|t on.. It will be apparent
to those s&ﬂdﬁgéd Prt eyarfqbﬂ[}{l%?ﬁ%r}g ’Qﬂdl dgireds t® HEWEY#pdisent s to

appearance of the composition.

The mineral and trace elements can also be added in any type or form which is suitable for
. human consumption. It is convenient to provide the calcium and potassiurn in the form of
their gluconates, phosphates or hydrogen phosphates, and magnesium as the oxide or
carbonate, chromium as chromium picolinate, selenium as sodium selemte or selenate, and
zinc as zinc gluconate. Typically the amounts are:- sodium at 400mg/11ter calcium -at
100mg/liter, chloride at 600mg/liter, potassium at 200mg/liter, magnesium at 75mg/liter

and phosphorus at 50mg/liter, chromium at 125 pg/liter, selenium at 125pg/liter and zinc at
ISmg/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 5g of
creatine.  During the first 4 days of creatine supplementation the recommended

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



the conposition is generally not significant, and any sequence of steps
whi ch provides the object of the invention will suffice. Hhritpgust 05
exanpl e, B} éxbsegerdeati ne and solid creatinine may be addedrdBGRU/tssIeousl| y
or separately) to water or an aqueous nedium or water or an aqueous

medi um may be added to solid creatine ng/ or creatinine. Accordingly, in -
one enbodi ment the second aspect of the“i nventi on provides a nethod of
preparing_a creatj %%al ni n omé@on for human consunption in which
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provi des a nmethod of preparing a creatine containing conposition for human
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as to fobmonensesing ofrgpspanjpasddly @onianingd ah5g beatné Siosptblidel LMbinthemlel Ni ne.
to render_t creatine substantially stable (as herein defined). In this:
met hod t h&Ye E?—f‘if?a e solution of creatinine is preferably | ower than the pH
of the solution of creatine. Desirably the pH of the solution of
creatinine is in the range 2 to 3, and the pH of the solution of creatine
i s pref ed&bligvenior #leo rfdat@toéh Hethod 3f making thedjousgiosivh, deifined ABGWS SERY, inof t he

final Hto desire e In.a fourth a the invention provides a
met hodloof1 SB‘F%“@Sr #PRg e ‘Pé“éﬁ‘(ﬁ“ﬁepf%lﬁ"fsa? MRS fsﬁlaimg 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 mediurm. 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 creaﬁne
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



conposition for human consunption in which the creatine is _substantially
stable (as herein defined), the nmethod conprising the st eﬁs‘gﬁ“?t %ﬂoévi di ng
solid cre¥Pi%8%7# ovi ding solid creatinine; and nixing t RET{GRIZAEBH ds so
as to provide a resulting conposition which, when dissolved in aqueous
solution, provides a conposition in whizch there is sufficient creatinine
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—~conprising the steps of providing solid creatine and solid creatinine, or
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creati nine; &ng %gdi.ngﬁéo the m xture an edible supporting matriXx.
Advant agBahethe slviios ihprted 9906 dord mmiesof t he second, third, fourth or

fifth aspects wll result in a conposition in accordance with the first
aspect defined above. BRI EF DESCRI PTI ON OF DRAW NGS Figures 1 and 2 are

graphs dft 2 Weird pegect tle conotent patvides A atghdoer pt@ifing ANFedse 2oRBIHSNt  Of
the ini tcio%{ concent.ration, respectivel y% in solutions of different p
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wer e i ndaebaddpd for up to 95 days (as described in

In this method the pH of the solution of creatinine is preferably lower than the pH of the
solution of creatine. Desirably the pH of the solution of creatinine is in the range 2 to 3,

and the pH of the solution of creatine is preferably in the range 4.5 to 7 with adjustment, if

~necessary, of the final pH to the desired level.

In a fourth aspect 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 solid creatihe; 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. If desired the water or aqueous solvent

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



Exampl e 3); Fi gure 6 is a graph of the nole:nole ratio of creatinine to
creatine against pH for solutions stable after 6 weeks i ntUD¥YsHA0M 39C
(as descr‘i"gé’a’ﬂ?gﬁ4 anple 5); Figure 7 is a graph of the ndl(d/@REMS4t |0 of
creatinine to creatine against pH for solutions stable after 6 weeks
~incubation at 2C, 22C and 39C (as deschjgbed in Exanple 5); Figure 8 is a
graph of the nole:nole ratlo of creatlnl ne to creatine against pH for

sol utiongg 48 I descr .bed i.n_Exanpl e
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Thawed sappbemigweitaxdi ssol ved in distilled water to give a sui tabl e

dilution and the «creatine concentration of each was determ ned by the
nmet hod of Harris et al, (Scand. J. din. Lab. Invest. 33, 1974, 109-120).

Briefly, e in.th esenc (fi cent rat | on)
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BRIEF DESCRIPTION OF DRAWINGS

Figures 1 and 2 are graphs of the creatine concentration (as g per 100m), and as a percent
of the initial concentration, respectively) in solutions of different pH against time {as
described in Example 2);

Figure 3 is a graph of the mole:mole ratio of creatinine {Cn) to creatine (Cr) in solutions of
different pH's after 124 days incubation (as described in Example 2);

Figures 4 and 5 are graphs of a creatine concentration (as g per 100ml, and as a percent of
the initial concentration, respectively) against time, where a mixture of creatine and
creatinine in solutions of different pH's were incubated for up to 95 days (as described in

Example 3);

Sm

Figure 6 is a graph of the mole:mole ratio of creatinine to creatine against pH for solufions S
stable after 6 weeks incubation at 39°C (as described in Example 5);
Figure 7 is a graph of the mole:mole ratio of creatinine to creatine against pH for solutions
stable after 6 weeks incubation at 2°C, 22°C and 39°C (as described in Example 5);
Figure 8 is a graph of the mole:mole ratio of creatinine to creatine against pH for solutions
stable after 6 weeks incubation at 22°C (as described in Example 5), also shown is a 7°
order polynomial line of best fit: |
Y = -0.001x"+ 0.077x" - 1.693x" +20.594x" - 149.615x + 649.397 - 1560.343x +
1603.236 |

r=1.000



form (NADH); creatine kinase (CK); pyruvate kinase (PK), and | actate
dehydr ogenase %II-_fIDl_D The concentration of creatine was déPdsuaetPOPr om t he
oxi dat i oNVQP2RAPH neasured photometrically at 340nm CK: EFEBO20839Er +ADP
PK: ADP+PEP- +ATP + Pyruvate LDH Pyruvate + NADH ->Lactate + NAD Exanple 2
The object of this trial was to deter 'ge the stability of creatine when.
heated at 90C at different pH s and t solutions left at roomtenperature
for up. & 1qays- At 90C the conversion of creatine to creatinine
general l'y occurs™very rapidly. WO 02/069740 16 15 August 2005
PCT/ GB02/ 00884 Sol utions in water of 2g creatine nonohydrate in 100m O.IM
-citric ;{gid - 0.1 M potassium phosphate buffers at pHs 3, 4, 5, 6 and 7
wer e hea®¥¥mgle boc for 30 minutes. The solutions were qui ckly cool ed, the

pH (whi ch ‘-had changed) re-nmeasured and then left at roomtenperature as

- descri beg:.n I .. Aliguots were taken after 7,615, 29, 43, 57, 89 and
124 daygﬁghdeﬁﬁlgdr%gat%%- HeE a?ﬁ&v%ﬁ%teﬁhéﬁ??yasé%lwgge‘?fw dsteEbnipg . thyhe pH -
of eachcosaeqt=zionas creaasdinedsolddgh. concentrati on of creatini ne was esti nated
fromthe difference between the starting |level (2g creatine nonohydrate)
and the neasured |level of <creatine (calculated as the nonohydrate).

Resul t's | AThg ey daBh EGE8eS ad a88dideq bAGTE s, a rapid conversion of
arvere e SR

creatine to creatinine m nut ing. However, the extent

of convek siMixtarepevuie dtongbiin tahdai-babinet i€ angRbit edPeralE NEirBf 9SSRI yel v
greater vvig%{otéhe | ower pH. On storage for 30 days a further decline in the
creatine c #PPati on occurred. Between 30 and 124 days the | evel of

creating, r eaghedr stiahbd biete Amplch MM Henfd 0L Bu2 BhQUS, hhe moler ol e ratio
of creatinine and creatine at ﬁigayaﬁ%ﬁiye?{d;?%{’%gkbgw%?n @,aftfig?g,ﬂay%gp% from
which it watrgbfetdnlat-105Casttil matlgsed iheneaiimeltor Ofithid &&d fovblaysequired to
render the,[%r eati ne 1malxi mal Ig stgbl ((ai ) ] i
4. awed 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 al, (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; ImM 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
Exa_mple 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. -



Concl usion Starting with a conposition conprising creatine _and no

creatinine it takes 4 weeks or nore for solutions i ncubat BoAugusbIe5 o .

reach st aBiQ@2{0§9740he tine taken to reach stability i ncred8%GBRABHAVWEr t he ,

pH since nore creatine nust be converted to creatinine. The anmount of

creatinine required to render a sol ut :rg‘ﬂ of creatine stable depends on the

pH of the solution. Generally, the a nt of creatinine required increases
at e sible to predict the
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Resul ts re was no, | 0Ss of
creati nedlgﬁﬁﬁﬁggw?r‘;}e&ﬁgha(?laﬁgﬂ]gqg‘%l ?& &éarfgjll_iﬁn%nt??'y gﬁﬁge& §1}f‘\,1§1f3§,9 Fddsrerof| osses
occur r ederaatingicdeulatedrnd ti3: mbhshyiiamy. Creatine stability occurred at all
pHs. At pHs 5 6 and 7 there was even a trend for the «creatine
concentration to increase Conclusions 1In the presence of a sufficient
quantit yrR@fut@r eati ne (which for pHs 5, 6 and 7 was equal to or less than a

wei ght ratio creatinine: creatine nonohydrate of 1:1), creatine is
except i ohaf wasmalﬁllgér%elv@mﬁ %‘énrehmtaexipfcbwor@ersmnmﬁce&tﬁlb 10 Qceatifirlch fap

|nsuff| creati |ne 0 les at pHs 3 and 4) heatin
t or %h% g m1gﬁ't%§%18%¥n Sﬁppgﬁer e exteg ofr conve sion depended upon the pH)of the 9

solution, being progressively greater with the lower pH. On storage for 30 days a further
decline in the creatine concentration occurred. Between 30 and 124 days the level of
creatine reached stability at all pH's. Figure 3 shows the mole:mole ratio of creatinine and
creatine at day 124 (17.7 weeks) at different pH's from which it was possible to estimate

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 Y
amount of creatinine required to render a solution of creatine stable depends on the pH of o
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

L:1{w/w) to creatine monohydrate on the stability of creatine at different pHs after heating

the mixture for 30 minutes at 90°C.



in production of sufficient creatinine also to render the reminin
creatine stable for at |east 95 days thereafter. Exanpl e1§pﬂﬂu§t¥§%§rrpl e

i Il ust r at¥@ 00¢P2¢hod of heating a solution of creatine toPEBEHILEEH i ni ne
and then adding it to a flavored drink containing creatine to give a
~concentration which is substantially able. Sinmultaneously it is desired
that the concentration of creatine refhining is close to its nmaxi num

| ubi | i that it will ipitate out in the refrigerator at
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hours. THFE Beaiceat 80°Grdet 30 rminHiescpeale i oc-orcesuttediand left Thamdidntt i on

_was _cool g raom terperature. . WO 02/ 069740 18 15 August 2005
- PCT/ GB02/ g“gé%jur%{?g% gm&rs% tﬁtgﬁodﬁy%\'/as prepared containing 5g creatine

- ~-nonohydrate in 650 M 0.1M citrate buffer at pH 5 at roomtenperature,

wi t hout Reati ng. In addition, the solution contained 15 per cent Al oe Vera
juice, f %ﬁf’éfsi,ng and dextrose to sweeten. Step 3 Solutions fromsteps 1 and

2 were t ] : e at 90C for 3 inutes to sterilise
the mi xtﬁféhdg%ﬁltdﬁgﬁgﬁ%cﬁpﬁsg ag‘?:}sjtshe%erwﬁ ‘5’3@?%‘3‘8%?{%”8 dﬁ&‘ﬁ‘ﬂg thehspdng ot
22C. ThepeBigdc iSewtl e prapnaivivedtyagreatadideds becusie@ Rt 211 ST #ARH Do (sadbst antial |y

- stabl e upon fornul ation of the final product. e above drink when pl aced
inrefrigerator at 3C did not precipitate out creatine. In the presence of

creat i NiMRatide ; . [ S blJ of creatine in_a
refrigerator a%tﬁ%gt)?%%gg%%? : ?thl ?S‘/sﬁ% %’qﬁ%@ﬁ?etfﬁ%rgt‘%asﬁvf%ﬁ ﬁ?@gﬁ)& Fléeati ne
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when buffered solutions are heated the pH decreases. Thus a 0.1 to 0.2M
citrate - phosphate buffer with a pHof 4.75 at 20 Cwill on warmng to 40

C changa&dmehplibis. 5. Conversely cooling a buffered solution will increase

In 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 iflustrates a method of heating a solution of creatine to form creatinine and
then adding it to 2 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.



its pH These changes in pHw Il affect the nole:nole ratlo of
creatine:creatinine necessary to achieve stability in ac clorAHANER2UPt h t he
rel ati onstW@ 0949t rat ed graphically in Fig 3. Thus the rBETEBARMISSEhange
fromabout 1.7:1 at pH 4.75 to 2.5:1 at pH 4.5. Thus a conposition which
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at 40 C. The obj ect of this exarrple isto establish and conpare the ratios
reqU| red iLity at 22C and 39C over a range of pHs encorrpa55| ng
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foll owi ng solutions were prepared at room teénperature :
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creatinine in buffer at pH 3.8 (0.758g in 100ml) c) 67.06nM creatine

monohydrate in buffer at pH 8.25 (Ig in 100m ) WO 02/069740 19 d) 67.06nmM . -
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6.0, 6,25 6.5 6.75, 7.0.
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vari ous proporstlbsnmiaﬂgsﬁbte&iganﬁﬁim!ﬂldti%ﬁ%fﬂ{e fifaf pRRAEM Creatinine at the same
pH val ues identified in 3 above. 5. Sol-utions of creati ne nonohydrate and

creatinine fromsteps 3 and 4 were mxed, to formsolutions of the correct

pH val ue Ie' L atlnlne to creatine ratios
oA vl e yBSEaRSa 1R RUIE R S T B AT THBNAR, ol S ShBE 0
10mM i n gregémssof ereatiniepitt whe fodd mﬂadtCﬂlEenﬁﬁHﬁﬂrﬁssd{\ﬁﬁ@typ%$p@rE§tﬂw & aThe .

sanpl es r.e cappe nd, heat sterilised for 30 m nutes at
P re ngerato? bt %Cais 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
dgcre_ases. Thus a 0.1 to 0.2M citrate - phosphate buffer with a pH 0of 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 fo 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 object 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
lemperature :- |
a) 67.06mM creatine monohydrate in buffer at pH 3.8 (igin 100ml)
b) 67.06mM creatinine in buffer at pH 3.8 (0.758g in 100m})
¢) 67.06mM creatine monohydrate in buffer at pH 8.25 (1g in 100ml)
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pi crate nethod (using the "Creatinine 'agnostl c Kit" end- point nethod;

kit supplied by Sigma-Aldrich Conpany Limted, Poole, Dorset,

UK). Despite
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. Similarly, solutions 2b and 2d were mixed in various proportions to obtain solutions of
67.06mM creatinine at the same pH values identified in 3 above.

Solutions of creatine monohydrate and creatinine from steps 3 and 4 were mixed, to
form solutions of the correct pH values necessary to produce the mole:mole creatinine

to creatine ratios shown in Table 1 (initially derived from Fig. 3), in a final volume of

- 10ml in a glass screw cap tube. Triplicate samples were prepared.

The samples were capped and heat sterilised for 30 minutes at 90°C.

One set of samples was stored at 2°C, another set at 22°C and the final set stored at 39°,
Aliquots were taken after 5 and 6 weeks for pH measurement and analysis of creatine
by the enzymic method described 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 szmllanty of creatine and creatinine, the former does not give any

reactlon with the alkaline picrate method.
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creatine content of sanples fromthe solutions incubated at 39C showed no
significant change between weeks 5 and,g. The mean change in concentration
was +0.76 (SD 1.3) mmoi/1 corresponding to an increase of just 0.113g of
creatine / 7 0] PCT/ CBO2/ 00884, monoh
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(3. 8) % wieasds thefinil tbhﬂ csmtmﬂ;@rof&&eﬁtﬁﬂn@m%ﬂﬂthﬁais &Toanvef the nethod. As

shown i ;l? 6—at—39C the.creatinine tao creatine ratio jncreases rapjdly
in sanples lwsmhasionhe flinal pH is bet en 4.6 (circa 2.1.1) and37 (kirca
210.0:.1). 5.2.and .8¢8 the ratio_ is.equal to or At
pH s gr =ater\q§’hantagg tihe rat igoédecreases 2& xi mat gl y | né@ﬁ y fro 0.9
~to arati O Sédrtib pH 8 of 0.6: Despite starting at the gane pH and W ﬂ{equal

concent fations of creatline and creatinine, there were clear differences in
pH at the end 38 6 weekgoi’hcubation at {&,/122 and 39C (jtablie 2). In & |
cases tfre—sotttions—ingybatedat—39C-had the lowest pH and those. at 2C the
hi ghest | pH. Th‘%’ofl nal pﬁ%/t]al ned is t 1@/cl| rect resul tf cof 1: a) The
i medi afe effegty,of ter re o the gen—ton—agtiyi-ty—ef—the
sol uti ofps, si%’ge increlaﬁseji% t enper at uf %)égé ses a decr/éa ZT in pH and b)
The effkct of ggnversiagn gf; creatine tpygEeqti ni ne, a [FFHFFPS W CirTlenoves
hydr oge ians raisingi{the pH or, conversion of creatlinine to creatifne
whi ch rgl easest-fiydr ogen 1.55/1 21071 27571

4.8 112/1 1.55/1 2.10/1

5.0 0.92/1 Liz/1 1.55/1

5.2 0.80/1 0.92/1 1.12/1

5.4 0.70/1 0.80/1 092/1

5.6 0.62/1 0.70/1 0.80/1

5.8 0.56/1 _ 062/1 0.70/1

6.0 0.49/1 0.56/1 0.62/1

6.25 04371 0.49/1 0.56/1

6.5 038/1 043/1 049/1

6.75 0335/1 0.38/71 ‘ 04371

7.0 0.30/ 17 . 0.335/1 0.38/1

125 0.27/1 0.30/1 033571

7.5 | 0.24/1 : 02771 030/1

1.75 0.21/1 0.24/1 027/1

8.0 0.18/1 . 0.21/1 0.24/1

8.25 0.15/1 0.18/1 : 0.21/1

Results

Analysis of the creatine content of samples from the solutions incubated at 39°C showed
no significant change between weeks S and 6. The meari change in concentration was

+0.76 (SD 1.3) mmoll corresponding to an increase of Just 0.113g of creatine
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' appPPKima e " BufOers, after 6 weeks incubation
. 2MPRPOXfRatgly; hpeady dana D Orp B etk aFes ,
![g gl | owattai nnent of equilibrium NopH 1@2C @22C @ 39C 4.03.73.6

24.54.24.0 34.94.64.4 45.14.84.7 55.35.04.9 65.55.25.2
Despite starting at the same pH and with equal concentrations of creatine and creatinine,

fact or s yaabhesas:

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 creatimine, 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 shox#n mn Fig 2, may take up to 8§
weeks with a solution of low pH, composed initially of just creatine. (As the incubation
tcfnperature it Example 2 was 22°C then a slightly s_hor’cef time to reach equilibrium
woul_d 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 creeitine and creatinine, as well as the buffering capacity of the media
used. However, a knowledge of thesé factors enables solutions of known final

compositions of creatine and creatinine and pH to be prepared.
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(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 Fie 7
3 =3 ]

the mole:mole creatinine to creatine ratios for the 3 temperatures were very close to each

5 A
Teaner”

- 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 after 17.7 weeks incubation at 22°C, but where

the solutions were nitially composed only of creatine and no creatinine. This confirms th

data in the present example.
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y ol 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 fowest 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 equilibriurn 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 {o reach
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‘the lemperature will always cause a greater change inthe mole:mole creatinine to creatine

ratio than  increasing the pH (by the same magnitude) by decreasing temperature

However, attainment of equilibrivm 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.

lWhere _compositions are prepared in which the concentratioﬁs of creatine and creatinine
are sigm'ﬁcantly 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 thes§ 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
B .
ased on the data obtained above, Table 3 shows the creatmine to creatine molermole

rattos of solutions of different PH at equilibrium and the corresponding concentrations of

creatine (calculated as the monohydrate) and creatinine in a 500m] drink. For convenience
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the concentration of creatine itself has been fixed in all cases to 5g creatine monohydrate,

and the concentration of creatinine allowed to vary accordingly.

Table 3- Estlmated creatine and creatinine contents of a S00ml drink of different pH’s

stored at 22°C for 6 or more weeks,

pH Creatine
mole Cn / mole Cr monohydrate Creatinine
g/500ml 2/500ml
4.0 6.20:1 5 | 235
4.25 380:1 5 14.4
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 0.72:1 5 2.7
6.0 0.64 ; 1 5 2.4
6.25 0.59:1 5 22
6.5 0.54:1 5 2.1
6.75 050:1 5 1.9
7.0 048:1 5 1.8
7.25 l 046 :1 5 1.7
Example 6

This example describes the detailed formulation of an ac1d1c 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 substantzally stable.

_ Ingredients
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added to water to constitute a foodstug§ conprising creatine, creatinine

and Aloe Vera in which the creatine is substantially stable. Ingredients

The conposition takes the formof -a dry powder, which |s _to_ be~

WO 02/ 069 P%3tra€& Mbndhygras 2005 300g
| Citric Acid (monohydrate) 50g
Pectin (stabilizer) 6.0g
Salt - - , e 5.08
Trisodium Citrate (Dihydrate) 130g
Beta Carotene powder 3.0g
Potassium Chloride 2.9¢
Grapefruit Flavour 2.9¢g
Tricalcium Phosphate 2.1g
Heavy Magnesium Carbonate 2.1g
Vitamin Premix 1.8g
Lemon Flavour l.4g
Orange Flavour - l.4g
Aspartame 1.0g
Creatine Monohydrate 149¢
Creatinine 113g
Lyophilized Aloe Vera extract 44g
TOTAL 815.6¢

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 creatiﬁe, 8.5g carbohydrate, 1.25 g
Aloe Vera extract, .(equivalenf 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 Bi2 0.91g, 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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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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PCT/ GB02/ 00884 Creati ne nonohydrate (1.7g) is dissolved i Bt 89 0.1 M
citric acid (to give a pHof 2.5-3) and the solution heated for five hours.
at 90C. This converts 75 to 100 per cent of the creatine into creatinine
and the pHis then raised to 5.0 by the addition of 100m of 0.1 M

pot assi um phosphate sol ution. Four grans of xanthan gumis then added and
heating continued until the gum di ssolved. The mixture is then cooled to
40C. A slurry of 22g mcronised creati n@si n 20m. water is added, and the
mxture well stirred for three mnutes wusing a vortex m xer to give a gel

i n whi €LAHgSni cronised creatine is uniformy suspended. The whole mixture
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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 the preceding claims, having a pH in the range

3.0t0 7.0.
5. A composition according to claim 4, having a pH in the range 4.0-6.5.
6. A composition according to claim 4, having a pH in the range 4.5-5.5.
7. A composition according to claim 1, having a pH in the range 7.0-8.5.

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.



3.0 to 7.0. 5. A conposition according to claim4, having Hin the range
4.0-6.5. 6. A conposition according to claim4, having a1gl4P‘19H3tt3?@5range
4.5-5.5. 7. A conposition according to claim1, having a pHin the range
7.0-8.5. 8. A conposition according to any one of the preceding clains,

conprising one or nore additional conponents selected fromthe group
consisting of vitamns, lipids, proteins, carbohydrates, polyols, amno
acids, trace elenments, colorings, flaors, artificial sweeteners, natural
heal t h and performance i nproving substances, antioxidants, stabilizers,
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11, conpr cenegiraiiar efadtilexst @AGgA00mat i on of at |east 0.3g/100m . 13. A
conposition according to claim11l., conprising a creatine concentration of
at least 0.4g/ 100m . 14. A conposition according to claim 11, conprising
a crealPné eunpesttionaaccording toatlaineddt coPpBsihg A0fadtine oncdhtoion asfid ilest
accor di ngpt:/Aimione of the preceding clainms, wherein creatine is present
in the form'of creatine nonohydrate or creatine phosphate. 16. A nethod of
preparing an aqueous liquid creatine containing conposition in accordance
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of the zgr[_e\atine in the conposition .. . ]
147 A composition according to claim 11, comprising a creatine concentration of at least

0.5g/100ml.

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

present in the form of creatine monohydrate or creatine phosphate.

16. A method of preparing an aqueous liquid creatine containing cemposition in
accordance with claim 1, which composition is fruit-, chocolate-, malt- or caramel-
flavored, the method comprising the steps of: providing, in the same composition,
dissolved creatine and sufficient creatinine, present ab inifio, to render the creatine
sufficiently stable such that at least 75% of the creatine in the composition
immediately after formulation remains unchanged during storage over the temperature
range 2 to 50°C for 2 period of at least 30 days.

17. A method according to claim 16, comprising the step of mixing an aqueous medium

with creatine and. creatinine.

18. A method according to claim 17, comprising the steps of: providing a solution of
creatine; subjecting the solution of creatine to suitable conditions so as at least
partially to convert the creatine to creatinine, thereby forming sufficient creatinine to
render the creatine in the resulting composition substantially stable so as to form a

L3

composition in accordance with claim 1.



i mmedi ately after fornul ation remains unchanged during storage over the
tenperature range 2 to 50C for a period of at |east 30 dé?#g@@?ﬂxm5nethod
according to claim 16, conprising the step of m xing an agueous nedi um
with creatine and creatinine. 18. A nmethod according to claim17,
conprising the steps of: providing a solution of creatine; subjecting the
solution of creatine to suitable conditions so as at least partially to
convert the creatine to creatinine, therely form ng sufficient creatinine
to render the creatine in the resulting conposition substantially stable
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_above anmbig@beratgeperature. 20. A nethod according to claim19, wherein the

solution of creatine is heated to at least 90C for at [east 30 minutes. =
21.--A nmethod according to claim 17, conprising the steps of: providing a
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suffici entgacpgtgf F‘W?Fﬁ&é‘“?‘é‘ﬁﬁer the creatine substantially stable so as to
forma conposition in accordance with claim1. 22. A nethod according to

claim2l, ' e,-pH of t.he.solution of creatinine is |lower _thap the
o of - e AR b dfaRE S el s bty ing e HR0S ohpbrostie o Biwanol 25 A
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resulting, conpasition which, when dissolved in aqueous solution, provides
a conpddi Féjlﬁthpﬂ acerdige daslagmg Ly wwherean thelpH of the solution of creatinine is lower

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

23. A method according to claim 22, 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.

24. A method acccording fo claim 16, 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
accordance with claim 1.



